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Preface

This book, Natural Medicinal Plants, includes sixteen chapters that address such
topics as extraction of bioactive compounds from medicinal plants and herbs,
medicinal plants and their pharmaceutical values, and usage of plants in traditional
African medicine and in India. The book also provides scientific evidence on drugs
developed from plants and their effectiveness for treating different illnesses,
including COVID-19.

It is a useful resource for researchers, students, and other interested readers. It is also
recommended for readers to take a look at a related book, Natural Drugs from Plants.

Hany A. El-Shemy
Faculty of Agriculture,
Biochemistry Department,
Cairo University,

Giza, Egypt






Chapter1

Natural Products Altering
GABAergic Transmission

Sayani Banerjee, Chennu Manisha, Deepthi Murugan
and Antony Justin

Abstract

Gamma-amino butyric acid (GABA) is a major inhibitory neurotransmitter
found in several regions of the brain and known to have various significant physi-
ological roles as a potent bioactive compound. Malfunction of GABAergic neuronal
signaling prompts to cause severe psychiatric symptoms in numerous mental disor-
ders. Several drugs are available in clinical practice for neuropsychiatric disorders
targeting through GABAergic pathway, with notable adverse effects. Interestingly,
in recent years, researchers are focusing on natural compounds altering GABAergic
neurotransmission for various psychiatric disorders due to its wide range of thera-
peutic efficacy and safety. The enormous variety of natural compounds, namely
alkaloids, flavonoids, terpenoids, polyacetylenic alcohols, alkanes and fatty acids
were reported to alter the GABAergic transmission through its receptors and or by
influencing the transmission, synthesis and metabolism of GABA. Natural com-
pounds are able to cross the blood brain barrier and influence the GABA functions
in order to treat anxiety, mania, schizophrenia and cognitive disorders. Therefore,
this current chapter describes on natural products which have the potential to alter
the GABAergic neurotransmission and its therapeutical benefits in treating several
neuropsychiatry disorders using various pharmacological methods.

Keywords: Natural products, GABA, agonist, metabolism, allosteric modulation,
psychiatric disorders

1. Introduction

The ground breaking discovery of Gamma-aminobutyric acid (GABA) played
an astonishing role in neural control theory in 1950’s. In the human cortex GABA is
the primary inhibitory neurotransmitter [1]. In the initial developmental stage of
life, GABA functions as an excitatory element which influences many physiological
processes like neuronal proliferation, neurogenesis, migration, differentiation and
preliminary circuit building. After maturation of CNS, GABA acts as an inhibitory
neurotransmitter which is controlled as chloride or cation transporter expression.
GABA also plays a vital role in interstitial neurons development of white matter along
with oligodendrocyte development. Whereas the basic fundamental cellular mecha-
nisms are not well described though it is proven that a lot of neurological diseases
are well involved through GABA dependant pathway which includes white matter
abnormalities, including anoxic-ischemic injury, anxiety, insomnia and schizophrenia
[2]. GABA receptors are majorly classified into two main types ionotropic GABA, and
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GABA receptors and the metabotropic GABAg receptor. GABA, acts by activating
the fast-hyperpolarizing negative ion channel (CI") and diffuse by the means of con-
centration gradient to hyperpolarize post synaptic mature neurons [3, 4]. Whereas
another kind of ionotropic receptor was discovered GABA with 3p subunits [5].
GABAp receptors consist of two subunits, GABAg;and GABAg, which are responsible
for slower inhibitory transmission. These receptor activations are coupled with
K*/Ca’ channels through G-protein mediated secondary pathway [6].

Natural molecules with a wide range of chemical structures have been shown to
have GABA, receptor modulating potential due to the structural heterogeneity of
and more than one number of binding sites. It has different pharmacological effects
depending on the mechanism of action, the binding site and the affinity of the
compounds. These effects have been investigated using different in vitro and in vivo
models [7-9].

The versatile binding nature of benzodiazepine binding site of GABA receptor
allows multiple molecules to bind and modulate the functions of GABA in a very
specific manner. So, this class of compounds are used for the treatment of anxiety,
convulsion, insomnia by non-specifically modulating all five a subunits. This non
selective nature of these compounds generates unwanted side effects like tolerance
and dependence. Therefore, there is an immediate need for finding safe drugs, with
increased anxiolytic and decreased sedative potential. In recent decades, various
reports have been made on natural products with GABAergic activity and, different
various methods have been used to describe the effects. Hence, this review aimed
to collect the existing data and make the obtained results as comparable as possible,
thus facilitating the discussion of structure-activity relationships [10].

1.1 Synthesis

GABA is mainly produced from a-decarboxylation of glutamate by the enzyme
glutamic acid decarboxylase (GAD) and metabolized by the actions of GABA-
transaminase (GABA-T) and succinic semialdehyde dehydrogenase (SSADH) into
succinate respectively. Through the use of the pyridoxal-5-phosphate-dependent
interconversion steady state concentration of GABA is achieved in-vivo (apo-GAD).
At least 50 percent of the total GAD present in the brain is apo-GAD [10]. Inorganic
phosphate promotes the activation of GAD and blocked by aspartate, GABA and
ATP. The ATP facilitates and stabilizes apo-GAD formation which further stimulates
the development of GABA. At 37°c temperature apo-GAD has a half-life of few
minutes without ATP. GAD mainly consists of two isoforms of distinct molecular
weights (65 and 67 kD) which are the products of chromosomes 2 and 10 in humans.

After synthesis, GABA vesicular release has specific mechanisms. GABA is
assembled using Mg," activated ATPase into vesicles. This method is energy-depen-
dent and requires adenosine triphosphate and magnesium. Calcium-dependent
GABA vesicular release appears to result in a temporary increase in the synaptic
cleft’s GABA concentration and the binding of the receptor to evoke action.
Through the sodium and chloride reuptake mechanism of the GABA transporter
(GAT) to the presynaptic neuron and surrounding glia, quick synapse removal
takes place. GABA is then reused into metabolites that are eventually used for GABA
resynthesis by breakdown. GABA-oxoglutarate transaminase, succinic semial-
dehyde dehydrogenase and glutamate decarboxylase (GAD) are three enzymes
required for GABA metabolism and resynthesis. The deterioration of GABA to
succine semi-aldehyde is catalyzed by the enzyme GABA oxoglutarate transami-
nase. The latter is then oxidized by means of succinic semialdehyde dehydrogenase
into succinic acid. Ligands associated with these GABA procedures will regulate the
action of GABA [11].
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2. GABA receptor physiology and GABA ligands

In 1981, GABA, & GABAg subtypes of GABA were discovered by Hill and
Bowery. GABA, was reported as chlorine sensitive ion channel which is allosteri-
cally modulated by barbiturates, benzodiazepines, neurosteroids and ethanol.
Along with this GABAg receptors couple with Ca* and K* channels via G protein
second messenger system. This receptor activation specifically happens through
baclofen which is resistant through GABA , modulators [12].

As GABAGg receptors are dimeric metabotropic in nature and the structure of
pentameric GABA, receptors ideal for allosteric regulation. So research on these
receptors is likely to develop novel therapy for the treatment of neurological and
psychological disorders [13, 14] (Figure1).

2.1 GABA receptor

Among the three types of GABA receptors, the GABA, receptor is the best
characterized one. For several selective ligands, this channel has numerous binding
sites. One class of therapeutic drugs linked to this target are receptor modulators:
benzodiazepines, non-benzodiazepines and barbiturates, most of which improve
the effect of GABA by increasing the chloride channel opening [13].

A.
B Cl
Receptor sub-units
Extrracellular space
Inside the cell
Cl
B.
Benzodiazepine
binding site
GABA binding site
Figure 1.

A. The subunits of GABA 4 receptor and chlorine channel. B. Represents the barbiturate and benzodiazepine
binding sites on GABA receptor subunits.
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The GABA 4 agonist, muscimol, antagonist bicuculline and picrotoxin and
inverse agonist FG 7142 are additional ligands which bind to the GABA 5 receptor.
Some of these agents do not seem to have therapeutic benefits, but when used as
pharmacological tools for the GABA 5 receptor they are the most significant ligands.
Neuro-active steroids and partial benzodiazepine agonists (PBAs) are some newly
discovered agents which are coming into recent considerations [14]. PBAs (e.g.,
bretazenil, imidazenil) are GABA, receptor activators, similar to benzodiazepines.
Although they tend to have lower effectiveness compared to full benzodiazepine
agonists, they give a more favorable side effect profile. Compared to other con-
figurations found in more selective areas, this subtype is common throughout the
brain [15].

2.2 GABAg receptor

GABAj receptors have seven membrane-spanning amino acid domains which
are connected by a G-protein to its signaling pathway (K*, Ca** ion channels or
adenylate cyclase). Presynaptic GABAg receptors are majorly coupled to calcium
channels and their stimulation by the receptor results in decrease of calcium
conductance and decline of GABA release. Thus, the receptors auto-regulates the
discharge of GABA, and gives the GABA, system with negative feedback. On the
other hand, Post-synaptic GABAg receptors are primarily linked to potassium chan-
nels and their stimulation led to increased conductance of K*, hyperpolarization
and decreased excitability of the neurons. The opening of T-type calcium channel is
mainly associated with the actuation of GABAg receptor, resulting in calcium spik-
ing activity that can contribute to absence seizure and is also included in signaling
through the pathway of adenylate cyclase. It is therefore assumed that mediation of
the GABAg receptor occurs through at least two distinct subtypes receptor [16-18].

2.3 GABAcreceptor

The GABA( receptor, a subtype of GABA, receptor characterization started
when the analogue of GABA cis-4-aminocrotonic acid (CACA) in cat spinal inter-
neurons developed a depressant action, which was not inhibited by the GABA,
antagonist bicuculline and varied from the depressant actions of the GABAj agonist
baclofen. The GABA receptor is distinguished from both GABA, and GABAj by
their pharmacological actions. GABA is structurally different from GABA, because
GABAC is hetero oligomeric and homo oligomeric which means it composed of
many subunits of the same subtype, it can be either r1 or r2 [19].

3. GABAergic system and neurological disorders

The main components of brain inhibitory circuits are networks of (GABAergic)
interneurons in the amygdala [20]. This neurotransmitter is essential to maintain
a balance between neuronal excitation and inhibition. Both glutamatergic neurons
and the GABAergic interneurons compose of the basolateral nucleus (BLA). A
relatively small group of GABAergic inhibitory neurons is closely regulated by
Glutamatergic neurons. Devastation of GABAergic BLA inhibition, such as anxiety
and depression, emotional dysregulation, and seizure actions, can cause hyper-
excitability of the The central amygdala (CeA) consisting only of GABAergic
neurons acts by converging inputs from the BLA as the primary output nucleus
of the amygdala. In addition, the BLA, the central amygdala and all their associa-
tions play a key role in the regulation of the GABAergic system. As a result, these

1
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GABAergic amygdala neurons are properly trained to perform a central role in the
stress management. Nonetheless, even less is known about the association between
the GABAergic amygdala inhibitory system and stress [21].

The sedative and hypnotic effects are mediated by a; subunit of GABA, recep-
tors, whereas the anxiolytic effect is exhibited by the positive regulation of a, and
(or) az subunit of GABA, receptors. Furthermore, in learning and memory, the as
subunits play an important role. The cause of side effects, such as muscle relaxation
or anterograde amnesia, is because of benzodiazepines, which are widely used in
the treatment of anxiety, insomnia and seizures, functioning on various subunits
(ag, 0, a3 and as). Such drawbacks include the growth of resistance and depen-
dence. The development of new and safer drugs with, for example, an efficient
anxiolytic yet low sedative potential is therefore urgently warranted. Various
studies have recently been performed on natural products with GABAergic involve-
ment, and various types of approaches have been used to clarify the findings.
Consequently, the purpose of this analysis is to gather current evidence and gener-
ate the findings obtained, thereby promoting the discussion of structure activity
relationships [9].

In knock-out mice special kind of GABAg receptors are being introduced in mice
that lack subunits of the GABAg receptor. In addition to psychiatric conditions, the
phenotype of these mice shows evidence of GABAg receptor activation in epilepsy,
sensorimotor gating, nociception and temperature control [22]. With almost the
same behavioral phenotype as GABAg; Knockout mice whereas mice that lack the
GABAGp, subunit are currently developed. Some data suggest that these phenotypes
underlie the lack of heteromeric GABAg; and GABAg, receptors. In order to evaluate
the anxiolytic ability of other positive GABAg receptor modulators, further stud-
ies are required, but current evidence suggests that they may be a new category of
anxiolytics with a higher side effect profile than benzodiazepines. The mechanisms
involved in the anxiety activity impact of GABAg receptors are not well known.
Future research should also focus on behavioral and electrophysiological approaches
to the activation of GABAg receptors in major anxiety-related brain regions [23].

3.1 GABAergic system in schizophrenia

In late adolescence or early adulthood, schizophrenia is a mental health condi-
tion that commonly occurs. Its impact on speech, thinking, emotions and other
areas of life can affect the social interactions and daily activities of people. In the
presynaptic neuron, the carrier protein is available in GAT-1 and is mainly respon-
sible for GABA reuptake in synapse. It plays a significant role in both phasic and
tonic inhibition which is regulated by GABA. The synaptic potential of GABA is
terminated by GAT-1 and it is managed by the duration and adequacy of GABAergic
neurotransmission therefore, decreased GAT-1 levels demonstrate enhanced
accessibility of GABA. In schizophrenia, numerous studies show decreased levels
of mRNA encoding for the GAT-1 protein along with the decreased expression of
GAD 67 mRNA. GAT-1 mRNA delivery is decreased and generally unchanged in
most GABAergic neurons. GAT-1 mRNA concentration fluctuations are recognized
in chandelier neurons. In schizophrenia, the thickness of immunoreactive GAT-1
cartridges is reduced, although axon terminal marker in other populations remains
unaltered. Relatively low GAT-1 immunoreactive cartridge thickness indicates
a significantly reduced GAT-1 protein correlated with a reduced level of GAT-1
mRNA. Therefore, in individuals with schizophrenia, the amount of GAT-1 protein-
enclosing chandelier neurons decreased whereas the number of neurons comprising
parvalbumin remained consistent. This outcome infers that the decreased degrees
of GAT-1 mRNA are restricted to chandelier neurons.
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The decline of GAD67 mRNA coding in the prefrontal dorsolateral cortex is the
most predictable post-mortem finding in schizophrenia, which led to decrease in
GADG67 levels of protein, despite the fact that this has been less widely considered.
The schizophrenia-influenced subset tends to incorporate GABAergic neurons
comprising parvalbumin. Expression of parvalbumin mRNA in schizophrenia is
diminished in layer 3 and 4 of the prefrontal cortex (PFC). In the prefrontal cortex
(PFC), the recent discovery indicates that the decreased articulation of GAD67
mRNA is unique for the GABA neuron subgroup [24].

Adequate histopathological data also suggests that, the association of GABAergic
neurotransmission impairment with pathologies and cognitive dysfunctions of
schizophrenia. The primary motor cortex (PMC), primary visual cortex (VC),
anterior cingulate cortex (ACC) is distinguished by the similar GABAergic gene
expression deficits as shown in the Dorsolateral prefrontal cortex, which includes
selective parvalbumin-containing GABA neuron involvement. The greatest
decreases in mRNA encoding levels for parvalbumin have been reported. In serious
case reduction in the o; and 8 subunits of GABA receptors, GAD67 mRNA, GAD65
mRNA and GAT-1 mRNA is displayed in the brain regions [10, 25].

3.2 GABAergic system in anxiety and depression

Both in animals and humans, depression and anxiety are most frequent causes
of persistent stress. Two mechanisms are defined by anxiety models: fear processes
are believed to be developed to allow us to change our emphasis on the first hint of
risk and behavioral modification in order to prevent or eliminate an imminent or
predicted overt danger [26].

The long-term potential activity strongly depends on the augmentation of
GABA signaling which process through the GABA, receptors namely a; and a,.
The long-term potential response triggers are not only restricted to GABA, but
also to the GABAg receptor. The GABAg receptor antagonists causing the long-term
potential response on cortical along with thalamic centripetal synapses whereas
the thalamic feed needs postsynaptic response from NMDA-receptor. The cortical
actions controlled by pre-synaptic response on increased glutamate response by
NMDA receptor independent activity, so activating GABA synapse thereby induc-
ing GABAg receptor might help to arrest non associated long-term potential there
by reducing agitation response [27].

By protruding to the central amygdala (CEA), CEA output neurons control the
GABAergetic tone and form a spontaneous active neuron in lateral subdivisions.
Aversive stimulus can reduce this inhibitory tone. CEA consists primarily of local-
ized GABA neurons and the inhibition of GABA occurs through GABA, «, receptor.
Therefore, for benzodiazepine-induced anxiolysis and anti-panic activity, CEA
considered to be a significant target [28].

3.3 Epilepsy and GABAergic system

Epilepsy can be the consequence of disturbances in the homeostasis involving
other neurotransmitters and neuromodulators, for example, glutamate, adenosine,
norepinephrine, and acetylcholine. GABA receptor or transporter function altera-
tion can allow the occurrence of seizure in the presence of normal GABA levels.
Some data indicates that low occipital lobe GABA concentration (remote from the
seizure focus) is a risk factor for seizure recurrence. Low GABA levels predispose
but may not be sufficient for seizures to become clinically effective [28, 29].

In case of adults, status epilepticus induces a complete re-organization of the
networks, with cell death, axonal growth leading to an increased glutamatergic
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drive. This, in turn, will decrease the threshold of seizure generation and thus con-
tribute to seizure generation. Somatostatin innervates the dendrites of the principal
cells in the hippocampus and triggers a chemical imbalance between excitatory and
inhibitory neurotransmitters which leads to a reduction of the inhibitory strength
that is necessary but not sufficient to generate ongoing seizures. An additional
important factor is the persistent increase of the intracellular chloride concentra-
tion that leads to a long-lasting shift in the depolarizing direction of the actions of
GABA that will also contribute to seizure generation [30, 31].

4. Natural products and GABA

Due to the different binding sites present on GABA (A) receptor, various recep-
tor modulating compounds have been identified and depending on the mode of
action, the affected binding site, and the compounds’ affinity. Radioligand binding
assays have been confirmed the capacity of the ligand for the displacement of a mol-
ecule from its binding site. Various studies helped us understand the link between
modulation of the receptor and associated effects, such as anxiolytic, sedative, and
anticonvulsive properties (Figure 2; Table 1).

Radioligand binding assays are simple but influential tool for reviewing recep-
tors. They mainly analyze the interactions of hormones, neurotransmitters, growth
factors, and related drugs with the receptors, studies of receptor interactions with
second messenger systems, along with the characterization of regulatory changes
in receptor number, subcellular distribution, and physiological function. So these
assays are widely used in a numerous disciplines, including pharmacology, physiol-
ogy, biochemistry, immunology, and cell biology. The fundamentals of the radio-
ligand binding assay are fairly simple. The receptor of interest is incubated with
an appropriate radioligand for a suitable period of time and then the radioactivity
bound to the receptor is determined. There are three major types of experiments:

/ Siteof GABA
(Subunits: a and B) \
Cl- Agonists \
/ Piperine, Piperanine ,
/ Ceramide, Isoliquiritigenin
bomeol, bornyl acetate, )
Isoborneol, camphor {
Thymol, a and B caryophyllene /
N Curdione, Curcumol [
N Ah‘actylenollde L
\Dchydmablehc acid, Zerumin A /
) coronannu L L

Benzodiazapine
binding site

(subunits:a1,2,3,5,8,y2)
Wogonin, Chrysin

(S)-naringenin, Glabrol

Site of GABAW

. (Subunits: a and B)
GABA allosteric
modulator Antagonist

Falcarindiol Colchicine, Comnigerine g

MsS-1.34 Oenanthotoxine,
Oroxylin A Dihydroenanthotoxine
GABA modulator: a&p thujone,

Ginkgolides A B,.C

Leonurine
Annomontine

Figure 2.
Action of natural products on the specific site of GABA receptor.
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saturation, kinetic, and inhibition. A saturation curve can be made by considering
amount of receptor as constant and concentration of radioligand as variable. From
this type of experiment the receptor density and the affinity of the receptor for the
radioligand can be estimated. If the amount of receptor and radioligand is constant
and the time is the variable, then kinetic data which are obtained from forward and
reverse rate constants can be assessed. If the amount of a competing nonradioactive
drug included in the incubation is the only variable, then the affinity (Ki) of that
drug for the receptor identified by the radioligand can be estimated [61].

In Xenopus oocytes assay, xenopus oocytes are the immature egg cells of the South
African clawed frog Xenopus laevis, these have striking appearance with two colors,
the light colored vegetal pole and the dark animal pole, where the nucleus is found.
TEVC recording (This method is a type of patch-clamp electrophysiology method
to inject current into a cell with one electrode and recording the change in voltage
with the other electrode) is used to measure membrane potential of the oocyte is
clamped at a constant value. Two electrodes spear the oocytes in which one intracel-
lular microelectrode measures the membrane potential (voltage electrode) and the
second one (intracellular microelectrode) controls the current. This is also called
current electrode and uses as a feedback circuit to pass sufficient current to the oocyte
for maintaining the voltage clamp. The current which is flowing through the current
electrode can provide a measurement of the of chloride specific ion channels [62].

4.1 Alkaloids

Radioligand binding assay using [*S] TBPS and [*H] flunitrazepam analyzed
the weak partial agonistic activity of Colchicine and (—) cornigerine along with six
other colchicinoids from Colchicum brachyphyllum. These two molecules displayed
25% of the action of 10 pM allopregnanolone, but the (—) activity of colchicines
was none. (—) colchicines acted as a GABA competitive antagonis [32, 33]. GABA
modulation is also recorded in proto alkaloid leonurine, belonging to an East Asian
herb called Leonurus japonicus, indicated for anxiety, depression, nervousness,
and insomnia. The molecule showed half-maximal inhibitory concentration (ICsq)
values of 15 pg/mL and 123 pg/mL, respectively in a radio ligand assay with [*H]
gabazine and [*H] flumazenil [34].

Piperine and piperanine belonging to the class of piperidine-alkaloids were
investigated in the immature egg cell of Xenopus laevis. The binding site of the
molecule was confirmed to be a benzodiazepine binding site as Flumazenil
(5 mg/kg) [35].

A p-carboline named annomontine also shows GABA dependant activity which
was separated from the plant Annona purpurea [36]. In the EPM test, the compound
increased the time spent in the open arms and the open arm entries at 10 and
30 mg/kg, but not the total arm entries. These effects are controlled via the ben-
zodiazepine binding site as it was confirmed with antagonist Flumazenil at a dose
of 3 mg/kg. Another alkaloid, a non-competitive GABA(A) receptor antagonist is
diterpene alkaloid and this was separated from the plant Aconitum leucostomum hav-
ing an ICsy 19.6 pM. Radioligand studies with the help of [*’H] muscimol produced
an ICsg value of 7.06 pM and a Kd value of 6.31 nM. Specific binding site specific-
ity was shown by B-carbolines and picroacridine alkaloids as they bind to the
benzodiazepine binding site Benzodiazepine binding sites can at least be excluded
for piperidine alkaloids and protoberberine alkaloids. This holds for songorine in
GABA/muscimol binding site as well [37].

Three colchicinoids displayed unspecific binding with weak action on both
benzodiazepine and TBPS/bicuculline binding sites. Colchicine is the antagonist,
but androbiphenyline and cornigerine are partial agonists. Protoalkaloid Leonurine
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shows binding to various sites, with decreased affinities to, GABA/muscimol and
the benzodiazepine binding site. Protoberberine type 2 alkaloids were able to
modulate GABA (A) receptors, but unsaturated type 1 alkaloids displayed no effects.

4.2 Alkanes

The odor substance, 1-octen-3-ol is part of the GABA, sensory receptor modi-
fication research and has a stimulation rate of 295 + 50 percent at a particular
concentration of 300 pM and 1 pM GABA [52]. Ceramide (N-[(2S,3R,4E,6E)-1,3-
dihydroxyhenicose-4,6-dien-2-yl] tridecanamide) separated from the Red Sea soft
coral Sarcophytum auritum. This works as GABA agonist and produce anxiolytic
effect in animal models evaluated by EPM test in which the animal spent more time
in open arms and time spent in light in light/dark test whereas all its action can be
altered by the action of bicuculline (GABA antagonist) [38, 52].

Two polyacetylenes extracted from Oenanthe fistulosa, Oenanthotoxine and
dihydroenanthotoxine, provided major inhibitory activity on GABA receptors
with IC50 values of 0.835 pM and 1.29 pM respectively on GABA (A) receptors
The potential explanation for the indications which include water drop worm
intoxication (Oenanthe crocata) and facial muscle contractions which is due to the
inhibition of GABAergic reactions. The substance that allosterically regulate GABA-
binding, non-competitively inhibits ion channel and also eradicates the desensitiza-
tion of the receptor was constituted by modes of action of oenanthotoxin [39].

At a very low concentration the component falcarindiol obtained from Oenanthe
crocata effectively regulates GABAergic currents. This component at low concentra-
tion (1 pM for falcarindiol and 0.1 pM for falcarinol) promotes the ion currents
caused by GABA, on the other hand at higher concentration it inhibits the action of
GABA. Moreover, the sedative but not convulsive result in animals is triggered by the
low-dose effect, whereas the large doses in insect herbivores act as insecticides [40].

The three polyacetylenes MS-1, MS-2, and MS-4 were obtained from Cussonia
zimmermannii with recorded GABA (A) modifying activity [41].

However, the potency and/or affinity were demonstrated in the small micro
molar range, but that varies significantly in terms of toxicity. Two structural char-
acteristics (groups of allyl and terminal hydroxyl) that are present in five (most)
poisonous natural products produced toxicity. It suggests that the terminal hydroxyl
class is vital for the toxicity. Further, both the oenanthotoxins and dihydrooenan-
thotoxins require the allyl hydroxyl group but are highly toxic. On the other hand
falcarinol and falcarindiol, which have an allylic class but not the final hydroxy
group, showed decreased toxicity. None of the two “toxic characteristics” are pres-
ent in the last three polyacetylenes group and are also not documented to display
inhibitory behavior consistent with this theory. It would be necessary to investigate
whether hydrolyzation has led to GABA (A) receptor antagonism because MS-4 has
a terminal acetyloxy-group [38, 52].

4.3 Flavones

The substance Oroxylin A, allosterically to block GABA-mediated receptor by its
action on chloride currents, and thus it describes the results of a previous in vivo study
in which the substance exhibited antagonistic diazepam-induced effects [42, 43].

Wogonin was considered for the induction of GABA-induced chloride currents
by using electrophysiological methods where it shown a stimulation of 57% at a
concentration of 30 uM in the presence of 1 pM GABA where at 3 pM half maximal
stimulation was noticed. It was also tested pharmacologically at a dose of 7.5, 15 and
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30 mg/kg by using Elevated plus maze and hole board test. The wogonin showed
anxiolytic effects. These data recommend that wogonin yielded anxiolytic by posi-
tive allosteric modulation of the GABA, receptor complex through benzodiazepine
site interaction [43].

The chrysin is from Scutellaria baicalensis class which was separated from
Passiflora caerulea [44, 63]. Chrysin was testified as partial agonist of central
benzodiazepine receptors which reduced anxiety and does not induced sedative and
muscle relaxation. The pharmacological effect of chrysin was observed in mice at
1 mg/kg in Elevated plus maze test. The anxiolytic effect was observed by increas-
ing the number of entries and time spent in the open arm. The horizontal wire test
showed a decreased percentage of animals grasping the horizontal wire, while in the
hole board test an increase in time spent head-dipping at 3 mg/kg was observed, but
no sedative effects at doses of 3 and 6 mg/kg [44].

Flavone compounds like wogoninnn and chrysin shows diazepam like anxiolytic
effect whereas Oroxylin A antagonizing the effects provoked by diazepam.

4.4 Flavanes

(S) naringenin was isolated from the ethanol extract of leaves Mentha aquatica
and evaluated against [*H] flumazenil which exhibits an IC50 value of 26 mM. This
compound can effectively modulate GABA function [45].

Glabrol, is the prenylated flavanone its three Diels-Alder type derivatives,
sanggenon C, D, and G and were obtained from the root extract of Morusalba. All
three molecules, with EC50 values in the range from 13.4 to 16.7 uM, increased
chloride-induced GABA by over 700 percent (100 pM) [46].

In particular, two 8-lavandulyl-flavanones produced GABA-induced chloride
impulses to potentiate by about 600 percent compared to the third 8-lavandulyl-
flavanonol which is substantially less active.

The compounds like (S) naringenin, glabrol and 8-lavandulyl-flavanones acts
at benzodiazepine site of GABA receptor which was analyzed using radio ligand
binding assay.

4.5 Isoflavanoids and chalcones

Adenocarpus cinncinatus considered as the source of 2, 4, 7-trihydroxy-
8-(3-methylbut-2-en-1-yl) isoflavone. Its stimulatory effect exhibits a uplift of
GABA-induced chloride currents [64]. At a concentration of 30 nM, the substance
increased GABA-induced chloride currents by 135 percent with a maximum poten-
tiation of 581 percent at a level of 100 pM.

Isoliquiritigenin increased GABA-induced currents by of 151% at a dose of 10 M
with a patch-clamp method on dorsal raphe neurons [48].

The Sophora flavescens lavandulyl chalcone is Kuraridine, which potentiates
GABA-induced chloride currents by 719.7 percent at a dose of 10 M with a maximal
activation rate of 891.5 percent [56].

The findings for isoflavonoids and chalcones are consistent with the results of
the last two sections: isoflavone genistein blocks chloride currents in the same way
as its flavone equivalents apigenin. The binding of [*H] flunitrazepam inhibits
chalcone isoliquiritigenin, furthermore the prenylated types show a marked ability
of more than 500 percent (95.97) to around 900 percent.

In these compounds the substitution of one hydroxy and one methoxy group in
both aromatic rings shows better potency. Overall, all of these compounds shown
GABA (A) receptor agonist type action.
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4.6 Terpenes
4.6.1 Monoterpenes

(+) borneol, (=) borneol, (—) bornyl acetate, is borneol, and camphor acting
on GABA (A) receptors which were stated in oocytes of Xenopus laevis. With the
increased stimulation reported for (+)-borneol and (—)-borneol, all other sub-
stances resulted in a marked maximum potentiation of GABA-induced chloride cur-
rents. EC50 values were, however, in the large micromolar range with the smallest
score reported for bornyl acetate (111.2 pM) [49, 65].

In a radioligand binding assay measured on a and f thujone against [°'H] EBOB,
where the substances displayed IC50 values of 13 and 37 pM. The p-thujone was
identified as a non-competitive antagonist with an IC50 value of 21 pM in addi-
tional electrophysiological studies. Studies have confirmed these molecules acts
by allosteric decrease of GABA-induced chloride currents. a-thujone has been
reported in a survey on GABAergic miniature inhibitory currents to decrease
their frequency and amplitude and to moderately influence their kinetics. The
study concluded that alpha-thujone had gating receptor activity as this substance
decreased the amplitude of current reactions to exogenous GABA and influenced
their initiation, desensitization, and neutralization [50]. Epoxy-carvone was stud-
ied using MES, PTZ, and picrotoxin-induced seizure models for its anticonvulsant
properties [66].

In Xenopus oocytes, thymol an aromatic monoterpene is known from a variety of
Thymus species, was examined on o f; y3 where chloride-induced GABA-currents
increased by 416% at a concentration of 100 pM [51].

Isopulegol has been tested in-vivo for its anxiolytic ability. In the hole board
test and Elevated plus maze [EPM] test at a concentration of 25 and 50 mg/kg, the
isopulegol has been shown to raise the number of head dips in the hole board test
which specifies anxiolytic effect in which the number of open arm entries along
with the time spent in the arm was also increased in EPM test. In the EPM test of
isopulegol results reduced the animal’s aversion to the open arms as well as pro-
moted the exploration which specifies anxiolytic effect [67].

In an anxiolytic-like behavioral study, the (+)-limonene epoxide at various
doses of 25, 50, and 75 mg/kg showed an improvement in open arms inputs and
time spent in open arms in the EPM test and decrease in the number of crossing,
grooming, and rearing is found in the open field test, further implying the sedative
effects of the drug [55]. The anxiolytic effect was reported by a follow-up study in
which the compound demonstrated a decrease in the number of buried marbles
in the buried marble test at a dose of 25, 50, and 75 mg/kg [68]. In several studies,
Carvacryl acetate was also tested for anxiolytic and sedative effects. The EPM test
shows that the compound increased the number of open arm entries at a dose of
100 mg/kg and the time spent in the open arm at doses from 25 to 100 mg/kg. In
case of the light/dark test it increased the number and time spent in the light area at
doses from 25 to 100 mg/kg. In the buried marbles test reduction of buried marbles
number was observed at doses from 25 to 100 mg/kg, but no co-ordination impair-
ment in the Rotarod test and no decrease in locomotor activity is observed in the
open field test were measured at the same doses [69].

A few monoterpenes have been studied for their GABA receptor modulation
action and the highest potential of chloride channel opening was observed for
bicyclic alocohols, like (+) and (—)-borneol whereas isoborneol showed distinct
potentiation. Oxidation of the hydroxy-group or the presence of an exocyclic
methylene group causes decrease in the activity. The only monocyclic monoterpenes
positive receptor modulation was observed by thymol.
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4.6.2 Sesquiterpenes

Two monoterpenoid moieties namely o caryophyllene and p caryophyllene
belonging to Sideritis sp. that displayed medium modulation of GABA-mediated
chloride channels (117 and 115%, respectively).

Curdione and curcumol were extracted from the oil of Curcumaerhizoma and
were tested on GABA 4 receptors expressed. The molecules increased GABA-
mediated chloride channel activity with 133 and 175.7%, respectively at a concen-
tration of 50 pM. The EC50 value of Curcumol was found to be 34.4 pM and the
highest activity of 251% was found at 300 pM [53].

The highest induction of GABA-mediated chloride channel of around 400% was
found in (+) cuparenol and (+)-dihydrocuparenic acid.

At 300 pM, when Atractylenoids I, IT and III from Atractylodesmacrocephala was
tested on GABA (A) receptors highest stimulation of 96 to 166% was observed with
an EC50 value of 12, 70 and 99 pM, respectively [54, 70].

Anisatin is oxygenated sesquiterpene lactone separated from Illicium anisatum is
a potent noncompetitive antagonist of GABA, receptor that has an activity similar
to picrotoxin [71]. Studies demonstrated that anisatin at 1 pM decreased chloride
currents created by 30 pM GABA to 41.7%. The IC50 value was measured with
1.10 pM along with an IC50 value of 0.42 pM for picrotoxinin, which is the active
compound of picrotoxin was obtained. An indication that anisatin binds to the pic-
rostatin site of the receptor was shown in a radioligand binding assay with an IC50
value of 0.43 uM against [’H] EBOB. One very potent sesquiterpene is xenovulene
A, which was separated from the fungus Acremonium striatum (now classified as
Sarocladium striatum) [72].

As aresult of the structural differences of the sesquiterpenes only restricted
conclusions on their structure—activity relationship can be drawn. Reduction of the
acidic function to an alcoholic function does not change the activity whereas the
change of the isopropenyl-function of compound to a plane isopropanyl-moiety
leads to a significant loss of activity.

4.6.3 Diterpenes

In this Section 14 diterpenes which are having the actions on GABA are dis-
cussed. Miltirone, a Salvia miltiorrhiza tanshinone, was assessed against [*H]
flunitrazepam with an IC50 value of 0.3 M in a radioligand-binding analysis [73].

Dehydroabietic acid has been segregated and examined in Xenopus laevisocytes
from Boswellia thurifera, now known as Boswellia servata [47]. GABA-induced chlo-
ride currents were enhanced by the substance by 397.5 percent at 100 uM and dis-
played an EC50 value of 8.7 uM. Isopimaric and sandaropimaric acid were extracted
and examined from Biota Orientalis, currently known as Platycladusorientalis, in
the Xenopus oocyte assay [74]. The substances showed a maximum stimulation
effect of 425.2 and 855.7 percent of GABA-induced chloride currents at 500 pM and
EC50 values of 141.6 and 33.2 uM, respectively.

Two diterpenes of phyllocladane namely 17-dihydroxyphyllocladane-3-one and
16,17,18-trihydroxyphyllocladane-3-one types were obtained from Aloysia virgata
and assessed for GABA(A) affinity to [’H] flumazenil with inhibitory constant [Ki]
of 111 and 56 pM. Both compounds were studied in vivo, with compound, 17-dihy-
droxyphyllocladane-3-one which exhibits increased locomotor activity at a dose of
1 mg/kg in the locomotor activity test and increased rearing at 0.3 and 1 mg/kg in
the hole board test. Compound 16,17,18-trihydroxyphyllocladane-3-one increased
the number of head dips at 0.3 and 3 mg/kg, the number of rears at a dose of 1 mg/
kg and the time spent head-dipping at a dose of 3 mg/kg. The compound at a dose
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of 1 mg/kg increased the number of open arm entries in the EPM test and the time
spent in the light area as well as the number of transitions in the light/dark test [75].
Two diterpenes of type labdane, cerumin A and coronarin D, were obtained
from Curcuma kwangsiensis [57]. In the Xenopus oocyte assay, substances at a
300 M concentration stimulated GABA-induced chloride currents by 309.4 and
211.0 percent, with EC50 values of 24.9 and 35.7 M. Ginkgolides A B and C which
are diterpene trilactones of Ginkgo biloba, are moderately active GABA, receptor
antagonists with Ki values of 14.5, 12.7 and 16.3 M in Xenopus laevis oocytes [58].
Some results suggest that compounds like 7-methoxyrosmanol and galdosol
increases 10-fold receptor affinity by an oxo-group at 7*" position instead of
methoxy group. On the other hand, for compounds isopimaric acid and sanda-
ropimaric acid, the change from the 7th to the 8th position of the double bond and
thus to the C-ring of the substance doubles the maximum stimulatory effects and
significantly decreases the EC50 value There are no clear variations in the inhibitory
action of bilobalide and ginkgolide A-C in their IC50 values or in their ability to
inhibit chloride current induced by GABA. Therefore, all these diterpenes works as
GABA receptor agonists which help in chloride current flow.

4.6.4 Triterpenes

Asiatic acid was separated from Centella Asiatica and its anxiolytic effects were
analyzed in the EPM test. The compound displayed no action on the open arm time
but reduced the motile time and the highest speed at 30 mg/kg. These actions were
blocked by flumazenil [76].

Ginsenoside C, is a glycoside isolated from Panax ginseng was tested on
GABA(A) receptors expressed in xenopus laevis oocytes which were found to
potentiate GABA-induced chloride currents with an ECs value of 53.2 pM [77].

Four cycloartane glycosides actein, cimigenol-3-O-f-D-xylopyranoside
25-O-acetylcimigenol-3-O-a-L-arabinopyranoside, 23-O-acetylshengmanol-3-

O-p D-xylopyranoside were extracted from Actaea racemosa root systems (black
cohosh) and assessed in Xenopus laevis oocytes for their capacity for GABA-induced
chloride currents [74]. Substances like actein, cimigenol-3-O-p-D-xylopyranoside
and 25-O-acetylcimigenol-3-O-a-L-arabinopyranoside which are isolated constitu-
ents from rhizomes of Actaea rasemosa exhibited potentiation of GABA-induced
chloride currents in the range of 256 to 378 percent at a concentration of 300 M,
while 23-O-acetylshengmanol-3-O-D-xylopyranosides reported stimulation of
1947 percent and were also shown to generate small chloride currents due to lack of
GABA. The EC50 values for the four glycosides were estimated from 26 to 36 M.
The pentose moiety cleavage led to a substantial decline in anxiety-related behavior
(particularly for substance 23-O-acetylshengmanol-3-O-D-xylopyranosides. This
compound was used in several in-vivo studies for the examination of its anxiolytic
and sedative properties. It increased the number of open entries at 0.6 mg/kg in

the EPM test whereas reduced stress-induced hyperthermia at doses of 0.2, 0.6, 2
and 6 mg/kg. In the open field test, this compound reduced the distance traveled at
doses of 6, 20 and 60 mg/kg and also increased the time spent in the centre at a dose
of 60 mg/kg, while the number of entries into the centre was reduced [60].

The discussion of the structure-activity of triterpenes is not influenced by the
lack of comparable structures (scaffolds) compared to the last two subsections,
but by the variety of test systems used for their analysis. However, it is possible to
compare at least some of the known triterpenes from ginseng and black cohosh.
Electrophysiological data showed lower EC50 levels for the three ginseng triter-
penes ginsenoside C. Unfortunately, the maximum chloride current stimulation
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values were only observed for the two aglycones and were recorded to be 54.1 and
23.3 percent, respectively (at a concentration of 100 M). It can be concluded that
the receptor modulation of the glycoside would be of significant concern after
examining substance 23-O-acetylshengmanol-3-O-D-xylopyranosides, where the
xylose moiety cleavage changed the potentiation of GABA-induced chloride cur-
rents from 1692 percent to 64 percent (100 M) and thus into the range of ginseng
aglycon. Both compounds 23-O-acetylshengmanol-3-O-D-xylopyranosides and
ginsenoside C disclose a four-ring structure with a side chain linked to ring D
when contrasting their scaffolds. The prenylate and oxyprenylate side chains have
enhanced activity, which is reminiscent of the structure-action-relationship of
coumarins. The ginsenoside side-chain will stand for the prenyl moiety in the case
of the triterpenes under consideration and that of substance23-O-acetylsheng-
manol-3-O-D-xylopyranosides for the more active epoxylated form. However,
this molecule has additional characteristics that may contribute to its pronounced
effect, such as keto-function at position 16 or acetyloxy-group at C-23, which both
differentiate the compound from the other slightly less active cycloartanoids [59].
The neurosteroid binding site would be most obvious and consistent with the
fact that neurosteroids are the most effective natural GABA 4 receptor modulators
and, in the absence of GABA, are also capable of evoking chloride currents [78].
However, the hydroxy group at position 3 and the keto group at position 17 or 20
are considered to be important for neurosteroid binding activity. As far as the
structure of compound is concerned, the keto group may well lead to the binding
of the receptor in position 16 instead of position 17, but the fact that the role of the
compound almost vanishes with the xylose moiety does not support this theory
unless the binding of the neurosteroid site can be improved by the residue of sugar
instead of the hydroxy group in position 3. Barbiturates, on the other hand, are also
known to activate GABA (A) receptors directly at higher concentrations and the site
of barbiturate binding is thought to be similar to that of neurosteroids [79].

5. Conclusion

Natural products with GABA receptors activity were identified in the literatures
and discussed in this chapter. Depending on the number of related compounds and
test systems used, it was possible to draw in the vicinity of conclusions regarding
their structure-activity relationships. As most of the studies examined flavones,
and these studies mainly applied radio ligand binding assays, substitution patterns
responsible for increased receptor affinity could be associated with one flavone
even with diazepam-like Ki values. As far as receptor regulation is concerned, fla-
vones are either non-competitive antagonists or partial agonists. However, certain
compounds also exhibited anxiolytic or anticonvulsant effects. Other phenolic
compounds addressed in this study were, for example, coumarins, where prenyl-
ated compounds demonstrated higher stimulation of the receptor. The association
of phenyl residues and pronounced receptor modulation has also been observed
for flavanes, isoflavonoids, and chalcones and may be of interest to the production
of GABA(A) receptor modulators. Besides, the structural features required for the
positive or negative regulation of the polyacetylene and monoterpene receptors as
well as the effect of deglycosylation on certain triterpenes have been highlighted.
Very few studies have been found on the subtype-specificity of natural products.
One example is the enhanced modulation of isopimar and sandaropimaric acid
receptors after the exchange of al-subunit for a2 or a3-subunits. Neolignane
honokiol must also be stated in this sense, although the effect was more dependent
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on the GABA(A) receptor subunits. Data obtained from recorded in vivo studies
may be helpful in this regard, as many compounds have been known to exhibit
anxiolytic effects without exhibiting sedative or muscle relaxant properties.
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Abstract

Parasitic infections including schistosomiasis and soil transmitted helminthiasis
are the most commonly encountered Neglected Tropical Diseases (NTDs) in the
world. These diseases remain a major public health concern affecting millions of
people especially those living in poor regions where access to effective conventional
health care is a challenge. Interventions to control these infections in endemic areas
have not been successful due to the high cost of drugs, limited availability as well as
inequity of access to preventive chemotherapies. Another problem is the develop-
ment resistance to the limited number of recommended medications due to their
intensive use in both human and live-stock. There is an increasing awareness of
the potential of natural products as chemotherapeutic agents to combat parasitic
infections. Natural products may offer an unlimited source of chemically diverse
drug molecules which may be safe, efficient, less toxic, less expensive and readily
available for use especially in low-income countries. The Ghanaian flora provides
such a ready source for new therapeutic interventions for the local population.
Several researches have provided evidence of the anti-parasitic activity of Ghanaian
medicinal plants. This chapter provides a review with special focus on medicinal
plants collected from Ghana with anthelmintic and anti-schistosomal activity.
Evidence of pharmacological activities of crude extracts, fractions and bioactive
phytoconstituents as well as possible mechanisms of action where investigated are
discussed.

Keywords: schistosomiasis, worms, parasite, helminth, Ghana, herbal medicine

1. Introduction

Neglected tropical diseases (NTDs) include a collection of chronic, disabling,
and physically disfiguring infectious diseases that usually affect dwellers of poor
rural populations in tropical and sub-tropical countries of the world [1]. Apart
from their negative impact on the health of victims, NTDs exert an immense
socio-economic burden on the society as a result of the social stigma and physical
disabilities associated with them. These interrelated negative outcomes perpetuate
a cycle of poverty and unproductivity resulting in a consistent decline in economic
growth [2]. As a major element of the Millennium Development Goals (MDGs),
much effort is being put in for the elimination of the NTDs [3].
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Among the NTDs, helminth infections especially soil-transmitted helminthiasis
(STHs) and schistosomiasis are among the most prevalent afflictions of humans
[4]. About 2 billion people are estimated to suffer from helminth infections
worldwide, out of whom 300 million suffer from severe morbidity [5]. The nega-
tive impact of helminth infections on human growth and development (including
cognitive development in childhood and nutritional status), pregnancy and work
performance cannot be overemphasized. Though considered as acute health prob-
lems in some developed parts of the world, chronic parasitic infections are common
and recurrent in poor communities and usually result in long-lasting complications
making them a significant health threat to the populations who are continuously at
risk for infection [6].

Over the years, many highly effective chemotherapeutic agents have been
developed for treating helminth infections. Unfortunately in the setting of rural
poverty where these diseases are mostly prevalent, access to healthcare facilities
and the cost of medications are a challenge [7, 8]. Additionally, environmental
factors and unavoidable domestic or occupational exposures, strongly favor the
process of re-infection even after a successful therapy [9, 10]. Given that these
infections also require lengthy treatment regimens with related costs which cannot
be afforded by the affected victims, many patients seek for alternative treatment
options especially the use of herbal medicines which are readily available and less
expensive [9, 11].

Herbal extracts have been used in traditional medicines since ancient times for
the effective treatment of human diseases [12]. Ethnobotanical studies in various
regions of the world have documented medicinal plants used for the treatment of
various parasitic infections. Scientific investigations of selected plants have also
revealed remarkable activity of medicinal plants against specific human parasites
[13, 14]. In Ghana, numerous medicinal plants play an important role in the health-
care system of rural communities. The Ghanaian flora provides a ready source
for new therapeutic interventions for the local population [15-17]. This chapter
provides a review with special focus on medicinal plants collected from Ghana with
anthelmintic and anti-schistosomal activity.

1.1 Soil transmitted helminthiasis (STH)-the disease burden and current
chemotherapy

Soil transmitted helminth (STH) infections are a group of infections which are
acquired by the ingestion of, or contact with, soil containing infectious worm eggs
or larvae [18]. STHs have been reported as the most common parasitic infections
encountered in humans with an estimation of more than 1 billion people infected
with at least one or more helminth parasites. They constitute an important global
health challenge in resource deprived parts of the world and are prevalent in areas
of poor sanitary conditions [19].

The main species of clinical importance are the intestinal roundworm (Ascaris
lumbricoides), the whipworm (Trichuris trichiura) and the hookworms (Necator
americanus and Ancylostoma duodenale) [18]. Common symptoms of intestinal
helminthiasis include abdominal pains, nausea, itching and diarrhea and in severe
cases, anemia, pneumonia, eosinophilia and malnutrition. School-aged children
and preschool children are the most vulnerable group who harbor the greatest num-
bers of intestinal worms. As a result, they experience growth stunting and dimin-
ished physical fitness as well as impaired memory and cognition [20]. Although
helminth infections are not known to be lethal as compared to other infections,
they are recurrent among poor people and pose an enormous impact on the
socio-economic status of the society affected [21].
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Anthelmintics are a group of antiparasitic drugs that expel worms and other
internal parasites out of the body by either stunting or killing them. For the treat-
ment of STHs, the benzimidazoles specifically albendazole and mebendazole are
the current treatment drugs of choice [19]. The main challenge with these anthel-
minthics is the development of resistance due to the intensive use of drugs in both
human and live-stock [22]. With few new drugs evolving against helminth infec-
tions over the years, the fight against these parasites could become a losing battle,
thus the need to search for new alternatives.

1.2 Schistosomiasis—the disease burden and current chemotherapy

Schistosomiasis, widely known as bilharzia, is caused by infection with blood
flukes of the genus Schistosoma which is transmitted through contact with infected
fresh-water snail vectors. Schistosomiasis is reported to be the 2nd leading endemic
parasitic disease in the world after malaria. The disease affects more than 240 million
people in tropical and subtropical areas with about 90% cases reported from sub
Saharan Africa [23, 24].

Five species of the schistosome parasite namely: Schistosoma mansoni,
Schistosoma haematobium, Schisosoma japonicum, Schistosoma mekongi, and
Schistosoma intercalatum usually affect humans [25]. In sub-Saharan Africa the
main burden of disease is usually attributed to S. mansoni and S. haematobium
which cause intestinal and urinary schistosomiasis respectively [10]. The infection
is mainly characterized by painful bloody urination in urinary schistosomiasis or
blood stained diarrhea in intestinal schistosomiasis. Long term effects include liver
fibrosis, renal failure, cancer of the bladder, infertility and increased risk of con-
tracting HIV. In children, schistosomiasis results in malnutrition, growth retarda-
tion, cognitive defects and chronic anemia [6, 26].

For the eradication of schistosomiasis, control programmes have been based
on preventive chemotherapy. The WHO endorsed and advocated for mass drug
administration (MDA) especially among school children utilizing a single oral
dose of 40 mg/kg praziquantel [27]. Unfortunately, the unavailability of the drugs
due to cost, poor drug coverage, inequity of access to chemotherapy and non-
compliance to therapy due to adverse side effects have impeded the progress of
this approach [7, 28]. The expansion of preventive chemotherapy has also raised
concerns about the potential development of resistance to praziquantel (PZQ)
which remains the only commercially readily available drug for the control of
schistosomiasis [29]. Some studies have reported low cure rates of PZQ attributing
this to possible mutation of the schistosome parasite as well as inactivity of PZQ
against early stages of the worms [30, 31]. It is thus not a satisfactory situation
to have only one single effective treatment. Ideally, other anti-schistosome drugs
should be developed so that the classical strategy of avoiding development of
resistance could be followed.

1.3 Methods used in this review for identifying medicinal plants with
anthelminthic and anti-schistosomal activities

Reported anthelmintic and anti-schistosomal activities of medicinal plants
collected from various parts of Ghana were obtained from electronic databases
including PubMed, SciFinder and Google Scholar. The inclusion criteria were that:
(i) plants should be used in Ghanaian traditional medicine for treatment of worm
infestations or expulsion of worms and schistosomiasis (urinary and intestinal)
or other condition characterized by the symptoms of the above diseases (ii) plant
should have been investigated for anthelmintic or anti-schistosomal (cercarididal)
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activity using one or more validated iz vitro or in vivo models (iii) the right botani-
cal names, plant parts used, types of extracts prepared, active constituents and
mechanisms of action if investigated were mentioned. Consideration was also given
to plants with significant activity differences with reference to control groups.

2. Plants with anthelminthic activity identified from Ghana

The anthelmintic activity of plant extracts was mostly studied by evaluating
their effect on worms after direct exposure for a period of time. Earthworms includ-
ing Pheretima posthuma, Lumbricus tervestris, Eudrilus eugeniae and Caenorhabditis
elegans were employed as target organisms due to their anatomical and physiological
similarity to the human intestinal round worm, ease of availability, adaptability to
laboratory conditions and ease of handling.

2.1 Alcornea cordifolia (Schumach & Thonn) Miill. Arg. Euphorbiaceae

Alchornea cordifolia, commonly called the Christmas bush is a straggling, laxly
branched evergreen dioecious shrub growing up to about 8 m tall. It is locally
known as ‘agyama’ in the Ghanaian Akan language and an essential medicinal plant
in traditional medicine. Various parts of the plant are used to treat jaundice, diar-
rhea, rheumatic pains, malaria, fever, wounds, colds, asthma, amoebic dysentery
and worm infections. Other literatures report its use in the treatment of urinary
and gastrointestinal infections, leprosy, yaws, filariasis as an antidote to snake
venom [32].

The anthelminthic potency of the petroleum ether, chloroform and methanol
extracts of A. cordifolia leaves were investigated by evaluating its effect on the
gross motility and mortality of earthworms (Pheretima posthuma). The extracts
displayed significant (p < 0.001) concentration-dependent anthelminthic activ-
ity at concentration range of 0.75 to 12.00 mg/mL. At the highest concentration,
worm paralysis was effectuated between 10 and 26 mins whiles death occurred
between 57 to 93 min. The effect of the extracts in reducing the paralysis and death
times of the worms was significantly higher than the effect on albendazole-treated
worms [33].

2.2 Alstonei boonei De Wild (Apocynaceae)

Alstonia boonei is an indigenous African tree mostly distributed in the evergreen
rain forest of tropical West Africa. In Ghana it is locally called ‘Nyame dua’ meaning
God’s tree in the Akan language. In the western coastal regions of Africa, this plant
is well known for its extensive use in traditional medicine for treating rheumatism,
general body pains, worm infestation and diabetes. A cold infusion of the fresh
or dried bark is used as a vermifuge to expel intestinal worms and other intestinal
parasites in children [34].

The methanol extracts (50-150 mg/mL) of the stem bark and roots of A. boonei
were investigated in vitro for anthelmintic effects against the adult Indian earth-
worm, Pheretima posthuma by direct exposure of worms to the extracts. The stem
bark extract exhibited a concentration dependent anthelmintic activity causing
paralysis of worms within 15-55 mins and death within approximately 100 mins
which was significant (p < 0.01) compared to the untreated group. The stem bark
extract had a better anthelmintic effect than the root bark [35].

In another study, the aqueous and ethanolic stem bark extracts (50-200 mg/mL)
of A. boonei demonstrated significant anthelmintic activity against Lubricus terretris.
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While worms in the untreated group saw no paralysis or death after 120 mins
of exposure, the extract-treated worms were paralyzed within 8-16 minutes of
exposure and died within approximately 21-27 minutes of exposure [36].

2.3 Azadivachta indica A. Juss. (Meliaceae)

Azadirachta indica, commonly known as neem, is a fast-growing and long lived
evergreen tree which grows up to about 15 m tall with long, spreading branches
that form a dense, large rounded crown. The plant is a multipurpose medicinal
plant which also provides food and timber and is widely distributed in several
regions of Asia and Africa. It is well known for its insecticidal and insect-repelling
property. Various parts of the plants are reported to be used for the treatment of
many ailments in traditional medicine including malaria, fever, upper respira-
tory tract infections, wound healing, sexually transmitted infections and skin
diseases [37].

The anthelmintic activity of the ethanolic extract of A. indica seeds was inves-
tigated iz vivo using albino rats (Rattus norvegicus) infected with helminth species
including: Hymenolepsis diminuta, Enterbius vermicularis and hookworm. The rats
were treated with the alcoholic extracts (20-60%) over a 3-week period and fecal
samples were examined for eggs. The extract treated groups showed declining
levels of egg count by the 3rd week and complete elimination of worms by the end
of 21 days when treated with 40-60% of neem seed extract. Weight loss and death
were however recorded at 60% concentration of extract raising some concern about
the toxicity of the seed extract [38].

2.4 Carica papaya Linn. (Caricaceae)

The pawpaw tree is well known for its nutritional and medicinal values. The leaf
decoction is used as a galactogogue and in the treatment of tonsillitis, ulcerative
stomatitis, hemorrhoids, asthma, urinary tract infections, as poultice for sores and
gingivitis and in the treatment of helminth infections. The roots are used as antidote
to various poisons. The fruits are used to treat indigestion, chronic diarrhea, ring-
worm infections, bleeding piles, and amoebic dysentery [39]. Almost all parts of the
plant are documented to be used for managing helminth infections. In Ghana, 74%
traditional healers used this plant for treating helminth infections [40].

In a comparative assessment of the anthelminthic activity of various parts of
the plant, the hydroethanolic extracts of the leaves, stem bark, and seeds of Carica
papaya were tested against P. posthuma as the target organism. The results indicated
that all crude extracts prepared were more effective than albendazole in reducing
paralysis (p < 0.0001) and death times (p < 0.0001) of worms. Extracts from
the seeds at 2.5 mg/mL were the most effective causing worm paralysis and death
at 9.26 + 0.03 and 20.12 + 0.01 mins respectively. This was more potent than the
standard anthelmintic albendazole at the same concentration which gave paralysis
and death times of 19.45 + 0.57 and 31.43 + 0.28 mins respectively [41].

2.5 Combretum mucronatum Schumach & Thonn. (Combretaceae)

Ethnopharmacological reports from parts of Ghana revealed the extensive use
of the leaves of Combretum mucronatum for treatment of human and livestock
helminth infection [40]. The leaves from this plant species is monographed in the
Ghana Herbal Pharmacopeia for the treatment of infections with worms [42].

In a previous study, the alcoholic leaf extract of C. mucronatum was assayed
in vitro for anthelmintic activity against free-living nematode, Caenorhabditis elegans

29



Natural Medicinal Plants

using levamisole as a positive control. The extract demonstrated anthelmintic activ-
ity with a worm survival rate of 89.2% at 0.1 mg/mL and 58.1% at 1 mg/mL [40].

In another study, fractions and purified compounds from C. mucronatum leaves
were tested in vitro for their anthelmintic activity against C. elegans. Unsubstituted
oligomeric proanthocyanidins (PACs) mainly composed of epicatechin units
were identified as the active compounds of the hydroethanolic leaf extracts. The
compounds demonstrated a dose-dependent anthelmintic activity ranging from
1to 1000 mM and activity was found to increase with increasing molecular size.
The anthelmintic activity was suggested to be by interaction of the PACs with
some unidentified proteins of the target organism [43]. Further, the mechanism of
anthelmintic activity of the PACs was determined by transcriptome analysis. PACs
were found to interact with proteins within the worm’s intestinal membrane as
well as enzymes and peptides to elicit anthelmintic effects [44]. Another proposed
mechanism was interaction of the tannins with cuticular proteins, particularly
proline-rich collagen in the worm cuticle [45].

2.6 Cyperus difformis Linn. (Cyperaceae)

Cyperus difformis is an annual plant with smooth leaves and fibrous reddish
roots. It is native to the subtropical and tropical areas but also distributed and
widespread in South Europe, Asia and Americas. It is regarded as one of the
world’s commonest weeds found growing in wet swampy soils among rice planta-
tion. It is very common in Ghana and traditionally used for the management of
scorpion bites and malaria [46].

The anthelmintic and helminth resistance modifying activities of methanol
extract of C. difformis was investigated against the adult Indian worm, P. posthuma
using albendazole, mebendazole and levamisole as reference anthelmintics. The
extract exhibited a concentration dependent anthelmintic activity against P.
posthuma with significant (p < 0.001) paralysis and death times of 66.67 + 1.8 and
140.7 + 2.3 mins respectively at extract concentration of 20 mg/mL [47].

Further the extract at 1, 2 and 5 mg/mL significantly potentiated the activity of
albendazole, mebendazole and levamisole against the test organism. In the presence
of 2 mg/mL of the extract the paralysis and death times of albendazole (8 mg/mL)
against P. posthuma were reduced from 41.33 + 0.33 and 106.67 + 0.88 min respec-
tively to 33.33 + 0.88 and 85.67 + 1.2 min, respectively. Similar results were obtained
for mebendazole and levamisole [47].

2.7 Garcinia cola Heckel (Guttiferae)

Garcinia cola also known as “bitter cola” is a valuable medicinal plant in
African traditional medicine widely accepted for its numerous medicinal proper-
ties. It is usually called the wonder plant due to the usefulness of every part of the
plant. The seeds are chewed as an aphrodisiac and used to cure cough, dysentery
and upper respiratory tract infections [48, 49]. The latex from the stem is used
against sexually transmitted infections and applied externally to heal wounds.
The sap is used in curing parasitic diseases. Chewing sticks produced from the
stems are used as masticatory for nervous alertness and for treating coughs and
throat infections [50].

In a previous study, the methanol stem bark extract of G. cola (1—50 mg/

mL) demonstrated a concentration dependent anthelmintic activity, decreasing
paralytic and death times of P. posthuma with increasing extract concentrations. At
50 mg/mL, the extract had a paralytic time of 39.29 + 0.12 min and death time of
54.29 + 0.01 [51].
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2.8 Movinda lucida Benth. (Rubiaceae)

Morinda lucida is an evergreen shrub growing from about 3 m to 18 m tall. It
has a dense crown with slim, crooked branches. The plant is occasionally grown
in home gardens. It is locally called ‘konkroma’ in the Ghanaian Akan language.

It is a multipurpose species yielding dyes, timber, fuel and traditional medicines.
The plant is reported to be used in managing diabetes, hypertension, dysentery,
stomach-ache, leprosy and gonorrhea. Traditionally, the stems are used to treat piles
while the leaves are used to treat fever. A decoction of the bark or leaf is used in the
treatment of jaundice and against itch and ringworm. The leaves and twigs are sold
as a medicinal tonic for young children [52].

In a previous study, the methanol stem bark extract of M. lucida (10-50 mg/mL)
reduced worm motility and caused death of the adult Indian earth worm, P. post-
huma with a paralytic time of 18.17 + 0.03 min and death time of 24.34 + 0.21 min at
50 mg/mL [51].

2.9 Moringa oleifera Lam. (Moringaceae)

Moringa oleifera is a fast growing perennial evergreen or deciduous plant
which grows up to a maximum height of 7-12 m. It has an open crown of
drooping fragile branches bearing feathery foliage of opposite pinnate leaves, a
crooked bole and dark gray stem bark. M. oleifera has been naturalized in many
tropical and subtropical regions of the world including Africa, Arabia, South
Asia, South America and India where it is commonly referred to as horseradish
tree and drumstick tree [53]. Various parts of the plant are used in traditional
medicine to treat various diseases including skin infections, anemia, asthma,
bronchitis, catarrh, chest congestion, cholera, diabetes, hypertension and many
other illnesses [54].

The foliage of M. oleifera was investigated for anthelmintic activity in wild
caught Achatina achatina Linnaeus (edible snails). After feeding the snails on the
foliage for 10 weeks, the proportion of parasitic infection in the treated group was
estimated using dissecting and microscopic techniques. At the end of the treatment
period, 96% of snails in the untreated group were observed to have their kidneys
infected with roundworms as opposed to 24% of snails in the treated group. The
percentage prevalence of parasitic infection in the treated and control groups was
significantly different (p < 0.0001). Similar results were recorded for the infec-
tion of the lungs highlighting the anthelmintic value of M. oleifera in the control of
worm infection in edible snails [55].

2.10 Ocimum basilicum Linn (Lamiaceae)

Ocimum basilicum is a tender-growing aromatic annual herb indigenous to West
Africa and India. It is commonly called basil or sweet basil and locally known in the
Ghanaian Akan language as ‘Nunum’. The herb is ubiquitously known for its thera-
peutic potentials in African folk medicine. In Ghana, basil is used in its fresh form
as spice and flavoring in soups and sauces due to its strong spicy aroma. The whole
plant is used to treat worm infestation, inflammation, pain, diarrhea, gastrointesti-
nal infections and eye-related diseases [56].

In vitro anthelmintic activity of the hexane and ethanolic extracts of the fruits
of O. basilicum was investigated against Eudrilus eugeniae. At a concentration range
of 0.25-5 mg/mL, the extracts displayed a concentration dependent anthelmintic
activity which was observed to be significantly (p < 0.001) higher compared to
mebendazole-treated worms. At 5 mg/mL, paralysis was observed at 11.85 + 0.71,
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2790 + 0.42 and 94.04 + 2.57 mins for the ethanol extract, hexane extracts and
mebendazole-treat worms respectively. Similarly, death of worms was recorded at
24.74 + 0.42, 85.18 + 0.07 and 522.77 + 1.53 mins respectively for the ethanol extract,
hexane extracts and mebendazole [57].

2.11 Paullinia pinnata L. (Euphorbiaceaae)

Paullinia pinnata is a woody climber growing in tropical regions worldwide.

In Ghana, it is locally called ‘toantini’ in the Akan language. Preparations from the
whole plant is used to treat dysentery. The mashed roots are used as poultice to heal
chronic wounds and to treat leprosy. The root decoction is also used to cure coughs,
pneumonia, gonorrhea, fractures, bacterial infections and abscesses. It is popularly
known for its aphrodisiac property and used to treat erectyle dysfunction [58].

In addition, extracts of leaves and roots have been described for the treatment of
helminth infestations particularly ancylostomiasis [40].

The hydroethanolic extract of the roots of P. pinnata was investigated in an in
vitro mortality assay against the free-living nematode Caenorhabditis elegans as well
as the larval stages of the parasitic helminths: Ancylostoma caninum, Haemonchus
contortus, Toxocara cati and Trichuris vulpis. From the assay, the extract showed
lethal activity against T. cati (LCso = 112 pg/mL), T vulpis (LCso = 17 pg/mL), and
C. elegans (LCsp = 2.5 of mg/mL), but not against A. caninum. Additionally, the
effects of the extract on egg hatching and larval migration of the sheep parasite,
Haemonchus contortus were investigated in vitro, but no inhibitory activity was
observed [59].

In another study, the 70% aqueous acetone extract, solvent fractions and
isolated compounds from the roots of P. pinnata were investigated for anthelmintic
against C. elegans. From the results, the ethyl acetate fraction showed the high-
est anthelmintic effects with an LCs, of 1.1 mg/mL followed by the crude extract
(LCsp = 1.9 mg/mL) and the aqueous fraction (LCs = 2.9 mg/mL). Oligomeric
proanthocyanidins were identified as the main active compounds. A mortality
rate of at least 70% was observed for all proanthocyanidin containing fractions at
1 mg/mL [60].

2.12 Plumbago zeylanica Linn. (Plumbaginaceae)

Plumbago zeylanica is a perennial shrub with semi woody stems and numerous
branches. It is a valuable medicinal plant widely used in Africa and Asia for the
treatments of common ailments like hemorrhoids, diarrhea, leprosy, arthritic pains,
toothache and as aphrodisiac and wound healing [61].

In a previous, observations were made for the time taken for different sol-
vent extracts of the leaves of P. zeylanicum at concentrations of 300, 100 and
30 mg/mL to paralyze and kill Pheretima posthuma. The ethyl acetate extracts
showed significant (p < 0.0001) concentration-dependent anthelminthic activ-
ity with the highest effect at 300 mg/mL causing paralysis at 7.39 + 0.94 min and
death at 11.81 + 1.10 min. The methanol extract at 300 mg/mL demonstrated
slightly lower anthelmintic effect with paralysis at 17.23 + 1.68 min and death at
21.83 + 2.60 min [62].

2.13 Rauwolfia vomitoria Afzel. (Apocynaceae)
Rauwolfia vomitoria commonly called the African Snakeroot or African Serpent

root is a small tree or shrub that grows up to about 20 m tall in tropical Africa. Itis
locally called ‘kakapenpen’ in the Asante dialect of Ghana. In traditional medicine,
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the plant is recorded to be used in the treatment of convulsions, malaria fever,
insomnia, arthritis, pain, high blood pressure, diabetes, stomach problems and as
an emetic. The leaves are applied topically for skin infections, swelling and snake
bites. It is placed in the rectum for the expulsion of worms and for dysmenor-
rhea [46].

The leaves and stem bark of R. vomitoria demonstrated significant (p < 0.001)
anthelmintic activity against the Indian adult earthworm P. posthuma. The metha-
nol extracts of the stem bark caused paralysis of worms at 11.17 + 0.088 min and
reduced the death time to 21.67 + 0.733 similar to the effect of albendazole at
10 mg/mL which had a worm death time of 21.03 + 0.258 min [63].

2.14 Sclevocarya birrea (A. Rich) Hochst (Anacardiaceae)

Sclevocarya birrea is a dioecious small to medium sized tree growing up to about
20 m high and 1.2 m in diameter. The plant is distributed from Gambia, Ghana and
Nigeria in West Africa, across Cameroon in Central Africa, to Ethiopia and Sudan
in East Africa and to South Africa, usually found growing in open farm lands and
natural vegetation [64]. The stem-bark, roots and leaves are used to treat several
ailments including diabetes mellitus, diarrhea, dysentery, proctitis, ulcers, inflam-
mation, arthritis, hypertension, skin diseases, and malaria [65].

The anthelmintic activity of the aqueous and ethanolic extracts of the roots of
S. birrea were evaluated against earth worms. The extracts displayed significant
(p < 0.001) concentration-dependent anthelmintic activity at 12.00 to 0.1875 mg/mL.
The observed effect was higher compared to albendazole-treated worms [66].

2.15 Vernonia amygdalina Del. (Asteraceae)

Vernonia amygdalina is tropical shrub which grows up to about 3 m high. The
plant is distributed throughout tropical Africa and has been domesticated in some
parts of West Africa including Nigeria and Ghana where it is commonly called the
bitter leaf. It is a highly valuable vegetable in West and Central Africa which is con-
sumed as part of various dishes. In traditional medicine the leaf decoction is used to
treat fever, malaria, diarrhea, dysentery, hepatitis and cough, as a laxative and asa
fertility inducer [67]. The root extracts are also used for treating malaria and gastro-
intestinal disorders. One of the most common medicinal uses of V. amygdalina is as
a treatment against intestinal worms including nematode infections [68]. The use of
the leave decoctions against intestinal worms, especially pinworms was confirmed
in an ethnobotanical survey in the Ashanti Region of Ghana [40].

In a previous study, the anthelmintic activity of V. amygdalina leaves were
investigated against Lumbricus tervestris (earth worm). Unlike the negative control
groups which remained alive and active after 6 hours of exposure to normal saline,
all worms treated with the aqueous and ethanol leaf extracts (50-200 mg/mL) of
V. amygdalina were noted to be paralyzed within 4.05 + 1.06 to 59.94 + 8.25 and
3.56 + 0.37 to 33.18 + 12.4 mins respectively (p < 0.0001). The effect was concentra-
tion dependent [36].

In another study, the stem bark extracts (ethanol and chloroform extracts) of
V. amygdalina were observed to produce a synergistic anthelmintic effect when
combined with the seeds of Carica papaya [69].

2.16 Voacanga Africana Stapf. (Apocynaceae)

Voacanga africana is a small tree or shrub, reaching up to 6 m tall in height with a
low widely spreading crown. In Ghana, it is locally known as ‘ofruma’ in the Asante
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language. Various plant parts are used medicinally throughout its distribution area
[70]. The leaf decoction is used to treat dysentery, diarrhea, cutaneous and sub-
cutaneous parasitic infections, leprosy, oedema, gout, paralysis and convulsion. The
stem bark or roots decoctions are used as wound healing agents and used to treat
boils, malaria, sexually transmitted diseases like gonorrhea, and skin diseases such
as eczema and scabies. They are also taken to treat cardiovascular diseases and rheu-
matoid arthritis. The leaf latex is put in the teeth to treat dental caries or dripped in
the eye to cure ophthalmia [46].

The methanol extracts of the leaves and stem bark V. africana were evaluated for
in vitro anthelmintic activity by determining the effects of the extracts on the para-
lytic and death time of P. posthuma using albendazole as reference. The bark extract
(20-50 mg/mL) demonstrated a significant (p < 0.001) concentration dependent
anthelmintic effect by decreasing the paralysis and death times of worms. At
50 mg/mL, the stem bark extract caused worm paralysis within 7.03 + 0.491 min
and death at 14.77 + 0.117 min [63].

2.17 Xylopia aethiopica (Dunal) A. Rich. (Apocynaceae)

Xylopia aethiopica is popularly known as the African pepper and locally called
‘Hwentia’ in the Ghanaian Akan language meaning slender nose, referring to the
shape of the fruit. X. aethiopica is known for its numerous medicinal properties in
African traditional medicine. The bark infusion is used in the treatment of asthma,
stomach aches and rheumatism. The bark powder is also applied topically on ulcer-
ous wounds and used locally for the treatment of cancer and stomach ulcers. The
root powder is known to relief toothache and pyorrhea [71].

The ethanolic extract of the dried fruits and leaves (300-300 mg/mL) were
investigated for anthelmintic activity against earth worms. The anthelmintic activ-
ity of the fruit extract was more potent that the leaf extract. Both extracts dem-
onstrated a concentration dependent activity with the fruit extract demonstrating
significant paralytic and death times (p < 0.001) at 100 and 300 mg/mL [72].

3. Plants with cercaricidal and anti-schistosomal activities identified
from Ghana

See Table 1.
3.1 Azadirachta indica A. Juss (Meliaceae)

[Refer to Section 2.3 for plant description].

The methanol leaf extract of A. indica was investigated for cercaricidal activity
against freshly shed cercariae of Schistosoma mansoni. At a concentration range of
31.2-1000 pg/mL, the leaf extract caused a steady increase in the number of dead
cercariae during an observation period of 15 to 180 mins. At 60 mins, 250 pg/mL of
extract was found to cause 100% mortality of cercariae. At the end of the observa-
tion period (180 mins) the leaf extract recorded an ICs of 27.62 pg/mL which was
about four times lower than the effect of the positive control Balanites aegyptiaca

The effect of A. indica leaf extract on the viability of adult schistosome worms
(i.e. adulticidal effect) was further investigated. At the end of 120 h, the extract
at 62.5-1000 pg/mL was found to be lethal to the incopula adult worms. Further
in an in vivo study, the ability of the leaf extract (500 mg/kg p.o.) to reduce the
worm recovery and worm burden in S. mansoni infected mice was investigated.
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After a two-week period of treatment, the mean number of worms recovered from
A. indica-treated mice was 19.80 + 8.194 which was significantly lesser than that of
the untreated mice (40.20 + 3.072) [73].

The effect of the extract on the weight of spleen and liver of infected mice were
all significantly lesser in the A. indica-treated group than that of the untreated
group (p < 0.05). Organ histology also revealed only few granulomas which were
smaller in diameter in the treatment groups whereas those in the untreated were
severe (p < 0.05). Treated cercariae-infected mice group also had relatively less
severe inflammatory cell infiltration compared with untreated group [73].

3.2 Dichapetalum crassifolium Chodat (Dichapetalaceae)

Dichapetalum crassifolium is a scandent shrub, about 1.5 m tall usually found
growing in the rain forest, shady places, primitive woods and rocky areas of African
countries including Ghana, Angola, Benin, Cameroon, Ivory Coast, Liberia,
Nigeria, Sierra Leone, Tanzania, Togo and Zambia [74].

Crude extracts (pet-ether, ethyl acetate and methanol) and isolated triter-
penoids from the stems and roots of D. crassifolium were investigated for anti-
schistosomal activity against eggs obtained from clinical isolates of Schistosoma
haematobium using the 96-well plate-egg hatch assay [75].

For the stem extracts, the ovicidal potency was in the following order petroleum
ether (ICso = 443.70) > EtOAc (ICsy = 638.00) > MeOH (ICs = 893.70 pg/mL). The
ICs values for the root extracts were 248.60, 546.40, and 566.30 pg/mL respectively
for the EtOAc, pet-ether and MeOH extracts.

The isolated compounds (Friedelan-3-one, f-Sitosterol/stigmasterol,
Dichapetalin M and Dichapetalin A) showed higher ovicidal activity than the
extracts though activities for both extracts and compounds were lower compared
to the standard drug, praziquantel. The highest ovicidal potency was exhibited by
p-sitosterol/stigmasterol mixture with an ICso of 177.90 pg/mL which was about
11 times less potent than praziquantel (15.47 + 0.06 pg/mL). The next highest was
dichapetalin A (151.10 pg/mL) whiles friedelan-3-one showed the least potency
with ICsy of 378.10 pg/mL. From the root extract, Dichapetalin M showed ovicidal
effect with ICs of 191.00 pg/mL [75].

3.3 Erythrophleum ivorense Afzel (Euphorbiaceae)

E. jvorense is a large tree which grows to about 40 m tall, with a cylindri-
cal bole, sometimes fluted at the base. It is widely distributed in the evergreen
primary and secondary forests of tropical Africa where it is commonly called by
names like ‘forest ordeal tree’, ‘red water tree’ and ‘sasswood tree’. Among the
Akan tribe in Ghana, it is known as ‘potrodum’. The stem-bark and roots are usu-
ally employed in the treatment of epilepsy, emesis, pain, oedema, constipation
and worm infestations [76].

The cercaricidal activity of the leaf and stem bark extracts of E. ivorense was
investigated against two developmental stages of Schistosoma mansoni namely:
the post-infective larvae (schistosomule) and the adult parasite. Various solvent
fractions were assayed against the schitosomules at a concentration range of 0.31-
100 pg/mL and against adult parasites at 1.25 mg/mL. The acetone fractions of both
leaf and bark demonstrated the highest anti-schistosomal activity causing severe
phenotypic alterations (immobility/inactivity, change in shape, translucence, sur-
face disintegration) and death of schistosomules at all dilutions (except 0.31 yg/mL)
at 24 h and 48 h. For adult parasites, severe phenotypic changes specifically damage
to the adult parasite’s tegument (surface) was observed for the acetone fraction of
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the stem bark extract. The adult worms were observed to be uncoordinated by 5 h,
darkened in color by 24 h and died at 48 h exhibiting tegumental damage [77].

In another study, the in vitro cercaricidal activity of solvent fractions and iso-
lated compounds from the root bark of E. ivorense was investigated against freshly
shed cercariae from Schistosoma haematobium. Whereas the cercariae showed
normal viability without any morphological changes (tail loss) throughout the
entire duration of the experiment in the untreated group, exposure of cercariae to
the crude hydro-ethanolic extract, its fractions and compounds caused a concentra-
tion and time-dependent decrease in viability of cercariae. Within two hours of
incubation, all cercariae died at the various concentrations of test compounds and
extracts. Eriodictyol, was the most potent compound with an ICsj of 1.23 + 0.05 pg/
mL. All test samples exhibited a much higher cercaricidal activity than the standard
drug praziquantel which caused only 40% mortality of cercariae at the highest
concentration tested (ICso = 695.50 + 0.05 pg/mL) [78].

3.4 Holarrhena flovibunda (G. Don) Dur. & Schinz. (Apocynaceae)

Holarrhena flovibunda is native to West Africa and is known in Ghana as ‘osese’
among the Akans. The plant is traditionally used in the treatment of malaria, fever
and bareness in females. It has antifungal, antibacterial and antidiabetic properties
[79, 80].

The hydroethanolic and alkaloidal extracts from the stem bark of H. floribunda
were tested on cercariae from Schistosoma haematobium at concentrations between
15.625 and 500.00 pg/mL. After 180 mins of contact with test samples, the ethano-
lic extract exhibited the highest cercaricidal potency with an ICs; of 20.09 + 1.11 pg/
mL higher than the effect of paraziquantel (ICs = 695.50 + 1.12). The alkaloidal
extract also exhibited cercaricidal potency with an ICs, of 53.20 + 1.33 pg/mL. The
isolated compounds: holonamine, holadienine and conessine exhibited cercaricidal
potency with ICs values of 53.24 + 1.28, 470.80 + 1.00 and 33.28 + 1.04 respectively.
The results confirmed the activity of Holarrhena floribunda against S. heamatobium
ceracriae [81].

3.5 Morinda lucida Benth (Rubiaceae)

[Refer to Section 2.8 for plant description].

In a previous study, the cercaricidal activity of the methanol stem bark extract
of M. lucida was carried out. The extract at a concentration of 500 pg/mL elicited
100% mortality of S. mansoni cercariae within 120 mins of exposure giving an
ICs value of 262.3 pg/mL, which was however lower than the effect of the positive
control Balanites aegyptiaca (IC50 of 5.95 pg/mL). Further, the in vitro adulticidal
effect of the stem bark extract on adult schistosome worms revealed that at a
concentration of 125-1000 pg/mL, the extract was found to be lethal to the adult
worms within 120 h of exposure [73].

3.6 Nauclea latifolia Carl Lin. (Rubiaceae)

Nauclea latifolia, commonly called the African peach, is a deciduous shrub with
an open canopy distributed throughout tropical and savanna regions of Africa and
Asia. It varies widely in height from around 10-30 m according to soil and moisture
conditions. The plant is used against various medical conditions such as diabetes,
fever, indigestion and cough [82].

Previous studies on the cercaricidal activity the methanolic extract of stem bark
of N. latifolia revealed 100% mortality of S. mansoni cercariae at a concentration
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of 250 pg/mL at 120 min (ICso = 195.9 pg/mL). Further the extract was found to
exhibit schistomicidal effect being lethal to the adult incopula worms at a concen-
tration range of 500-1000 pg/mL within 120 mins of exposure [73].

3.7 Phyllanthus amarus Schum. and Thonn. (Euphorbiaceae)

P. amarus is a small herb bearing ascending herbaceous branches normally
found around coastal and muddy areas. The whole plant is used in the treatment of
gonorrhea, menorrhagia and other urinary and sexually transmitted infections. It
is useful in gastropathy, diarrhea, dysentery, intermittent fevers, ophthalmopathy,
scabies, ulcers and wounds [83].

The methanolic extract (250 pg/mL) of P. amarus leaves exhibited moderate
cercaricidal activity on freshly shed S. mansoni cercariae causing 100% mortality of
cercariae within 180 mins of exposure (ICsy = 250.4 pg/mL). It was further estab-
lished that at 125-1000 pg/mL, the extract caused a drastic reduction in the viability
of adult worms [73].

3.8 Rauwolfia vomitoria Afzel. (Apocynaceae)

[Refer to Section 2.13 for plant description].

The root and stem bark of Rauwolfia vomitoria were evaluated for schistosomi-
cidal effect on two different parasitic stages of Schistosoma mansoni i.e. cercariae and
adult worms [84].

The ethanolic extract of the root and stem bark were both found to be active
against the cercariae and adult worms. At a concentration range of 62.5-1000 ug/
mL the stem bark extract exhibited significant anti-cercarial activity (p < 0.05)
with an LCs, of 207.4 and 61.18 ug/mL after 1 and 2 h of exposure respectively. At
the highest concentration (1000 ug/mL), there was 100% mortality of cercariae
within 90 min of exposure. The roots were less active than the stem bark showing
activity at a higher concentration range of 250-1000 pg/mL. The schistomicidal
activity of the stem bark and roots were further determined against adult worms.
All adult worms exposed to the concentrations range of 250-1000 ug/mL for both
plant parts died within 120 h of incubation [84].

3.9 Vernonia amygdalina Del. (Asteraceae)

[Refer to Section 2.15 for plant description].

In a previous study, the evaluation of the cercaricidal and schistosomicidal
activities of the methanol extract of the leaves of V. amygdalina revealed sig-
nificant potency response. At 250 pg/mL, the extract exhibited cercaricidal
activity with an ICs of 35.84 pg/mL within 180 min of exposure. Further, the
extract was found to reduce the viability of adult schistosome worms iz vitro at
250-1000 pg/mL.

The ability of the leaf extract (500 mg/kg p.o.) to reduce the worm recovery
and worm burden in S. mansoni infected mice was further investigated in an in
vivo study. After a two-week period of treatment, the mean number of worms
recovered from V. amygdalina-treated mice was 12.00 + 1.549, indicating 48.9%,
worm burden which was significantly lower than that of the untreated group
(40.20 + 3.072). While there was significant increase in the weight of the liver
and spleen of the untreated infected mice with marked formation of granuloma,
V. amygdalina-treat infected mice showed no increase in liver or spleen size and
had few granulomas which were smaller in diameter with relatively less severe
inflammatory cell infiltration compared [73].
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4, Conclusion

The anthelmintic and anti-schistosomal activities of some medicinal plants
employed in Ghanaian traditional medicine have been validated. For most of these
plants however, the specific bioactive constituents are not yet identified. It is there-
fore imperative that further studies to isolate and verify the constituents responsible
for the observed activities be performed. Further, the evaluation of safety profiles
will add substantial value to the reported bioactivities and make these plants attrac-
tive for adaptation to pharmaceutical companies for further development.
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Abstract

African traditional medicine is defined as one of the holistic health care system
comprised of three levels of specializations namely divination, spiritualism, and
herbalism. The traditional healer provides healing services based on culture,
religious background, knowledge, attitudes, and beliefs that are prevalent in his
community. Hence the current chapter focuses on the different types of african
healing system, traditional healers, traditional practices and modern herbalism
and also describes the phytochemical and pharmacological evidences of the tradi-
tional african herbs like Acanthus montanus (Acanthaceae), Amaranthus spinosus
(Amaranthaceae), Bridelia ferruginea (Euphorbiaceae) etc.

Keywords: traditional African medicine, traditional healers, divination, spiritualism,
and herbalism

1. Introduction

As per World Health Organization (2002), The “Traditional medicine” may
be defined as health practices, approaches, knowledge and beliefs incorporating
plant, animal and mineral based medicines, spiritual therapies, manual techniques
and exercises, applied singularly or in combination to treat, diagnose and prevent
illnesses or maintain well-being [1].

Africa is one of the heritage continent also known as cradle of human being
and the concept of traditional medicine in africa is existed long back with out
documentation as a hidden evidence less practices for human beings who have been
struggling with various unknown diseases. African people have their own ancestral
practices to heal using different methods [2].

According to World Health Organization report more than 80% of the people
in Africa depend on traditional medicine for their health care needs (WHO, 2003).
The African people have been depending on various plants and animals source
for their drug to treat various physical and mental illness. Nearly, 4000 medicinal
plants have been documented towards their various Pharmacological activities [3].

Any Traditional medicine consists of medical treatment with an ancient roots
that has been passed over generations to maintain health, as well as to prevent,
diagnose, improve or treat illnesses. Various cultural and historic conditions have
been influenced in the development of traditional medicine. The common basis for
any Traditional medicine concept is a holistic healing to maintain life equilibrium
between the body, mind and soul with external environment. Even the Traditional
African Medicine is not an exception from this universal holistic approach.

Some of the Traditional healing systems and concepts have been supported by huge
volume of literature and are in transition towards evidence healing concepts. However
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Traditional African Medicine is still has not been documented and under process of
documentation as from generations to generations, this was hidden as secret concept
of healing. Still to date, in most parts of the africa, the major population have been
continue to rely on traditional medicine to meet their primary health care needs [4].
In Africa, Traditional medicine is a healing belief system having its own health
and disease concept. This is considered as a hidden treasure or knowledge that will
pass from father to his only one beloved son of that family. The various healing
concepts in Traditional African medicine (TAM) includes herbalism, surgery, bone
setting, spinal manipulation, psychotheraphy, hydrotherapy, occultism, hydrother-
aphy etc. However, lack of indepth scientific validation of these african traditional
medicine and their documentation is a greatest lacuna and very much attention is
required by the modern herbalists to safegaurd this healing concept. In the herbal-
ism, vegetable, animal, and mineral substances have been used. In the metaphysical
healing concept, Spirtualism concepts like prayers, invocations, or incantations
have been offered to some mysterious and powerful forces in the various belief
concept system like exorcism, divination, libation etc., were also been practicing
to heal several diseases, how ever, scientific validation and documentation is still
challenging [5, 6]. Some of plants used in herbalism by traditional african healers
are Foeniculum vulgare Mill [7], Rauvolfia serpentina Linn [8], Cinchona pubescens
Vahl [9], Digitalis purpurea Linn [10], etc.

1.1 Historical development of African traditional medicine

As per the Traditional African Medicine, Illness is considered as disorder that
having both natural and supernatural causes. This must be treated by both physical
and spiritual means, using various procedures like divination, incantations, animal
sacrifice, exorcism, and herbs. It is a type of holistic health care system based on
three levels of basic principles known as divination, spiritualism, and herbalism.
The health care services provided by the healers are based on culture, religious
background, knowledge attitudes, and their community beliefs.

The historical Development of African Traditional Medicine consists of two
periods/Eras:

a.Colonial Era
b.Modern Period
1.1.1 Colonial era

In this era, the traditional medicinal practices have been considered as primitive
and backward. Under colonial rule, traditional healers and their practices were not
recognized by the scientific world as they were wrongly predicted as witchcraft
and black magic. These practices in this era was considered by many nations as an
illegal by the colonial authorities. Even in this period, attempts have been made to
control the sale of herbal medicines. With the spread of colonaialism and christian-
ity, christian missionaries built private ones and allopathy system of medicine is on
widespread to treat various diseases [11].

1.1.2 Modern period
However, in this era, the modern world showed more interest in some of the

medicinal plants that have been using in the african traditional healing systems as
a bioprospecting tools towards discovery of drug leads and drugs. Still there are
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many hidden mysteries that need to be learnt from traditional african practices by
the modern world. In the writings of Dr. T. Adeoze Lambo, a Nigerian psychiatrist,
stated in 1979, always there is a mystery in the african traditional healing concepts
especially in the treatment of neurosis [12].

1.2 Principles, methods and areas in African traditional medicine

The pricinples involved in African traditional medicine is organized into three
levels namely divination, spiritualism, and herbalism. It is a holistic approach that
considers illness may be due to both physical and spirtual means that can be healed
by using the concepts of divination, incantations, animal sacrifice, exorcism, and
herbs. Traditional healers in the africa have been occupied prime position in the
living community that uses herbs, minerals, animals and other spirtual and cultural
belief to cure various diseases.

1.2.1 Divination

It is the spirtual healing process which is an act to contact between spirtual world
and the mundane world for getting the guidance to heal [13]. The traditional healers
were known as diviners. As per the belief systems, divination is a part of witchcraft
and is a sign of metaphysical curses to block ones living energy. The local tribes in
Africa have strong belief in metaphysical healing systems incompare to western medi-
cine with respect to some ailments which are not clearly understood by the allopathy
system of medicine. These type of ailments were considered as spiritual illnesses. The
healing protocols in divination includes following of ancestor instructions and sac-
rifices to the spirtual world. Sometimes the diagnosis in divination protocol includes
dream interpretations like apperance of ancestors, nightmares, omens, owls in dis-
eased patients. The traditional healers through the secret knowledge of divination and
interprets the dreams through the communication to spirtual world and the healing
process will be done as per the spirtual communication by the healer which includes
secret recipes of herbal bath, herbal decoctions, sacrifices, incantations and wearing
of herbal parts as a protective medicine in form of talisman [14, 15]. However clear
scientific validation over divination healing is still unclear and lack of scientific evi-
dences. The traditional healers never expose their herbo-magical remedies to the other
people. The different procedures in the divination includes tarot card and readings,
celetic ogham, Norse Runes, tasseography or tasseomancy, Pendulum readings, osteo-
mancy, lithomancy, fullmoon water scrying, pshycic automatic writing. To understand
divination, it is always better to watch a documented video (Video 1; Available from
(can be viewed at) https://wwwyoutube.com/watch?v=yZpqdICyq UM.).

1.2.2 Spirtualism

The spiritualism or spirtual healing is an important healing practices in tradi-
tional african medicine and includes the following healing procedures.

a.Spirtual protection

Africans believe that some unknown illness are may be due to an attack by the
evil spirits. In this case the spirtual healer prescribes talisman, charm, amulets,
specially designed body marks, and a spiritual bath to drive evil spirits away. These
rituals are helpul in driving off evil and dangerous dark spirtual forces or elements
to ward off the evils or dangers that may have befallen a individual or family or
community [16].
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b.Sacrifices

Sacrifices are also part of spirtual healing process, sometimes offered at the
request of spirits, gods, and ancestors which includes the sacrifice and burrial of
various animals like dogs, cats, buffaloes etc. which are burried alive at midnight to
save the individual from the evil attacks. Even these sacrifices includes some secret
herbs, in which the healers believe that without these herbs, the process of sacrifices
is incomplete. In some parts of Africa like Southafrica, this sacrifices also includes
human sacrifices which is known as muti or ritual murder, which includes in identi-
fication of young child and sacrifices by spirtual healers for various beleifs [17].

c.Spirtual cleanising

This is also a part of spirtual healing also known as spirtual bath. This remedy is
prescribed to the disease person with procedure and how many times per day. This
includes secret herbal bath, holy water bath, and animal blood poured from head to
toe and these practices are common in the african countries like Ghana.

After this bath, the diseased individual is required to offer certain items for
sacrifice or libation like dove, dog, cat, got, fowl etc., along with local gin, cola nut,
eggs, and plain white, red, or black cloth. It is belief that these items after sacrifice
will be taken by the Gods.

The Gods guide the traditional healer for specific bath and specific item for
sacrificing. All the specified things will be tied in cloth and thrown into flowing river
after sacrifice and left to degrade. Sometimes, these things will left at the cross roads
at the outskirts of community depending on the nature and severity of the case.

In somecases these spirtual cleansing techniques also known as a Ritual sacrifice
baths. The Hausa-Fulani women of Zaria, Nigeria during cold or respiratory illness,
they practices these type of ritual bath with hot water splashes along with the twigs
of tamarind or neem tree [18, 19].

d.Exorcism

This is also a part of spirtual healing practising in several parts of the Africa.
This includes expelling demons or evil spirits from the person with illness. Africans
believes that certain diseases are may be due to possession of evil spirits. The
diseases like mental illness is considered due to these evil possessions. The skill of
exorcism is only be performed by the traditional leader or preist in that community.
This includes various rituals like rosary chanting, dances, drums, music, songs,
bibilical verses, touches the ill person with animal tails, and other objects [20].

The other healing techniques in the spirtualism includes libation, which is
defined as the pouring of some liquids like gin, aromas on to the ground as an
offering to get release from the illness due to karmic events. This can be practised
through various techniques like invocation, supplication, and conclusion. The
process of libation is to win over the evil wishes and curses by enemies. This
includes pouring or offering various liquids to the ground along with prayers and
chants [21]. It is always better to watch a documented video (Video 2; available from
(can be viewd at) https://youtu.be/IKZeDWpcoEw) to understand more about the
spirtualism practices.

1.2.3 Herbalism

Even use of herbal remedies is a part of Traditional African Medicine
since ancient times. However, In Africa, the herbalism is in transition towards
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modernisation. It is the study, standardization, quality control and use of different
herbs with evidences or non evidences. The herbalism existed since ancient times.
The modern medicine is also evolved from herbalism for eg: Aspirin (from willow
bark), Quinine (From cinchona bark).

The herbal practitioners will take an extensive questionarrie consists of case
histories and examines the patient physically. The patient medical history and
symptoms will also be given an attention by the traditional healers. This includes
the examination of every day physiological process like appetite, digestion, urina-
tion, defacation, and sleep.

The prescription includes individualized herbs or combinational herbs, usually
in form of tinctures, extracts, fractions, decoctions, distillates, snuffs, gruels, teas,
syrups, pills, ointments, polutices, etc. [22].

Various parts will be used in herbalism like roots, bulbs, and rhizomes from
various healing herbs like Acacia senegal Linn (Leguminosae: Mimosoideae), Aloe

ferox Mill. (Xanthorrhoeaceae), Artemisia herba-alba Asso (Med) (Asteraceae),
Aspalathus linearis (Brum.f.) R. Dahlg. (Fabaceae), Centella asiatica (L.) Urb.
(Apiaceae), Catharanthus roseus (L.) G. Don (Apocynaceae), Cyclopia genistoides
(L.) Vent. (Fabaceae), Harpagophytum procumbens (Burch.) DC. (Pedaliaceae),
Momordica charantia Linn. (Cucurbitaceae), Pelargonium sidoides DC.
(Geraniaceae) are some of the important herbs in the traditional African herbal-
ism [23]. To understand the modern and traditional herbalism in africa it is always
best from video material (video 3, video 4) (Video 3 available from (can be viewed
at) https://youtu.be/7IvP3SSU2nM and Video 4 available from (can be viewed at)
https://youtu.be/DV69JKi29MKk).

2. African traditional medicine in different regions
2.1 Traditional Ethiopian medicine

The first recorded epidemic that occurred in Ethiopia dates back to 849 during the
rule of Abba Yohannes as the head of the Ethiopian church. The disease and famine in
those days was perceived as God’s punishment for Yohannes’ misdeeds. In the docu-
mented letter to Abba Yohannes, from the Ethiopian emperor and it was wrote that
“great tribulations have come upon our land, and all our men are dying of the plague
and all of our beasts and cattle have perished.” [24]. However prediction of pinpoint
of the birth of medicine in Ethiopia is impossible due to lack of clear document
evidences. However the Ethiopian traditional medicine (ETM) is poorly documented.
In Ethiopia, the traditional healers usually follows herbalism, spirtual healing, bone
setting and minor surgical procedures in treating disease. The ETM is highly complex
and diverse because the principals of healing will vary from one ethnic group to oth-
ers. The Ethiopian traditional medicine beleives that disease is mystical and natural
imbalance concept and follows holistic approach in the treatment [25].

Despite Western medicine becoming more widespread in Ethiopia, Still today
Ethiopians trust and highly depend on traditional healing principles because of the
easy and cheap access in urban parts. The first traditional elixir in Etthiopia is holy
water and holy oil (Tesbel in Ahmaric) and moslems called as zemzem. Ethiopians
beleives that holy water heals every ailment, when it is drunk or had bathed in. Even
the orthodox christians in Ethiopia believes in the healing actions of holy annoited
oil for treating minor ailments, this gave the concept of herbalism and spirtuality in
Ethiopian traditional medicine [26, 27].

The traditional medicine in Ethiopia is a combined concept of spiritualism and
herbalism. The ETM IS a perceptive and own generational understanding of healing
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concept but scientific explaination and validation is yet to be explored. Traditional
practitioners are wide with different concepts and they includes bonesetters, birth
attendants, tooth extractors, (called “Wogesha’ and yelimd awalaj’ respectively in
ambharic) herbalists, as well as ‘debtera), ‘tenquay’ (witch doctors), and spiritual
healers such as ‘weqaby’ and ‘kalicha’ Like other african medicine, Ethiopian
medicine also believes that some diseases like mental illness is due to evil curses and
healing concepts like exorcism also present in TEM.

Traditional Healing in Ethiopian traditional medicine is not only concerned with
curing of diseases but also consists of protection and promotion of human physical,
spiritual, social, mental and material wellbeing. The concept of Ethiopian medicine
is kept hidden and considered as a hidden treasure, which will be passed orally from
father to his favorite child.

The various traditional practices includes herbal medications, medications for
pshyco social conditions like Exorcisms for Zar, Aganint, Buda, Ayene Tilla etc.,
Fumigation (inhalation), and Holy water or blessed water. The traditional prac-
tices includes Bone setting, Surgery, Cauterisation, Counter-irritation, Bleeding,
Cupping, Steam Bath, Vapor Bath (woushba) and Moxibustion.

The Ethiopian traditional medicine includes Orthodox Christian literate healer
(debetera), Orthodox Christian astrologer (Metsehaf Gelach), Mystique spiritual
healer (Bale Zar), Divine healer (Psychi, Tenquay), Bone-setter (Woggesha), Kitab
ketabi (Amult maker), Islamic Literature healer (Kabir), Islamic medical teacher
(Sheki), and Cushitic healer (Qaalluu, Qaallicha, Argessa). the practices in ETM
consists of preventive, curative, and surgical care. Traditional Ethiopian medicine
includes several elements or disease prevention.

The best example of preventive care in ETM is the prevention of diseases like
small pox. It was prevented by the traditional healers in following the social distance
protocol and people were vaccinated through innoculating by taking pus from sick
person during special rituals. Incase of preventive practices, the following protocols
like Sweeping or covering floors with particular plants is another traditionally prac-
ticed disease preventive measure. The other methods of prevention include kitabs,
which are also used for the purpose of protecting an individual against evil eye, as well
as snake and scorpion bites. As healers beleive that contagious disease is an evil act or
causing by evil eye. The traditional healers also suggest Amulets, arm rings, hair style
and eye make-up (antimony or kool) are also supposed to protect from the evil eye.

There are some secret herbs that are useful as charms against an enemy. In addi-
tion, cultural rituals and sacrifices are commonly involved in preventive care. In
curative practices of ETM, the diseases like gastrointestinal disturbances, respira-
tory disorders, sexually transmitted infections, tuberculosis, impotency, hemor-
rhoids, rabies, intestinal parasites, skin problems, liver diseases, mental disorders,
hypertension, diabetes, gynecological conditions rheumatism, malaria etc. will be
treated using knowledge of traditional herbalism.

One of the well recognized groups of these healers are the secular medhanit
awakis (kitel betashs) herbalists using plants as their primary means of providing
treatment. All these awakis have their own traditional pharmacopeias.

The surgical practices includes Traditional practices like bone-setting, uvulec-
tomy, circumcisions, bleeding and cupping, cautery, scarification and tooth extrac-
tion. The setting of bones is regarded as an important surgical procedure which
requires a certain degree of skill and experience on the part of the healer. In most
places, the healer involved in bone-setting is the local wogesha. How ever these
practices are crude and aseptic with or without the application of medicines.

The documentation of Ethiopian traditional medicine is resitricted only to the
scientific literature and the knowledge of traditional pharmacopeia is not pub-
lished and it was secret/hidden with the healers and practitioners. The ethiopian
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ethnophamacological information of medicinal plants is fast disappearing and this
is more happening in industrialized countries, the erosion of popular information
on plants is much faster than in developing ones.

In view of the rapid loss of such knowledge, its documentation as well as a better
understanding of its botanico-historical and holistic roots has become an essential
task to preserve and restore ethno-allied disciplines [28].

Some of the famous examples in the herbalism of Ethiopian Traditional medicine
are as follows
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i.

—-

i

—-

ii

Ocimum basalicum Linn (Lamiaceae) which is locally known as besobila in
ambharic, commonly used in ethiopia as culinary spice or herb, traditionally
beleived to heal various ailments like malaria, head ache, a common herb
in treatment of various microbial infestations. It is also a common insect
repellent in Ethiopia [29].

.Brassica nigra Linn (Brassicaceae) which is locally known as senafitch in

ambharic, commonly used herb in Ethiopian Traditional Medicine to heal var-
ious ailments like stomach disorders, wound healing, and abortifacient [30].

.Nigella sativa Linn (Ranunculaceae) which is locally known as Tiqur azmud

in amharic, commonly used herb in Ethiopian traditional medicine to heal
various ailments like bronchitis, rheumatism and related inflammatory
diseases [31].

iv. Capsicum annuum Linn (Solanaceae) which is locally known as kara or berebere

or mita mita in ahmaric,commonly used herb in Ethiopian traditional medicine
to heal various ailments like culinary herb, dysentry and vomiting [32].

v. Cinnamomum zeylanicum Breyn (Lauraceae) which is locally known as

—-

V.

—

vi

viii.

ix.

quarafa in amharic, commonly used herb in Ethiopian traditional medicine
to heal various ailments like microbial infestations, aphrodisiac [33].

. Coriandrum sativum Linn (Apiaceae) which is locally known as dimbelal

in amharic, commonly used herb in Ethiopian traditional medicine to heal
various ailments like stomach and gastro intestinal disorders [34].

. Cuminum cyminum Linn (Apiaceae) which is locally known as ensilal in

amharic, commonly used herb in Ethiopian traditional medicine to heal
various ailments like bronchopulmonary disorders, dyspeptic head ache, and
stomach bloating [35].

Linum usitatissimum (Linn.) (Linaceae) which is locally known as telba in
ambharic, commonly used herb in Ethiopian traditional medicine to heal
various ailments like dietary fiber, purgative, immunomodulatory, anti

hyperlipidemic, and wound healing [36].

Catha edulis Forsk (Celastraceae) which is locally known as chat in amharic,
commonly used herb in Ethiopian traditional medicine to heal various ail-
ments like stimulant, mental illness, gonorrhea and common cold [37].

Ruta chalepensis Linn (Rutaceae) which is locally known as tenadam in
ambharic, commonly used herb in Ethiopian traditional medicine to heal
various ailments like stomach ache, diarrohea and influenza [38].
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2.2 Ghana traditional medicine

Ghanians have developed an unique indigenous healing traditional knowledge
which was adapted and defined from their culture, beliefs, and environment, which
satisfied their health needs over centuries.

In Ghana, people depends on the traditional knowledge as primary source to
heal from various ailments especially in rural areas due to lack of sphisticated
medical facilities and being western medicine is an expensive task. The traditional
healers and patients ratio in Ghana is 1: 200 approximately. Hence Traditional medi-
cine plays an important role in Ghanian health care. The traditional knowledge is in
the hands of spiritual healers but every family have some sort of traditional healing
knowledge which was inherited from many generations as folklore medicine.

The healing in Ghanian traditional system includes physical and spirtual aspects.
The traditional healers are also known as herbal spiritualist collectively known
as “bokomowo”, who having occult knowledge towards divination, exorcism and
spirtual herbalism. There are various local names for the Ghanian traditional heal-
ers like “gbedela” (Ewe), “kpeima” (Dagomba), “odunsini” (Akan), and “isofatse”
(Ga). These healers have their own different concepts and principles of understand-
ing the concept of disease. Today The modern herbalism is a major part of Ghanian
health care and having their own traditional medicine directorate eastablished by
the Ministry of health to provide validated traditional medicine which is quality,
safe, and efficacious.

The Ghanian excellence in traditional and alternative medicine have reached
to the level of a standardized herbal medicine which is an essential part of modern
herbalism. The ministry of health has been established various research centers to
validate herbal medicine and incorprated herbalism as a part of university cur-
riculum. There are various degree - awarding medical schools and training many
students to graduate them as certified traditional medical doctors. The Ghanian
traditional herbal pharmacopeia is also an important acheivement in the journey of
Ghanian herbalism [39, 40]. Some of the important herbs in Ghanian herbalism are

i. Allophylus africanus P. Beauv. (Sapindaceae) locally known as Odwendwena,
the folk uses the bark decoction in the treatment of hemorrhoids and as
lactogenic [41].

ii. Ananas comosus L. Merr. (Bromeliaceae) locally known as aborobe, the folk
uses the fruit and root of this plant to cure jaundice [41].

iii. Bidens pilosa Linn. var. Radiata (Asteraceae) locally known as Gyinantwi, the
folk uses the whole plant decoction to treat jaundice and hypertension [42].

iv. Citrus aurantifolia Linn. (Rutaceae) locally known as anka, the folk uses the
fruit juice in treating urinary tract infections [43].

v. Dialium guineense Willd. (Fabaceae) locally known as Osenafo, the folk uses
the fruit as an anti-diarrheal [44].

vi. Ocimum canum Sims. (Lamiaceae) locally known as mme, the folk uses the
leaf decoction in treatment of poisoning and malaria [45].

vii. Oncoba spinosa Forssk. (Salicaceae) locally known as Astrotoa, the folk

uses the leaf and root decoction or powder in the treatment of cough and
wounds [46].
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viii. Paullinia pinnata Linn. (Sapindaceae) locally known as twentini, the folk
uses the root and leaf decoction in the treatment of rheumatism, Sexual
weakness, and stroke [47].

ix. Phyllanthus fraternus G.L. Webster. (Phyllanthaceae) locally known
as Bomagueakire, the folk uses the leaf decoction in the treatment of
Tuberculosis [48].

x. Xylopia aethiopica (Dunal) A. Rich. (Annonaceae) locally known as
Hwenetia, the folk uses the seed decoction in the treatment of Chicken pox,
stomachache, bladder trouble [49].

2.3 Traditional medicine in South Africa

Traditional Medicine is a part of everyone life in South Africa. Wide variety of
concepts and beleifs existed in south african traditional healing system. The herbal-
ism plays an important role in the traditional healing, The combined herbs use in
traditional medicine is known as muti and the market where these herbs will sold
is known as muti-market. Herbs, animals, mineral drugs will be available in this
market. Eleven herbs are very important in muti market and plays a crucial role in
isicakathi (Herbalism) and they are as follows

i. Commelina africana Linn. (Commelinaceae): locally known as geeleendags-
blom, the folks uses the root concoction in treatment of microbial infesta-
tions, venereal diseases, and to treat women with menstrual cramps [50].

ii. Agapanthus africanus Linn.(Amaryllidaceae): locally known as kleinbloulelei,
the folks uses this herb in pregnancy care and the traditional healers uses to
treat ailments related to pregnancy. They use as leaf or root decoction Orally
or rectally, to facilitate easy delivery and a healthy child [51].

iii. Chlorophytum comosum Linn.(Asparagaceae): locally known as hen-en-
kuikens, the folks uses this herb as a protective charm or as an aumlet during
pregnancy time against evil spirits for both mother and child [52].

iv. Ledebouria socialis (Baker) Jessop. (Hyacinthaceae): commonly known as South
African scilla or scilla in the local market. The folks uses this herb in treatment
of pregnancy, diarrhea, influenza, backaches, skin irritations and wounds [53].

v. Ranunculus multifidus Forssk. (Ranunculaceae): commonly known as
isijojokazane in Zulu. The folks uses this herb in treatment of cures for
headaches, urinary complaints, throat ulcers and coughs [54].

vi. Thunbergia atriplicifolia E.Mey. ex Nees.(Acanthaceae): commonly known as
swartoognooi. The local folks uses the herbal infusion as an antiseptic wash
in the treatment of sores and swellings [55].

vii. Kohautia amatymbica Eckl. & Zeyh.(Rubiaceae): commonly known as
Ikhubalo Elimnyama. The local folks uses the root infusion as an emetic [56].

viii. Plantago afra Linn. (Plantaginaceae): commonly known as plantain. The local
folks uses the mucilage in the treatment of wounds, inflammations, and eye

irritations [57].
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ix. Gazania linearis Linn. (Asteraceae): commonly known as african daisy. The
local folks used to prevent miscarriage and tooth ache [58].

x. Helichrysum pedunculatum Hilliard & B.L.Burtt. (Asteraceae): commonly
known as impepho. The local folks used as an antiseptic and wound
healing [58].

xi. Senecio coronatus (Thunb.) Harv. Aka. (Asteraceae): commonly known as
Indlebe Yebokwe. The local folks used to get rid of pubic lice [58, 59].

2.4 Other parts of Africa

Eritrea is one of African country and has been known for its traditional medicine
practice. They use different plants for different diseases. In Eritrea plant called
Kalanchoe marmorata baker and belongs to the family of Crassulaceae. In local name it
is known as Saniaco which has been using for Cold, Intestinal parasites & Burns. some
of the important herbs that have been using in Eriterea are mentioned in the [60].

The folks of Uganda as other Africa countries have rich in traditional health
care knowledge for addressing various health problems and 80% people uses
medicinal herbs atleast once in daily life. For instances in northern sector
of kibale national park, the folks have been using Vernonia amygdalina Del.
(Asteraceae) and Albizia coriaria. Welw. ex Oliv (Fabaceae) in the treatment
of malaria and cough respectively. Some other common medicinal plants that
have been using Coffea arabica Linn (Rubiaceae), Coffea canephora Pierre ex
A .Froehner (Rubiaceae) for treatingdiarrhoea, Crassocephalum vitellinum S.Moore
(Rubiaceae) in treating wound, Turraea africana (Welw.) Cheek (Meliaceae)
for worm infestations [60]. In Zambia, 75% of people depend on traditional
medicinal knowledge to treat various ailments like infertility, wound heal-
ing. The famous plant used in zambian societies are Aloe vera Linn (Aloeaceae)
as an antiseptic, wound healing, antitussive, skin irritant. Various herbs like
Terminalia sericea Burch. ex DC. (Combretaceae), Strychnos cocculoides
Baker. (Strychnaceae), Ximenia caffra Sond.(Olacaceae), Cassia abbreviata
oliv. (Fabaceae), Combretum hereroense Schinz. (Combretaceae), Combretum
imberbe Wawra. (Combretaceae), Dichrostachys cinerea Linn. (Fabaceae), Boscia

foetida Schinz. (Capparaceae), Momordica balsamina Linn. (Cucurbitaceae) and
Peltophorum africanum Sond (Fabaceae) [61].

3. Conclusion

In Africa, Traditional medicine is one of the important health care system till today.
The traditional african medicine is now evolved as an evidence based healing system
and serving as a good prime element in reverse pharmacology and drug discovery.
Hence Traditional african medicine is a break through in the drug discovery process.

Even now a days, serious attention has been made on the quality, Safety, and
efficacy from the evolved african countries like South Africa, Ethiopia, Ghana, and
kenya and there is a paradigm shift from non- validated traditional herbalism to
validated modern herbalism which is even accepting by the modern doctors about
the magical healing effects of these herbs in diseases like cancer, Covid-19, HIV,
and tuberculosis. The current demand for African traditional healing concepts
like spiritualism, humanisim, and herbalism towards the disease preventive care
and African herbalism has been became an important bioprospecting tool in drug
discovery of new drug molecules.
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Figure 1.
Traditional African medicine.

The main lacuna of this traditional medicine in Africa are documentation
evidences regulation, Quality control, and standardization. This is possible only
by integrating the traditional medicine with modern medicine. Hence the current
chapter is focused on the importance of Traditional african medicine in terms of
herbalism and belief based healing system. To make the chapter for easy under-
standing, video materials, Table 1 and Figure 1 were incorporated.
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Abstract

Currently, the development of conventional medicine is getting more advanced,
it cannot be denied that medicinal plants still occupy their main role as medicine
for various human diseases, especially in developing countries. This is rooted in the
knowledge of the local community about plants that can be used as medicine for
various diseases. Ethnomedicine is a field of study that raises local knowledge of the
community to maintain their health. From numerous studies on the field, 33 species
of plants have been found which are believed by the natives to West Sumatra as
medicine. Ethnomedicinal data were analyzed using Index of Cultural Significance
(ICS) value. The results of the analysis showed that the species of plants that is
voted most important for the community were soursop (Annona muricata) and red
betel (Piper sp.). In general, the part of plant that is most often used as medicine is
the leaf, and the way to consume it is by boiling it so that you can get the herbs from
the plant extract.

Keywords: ethnomedicine, quantitative analysis, medicinal plants, local community,
West Sumatera

1. Introduction

Indonesia has around 25,000-30,000 species of plants and is inhabited by
around 300- 700 ethnicities. These ethnic groups use it for various purposes, one
of which is for medicinal purposes. The use of plants as medicinal substances is
mostly passed down orally, so they are prone to degradation. Ethnomedicine study
is a method that can be used to document the use of plants by ethnic groups with
scientifically acceptable research methods. This paper aims to explain the study of
ethnomedicine especially in West Sumatra and its research methods.

One of the local wisdoms possessed by Indonesians is to utilize the natural
biological resources in the vicinity. Every local community uses their vegetable
resources to fulfill their daily needs, one of which is to maintain their health which
is known as medicinal plants. Knowledge on the use of medicinal plants is generally
passed down orally, so that knowledge is limited to certain groups of people and is
susceptible to degradation due to cultural acculturation and modernization.

67 IntechOpen



Natural Medicinal Plants

The use of plants to maintain health has long been carried out in Indonesia in
line with the development of civilization. Indonesia has been formulating and using
medicinal plants (traditional medicine) since the era of Hindu-Javanese kingdom.
In West Sumatra itself, medicinal plants have been an alternative treatment since
the time of our ancestors. One of the plants that is widely used in the experiment is
the soursop plant (Latin name), betel plant (Latin name) and castor plant (Latin
name). The part of the plant that is used as medicine is the leaves.

2. Ethnomedicine study on medicinal plants used by local communities
in West Sumatera, Indonesia

2.1 Ethnomedicine

Ethnomedicine is a branch of medical anthropology which deals with the origin
of disease, causes, and treatment according to certain groups of people. The eth-
nomedicine aspect is an aspect that appears along with the development of human
culture. In the field of medical anthropology, ethnomedicine gives rise to various
therminologies. This branch is often called folk medicine, primitive medicine,
however ethnomedicine is considered more appropriate [1].

Ethnomedicine is a field of ethnobotany studies that reveals local knowledge
of various ethnicities in maintaining their health. Empirically, it can be seen that
traditional medicine uses both plants and animals. However, in terms of the number
and frequency of use, plants are more widely used than animals. Eventually, this
resulted in traditional medicine being identical to medicinal plants.

Currently, ethnomedicine research is aimed at finding new chemical compounds
that are useful in the manufacture of modern drugs for dangerous diseases, such
as cancer drugs. Up until now, most of the drugs used for cancer treatment are still
extracted directly from plants because synthetic compounds cannot be made or
their production costs are much more expensive than direct extraction from plants.
In addition, treatment for diseases which are currently developing, the new pur-
pose of ethnomedicine research is to find new compounds with fewer side effects,
the emergence of resistant effects from existing drugs, and also to anticipate the
emergence of new diseases. This has resulted in ethnomedicine research continuing
to develop, especially in countries rich in biodiversity such as Indonesia.

The use of plants as herbs and medicine traditionally or often referred to as empiri-
cal is often associated with uses that have no scientific basis at all. Even though research
is so advanced, it is very possible that in the past the use of traditional medicine was
only based on lineage and undocumented experience and there was no scientific data.
Now, there are numerous recent studies that support the practice of using plants for the
treatment of various diseases. Exploration of Local Knowledge of Ethnomedicine and
Community-Based Medicinal Plants in Indonesia, hereinafter referred to as Research
on Medicinal Plants and Herbs (RISTOJA) has succeeded in collecting data related to
the use of plants for medicinal purposes in almost every ethnicity in the territory of
Indonesia (34 Provinces) [2].

2.2 West Sumatera

West Sumatra is one of the provinces in Indonesia located on the west coast in
the central part of Sumatra island which consists of lowlands on the west coast and
volcanic plateaus formed by the Bukit Barisan on the eastern side. This province has
aland area of 42,297.30 km? which is equivalent to 2.17% of Indonesia’s area. More
than 45.17% of this area is still covered by protected forest. The coastline of this
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province is entirely in contact with the Indian Ocean along 2,420,357 km with a sea
area of 186,580 km”. Mentawai Islands, which are located in the Indian Ocean, are
included in this province (Figure1).

Astronomically, West Sumatra is located between 00.54 'North Latitude and
30.30' South Latitude and between 98.36' — 101.53 'East Longitude and is traversed
by the equator or the equator. Based on its geographical position, West Sumatra
Province has the following boundaries: North - North Sumatra and Riau Provinces;
South - Indian Ocean; West - Indian Ocean; East - Jambi and Bengkulu Provinces.
Located on the west coast of the central part of the island of Sumatra with an area
of approximately 42.2 thousand square kilometers.

Like other regions in Indonesia, the climate of West Sumatra is generally tropi-
cal with temperatures quite high, between 22.6 ° C to 31.5 ° C. This province is
also traversed by the equator, precisely in Bonjol city, Pasaman district. There is a
number of large rivers flow from this province into the east coast of Sumatra, such
as Batang Hari, Siak, Inderagiri (referred to as Batang Kuantan in the upper part),
and Kampar. Meanwhile, the rivers that flow into the west coast are Batang Anai,
Batang Arau, and Batang Tarusan.

2.3 Study area

This research was conducted to identify plants used by the people of West
Sumatra as medicinal plants. This research was conducted in several areas in West
Sumatra, namely Padang city, Padang Pariaman district, Pariaman city, Padang
Panjang city, Bukittinggi city, and Payakumbubh city.

2.4 Data collection

Field observations were carried out in January-April 2020. Using the purposive
sampling method, ethnomedicine data were collected through semi-structural
interviews and discussions from 18 informants. Information regarding local medici-
nal plants, parts used, method of application and preparation is recorded. Data
on the gender, age and educational status of informants were also collected. Plant
specimens were also collected to help identify the medicinal plant species obtained.

Figure 1.
Mayp of West Sumatra. Source: perpustakaan.menlhk.go.id.
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2.5 Demographic data of informants

In this study, 18 informants were involved, consisting of 12 men and 6 women.
4 informants came from Padang city, 3 from Padang Pariaman district, 3 from
Pariaman city, 5 from Padang Panjang city, 2 from Bukittinggi city and 1 from
Payakumbubh city. The highest number of informants is over 50 years old (Table1).

From this research, it can be seen that older informants have more knowledge
about medicinal plants than younger informants. This may be due to the lifestyle
of the younger group which is more modern, they are not too interested in natural
medicinal plants and prefer modern medicines obtained from doctors [3, 4].

Knowledge about the use of medicinal plants is largely derived orally (75%)
from their ancestors, this type of inheritance method is common for traditional
healers [5]. Thus seldom is there documentation for their practice and therefore
there is an urgent need to document all information about the traditional practice of
using medicinal plants especially for the treatment of growth determinants.

2.6 Plant inventory

There are 33 medicinal plants (Figure 2) that are believed by the local com-
munity as medicinal plants that can cure various diseases, a complete list of plants is
presented in the Table 2. Local names, taxonomic names, parts used and method of
preparation are also given.

2.7 Plant parts being used and preparation

From the PPV (Figure 3) it was revealed that the leaves were the most widely
used part, namely 58% followed by fructus 11%. The findings of this study are
similar to those of other ethnomedicine studies [6-8], and most traditional healers
use the leaves perhaps because it is relatively abundant and also to preserve and
preserve medicinal plant species. Herb, direct eating (raw parts or juice) and direct
use (crushed plant parts topically) are various methods used in traditional healing

Category Group n
Gender Men 12
Girl 8
Age 20-40 years 5
41-50 years 6
51-60 years 7
More than 60 years 2
District/City Padang 4
PadangPariaman 3
Pariaman 3
Padang Panjang 5

Bukittinggi
Payakumbuh 2

Table 1.

Informant demographic data (n =).
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k

Kayu Akar Kuning,

Figure 2.
Plant specimens.
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Determinants Local name Taxonomic name Method of The part
preparation used
Cancer Sirsak Annona muricata Dec Jui
Natural betadine Parancih Jatropha multifida Linn Du Jui
Betadin
Cancer Jengkol Avchidendron De Fru
pauciflorum
Cancer, Antioxidants Dalimo Punica granatum De Fru
Maintain body Petai Parkia speciosa Hassk De Fru
temperature stability
Cancer Benalu Kopi Scurrula ferruginea Dec Jui
(Jack) dancer
Diabetes Sambung Gynura procumbens Dec Jui
Nyawa
Internal Medicine Sitawa Andrographis Du Rhi
paniculata
Cancer Bawang Dayak Eleutherine palmifolia Dec Tub
Hemorrhoids, fever Sidingin Kalanchoe pinnata Du Jui
Antimicrobial Cikarau Enhydra fluctuans Lour Dec Jui
Lowering blood pressure Sarai Harum Cymbopogon nardus Dec Cau
and blood sugar levels (L.) Rendl.
Colds and diarrhea Kayu Manis Cinnamomum sp Dec Cau
Cancer Sirih Merah Piper sp Dec Jui
Indigestion Daun Melastoma candidum Dec Jui,Rad,
Sikaduduak Fru, Sem
Diarrhea, dysentery, colds Jeriangau Acorus calamus Dec Rhi
Antioxidants Bunga Hibiscus rosasinensis Dec Jui
Kembang
Sepatu
Antioxidants Lagundi Vitex trifolia Dec Jui
Reducing fever Binahong Anifere cordifolia Dec Jui
Relieve rheumatism, Seringan- Flemingia strobilifera Dec, Du Jui
tuberculosis seringan
Diabetes, rheumatism, Pandan cina Pandanus odorus Dec Jui
cancer
Lower uric acid levels Sijanggi Cosmos caudatus Dec, Du Jui
Diabetes mellitus, Teh Afrika Nernobia amygdaliris Dec Jui
cholesterol
Itchy Pugaran - Du Jui
Kidney Damage Benalu Jeruk Dendrophthoe Dec Jui
Glabresseris
Cancer Cemara Taxus sumatevana Dec Jui, Cor
Sumatera
Diabetes Keji Beling Strobilanthes crispa Dec Jui
Ulcer, low blood pressure, Benalu Coklat D. Pentandra Dec Jui
cancer
Skin inflammation, Kunyit Putih Curcuma Zedoaria Dec Rhi

indigestion
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Determinants Local name Taxonomic name Method of The part
preparation used

Cough, asthma, Akar Wangi Polygala paniculata Due Jui

bronchitis

Antimicrobial Akar kuning Avcangelisia flava Merr. Due Cau

Hypertension Pohon Mindi Melia azedarach Due Rad

Blood circulation Pohon Mahoni Swietenia mahagoni De Fru

Abbreviation: ICS: Index of Cultural Significance; PPV: Plant Part Value; Fru: Fructus (Fruit); Sem: Semen
(Seed); Tub: Tuber; Rhi: Rhizome; Cor: Cortex; Jui: Juice; Rad: Radix (Root); Cau: Caulis; Dec: Decoction;
De: Direct eat (raw part or the juice); Du: Direct use (topical).

Table 2.
Medicinal plants.
Tub Sem
3%
Cor
3% - ‘
Rad V
6%
Figure 3.

The percentage value of the plant part.

for medicinal plants. Decoction of plant parts is the most commonly used method
followed by direct consumption of plants (raw or juice parts).

This study aims to document and quantify medicinal plants used by communi-
ties in West Sumatra, Indonesia. The plant species collected from this study are
mostly common medicinal plants used by traditional healers and are frequently
documented in ethnobotany studies in Indonesia [9-13].

2.8 Quantitative analysis of ethnomedicine data
2.8.1 Cultural significance index

The significance value of plant species in the study area is calculated using the
following formula:

ICSZn:zl(qxixe )ui

Where q is the quality value for each species (1-5), I refer to the intensity value
and e is the exclusivity value. The results obtained from the ICS calculations are
then categorized based on the value proposed by Turner [14] shown in Table 3.
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ICSvalue

Category

100 and more

Significance is very high

55-99 High significance
20-49 Medium significance
5-19 Low significance
1-4 Significance is very low
0 Can be ignored
Table 3.
The ICS value was proposed by Turner [14].
No. Local name Taxonomy Name ICS ICS category
1 Sirsak Annona muricata 30 Medium significance
2 Parancih Betadin Jatropha multifida Linn 9 Low significance
3 Jengkol Archidendron pauciflorum 12 Low significance
4 Dalimo Punica granatum 9 Low significance
5 Petai Parkia speciosa Hassk 12 Low significance
6 Benalu Kopi Scurrula ferruginea (Jack) 12 Low significance
dancer
7 Sambung Nyawa Gynura procumbens 9 Low significance
8 Sitawa Andrographis paniculata 12 Low significance
9 Bawang Dayak Eleutherine palmifolia 9 Low significance
10 Sidingin Kalanchoe pinnata 12 Low significance
11 Cikarau Enhydya fluctuans Lour 9 Low significance
12 Sarai Harum Cymbopogon nardus (L.) Rendl. 9 Low significance
13 Kayu Manis Cinnamomum sp Low significance
14 Sirih Merah Piper sp 30 Medium significance
15 Daun Sikaduduak Melastoma candidum 9 Low significance
16 Jeriangau Acorus calamus 9 Low significance
17 Bunga Kembang Sepatu Hibiscus rosasinensis 9 Low significance
18 Lagundi Vitex trifolia 9 Low significance
19 Binahong Anifere cordifolia 9 Low significance
20 Seringan-seringan Flemingia strobilifera 9 Low significance
21 Pandan cina Pandanus odorus 9 Low significance
22 Sijanggi Cosmos caudatus 9 Low significance
23 Teh Afrika Nernobia amygdaliris 9 Low significance
24 Pugaran - 9 Low significance
25 Benalu Jeruk Dendrophthoe glabresseris 12 Low significance
26 Cemara Sumatera Taxus sumaterana 12 Low significance
27 Keji Beling Strobilanthes crispa 9 Low significance
28 Benalu Coklat D. Pentandra 9 Low significance
29 Kunyit Putih Curcuma zedoaria 9 Low significance
30 Akar Wangi Polygala paniculata 9 Low significance
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No. Local name Taxonomy Name ICS ICS category
31 Alkar kuning Arcangelisia flava Merr. 12 Low significance
32 Pohon Mindi Melia azedarach 9 Low significance
33 Pohon Mahoni Swietenia mahagoni 9 Low significance
Table 4.
ICS for each plant.

2.8.2 Index of cultural significance (ICS)

The index of cultural significance (ICS) is a reference used to calculate and
predict the level of importance of a plant species in a certain area [14, 15], its value
can be seen in Table 4. ICS analysis is usually carried out to calculate the usefulness
of complete plants (food, medicine, rituals, construction, etc.) [14, 16], but because
this study focuses more on medicinal plants that are trusted by the local community
or known as ethnomedicine so for this study the only use calculated for medicinal
purposes only.

Turner calculates the ICS value using the researcher’s subjective allocation
approach. Turner only uses three variables to calculate the ICS value, namely qual-
ity of use, intensity of use, and exclusivity of use [14]. The ICS value is obtained
from the result of the multiplication of three variables when the calculation can also
occur the addition of the product, this is done if a plant species has more than one
use. Turner allocated 5 weight scales for the variables of use quality and intensity
of use, namely 5, 4, 3, 2, 1 and allocated 3 scales for the use exclusivity variable,
namely 0.5, 1, and 2.

From the research conducted and based on the mathematical calculation of
the ICS value, it was seen that only two plant species had moderate significance
(ICS = 30). The two plants that have ICS of moderate significance are red betel
and soursop. These two plants are trusted by the public to prevent and treat
cancer, so these plants are very popular and are considered important by the local
community. As for the other plants, it is categorized as low significance. From the
ICS calculation data, a plant for the local community can be used as raw material
for medicine or herbal plants [17]. Although Turner’s ICS ranks plant species used
for food, especially staple foods, as the type of quality that has the highest score
in determining cultural importance (CS).

3. Conclusion

From the ethnomedicine research conducted, it is known that there are 33 plants
that are used as medicinal plants by people in West Sumatra, Indonesia. Mostly,
the plant leaves are used as raw material for medicine through direct consumption
(juice of the plant parts) or by boiling, which is the most common way of prepara-
tion. Quantitative ethnomedicine data can be analyzed using the Index of Cultural
Significance (ICS). To determine ICS, three variables are needed, namelyquality of
use, intensity of use, and exclusivity of use.
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Chapter 5

Advanced Pharmacological
Uses of Marine Algae as an
Anti-Diabetic Therapy

Thilina Gunathilaka, Lakshika Rangee Keertihirathna
and Dinithi Peiris

Abstract

Marine seaweeds are a promising source of bioactive secondary metabolites that
can be utilized in drug development and nutraceuticals. Diabetes mellitus is a lead-
ing non-communicable disease, and it is the third leading cause of death worldwide.
Among the types of diabetes, type 2 became the major health problem as it is associ-
ated with severe health complications. Since available oral hypoglycemic drugs
cause several adverse effects, it is worth searching for a natural cure with fewer or
no side effects that may benefit patients with type 2 diabetes. Among the marine
seaweeds, brown and red seaweeds are extensively studied for the anti-diabetic
activity compared to the green seaweeds. Bioactive compounds present in marine
seaweeds possess anti-diabetic potential through diverse mechanisms, mainly by
reducing postprandial hyperglycemia and associated complication. Most of the
studies emphasized that the marine seaweeds control the hyperglycemic condition
by inhibiting carbohydrate hydrolyzing a-amylase,a glucosidase enzymes, and the
inhibitory effect of dipeptide peptidase-4 that are involved in the degradation of
incretins. Similarly, bioactive compounds in marine seaweeds can reduce diabetes
complications by inhibiting angiotensin-converting enzymes, aldose reductase,
protein tyrosine phosphatase 1B enzyme. This chapter focuses on the anti-diabetic
potential of marine brown, green, and red seaweeds through different mechanisms.

Keywords: Marine seaweeds, microalgae, bioactive compound, diabetes,
drug discovery, mechanisms of action

1. Introduction

The prevalence of diabetes has increased rapidly over the past few years,
mainly in low to middle-income countries, and became one of the major causes of
premature death worldwide. According to the WHO statistics, 422 million people
were estimated as diabetes in 2014, and 1.6 million deaths were reported [1]. The
International Diabetes Federation estimated that the world’s diabetic population has
increased to 592 million by 2035. The largest number of diabetes cases was reported
in the Western Pacific region (132 million), while 71.4 million diabetes cases were
reported in the South Asian area [2].

Diabetes mellitus is a chronic metabolic disease characterized by hyperglycemia
due to defects in insulin secretion, insulin action, or both. It is mainly classified
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as insulin-dependent diabetes mellitus (Type 1 DM) and non-insulin-dependent
diabetes mellitus (type 2 DM). Type 1 DM is associated with deficiency of insulin,
which occurs due to the destruction of pancreatic 8-cells via an autoimmune pro-
cess. In contrast, type 2 DM is linked with insulin resistance, which reduces insulin
utilization by peripheral tissues and results in hyperglycemia and obesity [3]. Type
2 DM became a major health problem worldwide associated with microvascular and
macrovascular health complications. Microvascular and microvascular complica-
tions include diabetic retinopathy, neuropathy, nephropathy, and cerebrovascular
diseases, peripheral arterial diseases, respectively [4]. Therefore, natural thera-
peutic approaches [5] should be developed to maintain the blood glucose level and
long-term complications in patients with type 2 DM.

As currently available treatment regimens for type 2 DM have adverse side effects,
itis necessary to search for an effective drug that helps maintain the blood glucose
level and complications in patients with type 2 DM. Even though most of the research-
ers focused on herbal medicine, none have a full beneficial effect on curing patients
with type 2 DM [6]. Hence, it is worth emphasizing marine seaweeds as they have
been identified as a rich source of promising bioactive compounds synthesized from
their biochemical and physiological mechanisms. Besides, most marine seaweeds are
survived in extremely harsh environments, which provide enormous potential to pro-
duce complex bioactive compounds to withstand extreme conditions. As a result, the
composition of the bioactive compounds in marine seaweeds can vary depending on
the geographic area and seasonal changes [7]. As most marine seaweeds are a potential
source of bioactive compounds with various therapeutic effects, this chapter mainly
emphasizes the pharmacological uses of marine algae as an anti-diabetic therapy.

2. Therapeutic targets for type 2 diabetes mellitus

Astype 2 DM is a progressive disorder, the search for effective treatments is essen-
tial to maintain hyperglycemia and its associated diabetic complication. Insulin resis-
tance and impaired beta-cell function lead to hyperglycemia due to alteration in glucose
homeostasis, which in turn cause loss of postprandial glucose control. Therefore,
postprandial blood glucose maintenance is essential to manage the hyperglycemic
condition and associated complications in type 2 diabetes patients [8]. Postprandial
hyperglycemia in type 2 DM patients can be controlled by inhibiting metabolic
enzymes such as a-amylase, a-glucosidase, dipeptide peptidase-IV, gut-derived peptide
hormones (incretins), and glucagon-like peptide-1 hormone. The glucose-dependent
insulinotropic peptide, aldose reductase, angiotensin-converting enzyme, and protein
tyrosine phosphatase 1B are involved with diabetic complications [9].

Alpha-amylase and alpha-glucosidase are exo-acting glycoside hydrolase
enzymes involved in carbohydrate digestion. Alpha-amylase is involved in the
digestion of long-chain carbohydrates, while alpha-glucosidase catalyzes the end
step hydrolysis of starch or disaccharides into simple glucose units. Therefore,
inhibitors of these enzymes delay glucose absorption, reducing the postprandial
blood glucose level [10].

Dipeptide peptidase-IV is a protease enzyme involved in the degradation of
incretins, a group of metabolic hormones that stimulate f cells of Langerhans’ islet
to release insulin. Incretins are released after nutrient intake, and they delayed
gastric emptying and decrease glucagon secretion in addition to stimulation of
insulin secretion [11]. Contrarily, the incretin effect on insulin secretion gradually
decreases once the patient becomes euglycaemic [12]. Hence, inhibitors of dipeptide
peptidase IV are efficient therapeutic means to reduce the degradation of incretins,
which help maintain hyperglycemic conditions in type 2 DM.
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Similarly, aldose reductase is a rate-limiting enzyme involved in the polyol
pathway, which catalyzes glucose reduction into sorbitol in an NADPH-
dependent pathway. As the aldose reductase has broad substrate specificity, it
binds with glucose and converts it into sorbitol once the hexokinase is saturated
and the blood glucose level is high. As a result, produced sorbitol is accumulated
within the cells and creates an osmotic effect, leading to cataracts and diabetic
neuropathy [13, 14]. Thus, aldose reductase inhibitors prevent secondary diabetes
complications.

Similarly, the angiotensin-converting enzyme plays a vital role in the renvital
angiotensin-aldosterone system, a hormone system responsible for maintain-
ing the blood pressure and fluid balance in the body. Angiotensin-converting
enzymes convert angiotensin I into angiotensin II, a potent vasoconstrictor that
mainly acts on arterioles that stimulate the release of aldosterone from the renal
cortex and improve sodium reabsorption from the kidney. Therefore, activation
of the renin-angiotensin-aldosterone system leads to increased blood pressure,
resulting in microvascular and macro-vascular complications in patients with
type 2 DM. Thus, inhibitors of the angiotensin-converting enzyme reduce the
long-term microvascular and macrovascular complications by lowering the
arterial and venous blood pressure [15]. A study reported by Ustundag et al. [16]
confirms that angiotensin-converting enzyme activity is increased in diabetic
patients compared to normal individuals.

Correspondingly, protein tyrosine phosphatase IB (PTP IB) is a negative
regulator of the insulin signaling pathway that dephosphorylate tyrosine residues
in insulin receptor and insulin receptor substrate-1. Which in turn reduces insulin
sensitivity [17]. Hence, inhibition of the PTP IB enzyme leads to lower blood
glucose levels by enhancing insulin sensitivity. The stable hyperglycemic condi-
tion in type 2DM patients leads to the accumulation of advanced glycated end
products in various tissues resulting in diabetic complications such as neuropathy,
nephropathy, retinopathy, and other chronic diseases [18]. Therefore, the natural
compounds, which inhibit the formation of advanced glycation end products,
would be a promising therapeutic target to suppress the diabetic complications
associated with glycated products.

3. Bioactive compounds present in marine seaweeds

Marine seaweeds are categorized into three algal classes; red (Rhodophyceae),
green (Chlovophyceae), and brown algae (Phaeophyceae) based on the presence
of natural pigments. Phaeophyceae contains brown color fucoxanthin pigment,
whereas Rhodophyceae possess red color pigments phycoerythrin and phycocyanin,
and Chlovophyceae is rich in green color pigment chlorophyll. Among the three
varieties, most marine algae are referred to as “edible” that can be used for human
consumption. Asians and South Africans mainly consume these edible seaweeds as
a promising complementary and alternative medicine [19].

Recently, marine seaweeds have been identified as a rich source of bioactive
secondary metabolites with human health benefits. In particular, polyphenols,
sterols, alkaloids, flavonoids, tannins, proteins, peptides, essential fatty acids,
enzymes, vitamins, and pigments are extensively synthesized by marine seaweeds.
These compounds exhibit significant chemical and biological properties such as
anti-diabetic, antioxidant, cytotoxic, anti-fungal, anti-bacterial, anti-coagulant,
anti-inflammatory, and antiproliferative activities, etc., [19, 20]. The marine
seaweeds are a rich source of sulfated polysaccharides (Figure 1), which have been
reported to possess beneficial human effects. Fucoidan, alginates, and laminarans

81



Natural Medicinal Plants

----- 0 n OH A D-Marnurenic acid L-Guluronic acid
1.3 p-1.8
Alginic acid
L.aminaran
Fucoidan
_ 0
coo ~
CHz 050;3K =
2 —0 0 HC
~SH0H 0 v . " oo on 8 e W 700
N , s o 2 ¢
. P Sy 0,50
S LN A;JJ / N0 |[OH " WO
ososk ~( g
N -~
0503k oH Ulvan
Carrageenan
& Agaran

Figure 1.
Chemical structuves of sulfated polysaccharides present in marine seaweeds.

are sulfated polysaccharide found in brown seaweeds and reported to exhibit
anti-diabetic, antioxidant, and anti-inflammatory activities [21]. Carrageenans and
agarans are sulfated polysaccharides found in red seaweeds. Similarly, ulvan is the
sulfated polysaccharide found in green seaweeds [22]. The sulfated polysaccharides
are known to possess anti-viral, anti-tumor, and anti-coagulant activities [23].

Marine seaweeds are rich in polyphenolic compounds, including flavonoids,
bromophenols, phlorotannins, mycosprine-like amino acids, and phenolic ter-
penoids (Figure 2). The mycosprine-like amino acid is a small molecule with
hydroxylated aromatic rings. Phlorotannins are polyphenolic metabolites found in
brown seaweeds. They can be classified into six subgroups; fuhalols, phlorethols,
fucophlorethols, and fucols, eckols, and carmalols based on their linkage between
phloroglucinol units and hydroxyl groups. Flavonoids, bromophenol, phenolic
terpenoids, phenolic acids, and mycosporine-like compounds are reported to
possess antioxidant, anti-diabetic, anti-inflammatory, anti-allergic, and anticancer
properties [24-26].
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Figure 2.
Organic structures of phlorotannins and bromophenols.
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Among the bioactive compounds present in marine seaweeds, marine algae-
derived accessory pigments are important as they possess beneficial biological
activities [27]. Fucoxanthin is the most abundant accessory pigment found in
brown seaweeds and reported to have potent biological activities such as anticancer,
antioxidant, anti-diabetic activities due to the presence of unusual allenic bond and
a5, 6-monoepoxide in its structure [21]. Phycobiliproteins, a water-soluble acces-
sory pigment found in red seaweeds, can be divided into three main categories; phy-
cocyanins, allophycocyanins, and phycoerythrin. Phycoerythrins are abundantly
found in red seaweeds and reported to possess immuno-modulating and anticancer
activities. Similarly, chlorophylls are found in green seaweeds and are said to have
antioxidant activity [27].

Similarly, marine algae-derived peptides have been identified to possess a wide
range of biological activities such as antioxidant, anti-diabetic, anti-microbial,
antihypertensive properties, etc. Hence, most algal-derived proteins have been
widely used in food and pharmaceutical industries [28]. The protein content of the
marine seaweeds differs depending on the seasonal period and type of species. The
brown seaweeds usually contain low protein content compared to the red and green
seaweeds. Despite this, some brown algal species such as Choonospora minima,
Padina gymnospora, Dictyota menstrualis, and Sargassum vulgare possess high protein
content up to 10-15%. According to the reported studies, green seaweed contains
an average protein content level, ranging between 10-26%. In contrast, the highest
protein content was reported in red seaweeds such as Phorphyra tenure and Palmaria
palmata, which was around 47% [29].

4. Anti-diabetic potentials of marine algae

Marine seaweeds have been widely studied for their anti-diabetic potential
through different mechanisms due to bioactive secondary metabolites. Several
in-vitro and in-vivo studies have been conducted so far to confirm the hypoglycemic
effect of marine algae in addition to its ability to suppress diabetic complications.
This section emphasizes the anti-diabetic potential of marine brown, red, and green
seaweeds through diverse mechanisms.

4.1Inhibitory activity of carbohydrate hydrolyzing a-amylase and
a-glucosidase enzymes

a. Brown seaweeds

Among the brown seaweeds, “Ecklonia” and “Eisenia” genera have been
reported to exert hypoglycemic effects through a-amylase and a-glucosidase inhibi-
tory activities [30]. The observed hypoglycemic activity can be attributed to the
presence of phlorotannins; eckol, dieckol, 6,6"-bieckol, phlorofucofuroeckol-A, and
phloroglucinol, and 7-phloroeckol [31]. According to the reported studies, metha-
nol extract of Ecklonia cava exercises its hypoglycemic effects through the inhibi-
tory activity of a-glucosidase enzymes (ICso-10.7 M), compared to the standard
acarbose used. Similar results were reported with phlorotannins isolated from
Ecklonia stolonifera against the a-glucosidase enzyme. Dieckol (ICs0:1.61 pM) and
phlorofucofuroeckol-A (ICs:1.37 pM) isolated from Ecklonia stolonifera reported
to exhibit the potent inhibitory activity of a-glucosidase enzymes compared to
the standard drug (ICso: 51.65 pM). Similarly, eckol (ICso: 11.16 M) isolated from
Ecklonia maxima demonstrated strong a-glucosidase inhibitory activity comparable
to the isolated phloroglucinol (ICsy: 1991 uM). Besides, Eisenia bicyclis from genus
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Eisenia reported possessing 87% of inhibitory effect on a-amylase at 1 mM concen-
tration in addition to the inhibitory effect on a-glucosidase and advanced glycation
end products. Moreover, isolated eckol (ICsq: 22.78 M), dioxinodehydroeckol (ICs:
34.60 yM) and phloroglucinol (ICsy: 141.18 uM) from Eisenia bicyclis exhibited
potent a-glucosidase inhibitory activity [32].

A brown seaweed Sargassum hystrix reported to exhibit inhibitory effect
on a-amylase ICsp: 0:58 + 0:01 mg/ml; ICsg acarbose: 0:53 + 0:00 mg/ml) and
a-glucosidase (ICsp: 0:59 + 0:02 mg/ml; ICsq acarbose: 0:61 + 0:01 mg/ml) enzymes
compared to the standard acarbose [33]. This was further confirmed by an in-vivo
study using streptozotocin-induced rats and observed that the deduction of pre-
prandial (186.4 mg/ml) and postprandial (186.9 mg/ml) blood glucose levels at
300 mg/kg concentration comparable to the standard drug glibenclamide (5 mg/
kg) (Pre-prandial;195.6 mg/ml; postprandial:104.8 mg/ml) without any adverse
effects. Correspondingly, ethanol (150 mg/kg) and aqueous (300 mg/kg) extracts
of Sargassum polycystum reported to reduce hyperglycaemic condition in diabetic
rats [34]. Further studies has reported that a brown seaweed Ascophyllum nodosum
effectively inhibited a-amylase (ICso: 0.1 gg/ml) and a-glucosidase enzymes ((ICsp:
19 ug/ml) due to the presence of phlorotannins [35].

b.Green seaweeds

Green seaweeds belong to the genus “Ulva.” They have been reported to possess
hypoglycemic activity, and they have been used for various food dishes in Asians
due to the presence of high soluble fiber content. The aqueous extract of green
seaweeds Ulva lactuca (Inhibition-a-amylase: 83.4%; a-glucosidase: 61.81%) and
Ulva reticulate (Inhibition-a-amylase: 89.1%; a-glucosidase: 76.02%) were effective
against a-amylase and a-glucosidase enzymes at a concentration of 100 pg/ml after
8 hours of extraction period at 37 °C in a water bath as it gets more time to release
the phytochemicals and colloids to the extract [36]. Similarly, the crude extract of
Ulva ohnoi exhibited a-amylase inhibition by 41.7% and complete a-glucosidase
inhibition at 10 mg/mL [37].

The methanol extract of a green seaweed Chlorodesmis inhibited a-amylase
enzyme by 72% at 500 pg/ml with IC50 of 408.9 pg/ml without any effect on
a-glucosidase enzymes. Similarly, chloroform extract of Chaetomorpha aerea
exhibited a potent inhibitory effect on a-amylase enzyme with 1Cso of 147.6 pg/ml.
Besides, methanol extract of green seaweeds Enteromorpha intestinalis (59%) and
Cladophora rupestris (14%) exhibited a moderate and lower effect on the a-amylase
inhibitory activity at a concentration of 500 pg/ml [38]. Moreover, crude extracts of
green seaweeds Derbesia tenuissima and Oedogonium intermedium were reported
to exhibit lower a-amylase (53.6% and 49.2%) and potent a-glucosidase (73.98%
and 69.5%) inhibitory effect at a concentration of 10 mg/ml [39]. Further studies
reported that the green seaweed Chlorella pyrenoidosa could suppress the hyper-
glycaemic condition by inhibiting a-amylase and a-glucosidase enzymes. Besides,
a green seaweed Cladophora rupestris has been reported to exhibit a hypoglycemic
effect through a-amylase and a-glucosidase inhibitory mechanisms [40].

c.Red seaweeds

Among the marine red seaweeds, the genus “Gracillaria” was reported to
possess the hypoglycemic effect through the inhibitory effect on a-amylase and
a-glucosidase enzymes. Gunathilaka et al, [41] reported that the ethyl acetate frac-
tion of red seaweed Gracillaria edulis exhibited potent a-amylase (ICso: 279.48 pg/
ml) and a-glucosidase (ICso: 87.92 pg/ml) inhibitory activity compared to the
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standard acarbose (ICspamylase: 87.43 pg/ml; ICspglucosidase: 0-38 pg/ml) due to the pres-
ence of reported anti-diabetic compound 1H-Indole-2-carboxylic acid,6-(4-ethoxy
phenyl)-3-methyl-4-oxo- 4,5,6,7-tetrahydro-isopropyl ester. Further studies
reported that the aqueous extract of Gracillaria edulis inhibited the a-amylase

and a-glucosidase enzyme by 87.86% and 79.55% at a concentration of 100 pg/ml.
Similarly, Gracilaria corticata and Acanthophora spicifera had an inhibitory effect
on a-amylase (84.66%; 54.73%) and a-glucosidase (73.53%; 46.86%) enzyme ata
concentration of 100 pg/ml [36].

4.2 Inhibitory activity of dipeptidyl peptidase-IV (DPP-IV)

Dipeptidyl peptidase-IV (DPP-IV) is an enzyme involved in the degradation of
incretin hormones, maintaining postprandial blood glucose levels. Among three
types of seaweeds, brown seaweeds have been extensively reported to possess a
dipeptidyl peptidase-IV (DPP-1V) inhibitory effect compared to red and green
seaweeds [42].

a.Brown seaweeds

The brown seaweeds Padina sulcata, Savgassum binderi, and Turbinaria conoides
have been reported to exhibit a potent inhibitory effect on the DPP-4 enzyme
in a dose-dependent manner. The maximum inhibitory effect of Padina sulcata,
Sargassum binderi, and Turbinaria conoides were observed as 83.09%, 81.75%, and
76.20%), at a concentration of 10 mg/ml, respectively. Further, crude water extracts
of the above three brown seaweeds could secrete glucagon-like peptide-1 (GLP-1) to
a greater extent than prevent hyperglycaemic conditions [42]. Similarly, ethyl ace-
tate: methanol fraction (IC50: 0.013 mg/ml) of Sargassum wightii has been reported
to exhibit an inhibitory effect on DPP-4 enzymes compared to the standard drug
diprotein-A (IC50: 0.007 mg/ml) [43]. The methanol extract of Turbinaria ornate
exhibited a strong inhibitory effect on the DPP-4 enzyme by 55.4% at 80 yg/ml than
the standard drug diprotin A (65%) might attribute to the presence of fucoids and
sulfated polysaccharides in T ornata [44].

b.Green seaweeds

The previous study conducted by Chin ez al. [42] reported the inhibitory
activity of green seaweed Halimeda macroloba on the DPP-4 enzyme. Halimeda
macroloba inhibited the DPP-4 enzyme by 60.53% at a 10 mg/ml concentration
compared to the positive control Berberine (75.92% at 1 mg/mL). Moreover, crude
water extract of H. macroloba was able to stimulate glucagon-like peptide-1
(GLP-1) secretion.

c.Red seaweeds

The sulfated polygalactans isolated from red seaweeds Kappaphycus alvarezii and
Gracilaria opuntia have been reported to possess the inhibitory effect on the DPP-4
enzyme. According to the results, sulfated galactans isolated from Gracilaria opun-
tia (IC50 0.09 mg/mL) significantly inhibited the DPP-4 enzyme than the sulfated
galactans of Kappaphycus alvarezii (IC50 0.12 mg/mL) compared to the standard
diprotin A (IC50 1.54 mg/mL). The observed activity might be due to the reaction
between functional groups of sulfated polygalactan with DPP-4 by H-bonding and
hydrophilic interactions [45]. Similarly, aqueous, alkaline, and a mixture of aque-
ous/alkaline fractions of a red seaweeds Palmaria palmate have exhibited a potent
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inhibitory effect on DPP-4 enzyme with ICs, of 2.52 + 0.05 mg/ml, 4.60 + 0.09 mg/
ml, and 4.24 + 0.02 mg/ml respectively [46]. Further studies reported that the red
seaweed Palmaria palmate’s protein hydrolysate had a potential inhibitory effect on
the DPP-4 enzyme [40]. These results confirmed the possible inhibitory effect

on DPP-4 enzymes of red seaweed extracts.

4.3 Inhibitory activity of aldose reductase (AR)
a.Brown seaweeds

The ethyl acetate fraction of brown seaweed, Ecklonia stolonifera has been
reported to possess a strong inhibitory effect on aldose reductase enzymes due to
the presence of phlorotannins such as 7-phloroeckol and 2-phloroeckol in ethyl
acetate fraction [47]. Similarly, phlorofucofuroeckol-A isolated from Eisenia bicyclis
exhibited a potent inhibitory effect of aldose reductase enzyme (IC50: 6.22 uM).
They also confirmed the inhibitory effect of fucosterol in the rat lens. Carotenoids
isolated from Ecklonia stolonifera exhibited potent inhibitory activity on aldose
reductase enzyme (IC50: 18.94 M) compared to the standard positive control quer-
cetin (IC50: 1.34 yuM). The presence of porphyrin derivatives (pheophytin-A and
pheophorbide-A) in the dichloromethane fraction of Saccharina japonica caused
excellent inhibitory effects on aldose reductase (AR) in rat lens [48]. Moreover,
fucoxanthin isolated from Undaria pinnatifida and Eisenia bicyclis reported acting
as a competitive inhibitor on the aldose reductase enzyme [49].

b.Green seaweeds

The chloroform and ethanol fractions of green seaweed, Capsosiphon fulvescens
showed a potent inhibitory action on the AR enzyme [50]. The authors further
carried out isolation of compounds, and the isolated compounds (capsofulvesin A,
B, and chalinasterol) demonstrated high inhibitory action on AR enzyme with ICs,
values of 52.53, 101.92, and 345.27 uM, respectively.

c.Red seaweeds

Regarding red seaweeds, the bromophenol compounds present in red seaweeds
have been identified as effective therapeutic agents. The bromophenols such as
bis (2,3,6-tribromo-4,5 -dihydroxy phenyl) methane, 2,2’,3,6,6’-pentabromo-
34,4’ ,5-tetrahydroxydibenzyl ether, and 2,2’,3,5,6-pentabromo- 3',4,4’,5-tetrahy-
droxydiphenylmethane isolated from red seaweed, Symphyocladia latiuscula are well
known for their inhibitory effects on aldose reductase. This enzyme is responsible
for the fructose formation in the polyol pathway [25].

4.4 Inhibitory activity of protein tyrosine phosphatase 1B (PTP 1B)
a.Brown seaweed

The brown seaweeds belonged to the genus “Sargassum” as reported to exhibit
the potent inhibitory activity of PTP 1B enzyme due to the presence of second-
ary bioactive compounds. Ali et al. [51] reported that the hexane fraction (ICso:
1.83 ug/ml) of Sargassum serratifolium strongly inhibited the PTP 1B enzyme than
the standard ursolic acid (ICsq: 1.12 #g/ml). During the compound isolation, three
plastoquinones (sargachromenol, sargahydroquinoic acid, and sargaquinoic acid)
were identified, and among them, sargahydroquinoic acid exhibited a potent PTP 1B
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inhibitory effect (IC50:5.14 ug/ml). Similarly, the chloroform extract of Sargassum
yezoense (54.4%), Sargassum fluvellum (36.1%), Sargassum horneri (46.2%),
Sargassum sagmianum (21.4%), Sargassum hemiphyllum (44.1%), and Sargassum sili-
quastrum (14.8%) could inhibit PTP 1B enzymes at 15 pg/ml of concentration [52].
Further, the phlorotannins such as eckol, 7-phloroeckol, and phlorofucofuroeckol-A
isolated from Ecklonia stolonifera, Ecklonia cava, and Eisenia bicyclis could act as non-
competitive inhibitors on PTP 1B enzyme [53]. Moon et al. [32] further confirmed
the inhibitory effect of phlorofucofuroeckol-A (ICs: 0.56 uM), 7-phloroeckol
(ICs0: 2.09 uM), and eckol (ICsp: 2.64 uM) isolated from Ecklonia stolonifera and
Eisenia bicyclis. Moreover, fucosterol isolated from Eisenia bicyclis and Ecklonia
stolonifera also showed PTP 1B inhibitory effect [54].

b.Green seaweeds

Several studies have been reported to elucidate the anti-diabetic potential of
green seaweeds by enhancing insulin sensitivity through the mechanism of PTP 1B
inhibition. Among the marine green seaweeds, Crude chloroform and methanol
extract of a green seaweed Derbesia marina has been reported to exhibit an inhibi-
tory effect on PTP 1B enzyme by 61.7% and 80.65 respectively at a concentration of
15 pg/ml. Further, the crude chloroform and methanol extract of edible green sea
lettuce “Ulva pertusa” has exhibited potent PTP 1B inhibition at 15 pg/ml by 25.8%
and 48.1%, respectively. Similarly, the crude chloroform and methanol extract of
Enteromorpha linza (42.1%:35.4%) and Codium adhaerens (51.5%:71.2%) increased
insulin sensitivity by inhibiting PTP 1B enzyme at 15 pg/ml concentration [52].
Further, the compounds isolated from the green seaweeds belonged to the genus “Caulerpa”
had a potent anti-diabetic effect by the mechanism of PTP 1B inhibition. Racemosin C,
Caulerpin, Caulerpic acid isolated from Caulerpa racemosa, and Caulersin isolated
from Caulerpa serrulata have reported significant PTP1B inhibitor [55].

c.Red seaweeds

Most of the red seaweeds belonged to the genus “Chondus” exhibited anti-
diabetic activity via PTP 1B enzyme inhibition. According to the recorded studies,
chloroform extract of chondus ocellanthus and chondus crispus inhibited PTP 1B
enzymes by 41.5% and 27.6% at a concentration of 15 pg/ml. Similarly, red sea-
weeds belonged to the genus “Laurencia” had a potential inhibitory effect on PTP
1B enzyme. The methanol extract of Laurencia okamurae (33.1%) and chloroform
extract of Laurencia intermedia (43.3%) could inhibit PTP 1B enzyme at 15 pg/ml
of concentration. In addition to that 15 pg/ml concentration of chloroform extract
of Corallina pilulifera, Gymnogongrus flabelliformis, and Gracillaria textori inhib-
ited PTP 1B enzyme by 58.3%, 38.6%, and 24.9%, respectively [46]. Further,
the compounds bromophenol and 3, 4-dibromo-5-(2-Bromo-3, 4-dihydroxy-

6- (ethoxymethyl)benzyl)benzene-1,2-diol isolated from red seaweed, Rhodomela
confervoides could increase insulin sensitivity via inhibition of PTP 1B enzyme [40].

4.5 Inhibitory activity of angiotensin-converting enzymes (ACE)
a.Brown seaweeds
Phlorotannins eckol, phlorofucofuroeckol-A, and dieckol isolated from brown
seaweed, Ecklonia stolonifera could inhibit angiotensin-converting enzyme with IC50

values of 70:82 M, 12:74 uM, and 34:25 uM, respectively. Among the isolated phlo-
rotannins, dieckol acted as a non-competitive inhibitor of ACE [56]. Similarly, the
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phloroglucinol isolated from the ethyl acetate fraction of Sargassum (56.96 pg/ml)
wightii significantly inhibited the ACE compared to the positive control captopril
(51.79 pg/ml) [57]. An amino acid sequence isolated from edible brown seaweed,
Undaria pinnatifida, could significantly inhibit angiotensin-converting enzymes [57].
The protein-derived hydrolysate of Undaria pinnatifida exhibited a potent antihyper-
tensive effect via inhibiting ACE [39]. Further, the enzymatic hydrolysate of Ecklonia
cava has been reported to show a potent inhibitory effect on ACE with IC50 values
from 2.33 up to 3.56 pg/mL [58].

b.Green seaweeds

Among the green seaweeds, few studies have been reported regarding the inhibi-
tory effect on the angiotensin-converting enzyme. Crude and saponified extracts of
Ulva ohnoi, Derbesia tenuissima, and Oedogonium intermedium exhibited an inhibi-
tory effect on the angiotensin-converting enzyme. The crude extract of Ulva ohnoi,
Derbesia tenuissima, and Oedogonium intermedium had a less potent inhibitory effect
at 10 mg/ml. In contrast, the saponified extract of Ulva ohnoi, Derbesia tenuissima,
and Oedogonium intermedium inhibited 1.9%, 1.47%, and 7.37% compared to the
positive control captopril (6.15% inhibition at 200 pg/ml). However, carotenoids;
siphonaxanthin, neoxanthin, 9’-cis-neoxanthin, loroxanthin, violaxanthin, lutein,
siphonein, a-carotene, and p-carotene present in green seaweeds are found to be
poor inhibitors of ACE [37]. Further, a protein-derived hydrolysate of an edible
green seaweed Enteromorpha clathrata had a potent inhibitory effect on ACE [58].

c.Red seaweeds

The red seaweeds have been widely studied to elucidate the inhibitory effect on
angiotthe ensin-converting enzyme, as it plays a crucial role in regulating blood
pressure. According to the recorded studies, the aqueous extract at 20 °C of red
seaweeds Lomentaria catenata, Lithophyllum okamurae, Ahnfeltiopsis flabelliformis,
and Gracilaria textorii significantly inhibited the angiotensin-converting enzyme
by 98.92%, 89.23%, 73.45%, and 65.40% at a lower concentration of 200 pg/ml.
Similarly, the methanol extract at 700C of red seaweeds, Ahnfeltiopsis flabel-
liformis, and Laurencia okamurae has been reported to exhibit a strong inhibitory
effect angiotensin-converting enzyme by 97.59% and 78.01% at a concentration
of 200 pg/ml. Further, the methanol extract at 70 °C of red seaweeds Grateloupia

filicina, Sinkoraena lancifolia, Grateloupia elliptica, Grateloupia lanceolata,

and Laurencia okamurae exhibited an inhibitory effect on ACE by 83.14%,
80.86%,68.13%, 89.04%, and 69.80% at 200 pg/ml of concentration [59]. This
study revealed the presence of ACE like inhibitors in red seaweeds. Protein-derived
hydrolysate in Palmaria palmate (red seaweed) showed marked antihypertensive
activity. The antihypertensive activity was exerted via inhibition of angiotensin-
converting enzymes [46]. Further, an enzymatic hydrolysate of a red seaweed
Pyropia columbina exhibited an inhibitory effect on the angiotensin-converting
enzyme with an IC50 value of 1.2 mg/ml [58].

4.6 Inhibitory activity of the formation of advanced glycation end products
(AGEs)

a.Brown seaweeds

Among the brown seaweeds, Ecklonia cava has been extensively studied for its
anti-diabetic activity. The phlorotannins isolated from Ecklonia cava such as eckol
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(ICsp: 1:6 x 103 M), phlorofucofuroeckol-A (ICso: 2:4 x 103 M), fucofuroeckol A
(ICso: 7:4 x 102 yuM), and dieckol (ICsp: 7:4 x 102 uM) could inhibit the formation
of advanced glycation end products comparable to the standard drug aminoguani-
dine hydrochloride (ICso: 8:1 x 103 yM) [60]. Similarly, the phlorotannins isolated
from methanol extract of brown seaweeds Sargassum polycystum (1Cso: 35:245 pg/
ml), Turbinaria Ornate (ICsq: 22:7 pg/ml), and Padina pavonica ICs: 15:16 pg/ml)
had the ability to suppress the formation of advanced glycation end-products [61].
Further, phlorotannins extracted from the ethyl acetate fraction of Fucus vesiculosus
(ICso: 0.045 mg/ml) significantly inhibited the AGEs formation compared to the
phloroglucinol (ICsy: 0.068 mg/ml) [62].

b.Green seaweeds

So far, minimal studies have been reported to demonstrate the inhibitory effect
of green seaweeds on the formation of advanced glycation end products. The
chloroform, ethanol, and butanol fractions of a green seaweed Capsosiphon fulves-
cens have been reported to exhibit an inhibitory effect on the formation of advanced
glycation end-products [50].

c.Red seaweeds

Regarding the red seaweeds, the ethyl acetate fraction (ICsp: 586.54 pg/ml) of
Gracillaria edulis has been reported to exhibit the inhibitory effect on the forma-
tion of advanced glycation end products compared to the standard drug rutin
(ICso: 11.55 pg/ml) [34]. Similarly, carrageenan extract from red algae could inhibit
progressive glycation end product uptake by macrophage-like RAW 264.7 cells [63].

5. Conclusions

Recently, marine seaweeds have been extensively studied for their therapeutic
effects due to promising bioactive compounds. Among the non-communicable
diseases, diabetes mellitus is the third leading cause of death associated with
vascular complications. As it is a progressive disorder, it is necessary to search for
an adequate drug for natural resources with minimum side effects. Therefore,
this chapter illustrates the different anti-diabetic mechanisms of marine seaweed
extracts and their bioactive compounds.
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Chapter 6

Safety Review of Herbs and

Supplements in Heart Disease,
Diabetes, and COVID-19

Paula Vieira-Brock

Abstract

Usage of supplements has increased dramatically this last decade. From herbs
to vitamins and mineral, consumers are interested in improving health, self-
treatment and preventing diseases. Often using information from the internet to
self-prescribe, many consumers believe that natural products are safe, while many
others avoid using these products because of the lack of an approval process by
health officials in many countries. Herbs and other supplements including proteins,
vitamins and minerals provide significant benefits to health. The lack of guidance
from health professionals however can be problematic. When combined with drugs
and disease, herbs can interact and cause side effects. Some of the steps to evaluate
the safe use of supplements is to know their mechanism of action, clinical effect,
and consumers’ medical history. For example, an herb that induces liver enzymes
will reduce the effect of a drug that is metabolized by these same enzymes. This can
be life threating if the patient depends on this drug for normal function. Based on
drug-herb interaction experience and literature review, this book chapter provides
insights into safe use of echinacea, licorice, turmeric, and black seed in patients
with heart disease, diabetes, and COVID-19.

Keywords: herbs, supplements, drug-herb interaction, safety, COVID-19,
heart disease, diabetes

1. Introduction

Dietary supplements are defined in the United States as products that contain
one or more dietary ingredient such as vitamins, minerals, herbs, botanicals,
and amino acids and are intended to supplement the diet [1]. In other countries
dietary supplements are named differently including natural health products,
complementary medicines, food supplements, and others [2]. Nonetheless, “dietary
supplements” is a general term for products that mostly contain herbs, botanicals,
proteins, and/or vitamins and minerals that are used with the intention to promote
health. Despite the legal framework, dietary ingredients are often used and recom-
mended for treating or preventing diseases. In this chapter, “dietary supplements”
will be used as a general term to encompass several dietary ingredients.

Usage of dietary supplements has increased this last two decades [2]. From
herbs, proteins, to vitamins and minerals, consumers are interested in self-
treatment and preventing diseases [3]. Often using information from the internet
to self-prescribe, many consumers believe that natural products are safe, while
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many others avoid using these products because of the lack of an approval process
by health officials in many countries. Many dietary supplements provide significant
benefits to health [4]. However, the lack of guidance from health professionals can
be problematic.

Dietary supplements are likely safe when used as prescribed [4, 5]. But, when
combined with drugs and disease, these products can interact and cause side effects
[6, 7]. Some of the steps to evaluate the safe use of dietary ingredients is to know
their mechanism of action, clinical effect, and consumers’ medical history. For
example, an ingredient that induces liver enzymes will reduce the effect of a drug
that is metabolized by these same enzymes. This can be life threating if the patient
depends on this drug for normal function.

Due to the benefits that several of these dietary ingredients provide, it is impor-
tant to evaluate their safety for wide spread recommendation. Particularly due to
times of pandemic such as the coronavirus disease 2019 (COVID-19) [8], ways to
prevent disease severity and to be used as adjunct treatments are needed. Several
dietary ingredients have been reported to be effective against COVID-19 in review
articles. For this book chapter, 30 review articles and meta-analysis were evalu-
ated for the selection of the dietary ingredients herein discussed. The selection
criterium was based on the number of articles that cited the ingredients as being
effective as well as the commonality and accessibility of the ingredients across the
globe. Vitamins and minerals were excluded due to their safety being extensively
researched. Because COVID-19 severity is worse among patients with diabetes and
cardiovascular disease, the safety use of these ingredients in the context of these
comorbidities are presented here.

2. Comorbidities and their drug treatments
2.1COVID-19

COVID-19 is a respiratory infection caused by the virus named “severe acute
respiratory syndrome coronavirus 2” (SARS-CoV-2) [8]. COVID-19 is a novel
disease officially declared as a pandemic on March 11th, 2020 [9, 10]. SARS-CoV-2
has infected 98.2 million people worldwide and caused 2.1 million deaths as of
January 24th, 2021 [11]. COVID-19 is characterized by dry cough, fever, and fatigue
symptoms in adults while in children rhinorrhea, abdominal pain, and diarrhea are
also present [10]. SARS-CoV-2 binds directly to angiotensin converting enzyme 2
(ACE2) for subsequent entry into cells [10, 12]. Infected cells respond to the virus
by generating pro-inflammatory cytokines and chemokines that sometimes lead
to a cytokine storm which aggravates the disease [10, 12, 13]. Those with certain
underlying health conditions such as respiratory disease, cardiovascular disease,
and diabetes as well as older individuals seem to be at a higher risk for develop-
ing severe complications from the infection [14, 15]. Because SARS-CoV-2 has
approximately 80% genomic homology with SARS-CoV-1, the virus that caused the
2002-2003 epidemic, many research studies have proposed the use of treatments
that were effective against SARS-CoV-1 [9]. Current treatments for COVID-19 used
in the clinics are ACE2 inhibitors, corticosteroids, chloroquine, anti-inflammatory
tocilizumab, comostat, protease inhibitors (lopivavir and ritonavir), and RNA
polymerase inhibitors (remdesivir, favipiravir) [16]. Some of the established
protocols are: no treatment for mild cases besides acetaminophen for fever;
hydroxychloroquine + azithromycin for moderate cases; tocilizumab or sarilumab
for worsening respiratory function; and remdesivir, convalescent plasma, corti-
costeroids for respiratory failure. NSAIDs such as ibuprofen are not recommended
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due to potential increase in ACE2 expression [17]. Lastly, it has been suggested that
reduction in cholesterol decreases viral mRNA [18]. Thus, treatments that reduce
cholesterol in addition to antivirals, anti-inflammatories, and respiratory support
should be beneficial in managing COVID-19.

2.2 Heart disease and diabetes

As noted above, patients with heart disease and diabetes are more likely to
develop severe COVID-19. Thus, many of these patients will be given medications for
COVID-19 on top of the current heart/diabetes medications they take. For example,
patients continue to take ACE inhibitors or angiotensin II receptor blockers (ARBs)

during COVID-19 infection [17]. Furthermore, these are the patients more likely
to benefit from dietary ingredients that assist in preventing or treating COVID-19.
Due to multiple treatments at once, the likelihood of drug—drug and drug-herb

Drug categories Liver metabolism Renal excretion References
ACE inhibitors: 1. Metabolized to active 1.~75% excretion in the [21,22]
1. Enalapril metabolites urine
2.Lisinopril 2.No liver metabolism 2.Excreted unchanged in
urine
ARBs: 1.CYP3A4 and CYP2C9 1.Minimal renal excretion [22]
2.Glucuronide conjuga- with oral administration
1.Losartan tion and CYP2C9 2.~20% excretion in the
2.Irbesartan oxidation urine
Hydroxychloroquine Partially metabolized Slowly excreted by the [21]
kidneys
Protease inhibitor, CYP3A4 and 2D6 Minimal renal excretion [16, 23]
ritonavir inhibitor
RNA polymerase CES1 to form active ~50% renal excretion [22]
inhibitor, remdesivir metabolite
Corticosteroids and 1. Metabolized by 1. Minimal renal excretion [21,24]
anti-inflammatories CYP3A4
2.Metabolized by
1. Prednisone CYP3A4
2. Tocilizumab
Antiplatelet, clopidogrel CYP 2C19 forms active ~50% excreted in urine [22]
metabolite
Beta blocker, atenolol Minimal metabolism Major renal excretion [21]
Cholesterol lowering: 1. Metabolized by 1. Minimal renal excretion [22,25]
CYP3A4
1. Atorvastatin 2.Metabolized by
2.Fluvastatin CYP2C9
Diuretic, spironolactone Extensive metabolized Major renal excretion [22]
Sulfonylureas 1. Extensive metabolized 1.~ 50% renal excretion [21, 22, 25]
2.Metabolized by 2.Minimal renal excretion
1. Glyburide CYP2C9
2.Glipizide
Meglitinides, repaglinide Metabolized by CYP3A4 Minimal renal excretion [21]
Metformin Minimal metabolism ~90% renal excretion [22]
Glitazones, pioglitazone Metabolized by CYP2C8 ~15-30% renal excretion [21]

Table 1.
Metabolism and excretion of some common medications used in COVID-19, heart disease and diabetes.
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interaction in these patients is high. Drug treatments for heart disease include several
types: anticoagulants, antiplatelets, ACE inhibitors, ARBs, beta blockers, calcium
channel blockers, cholesterol lowering, diuretics, and vasodilators [19]. For diabe-
tes main medication classes include sulfonylureas, meglitinides, metformin, and
glitazones [20]. The metabolism of some commonly prescribed of these medications
are listed in Table 1. As noted, the most common cytochrome P450 enzyme involved
in the metabolism of these drugs are CYP3A4, followed by CYP2C9, 2D6, and 2C8
[21-25]. Approximately half of them are primarily excreted via the kidneys.

3. Echinacea spp. (echinacea) — Antiviral and immune support
3.1 Echinacea in COVID-19

Echinacea has antiviral and immunomodulatory effects that seems to be promis-
ing against COVID-19 [13, 26]. Several studies have investigated the benefits of
echinacea in treating and preventing respiratory tract infections such as the com-
mon cold, but not for other health purposes [27]. No studies have yet been com-
pleted on echinacea and COVID-19 [28]. A meta-analysis including 17 clinical trials
found that echinacea is safe and effective in preventing or treating viral infections.
In a separate analysis including 12 clinical trials, echinacea showed to decrease or
not change pro-inflammatory cytokines associated with cytokine storm (IL-6,
IL-1B, and TNF-a) and increase or not change anti-inflammatory or immune-
stimulatory cytokines (IL-10, IL-2, IL-8, IL-3, and IFN-y). These effects are benefi-
cial during infections since immune stimulatory and anti-inflammatory effects are
needed but pro-inflammatory cytokines can aggravate the disease. Adverse events
were mild with the most common reported being insomnia, gastrointestinal, and
anxiety. One case of serious erythema was reported. Most studies included healthy
participants and echinacea dose and method of extraction were quite variable
making it difficult to evaluate safety in patients with comorbidities [28].

3.2 Echinacea in diabetes

Not many studies have investigated the effects of echinacea in diabetes. In
Wistar rats, 33 days of echinacea root extract showed hypoglycemic activity similar
to glibenclamide. No safety parameters were investigated [29]. Echinacea purpurea
flower extract and caffeic acid derivatives inhibited a-amylase, a-glucosidase, and
ACE activities in a concentration-dependent manner [30].

3.3 Echinacea in heart disease

Almost no studies have evaluated the effects of echinacea on heart conditions
such as hypertension and hypercholesterolemia. In one study with 374 elderly, 349
reported to use over-the-counter drugs and 43 reported to use herbal medicine.
Echinacea was the most common herbal therapy used while aspirin, acetaminophen,
laxatives, antiacids, and vitamins were the most common over-the-counter drugs
[31]. This single study suggests the potential for interaction of echinacea with drugs.

3.4 Echinacea toxicity
In a review article, echinacea was considered to have a high or medium evidence

for efficacy and safety [32]. Debatable concern of hepatotoxicity with echinacea
when used for more than 8 weeks has been raised [6]. On the other hand, echinacea
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has shown hepatic and renal protection against toxins in rats with no effect by itself
on liver and kidney parameters including AST, ALT, ALP, blood urea nitrogen and
creatinine [33]. No toxicity was found in rats and mice after oral or intravenous
injection of Echinacea purpurea at high doses. No evidence of mutagenicity in vitro
and in mice or carcinogenicity in hamster embryo cells [34]. Echinacea is contrain-
dicated in patients with autoimmune disease. Little evidence to evaluate the effect
of echinacea in renal impairment [35].

3.5 Echinacea pharmacokinetics

In vivo pharmacokinetics in 12 healthy men and women, Echinacea purpurea
root inhibited CYP1A2 and induced CYP3A enzymes [36]. In another similar study
with 13 healthy adults, Echinacea purpurea induced CYP3A enzymes but did not
change the pharmacokinetics of ritonavir. Ritonavir is an inhibitor of CYP3A thus
likely counteracted the induction caused by echinacea. No effect on p-glycoprotein
was found [37]. In an in vitro study, Echinacea purpurea showed mixed effects on
CYP3A4 and moderate inhibition of CYP2C9 [38]. A review article found echinacea
to have high likelihood of drug-herb interaction [39].

3.6 Echinacea safety summary

Echinacea is likely safe when taken short-term, up to 8 weeks, in healthy adults.
Unknown safety in patients with diabetes or heart disease. Caution should be taken
when combining with medications metabolized by CYP3A, 1A2, and 2C9 enzymes.

4. Glycyrrhiza sp. root (licorice) — Antiviral and respiratory support
4.1Licorice in COVID-19

Licorice root is used as a flavoring agent in food in many countries. In the United
States, anise oil is often used for this purpose. Licorice is promoted as a dietary sup-
plement for digestion, cough, infections, and others [40]. Frequently recommended
by herbalists, licorice has recently shown to be the herb most frequently used for
COVID-19 treatment [41, 42]. Several review articles have discussed the potential
effectiveness of licorice in treating COVID-19 for its antiviral, anti-inflammatory,
spasmolytic, and expectorant effects [9, 10, 12-14]. Some in vitro studies showed
that the active component glycyrrhizin inhibits the replication of SARS-coronavirus
(SARS-CoV) [43, 44]. Other in vitro studies showed that glycyrrhizin may prevent
SARS-CoV-2 entry by binding to ACE2 receptors and other protein targets [45, 46].
Clinical trials of licorice use during COVID-19 are ongoing. Daily doses range from
250 mg 25% extract (62.5 mg glycyrrhizin) for 10 days to 2.28 g 3% extract (70 mg
glycyrrhizin) for 7 days [47, 48].

4.2 Licorice in diabetes

Not many studies have investigated the effects of licorice in diabetes. In a clinical
trial with 58 overweight and obese but otherwise healthy volunteers, 1.5 g licorice
extract (<0.01% glycyrrhizin) for 8 weeks decreased insulin and HOMA-IR without
side effects [49]. In cell cultures, de-glycyrrhizinated or regular licorice showed
to be a potential therapeutic target in diabetic nephropathy [50]. In diabetic mice,
licorice hydrophobic flavonoids demonstrated abdominal fat-lowering and hypo-
glycemic effects [51].
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4.3 Licorice in heart disease

Cases of hypokalemia and hypertension have been reported after daily inges-
tion of licorice tea or after short-term high dose [52-54]. In one case patient was
combining licorice with the glucocorticoid medication fludrocortisone [55]. The
active components of licorice, glycyrrhizinates, inhibit the enzyme responsible for
inactivating cortisol and bind to mineralocorticoid receptors resulting in reversible
hyper-mineralocorticoid effects [56]. A meta-analysis with 18 clinical trials found
that chronic daily intake of 100 mg glycyrrhizin increases systolic and diastolic blood
pressure [57]. In another meta-analysis including 26 clinical trials and 985 subjects,
mainly healthy and overweight but some with hypercholesterolemia, found licorice
to reduce body weight and BMI but increase diastolic blood pressure. Licorice was
given as licorice flavonoid oil with a dose range of 300 mg to 1.8 g/day for 2-16 weeks
[58]. In a dose-response relationship investigation in healthy men and women, lico-
rice root with 108 or 217 mg of glycyrrhizin per day for 4 weeks caused no adverse
events. However, licorice with 380 and 814 mg glycyrrhizin caused headache, arterial
hypertension, hyperkalemia, and peripheral edema. One individual had a family his-
tory of hypertension [59]. Lastly, a similar study compared adverse events in patients
with hypertension versus normotensive individuals during 100 g licorice containing
150 mg glycyrrhetinic acid per day for 4 weeks. Systolic and diastolic blood pressure
were slightly increased in normotensive (3.5 and 3.6 mmHg) but significantly greater
increase in hypertensive patients (15.3 and 9.3 mmHg). Increase in urinary cortisol
correlated with the rise in blood pressure [60]. These data suggest that glycyrrhizin
at dose >200 mg/day short-term and > 100 mg/day long-term in patients or healthy
individuals can cause reversible hyperkalemia and hypertension.

4.4 Licorice toxicity

Despite licorice being a substance generally recognized as safe (GRAS) in
the United States [61] and regarded as having a high safety profile because it is
consumed as food [32], licorice can cause hypertension and hypokalemia in a
dose-dependent manner [57]. However, safe dose will vary depending on licorice’s
composition and the underlying medical conditions. Those with hypertension, heart
or kidney disease are more sensitive to licorice toxicity [40]. In a study involving 360
subjects, no clinically significant change in renal function (potassium, blood urea
nitrogen, and creatinine levels) were found in 98.3% of the subjects after ~19 days
of ~8 g licorice per day taken as dietary supplements that contained other ingre-
dients. The remaining 1.7% of subjects developed hyperkalemia [62]. In a safety
and toxicity study with 39 healthy female and male volunteers aged 19-40 years
old, glycyrrhizic acid was administered at 1, 2, and 4 mg/kg body weight daily for
8 weeks. A no-effect level of 2 mg/kg was found and applying a 100-safety factor,
the acceptable daily intake of 0.2 mg/kg body weight was proposed. This is equiva-
lent to 12 mg glycyrrhizic acid/day for a 60-kg person [63]. Similarly, based on
review of in vivo and clinical evidence, an acceptable daily intake has been proposed
to be 0.015-0.229 mg glycyrrhizin/kg body weight [64]. The acceptable daily intake
without a safety factor is equivalent to 120 mg glycyrrhizic acid. This dose could be
considered safe if used short-term in a situation of high benefit versus risk.

4.5 Licorice pharmacokinetics

Glycyrrhiza glabra has shown weak inhibition of CYP3A4 and moderate inhibi-
tion of CYP2B6, 2C8, 2C9, and 2C19. Glycyrrhiza uralensis showed strong inhibition
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of CYP2B6, moderate inhibition of CYP2C8, 2C9, and 2C19, and no inhibition of
CYP3A4 and 2D6. Glycyrrhiza inflata strongly inhibited CYP2C enzymes and mod-
erately inhibited of CYP3A4, 1A2, 2B6, and 2D6. None of the three species inhibited
CYP2E1 and 2A6. Glycyrrhizin content was highest in G. uralensis suggesting that
glycyrrhizin is a weak inhibitor of the major enzymes CYP3A4 and 2D6 [65]. Weak
inhibition of CYP3A4 and 2D6 by glycyrrhizin and G. glabra were also found in a
different study [66].

4.6 Licorice safety summary

A safe daily dose for short-term use consists of licorice with less than 100 mg
glycyrrhizin. For daily long-term use a dose of 12 mg glycyrrhizin has been pro-
posed. COVID-19 studies are using short-term doses of <100 mg glycyrrhizin per
day. Caution should be taken when combining licorice with medications. Licorice
inhibits several cytochrome P450 enzymes including CYP1A2, 2B6, 2C8, 2C9, and
2C19. Only G. inflata inhibits CYP3A4 and 2D6.

5. Curcuma longa (turmeric) — Antiviral and anti-inflammatory
5.1 Turmeric in COVID-19

Turmeric has antiviral and anti-inflammatory effects that might benefit COVID-
19 patients [10, 13]. It has also been hypothesized that the antioxidant effects of
turmeric benefit diabetic patients during COVID-19 infection [67]. However, some
has expressed concerns that curcumin, the main active component of turmeric,
might increase the expression of ACE2 and worsen COVID-19 infection as well
as increase pro-inflammatory cytokines and worsen COVID-19 in patients with
cytokine storm [26]. In the contrary, curcumin binds to viral S protein and the viral
attachment sites of the ACE2 receptor protein to inhibit the entry of SARS-CoV2
[18, 68]. In addition, curcumin has shown to reduce inflammatory cytokines in
COVID-19 patients. In a clinical study with 40 COVID-19 patients, curcumin given
as nano-curcumin at 160 mg/day for 14 days reduced the inflammatory cytokines
IL-6 and IL-1p as well as clinical manifestations (fever, cough, dyspnea, headache,
chest radiography, lymphocyte, white blood cells, and platelets count) in compari-
son to placebo-treated group. Both groups were taking atorvastatin, bromhexine,
and betaferon concomitantly with 5-15% of them having diabetes, cardiovascular
disease or renal disease. These results suggest the effectiveness and safety of
curcumin in COVID-19 patients with underlying medical conditions [69].

5.2 Turmeric in diabetes

In clinical trials with type 2 diabetic patients, curcuminoids from 250 mg/day for
9 months to 1 g/day for 3 months improved glycemic control, f-cell function, insu-
lin resistance, and reduced inflammatory cytokines with no major adverse effects.
Minor side effects included diarrhea, constipation, vertigo, and itching. Some clini-
cal and preclinical studies also showed that curcumin improve biomarkers of liver
and kidney damage [70]. In a clinical trial on 46 patients with diabetic nephropathy,
1.5 g curcumin for 16 weeks improved 24-h urine analysis for albuminuria with no
change in blood urea nitrogen, creatinine, fasting blood sugar, 2-h postprandial
blood sugar, lipid profile, serum albumin, and hemoglobin A1C in comparison to
placebo and baseline [71].
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5.3 Turmeric in heart disease

A recent meta-analysis found that turmeric or curcumin have no effect on
diastolic blood pressure and minor effect on systolic blood pressure when taken for
longer than 12 weeks [72]. A meta-analysis that included 7 randomized, placebo-
controlled clinical trials in patients with cardiovascular risk factors (i.e., non-
alcoholic fatty liver disease, metabolic syndrome, type 2 diabetes, prehypertension,
and dyslipidemia) found turmeric powder at 2-2.4 g/day for 1-2 months, turmeric
extract with 0.6-1.9 g curcuminoids/day for 2-6 months, or curcumin at 70-80 mg/
day for 2-3 months were effective in reducing serum LDL-cholesterol and triglyc-
erides levels. Adverse events reported were abdominal pain, nausea, dyspepsia, con-
stipation, and hot flushes. Hot flushes were also reported in the placebo group. In 3
of the trials patients were kept on their medications during the study; however, only
one trial disclosed the name of the concomitant drug treatment (metformin) [73].

5.4 Turmeric toxicity

Turmeric has GRAS status in the United States [74]. Through a toxicological
assessment, the European Food Safety Authority (EFSA) has recommended curcumin
daily intake be <3 mg/kg body weight per day (180 mg/day in 60 kg individuals) [75].
In 2-year oral feed studies, turmeric oil at 79-85% curcumin showed no biological
significantly differences in hematology, clinical chemistry (liver and kidney function
markers), and urinalysis parameters, but showed to potentially cause carcinogenicity
in mice and rats especially in females at doses >100 mg/kg body weight in rats and
300 mg/kg body weight in mice [76]. However, the EFSA concluded that curcumin
is not carcinogenic and studies have demonstrated the benefits of curcumin as an
adjunct treatment of cancer [77]. High daily dose of curcumin might cause hepa-
totoxicity. In rats, 25 and 100 mg/kg body weight for 90 days of curcumin induced
liver injury through the generation of reactive oxygen species and pro-inflammatory
cytokines as well as reduced antioxidant and detoxifying enzymes SOD and GST [78].
Similarly, 5% turmeric via diet for 90 days in female Wistar rats and 0.2% turmeric
via diet in female Swiss mice was hepatotoxic. Human equivalent dose for these rodent
studies ranged from 250 mg curcumin/day to 1 g-50 g turmeric/day [79, 80].

5.5 Turmeric pharmacokinetics

Turmeric constituents have shown to inhibit p-glycoprotein in vitro and in vivo
models [81]. Inhibition of p-glycoprotein can lead to increased bioavailability of
drugs [82]. Curcumin is primarily eliminated in the feces with little renal excre-
tion in a rat study [76]. In a pharmacokinetics study with healthy adults, turmeric
reduced the bioavailability of the beta-blocker talinolol [83]. Curcumin was safe
and effective when combined with glyburide in patients with type 2 diabetes. Better
cholesterol and glycemia control without hypoglycemic side effects were observed.
Curcumin increased AUC but did not change Cy,.« of glyburide [84]. In rats,
curcumin increased the Cy,,x, AUCy and half-life of amlodipine — an antihyperten-
sive drug [85]. Amlodipine is metabolized by CYP3A4 in humans [86]. Curcumin
inhibits several hepatic CYP enzymes including 3A4, 1A2, 2B6 (competitive type
of inhibition), 2D6 and 2C9 (non-competitive inhibition) in human recombinant
cytochrome P450s [87]. However, it is been suggested that these effects are not
clinically significant due to poor bioavailability of curcumin. In fact, in a pharmaco-
kinetics study in healthy volunteers, 4 g curcuminoids +24 mg piperine to enhance
bioavailability did not affect Cy,,x, AUC, clearance, or half-life of drugs metabolized
by CYP3A, CYP2C9, and UGT, SULT conjugation enzymes [88].
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5.6 Turmeric safety summary

Turmeric is safe and effective at doses <250 mg curcumin/day. Higher doses
are associated with hepatotoxicity and potentially carcinogenicity. Doses as low as
70-250 mg curcuminoids/day has shown to be effective in metabolic disorders and
COVID-19. Although turmeric inhibits cytochrome P450 enzymes, these effects
seem to be clinically negligible. Caution when taken with drugs that are substrates
of p-glycoprotein in order to avoid drug overdose. Although turmeric has hypo-
glycemic effects and might cause side effects such as fainting when combined with
antidiabetic medications, this combination has shown to be safe in clinical trials.

6. Nigella sativa (black seed) — Anti-inflammatory and respiratory
support

6.1 Nigella sativa in COVID-19

N. sativa is a plant native to South East Asia with several pharmacological
effects including bronchodilation, antitussive, and anti-inflammatory and used
as treatments of respiratory conditions, diabetes, cardiovascular diseases, among
others [89, 90]. For example, in a clinical trial with 90 obese women, 3 g/day of
N. sativa oil for 8 weeks reduced serum levels of TNFa and hsCRP in comparison
to placebo with no adverse events reported [91]. In patients with asthma, 1 g N.
sativa oil per day for 4 weeks reduced several inflammatory markers and improved
pulmonary function [92]. Preclinical studies have shown that constituents in the
methanolic extract of N. sativa seeds are responsible for the bronchodilator effect
[93]. Recently, N. sativa has been regarded as a potential therapy for COVID-19
[13, 18, 94, 95]. For example, in a molecular docking-based study N. sativa inhibited
SARS-CoV?2 [94].

6.2 Nigella sativa in diabetes

Several clinical trials have been conducted to evaluate N. sativa in patients with
type 2 diabetes [96]. For example, three controlled studies investigated the adjuvant
use of 1-3 g/day N. sativa seeds powder or 2.5 ml/day N. sativa oil for 12 weeks in
patients with type-2 diabetes. Significant and similar effects were observed with
doses of 2 and 3 g/d on the reductions in fasting blood glucose, 2-hour postprandial
glucose, HbAI1C levels, and insulin resistance. Treatments were not associated
with any adverse renal or hepatic functions throughout the study period. Patients
were concomitantly taking oral hypoglycemic drugs (glibenclamide, metformin,
rosiglitazone) but not insulin. Patients with coronary artery disease, valvular heart
disease, heart failure, uncontrolled hypertension, renal failure and hepatic failure
were excluded [97-99].

6.3 Nigella sativa in heart disease

In a meta-analysis including 11 randomized clinical trials with 860 hyperten-
sive or normotensive individuals, N. sativa seeds versus placebo and one versus
standard treatment significantly reduced systolic blood pressure by —3.60 mmHg
and diastolic blood pressure by —2.80 mmHg. [100]. A similar meta-analysis
including 17 randomized clinical trials with 1185 individuals with hyperlipidemia,
obesity, hypertension, type 2 diabetes, or others, found that N. sativa seed powder
or oil 1-3 g/day for up to 3 months reduces total cholesterol, LDL-cholesterol, and
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triglycerides [101]. No adverse events were reported by the subjects [102, 103]. One
study in elderly with hypertension reported mild adverse events including dyspep-
sia in 6 subjects (15.7%), nausea in 3 subjects (7.8%), and constipation in 2 subjects
(5.2%). No electrolyte abnormalities, liver and renal toxicities, or orthostatic
hypotension were observed [104].

6.4 Nigella sativa toxicity

N. sativa has GRAS status in the United States [74]. A randomized, placebo-
controlled study with 40 healthy elderly investigated the safety profile after daily
intake of 1 g N. sativa seed powder for 9 weeks. Results found no statistical changes
in any of the biochemical markers of cardiac, liver, and kidney function [105]. In
70 patients with chronic renal disease, 2.5 ml/day N. sativa oil for 12 weeks was
safe and effective in improving clinical and biochemical parameters of kidney
function without adverse events [106]. In a clinical trial with obese women, NN.
sativa oil (which is present in whole seeds and polar seed extracts), reduced body
weight, VLDL cholesterol and triglycerides [107]. Traditional toxicity studies in
rodents have been performed. In mice, hepatotoxicity was observed after 14-days
of oral dosing at 6-21 g/kg body weight of N. sativa seeds water extract. No signs
of hepatotoxicity were observed with methanolic and chloroform extracts. Body
weight reductions were seen in methanolic extracts [108]. Similar findings were
observed with the water extract in rats with increases in serum gamma-glutamyl
transferase and alanine aminotransferase, but no changes in alkaline phosphatase
and degeneration of hepatocytes [109]. In another rat study, 1 g/day for 6 weeks of
whole N. sativa seeds were protective against hyperlipidemia to a similar extent as
simvastatin without adverse effects to liver markers [110]. Human equivalent doses
are 30-100 g N. sativa extracts per day for the mice study, and 10 g whole seeds per
day for the rat study [80].

6.5 Nigella sativa pharmacokinetics

One of the main active constituents in N. sativa seeds and oil is thymoquinone.
Thymoquinone has shown to bind to human a(1)-acid glycoprotein in the plasma
[111] and inhibit CYP2C9 > 2D6 > 1A2 > 3A4 liver enzymes [112]. In hypertensive
rats, N. sativa + alompidine showed greater reduction in blood pressure and heart
rate than N. sativa alone, but no effect on alompidine pharmacokinetics (Cpax,
AUCy., K¢, and terminal half-life) [113]. In another study in hypertensive rats, N.
sativa + losartan showed greater reduction in blood pressure than N. sativa alone. N.
sativa slightly reduced losartan Cy,,, and AUCy, [114]. Alompidine is metabolized
by CYP3A4 and losartan by CYP2C9 and 3A4 in humans. These data suggest that V.
sativa has minimal effect on CYP3A4 but inhibits CYP2C9. In other words, N. sativa
has antihypertensive effects on its own but potentiates the effect of drugs metabo-
lized by CYP2C9 which can cause further drop in blood pressure and lead to side
effects such as fainting.

6.6 Nigella sativa safety summary

N. sativa whole seeds, oil or polar extracts (i.e., non-aqueous) at human doses
up to 3 g/day for 12 weeks beneficially affect inflammatory and metabolic mark-
ers without adverse effects on heart, liver, or kidneys in healthy adults as well as
in patients with heart disease and diabetes. N. sativa reduces blood glucose and
blood pressure. Thus, caution when combining with hypoglycemic and antihy-
pertensive drugs to avoid side effects. N. sativa can increase the bioavailability of
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drugs metabolized by CYP2C9 leading to higher risks of their side effects. Some
diabetes and heart medications metabolized by CYP2C9 are losartan, fluvastatin,
glipizide [25].

7. Interactions summary

The combination of several dietary ingredients might be desirable when their
main mechanisms of action and clinical effects differ. For example, combination of
an anti-inflammatory, antiviral, immunostimulant, and bronchodilator herbs might
be recommended. Safety combination of black seed and turmeric has been demon-
strated in a clinical study. N. sativa seed (1.5 g/d) and turmeric (2.4 g/d) in patients
with metabolic syndrome for 4 weeks was safe and effective in reducing blood glu-
cose, cholesterol, and blood pressure despite both ingredients having hypoglycemic
and antihypertensive effects alone [115]. Any effect of echinacea on blood glucose
and blood pressure is insufficient to evaluate. Licorice can increase blood pres-
sure depending on the dose. Since turmeric and N. sativa have anti-hypertensive
effects, the addition of licorice might be safe. All of the four dietary ingredients
described here inhibit CYP2C9. All except N. sativa also inhibit CYP1A2. Turmeric
and licorice also inhibit CYP2B6. Turmeric inhibits CYP3A4 and echinacea induces

Dietary Level of Level of Level of Main References
ingredient evidence in evidence in evidence in interactions
COVID-19 heart disease diabetes
Echinacea None None Scarce: Induces [27-29,
positive CYP3A, inhibits 36, 38]
effectin1 CYP1A2, and
preclinical CYP2C9
study
Licorice Positive Negative effects Scarce: Safe dose [45-61,
effects in in several clinical positive <100 mg 63-66]
vitro and trials showing effectsin1 glycyrrhizin.
2 ongoing hypertension and clinical, 1 Inhibits
clinical hyperkalemia preclinical, CYP1A2, 2B6,
trials and 1 in vitro 2C8, 2C9, and
study 2C19. Only G.
inflata inhibits
CYP3A4 and
2D6
Turmeric Positive Positive effects Positive Safe dose [68-77, 88]
effects in in several clinical effectsin <250 mg.
vitro and 1 trials several Inhibits
completed clinical trials p-glycoprotein
clinical and not
trial clinically
significant
inhibition of
P450 enzymes
Black seed Positive Positive effects Positive Inhibits [94,96-104,
effects in in several clinical effects in CYP2C9 111-114]
vitro trials several

clinical trials

Table 2.
Summary of level of evidence for efficacy and safety of echinacea, licorice, turmeric, and black seed in COVID-
19, heart disease, and diabetes.
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it. Thus, caution should be taken when combining these dietary ingredients with
drugs metabolized by CYP3A4, 2C9, 1A2 and 2B6. As presented in Table 1, many
drugs used in COVID-19, diabetes, and heart disease are metabolized by CYP3A4
and 2C9. Caution should be taken with echinacea and turmeric because they induce
or inhibit CYP3A4, respectively. Lastly, many drug examples presented in Table 2
are excreted via urine. Turmeric and black seed are likely safe when combined with
medications that are excreted by the kidneys. Caution when combining with licorice
due to its potential to cause hyperkalemia. No sufficient evidence to evaluate
echinacea’s effect on kidney function.

8. Conclusions

All the four dietary ingredients discussed herein are safe for use short-term
as in a setting of treating a disease. However, some might not be safe when taken
long-term. For example, no safety data was found for echinacea in heart disease
and diabetes. Long-term use of low dose or short-term use of high dose licorice can
cause reversible hypertension. Hepatotoxicity might occur with long-term use of
turmeric >250 mg/day. Lastly, all of these four dietary ingredients are metabolized
by cytochrome P450 enzymes to some extent. Mostly they inhibit CYP2C9, 1A2 and
2B6. Caution with echinacea because it induces CYP3A4 and turmeric because it
inhibits it.
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Abstract

Several plants in the genus Pistacia are used in the treatment of various
pathogenic and non-pathogenic disorders. Especially important are the major
species belonging to this genus such as Pistacia lentiscus, Pistacia atlantica, Pistacia
vera, Pistacia tevebinthus, and Pistacia khinjuk, among others; these have been
reported for their potential benefits both in medical and commercial purposes.

In addition, members of this genus exhibit numerous ethnomedicinal uses, such
as analgesic, anti-inflammatory, anticancer, antimicrobial, antihypertension,
antihyperlipidemic, antiviral, and antiasthma. In light of these potential uses,
the present chapter aimed to collect and summarize the literature about all of this
medicinal information. Accordingly, this chapter focuses on the pharmacological
uses and benefits of the genus Pistacia, especially those related to health issues.

Keywords: Pistacia; Pistacia lentiscus, Pistacia atlantica, Pistacia vera,
Pistacia tevebinthus, Pistacia khinjuk, pharmacological activities

1. Introduction

Pistacia, a genus that belongs to the family and order of Anacardiaceae and
Sapindales, respectively, includes almost twenty species five of which have been
classified and characterized as significant and economically important [1]. Flowers
of this genus are in panicles or racemes, unisexual, small, apetalous, subtended by
1-3 small bracts and wind-pollinated, and 2-7 bracteoles. Deciduous, alternative
or evergreen leaves are typically pinnate, sometimes simple or trifoliate, leathery,
or membranous [2]. Pistacia vera, P. khinjuk, P. atlantica, P, tevebinthus, and P
lentiscus are the foremost species of the genus Pistacia, where studies carried out by
numerous researchers showed that the Pistacia vera L. as the utmost economically
valuable species [3]. Cultivated pistachio, which is scientifically known as Pistacia
vera has continued to rise to an annual estimated value of around $2 billion over the
last two decades [4]. It has comestible seeds and a commercially important influ-
ence. Pistachios, often utilized in the shell, are fresh to consume; baked products,
fruit, and ice cream are used for manufacturing purposes. Their applications as
traditional, medical, and non-food products, such as toothache relief, are also
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available. In addition, Pistachio has been documented as a solution for sclerosis

and scirrhus of the liver, abscesses, impaired circulation, and other health-related
issues [2, 5]. Furthermore, the Pistacia genus has been tested for multiple ethnome-
dicinal ailments, including inflammation, cancer, microbial attack, hypertension,
and asthma, among others. The frequent usage of representatives of this genus
rendered it as core plants in natural medicines. For instance, several health prob-
lems and disorders caused by free radicals may be can be mitigated by means of
antioxidants.

Antioxidants are the strongest protective agents against free radicals. In this
respect, members of genus Pistacia have been documented to display variable
degrees of free radical scavenging potential. Leaf extracts obtained from Pistacia
lenticus and P. atlantica exert antioxidant effects with 14.16% and 19.3%, respec-
tively [6]. In addition, research findings indicated that genus Pistacia gens has
been established as natural antimicrobial agents. Fungal growth was substantially
decreased by the crude leaf extract of P, atalantica and P, lenticus, but the growth
of bacteria was not significantly suppressed [6]. Similarly, the mouthwash of P
atalantica has an impressive antimicrobial effect on the microorganism of gingivae
and has been recommended as reliable and effective [7]. In addition, essential
oil from P, vera with an effective effect against some pathogenic bacteria particu-
larly S. aureus and E. coli [8]. On the other hand, the lipophilic extract of P. vera
demonstrated potential antiviral effect [9]. In addition, P, lenticus, P. atlantica,

P, palaestina, and P. vera, among others exhibited anticancer activity in numerous
experimental studies. In this context, the crude extract of leaves and fruits of P
lenticus substantially suppressed the growth in the cell line of the growing mela-
noma [10], where inhibitory potential against BHK21 cell line has been identified
in the seed oil of P, lenticus [11]. Furthermore, the ethanol extract of P. atlantica
showed significant activity against gastric and cervical carcinoma [12]. Besides,
the essential oil obtained from P. palaestina is efficient in inhibiting malignant
colorectal cancer [13]. Mansouri et al. [79] evaluated in vivo the neuroprotective
effect of P vera L. gum extract on oxidative damage during cerebral ischemia—
reperfusion in rats and concluded that the neuroprotective potency may be due to
cumulative antioxidant defense as well as suppression of free radical production
[14]. Besides, anthelmintic role has been observed for different extract and essen-
tial oil of P. khinjuk particularly against Echinococcus granulosus, which develops
hydatid cyst [15]. Except for all of these biological activities, members of genera
Pistacia exert high therapeutic activity against numerous health issues, including
peptic ulcer, colitis, Hypoglycemia, obesity, hypertension, Nephritic disorders,
hepatic disorders, and other toxicological problems. Based on the previous dis-
cussion, the aim of the present work is to collect and summarize the medicinal
information along with recent references pertaining to members of the genus
Pistacia, which would be helpful to and further researchers in the field. Below are
details about documented biological activities related to the members of the genus
Pistacia.

2. Biological activity
2.1 Antioxidant effect
Free radicals are responsible for ample of disorder in human medicines.

Blockage, neutralization or complexation of these noxious radicals can prevent or
mitigate numerous health issues. In this respect, synthetic antioxidants might be
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responsible for several side effects; therefore, natural antioxidants are preferred.
Antioxidants are the best preventive agents against free radicals responsible for
various diseases. Within this context, different members of the genus Pistacia
demonstrated variable degree of free radicals scavenging potential. The leaf
extracts of P lenticus and P, atlantica showed a week antioxidant effect (14.16 and
19.3% respectively) [1]. On the other hand, the methanol extract of P. linticus

at the flowering season was tested for antioxidant effect using DPPH and PRAP
assays; results showed a high significant antioxidant (131 mmol/L) effect [2].
Similarly, the crude leaf extract of P. linticus demonstrated significant antioxidant
potential [3]. The methanol leaf extracts of P. atlantica of 34 collected samples
were tested for antioxidant effect, and results revealed significant antioxidant
[4]. In a similar fashion, the seeds and skin of pistachio (P. vera L) were subjected
to antioxidant effect (DPPH, TEAC, and SOD mimetic assays), and the phenolic
contents quantification (HPLC) were determined. The best antioxidant effect

of skin as compared to seeds was attributed to the highest phenolic contents [5].
Additionally, the hydrophilic extract of pistachio nut showed antioxidant effects
due to the presence of polyphenolic compounds [6]. The acetone and methanol
extracts of P. terebinthus demonstrated good antioxidant effects, attributed to

the presence of various phenolic contents and flavones [7]. P weinmannifolia is a
shrub and widely distributed in the Yunnan area of China. The leaves of this plant
are used traditionally by the herbalist. The leaves are rich in phenolic constitutes,
among which Gallotannins, Pistafolin A and B were confirmed. The protection

of lipid, proteins and DNA damage from the reactive oxygen species (ROS) by
Pistafolin A and B through antioxidant effect was reported. The free radical
scavenging effect of Pistofoli A was more potent than Pistofolin B due to struc-
tural changes [1]. Taken all together, Pistacia plants could be excellent free radical
scavengers, which could help to cure or mitigate several diseases. The ROS or RNS
etc., as free radicals interact with the cell membrane, such as the free radicals
interact with hemoglobin and making them denatured, the denatured hemoglobin
accumulating at the surface of RBC and making the cell membrane non-flexible,
which leads to the rupturing of RBC known as hemolytic anemia. The use of
antioxidanta, especially the plants-based antioxidants, can prevent a lot of health
problems.

2.2 Anti-microbial effect

The list of antibiotics is supplementing day by day due to antimicrobial
resistance issues. These antibiotics are helpful and have extended spectrum but
are responsible for various adverse effects. These adverse effects minimize the
patient compliance, and, therefore, the search for new, effective and affordable
antibiotic is a big challenge to phytochemical researchers. In this respect, natural
antibiotics could have multiple uses in addition to the antibiotic effect; therefore,
the use of natural antibiotic can minimize the polypharmacy. Within this context,
research findings indicated that the crude leaf extract of P, lenticus and P, atalantica
significantly reduce the fungal growth, whereas weak bacterial inhibitory effect
was reported [1]. Roozegar investigated the effect of P, atalantica leaf extract
against mouth and saliva bacterial load, and reported a significant effect against
S. mutans and S. mitis in disk diffusion method with zone of inhibition of 19 and
25 mm, respectively; no significant effect was observed against S. salivarius [8]. The
mouthwash of P, atalantica exhibited excellent antimicrobial effect against gingival
microorganism. Therefore, this mouthwash was recommended as effective and

safe [9].
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Similarly, the hydro extract of P. atalantica was tested against different bac-
teria in vitro and was found effective against E. coli, P. aeruginosa and S. aureus,
except for H. pylori [10]. Additionally, the hydro distilled essential oil from
the stem of P. vera was tested against some pathogenic bacteria, and exhibited
significant effect against E. coli and S. aureus [11]. Furthermore, the antibacterial
potential of P, lenticus extract was tested against gram positive and gram-negative
bacteria. Results demonstrated that the extract exerts significant effect against
gram positive as compared to gram negative bacteria [12]. The leaf extract of
P, khinjuk when screened for the antibacterial and antifungal potential exhib-
ited significant activity [13]. On the other hand, the essential oil of P. khinjuk
was found to contain, through GC-MS analyses y-terpinene (81.14%) (w/w),
B-pinene (3.93%) (w/w), and a-terpinolene (2.38%) (w/w). This essential oil
was tested for activity against P. aeruginosa and S. subtilis. Chemical constituents
of the essential oil might be responsible for the antibacterial effect against the
tested pathogenic bacteria [14]. Similarly, the essential oil from the leaves of P
lenticus was also tested against different gram positive and gram negative patho-
genic bacteria. The major chemical constitutes in essential oil were a-pinene
and p-pinene, and a variable degree of antibacterial effects were observed
[15]. Volatile compounds from the essential of leaves and fruits of P. lenticus
exhibited best antibacterial effect [16]. Likewise, the antimicrobial effect of P
integervima has been reported against various pathogenic microbes. The oil was
found rich in 1-terpinen-4-ol (28.82%), p-menth-1-en-8-ol, (43.38%), n-octyl
acetate (19.91%), and p-farnesene (7.88%). The concentration of a-terpinolene,
limonene and a-thujene were less than 1%. The tested oils exhibited promising
antibacterial activities. The zone on inhibition against E. coli, S. aureus, K. pneu-
monia, Straptodirimu, B. steavothermophilus and S. typhimurium was 16, 18, 26,
22,18 and 20 mm, respectively [17]. The essential oil of P. terebinthus (collected
from Tunisia and Italy) was reported along with chemical composition (GC and
GC-MS). The oil was isolated through hydrodistillation. The oil consisted of
monoterpene hydrocarbons (86.3% and 90.9%, respectively), a-pinene (62.4
vs. 35.0)%, camphene (3.0 vs. 2.4)%, f-pinene (12.1 vs. 4.5)%, terpinolene (1.7
vs. 35.2)% and p-phellandrene (3.8 vs. 4.5)% as the main components. The oil
demonstrated significant effect against T. rubrum, M. canis and E. floccosum, with
MIC and MLC values in the range (0.16-0.32) pL/mL [18]. In view of the above
discussion, these plants might help against different pathogenic infections. Plants
accumulate numerous phytochemicals that interact with the micro-organisms.
The inhibition or the killing of these micro-organisms might be due to cell wall
inhibition or protein synthesis inhibition or might be due to the antimetabolite
action of constitutes. These plants’ use for the above infections needs to explore
the exact mechanism on related microbes and clinical trials.

2.3 Antiviral effect

The antiviral effect of natural products cannot be ignored. The non-polar extract
of P vera is antiviral. Herpes simplex (DNA) and Parainfluenza virus (RNA) was used
for confirmation of antiviral effect [19]. The extracts demonstrated antiviral effect
at a concentration of 128-256 pg/mL. Different antiviral compounds have been
identified in P, lenticus. The HSV-2, Coxasakievirus-3 and adenovirus-5 were used.
The methanolic extract of P. lenticus demonstrated antiviral action against HSV-2
[20]. The polyphenolic rich extract at concentration range of 0.4, 0.6, 0.8 mg/mL of
P, vera has been used against the HSV-1 with significant results [21]. Further study
is needed to confirm the antiviral action of Pistacia against a wide range of viruses,
including coronavirus.
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2.4 Antiemetic effect

Emesis is one of the common side effects of numerous drugs. Emesis is also a
common problem of other associated diseases. Natural products used for this pur-
pose are well developed traditionally. The copper sulfate and ipecac-induced emesis
has been blocked by the P, vera leaves and nut extract [22]. Copper sulfate induces
emesis through GIT irritation, and ipecac induces emesis through GIT irritation
and chemically stimulated the CTZ. The chemical constitutes of ipecac get readily
absorbed and interact with 5SHT3 and dopamine receptors. A mechanistic study is
needed to confirm the extract mode of action.

2.5 Anticancer effect

The crude extract of P, lenticus leaves and fruits significantly inhibited the
growth of melanoma cell line (B16F10 cells). The leaves and fruits significantly
inhibited the B16F10 cells (ICs, = 56.40 and 58.04 pg/mL, respectively) [3], whereas
the seed oil and phenolic compounds fraction of P. lenticus showed inhibitory
potential against BHK21 cell line. The ICso was 0.029 g/mL and the percent effect
was 42.4 at the concentration of 0.09 g/mL [23]. The essential oils extracted from
the fruits and leaves of P, lenticus were tested for anticancer effect. The oil of leaves
exhibited interesting anticancer activity as compared to fruits [16] on RD and L20B
cell lines with ICs, values of 26.43 + 2.18 and 33.02 + 2.84 pg/mL, respectively. A
protective effect of the oil of P. lenticus has been reported in bleomycin-induced
lung fibrosis and oxidative stress in rats [24]. A significant anti- proliferation
potential of P, atlantica against COLO205 has been noticed along with good antioxi-
dant effect [25]. Colorectal cancer is one of the major malignant forms of cancer,
which has been blocked by the essential oil from the P. palaestina [26]. The ethanol
extract of P, atlantica demonstrated a significant effect against the gastric and
cervical carcinoma along with antioxidant effect, which is attributed to the pres-
ence of phenolic compounds in the extract [27]. The ethyl acetate extract of P. vera
L. also attenuated the growth of MCF-7 human breast cancer [28]. The anticancer
effect of these plants against various cells line is well established. Interestingly, the
antiemetic effect of these plants is very good regarding the anticancer effect because
most anticancer drugs have emesis as a significant side effect. If a natural remedy
has anticancer and antiemetic potential, it might be one of the best therapeutic
mixtures.

2.6 Cytotoxic effect

The crude extract and fractions of P, integerrima of gall, root, bark, and leaves
have been reported with cytotoxic effect against brine shrimp [29]. The extract
and fractions were tested at various concentrations (10, 100, and 1000 ppm). This
preliminary study is a pathway toward anticancer potentials.

2.7 Antiparasitic effect

The essential oil (EO) from the leaves and fruits of P. lenticus were tested against
leishmanial species (L. infantum, L. major, and L. tropica) using MTT assay. Both
of the tested samples demonstrated a variable degree of cytotoxic effect. The
major constituents of leaves were myrcene, a pinene, while limonene and a-pinene
constituted fruits essential oil. The EO of leaves demonstrated significant effect
against L. major (IC50 = 17.52 + 1.26 pg/mL) as compared to the EO of fruits
(IC50 = 21.42 + 2.92 pg/mL), while the EO of fruits exhibited more effect than

121



Natural Medicinal Plants

leaves against L. infantum (IC50 = 08 + 0.83 pg/mL) than P, lentiscus leaves essential
oils (IC50 = 11.28 + 1.63 pg/mL) [16]. The extract of P. khinjuk demonstrated a
significant in vivo and in vitro effects against L. major and L. tropica [30]. The fruits
and leaves extract of P, atlantica and P. vera demonstrated a significant inhibition
against hydatid cyst protoscolices [31, 32]. The essential oil of P, vera inhibited in
vitro and in vivo leishmanial effect [33]. The essential oil of P, lenticus also demon-
strated anti-trichomonas vaginalis trophozoites. The EO were tested at concentra-
tion range of 15, 10 and 5 mg/mL with different time duration of incubation. The
morphological changes were monitored through TEM [34, 35]. A new antiparasitic
agent (pistagremic acid) has been reported from the P, integerrima with ICsg:

6.71 + 0.09 pM against Leishmania major [36].

2.8 Antidiarrheal effect

The crude methanolic extract of P, integerrima significantly reduces the castor
oil-induced diarrhea in mice, where maximum relaxation of smooth muscle was
noticed. The induced contraction was exerted through calcium and muscarinic
receptor agonist. Contraction was inhibited by the plant extract, and this inhibition
reflects the plant’s antimuscarinic action as well as the calcium channel blocking
properties [37]. The crude methanolic effect of P. integerrima bark has been tested
for its GIT motility effect and showed a significant reduction in induced loos
motion [38].

2.9 Antispasmodic effect

The crude methanolic extract of P, integerrima demonstrated a significant
inhibition in spontaneous contraction of rabbit jejunum [37]. This calcium-induced
contraction was reversed by the plant extract. This relaxing effect on GIT smooth
muscle reflects the constipating effect of plant extract.

2.10 Bronchodilator effect

The induced contraction of tracheal section was completely relaxed with the
application of methanolic extract of P, integerrima [37]. The essential oil of
P, integerrima has been reported with antiasthematic effect [39].

2.11 Analgesic effect

P, integerrima bark’s methanolic extract significantly reduced the induced
writhing in mice representing the painkiller potential in this plant. This attenua-
tion of acetic acid-induced writhing at the dose of 100 mg/kg reflects the periph-
eral analgesic effect of plant extract [38]. P. integerrima gall’s extract demonstrated
significant analgesic effect against acid-induced writhing, formalin-induced pain,
and thermal-induced central algesia. The extract also attenuated the thermal-
induced pain [40]. The gall analgesic effect was due to the presence of analgesic
flavonoids [41]. The P, vera leaves extract proved central and peripheral analgesic
in animal models [42]. The oil of P atalantica fruits attenuated acetic acid-induced
writhing in rats [43]. The P. atlantica was also reported to have a good painker
in another study [44, 45]. Pestagremic acid is one of the potential analgesic
constitutes of the P, integerrima bark [46]. The oleoresin demonstrated the anti-
inflammatory effect while rest of the samples were devoid of analgesic potential
[47]. The gold nanoparticles P. integerrima gall have been tested for analgesic
effect at the tested doses of 10 and 20 in acetic acid-induced pain model. Results
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demonstrated significant analgesic potential [48]. These research data reflect that
this genus has central and peripheral analgesic potential. The opioids receptors
mediate the central pain, while peripheral pain receptors or COX inhibition are
responsible for the peripheral analgesic effect. The available synthetic drugs having
a good analgesic effect but are associated with side effects like a peptic ulcer. To
find the analgesic remedy free of side effects is a big challenge to the researcher in
the current modern era. The above-tested extract or constitutes needs to inter in
the clinical trial to find more useful analgesic drugs.

2.12 Anti-osteoarthritis effect

Osteoarthritis (OA) is one of the chronic health problems around the globe. The
patient of OA commonly uses NSAID as self-medication, especially in developing
countries. To develop or discover new effective and safe medication for OA, plants’
screening is essential. The oleoresin from P, atlantica demonstrated a comparable
effect with diclofenac in knee osteoarthritis [49]. The P, atlantica cream might
inhibit various enzymes involved in inflammation. The formulated cream signifi-
cantly inhibited the OA induced condition. The topical anti-OA is far better than
systemic use for the elimination of severe side effects.

3. Anti-inflammatory activity

The faction of the leaves of P. lenticus significantly attenuated the induced
edema as compared to acetylsalicylic acid [3]. The crude extract of the gall of P
integerrima also demonstrated anti-inflammatory effect in various doses [40].

In another study, the anti-inflammatory effect of gall was attributed to the pres-
ence of flavonoids. The isolated flavonoids were tested for carrageenan-induced
edema and provided significant anti-inflammatory [41]. The EO from the fruits
of P, lenticus attenuated the carrageenan-induced edema (inflammation) at
various tested doses [50]. The crude leaves extract of P. vera demonstrated anti-
inflammatory effect both in acute and chronic inflammatory models [42]. The

P, atlantica has been proven significant anti-inflammatory in animal model [44,
51]. The bark of P, integerrima accumulated anti-inflammatory constitutes like
pestagremic acid [46, 52]. The nano particles of P, integerrima gall also showed
significant anti-inflammatory effect [48]. The ethanolic and aqueous extracts of
different parts of P. vera as its oleoresin have been tested for anti-inflammatory
effect. The oleoresin demonstrated the anti-inflammatory effect while the rest of
the samples were devoid of anti-inflammatory potential [47]. In another study,
the significant anti-inflammatory effect (in-vivo and in-vitro) of P. vera has been
reported [53]. The extract and triterpene from the P, terebinthus gall demonstrated
significant acute and chronic anti-inflammatory effects [54]. The aqueous extract
of P. khinjuk demonstrated anti-inflammatory effect [54, 55]. The above data mean
that the genus has the best anti-inflammatory plants. Inflammation is caused

by prostaglandin (PG) production. The PGs are the product of arachidonic acid
through COX. Inhibition of COX is responsible for the anti-inflammatory effect.
These COX are widely distributed in the body. The extract or constitutes blocking
COX are considered as anti-inflammatory drugs.

3.1 Anti-gout effect

The leaves of P, integerrima demonstrated uric acid (UA) lowering effect in
fructose induced hyperuricemia animal model [56]. The chemical constituents
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such as quercetin-3-O-p-d-glucopyranoside, kaempferol-3-O-p-d-glucopyranoside,
quercetin-3-0-(6"-O-syringyl) -p-d-glucopyranoside, kaempferol-3-O-(4"-O-
galloyl)-a-l-arabinopyranoside, rutin together with aglycons, quercetin, kaempferol
and apigenin inhibited the XO up to a variable degree. The inhibition of XO isa
strong indicator of P, integerrima as a significant anti-gout. Hyperuricemia is also a
chronic pain condition and needs to prolong treatment.

3.2 Anti- epileptic effect

Epilepsy is one of the most common, serious neurological conditions, affect-
ing more than 50 million people worldwide. The hydroalcoholic extract of P
vera demonstrated a significant anti-epileptic effect in pentylenetetrazole (PTZ)
chronic induced kidding in male rats [57]. The epileptic condition was induced by
PTZ (40 mg/kg, IP), and the induced condition was significantly inhibited by the
extract of P, vera at the tested doses of 50 and 100 mg/kg. The inhibition of chronic
induced seizure indicate that P, vera is a significant antiepileptic. The petroleum
ether extract of P. integerrima attenuated the PTZ-induced jerks in zebrafish and
mice models at the dose of 50 and 100 mg/kg. The antiepileptic effect was further
confirmed through maximum electroshock (MES) in a rat model. The tested extract
significantly attenuated various aspects of induced jurks [58].

4. Sedative and hypnotic activity

Insomnia is a worldwide health issue with different etiology. This condition is
treated as self-medication through benzodiazepines, which have a potential side
effect of addiction. Once the patient gets addicted, then these medicines are used
for life. The natural plant’s based tranquilizers might be free of such addiction due
to the accumulation of agonist and antagonistic chemical constituents. The hydroal-
coholic extract of P. vera gum showed a sedative effect in the locomotor test. The
extract at the dose of 0.25, 0.5, 1 g/kg showed the increased duration of sleep and
shortened sleep latency hypnotic effect in phenobarbital-induced sleep [59].

4.1 Muscle relaxation

The hydroalcoholic extract of . vera gum acted as muscle relaxant in traction and
rotarod test. When tested at 0.25, 0.5, 1 g/kg and only the higher dose (1 g/kg) demon-
strated this muscle relaxation effect [59]. No further syudies are available.

4.2 Effect on memory

The essential oil of P, lenticus attenuated memory dysfunction in rats. P. lentiscus
oil (PLo) at a dose of 3.3 mL/kg for 15 days reversed LPS-induced memory deficits
in rats. Besides, the increased acetylcholinesterase activity in brain structures of
LPS-treated rats was reduced by PLo. Additionally, PLo significantly attenuated
the increased oxidative stress in the brain of LPS-treated rats [60]. The chemical
induced memory impairment was regulated with P, vera fruit [61].

4.3 Anti-fatigue effect

The hydro-alcoholic extract of P, vera seed is significant anti-fatigue. The
extract was tested at the dose of 10, 100 and 1000 mg/kg in male rats. Animals were
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allowed to run at the speed of 20 m/min on treadmills. The extract tested animals
demonstrated less fatigue as compared to a negative control [62].

4.4 Anxiolytic effect

A significant population of the world is affected by anxiety and depression. The
chronic use of anxiolytics is responsible for the physical dependence and with-
drawal syndrome. To minimize or avoid such harmful effects, the natural plants
based treatment might be helpful. The fruits extract of P atlantica demonstrated
significant anxiolytic effect in intact and gonadectomized rates [63]. In elevated
puls maze animal model the extract of P. vera gum showed anxiolytic effect at

higher dose (1 g/kg) [59].

5. Wound healing

The treatment of wounds is directly related to the use of antibiotics. The
systemic use of antibiotics is associated with various side effects in addition to
resistance. The topical use is far better than systematic use to avoid side effects.
The natural products based topical application have more positive aspects as
compared to the available synthetic chemical molecules. The beauty of plant-
based topical wound healing dosage form is that these remedies accumulated
various synergetic chemicals in addition to phytosterols. The development of the
natural product-based topical dosage might provide analgesic, anti-inflammatory
and antibiotic effects. The wound-healing effect of these valuable plants is also
outstanding. The fruits oil of P. lenticus has been reported with significant healing
of laser burn [64]. In another study the fruits oil of P. lenticus has accelerated the
cutaneous wound healing [65]. The P, lenticus resin also shorten the duration of
skin burn in rats in a dose-dependent manner [66]. The P. atlantica and P. khinjuk
extracts increased the curing rate of skin wound in experimental animals [67].
The methanolic extract of P. khinjuk is also a worthy topical anti- wound agent
[68]. The mastic extract, seed oil and resin oil of P. lenticus have been tested
as significant wound healing agent in different experimental models [69-71].
Bioassay -guided isolation and identification of various chemical constitutes of P
vera has been reported [72]. The topical wound healing gel has been formulated
with significant effect of P, atlantica [73].

5.1 Diabetic wound healing effect

Healing of the diabetic wound is a big problem around the globe. There is no
specific treatment for a diabetic foot or wound. Therefore, medicinal plants are the
best option to screen for the said action. The P, atlantica resin oil is the best wound
healing agent in STZ-induced diabetic experimental rat [74]. No more studies are
available for this activity.

5.2 Anti-second degree burn
The curing of second-degree burns is also not so much easier by standard
antibiotic treatment. Therefore, the search for a new, effective and safe anti-burn

therapeutic agent is essential. The topical application of P. vera oil on the second-
degree burn accelerated the wound healing effect [75].
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5.3 Anti-colitis effect

The oil of P, lenticus has been reported as a significant curative and preventive
agent in colitis induced animals [76]. In addition to this plant, no further work is
perform in this regard.

5.4 Anti-peptic ulcer effect

H. pylori is the main cause of peptic ulcer. The ulcer duration is shortened by the
triple therapy of metronidazole, clarithromycin and omeprazole for 15 days. But
the complete eradication of peptic ulcers takes years. The anti-peptic ulcer effect of
oil of P, atlantica is also worth mentioning [77]. A limited study is available of this
genus on anti-peptic ulcer action.

5.5 Neuroprotective effect

The Pistacia genus is one of the best neuroprotective natural products [78]. The
neuroprotective effect of P vera gum in induced ischemia animal is worth mention-
ing [79]. The significant inhibition of acetylcholinesterase and related enzymes is
responsible for the neuroprotective effect of P, terebinthus [80]. The leaf extract and
its major phenolic compounds of P, lenticus reversed the aluminum-induced neuro-
toxic effect in mice [81]. The toxic effect of mercury on brain was regulated by the
P, atlantica indicating the neuroprotective role [82].

5.6 Hypoglycemic effect

The antidiabetic effect of P. atlantica has been reported [44]. In a study, the
n-hexane extract of P, atlantica significantly improved the streptozotocin
(STZ)- induced hyperglycemic condition. The same extract also improved the beta
cell of pancreas [83]. The leaf extract of this plant also inhibited the a-amylase and
a-glucosidase enzymes responsible for the diabetic disorders [84]. The leaf and fruit
extract of P, lenticus significantly attenuated the induced diabetic condition [85].
The alloxan-induced diabetic condition has been normalized by P. lenticus crude
extract [86]. The STZ induced hyperglycemic condition in experimental animal was
normalized by the crude extract of P, terebinthus [87]. The crude methanolic extract
of P vera fruit stem metabolites are week antidiabetic [88]. The potential inhibition
of 11p-hydroxysteroid dehydrogenase 1 by the oleoresin of P, lenticus demonstrate a
good antidiabetic property [89]. Pistagremic acid, one of the potential constitutes
of P. integerrima, is also a-glucosidase inhibitor [90]. Interestingly, the plants in this
genus can cure diabetic patients mostly suffering from diabetic neuropathy as well
as from wounds. So the treatment of all these conditions at a time resulting from
the polypharmacy situation. This polypharmacy situation leads to poor patient
compliance. These plants at a time are antidiabetic, antidiabetic wound healers and
neuroprotective. So further work is highly recommended to test these plants on
such patients who suffer from all these conditions.

5.7 Effect on GLUT

This effect is also directly linked with the anti-diabetic effect. The body has
different types of glucose transporters (GLUT). These GLUT are responsible for the
influx of glucose molecules and keeping glucose concentration in the blood flow.
Among these transporters, the GLUT-II is bi-directional, and the rest are unidirec-
tional. The extract of P, thlantica improved the GLUT-IV transporter expression

126



Pharmacological Investigation of Genus Pistacia
DOI: http://dx.doi.org/10.5772/intechopen.97322

indicating the improved function of insulin [91]. Other plants of this genus are
highly recommended to be tested on these GLUTs.

5.8 Lipid lowering effect

The genus looks quite interesting with a particular aspect of diabetic treatment.
Because the lipid-lowering activity is highly adjuvant to diabetic patients, only two
genus-species have been tested on the lipid-lowering effect, and it is highly recom-
mended to test the rest of the spp. For this effect, P. atlantica subsp. kurdica has
been reported as the best lipid lowering medicinal plant in STZ-induced diabetic
animals. The lipid-lowering effect is helpful in diabetic condition [92]. This effect
has been shown by the P. lenticus fatty oil in egg yolk fed rabbit [93].

5.9 Anti-obesity effect

The bioactive compounds mainly protocatechuic acid (452 pg/g dw) and quinic
acid (960 pg/g dry weight dw) derived from P, atlantica root have been established
to possess a notable lipase inhibition effect on porcine pancreatic lipase [94]. No
further studies are available.

5.10 Antihypertensive effect

The genus is very limitedly explored for the antihypertensive (HTN) effect. The
leaf extract of P, atlantica strongly inhibited the angiotensin-converting enzyme-I
(ACE-I), indicating the antihypertensive effect [84]. The HTN is mostly associated
with DM. So if a clinical trial is conducted on patients suffering from HTN and DM,
it will be very fruitful.

5.11 Acetyl cholinesterase

P, atlantica exhibited a significant acetylcholinesterase inhibition effect [44].
The crude extract and different fractions and fruit stem metabolites of P. vera
caused the significant acetylcholinesterase inhibition [88]. The inhibition of
acetylcholinesterase by the P. khinjuk has also been reported [95].

5.12 Nephroprotective effect

Nephrotoxicity is related to chronic consumption of NSAID, DM, and even with
HTN. The plants are analgesic, anti-inflammatory and nephroprotective. This is
the beauty of natural products that they have multiple indications at a time. Ehsani
et al. [96] established the protective effects of Pistacia vera-derived hydroalcoholic
extract against rat nephrotoxicity induced by gentamicin. Nephrotoxicity in rats
was caused by intraperitoneal gentamicin injection at a dose of 100 mg/kg/day.
Pistachio hydroalcoholic extracts (10, 50, and 100 mg/kg) were administered for
seven days. The findings from this study reported that treatment with pistachio
could ameliorate renal failure and structural damage by mitigating inflammation
and oxidative stress in the kidney [96].

5.13 Hepatoprotective effect
A significant hepatoprotective effect was observed in carbon tetrachloride-

induced hepatitis by the hydroalcoholic extract of P. vera. Hepatoprotective effects
were observed against CCly-triggered liver damage in 40 male rats when treated
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with P. vera hydroalcoholic extract. The antioxidant properties of hydroalcoholic
extract potentially supported hepatic cells to suppress inflammation and necrosis
caused by CCl,. Findings from this study along with earlier studies confirm that
Pistachio extract can act as a potential candidate for liver damage treatment [97].
Another study has been undertaken to ascertain the hepatoprotective effect of the
fruit and leaf extracts of P. lentiscus on acute hepatitis induced by paracetamol,

as evidenced by lowering tissue necrosis, reducing transaminase as well as MDA
serum levels. Hepatoprotective capacity against paracetamol (165 mg/kg body
weight) toxicity was found in mice pretreated with the same dosage of PL (Pistacia
leaves) or PF (Pistacia fruits) extract (125 mg/kg) or a mixture of both. These find-
ings were verified via histological analysis of the liver, which revealed substantial
defense against hepatic necrosis triggered by paracetamol [85].

5.14 Anti-melanogenic effect

The methanol extract derived from seeds of P. vera has been documented to
have anti-melanogenic effects against human Melanoma SKMEL-3 cells. The
consequence of MPH on the content of melanin, the activity of cellular tyrosi-
nase as well as cytotoxicity (MTT assay) of the SKMEL-3 human melanoma
cell was assessed, followed by 72 hours incubation. Findings demonstrated that
MPH has powerful radical DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate)
scavenging activity and low anti-tyrosinase function in comparison with the
prominent antioxidant (BHT) and tyrosinase (kojic acid) inhibitors, respec-
tively. MPH demonstrated substantial cytotoxic activity (~63 percent) with a
large dose (0.5 mg/mL) and powerful anti-melanogenic influence (~57 percent)
in SKMEL-3 cells. The consequence of MPH on melanin reduction may be attrib-
uted to its cytotoxicity. Thus it can be concluded from the findings that MPH
may be used as a potential agent to treat hyperpigmentation conditions such as
melanoma [98].

5.15 Anti-nipple fissure effect

Painful nipple fissure is a severe concern for breastfeeding mothers. In breast-
feeding mothers, nipple fissures are typically induced by improper positioning
when breastfeeding or complications with latching or suction. They may also be
triggered by breast engorgement. In athletes, nipple fissures are started by nipple
chaffing to assess the effectiveness of saqez (Pistacia atlantica) on breastfeeding
women’s improvement of nipple fissure. A randomized clinical trial was performed
on 100 suitable women who accessed the health centers in their post-partum period
at Shahid Beheshti University of Medical Sciences in Tehran, Iran. A total of 100
participants were divided randomly into two equal groups of 50 women, divided
into breast-milk and saqez ointments group. The findings revealed that the demo-
graphic and obstetric characteristics of the two classes were matched. Additionally,
it can be concluded that saqez ointment is comparatively effective than breast milk
in curing and managing nipple fissures during one-month follow-up, without
culminating in any adverse effects [99].

5.16 Anti-oral mucositis effect

Oral mucositis refers to the ulcerative and lesions of the oral mucosa found in
people having cancer when treated with chemotherapy and radiation therapy of
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areas, including the oral cavity. Oral mucositis lesions also are extremely painful
and impair diet and oral health and raise the severity of the local and systemic
infection. An experimental analysis conducted by Tanideh et al. [100] verified that
the essential oil of P, atlantica (bene) accelerated the healing status of oral mucositis
induced by 5-fluorouracil in hamsters. The healing influence of bene oil could pre-
dominantly be local and due to possessing antioxidants and fatty acids in saponified
and non-saponified fractions, respectively [100].

5.17 Anthelmintic effect

Different extract and essential oil of P, khinjuk are significant anthelmintics,
especially against Echinococcus granulosus, which causes hydatid cyst [101]. The
P, lenticus is also the best anthelmintic [102]. The exsheathment of gastro-intestinal
nematode larvae is impaired by polyphenols of Pistacia lentiscus [103]. Additionally,
The P, lenticus along with other plants in mixture form killed the nematodes in
naturally infected sheep [104].

5.18 Toxicological effect

In an acute toxicity study, the methanolic extract of P. integerrima bark proved
to be safe [38]. Besides, the P, atalantica fruits also proved safe in acute toxicologi-
cal studies where the acute toxicity was evaluated for two days. Antinociceptive
action was conducted with tail-flick, hot plate, and rotarod test. The P. atlantica
fruit extract levels for LD50 were 1.66 g/kg with a cumulative non-lethal dos-
age of 0.93 g/kg. The fruit extract derived from P, atlantica at the doses range of
50-350 mg/kg conferred analgesic effects dose-dependently 30 minutes after
administration during the hot plate and tail-flick tests so that a substantial differ-
ence between the groups obtaining saline and the extract was observed (p < 0.05).
Results also revealed no significant differences in a sensory-motor assessment with
P, atlantica fruit extract’s administration at doses ranging from 50 to 350 mg/kg.
Additionally, findings revealed robust antinociceptive behavior of the P. atlantica
fruit extract in mice [45].

6. Conclusions and future perspectives

Medicinal plants are potential source of various chemical constitutes which
are responsible for the cure of different diseases. Scientific work of these plants is
based on the ethnopharmacological use, largely based on trial and error, which may
cause harm to humans. In addition, there is a false public perception that natural
remedies are free of side or toxic effects. Although this claim is correct to some
extent due to the presence of agonist and antagonist molecules in the same plant
or extract, however, use of such chemical constitutes without scientific knowledge
could lead to serious health problems. For this reason, researchers have tested these
alternative medicines for various disorders. Within this context, the genus Pistacia
has been screened for different diseases based on ethnomedicinal uses. In the pres-
ent work, we tried to collect all pharmacological data related to Pistacia. The wide
spread use of members of this genus made it a key source of natural medicines.
Furthermore, the purpose of this data collection was to encourage researchers
for development and commercialization of these valuable members into various
dosage forms.
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The genus Pistacia accumulated many potential plants with significantly cor-
related activities such as analgesic, anti-inflammatory, nephroprotective, hepato-
protective, and anti-peptic ulcers. These activities are positively correlated because
most of the NSAIDs cause hepatic, renal and stomach problems. So plants in this
genus are tested on such an experimental model. The same animal is subjected
to pain, inflammation, peptic ulcers, hepatitis and nephrotic damages and then
treated with these plants individually or in a mixture with the hope to cure with
time. If the researcher succeeded in such a study, it would be a breakthrough in
pharmaceutical sciences to minimize polypharmacy. It is worth mentioning that the
plants of this genus are anti-diabetic, neuroprotective, anti-diabetic wound, GLUT
enhancer, lipid-lowering and anti-HTN. All these conditions have a significant
correlation. A substantial number of patients worldwide suffered at times with
these conditions. Therefore, we strongly recommend these plants be tested up to the
clinical trial level for curing such diseases. The significant curing of such correlated
disorders can abolish the problem of polypharmacy. Polypharmacy is one of the
major factors leading to poor patient compliance. Moreover, chronic toxicological
profiling of these plants is needed on all vital organs.
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Chapter 8

Medicinal Plants and Traditional
Practices of Baiga Tribe in
Amarkantak Region of Eastern

Madhya Pradesh

Ramesh Kumar Ahirwar

Abstract

The present ethnobotanical study was carried out in Amarkantak region eastern
part of Madhya Pradesh during January 2018 to January 2019 to document the
medicinal plants used by the Baiga tribes. Traditional medicinal plants used by
the Baiga tribes of 37 plant species belonging to 35 genera and 28 families used to
menstrual disorder, piles, sore throat, respiratory disorder, haematuria, miscar-
riage, jaundice, fever, insanity, leucorrhoea, bleeding during pregnancy, spermator-
rhea, infertility in women, motiabind, scorpion bite, wounds of animals, stomach
disorder, intestinal worms, diabetes, leukoderma, rheumatism, scabies, wart and
easy delivery etc. and other various unreported medicinal plants are reported here.

Keywords: Ethnomedicine, Baiga tribe, Madhya Pradesh

1. Introduction

The district Anuppur in Madhya Pradesh located between 23°15" to 24°N
Latitude and 81°0" to 81°45’E Longitude, covering an area of 3701 sq. km. The
district is surrounded by Korea district (Chhattisgarh) in the East, Dindori district
in the West, Shahdol district in North and Northwest district in Umaria (Figure1).
This region is popularly known as the Plateau of Beghel-Khand for its rich and
diverse flora. The Pushprajgarh block of Anuppur district mostly inhabited by
Gond, Baiga, Panika, Kol, Agaria tribes in sporadic remote hill tracts. The total
population of the study site is 194,574. The maximum temperature goes up to 45°C
in the month of May and minimum recorded is 20°C in the month of January. The
area has been categorised as Central India sub-tropical forest endowed with various
forest as natural resources. The holy river ‘Narmada’ origin in Amarkantak in ‘Mai
ki Bagiya® passes through the district Anuppur, Madhya Pradesh. The Baigas are one
of the oldest aboriginal tribes and classified as one of the primitive tribes of Madhya
Pradesh based on pre-agricultural technology, low literacy and stagnant and dimin-
ishing population [1]. The area has been categorised as Central India sub-tropical
forest endowed with various forest as natural resources. The Baiga tribes still
practice on herbal medicines. Hence, the use of herbs to treatment of various health
disorders is being done at a very low cost. A number of valuable research papers on
ethno-medicinal plants of the Amarkantak region have been published by various
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Figure 1.
Location map of study area in Amarkantak region (District Anuppur), Eastern Madhya Pradesh.

researchers [2-7]. However, the vast storage of ethno-medicinal information of
these study areas has not been fully documented. In the present paper, an attempt
has been made to present indigenous knowledge and uses of wild plants, which are
used by Baiga tribes for treatment of various ailment diseases.

2. Methodology

Intensive ethnobotanical explorations were conducted in seven villages, namely
Pushprajgarh, Jamunadadar, Bijora, Bhejari, Paladongari, Bendi and Karondapani
of district Anuppur from January 2018 to January 2019. The method adopted for
collection of data was interview with Baiga tribes, local medicine men (Vaidyas)
and one to one discussion about therapeutic uses of local plants in the treatment of
various diseases. A questionnaire was prepared to gather data for this purpose. The
herbarium specimens were prepared by following the standard method [8]. Plants
used by the tribal were identified with the help of Flora of Madhya Pradesh [9-11]
and identification was confirmed by consulting the herbaria of Botanical Survey
of India, Central Regional Circle, Allahabad (BSA). These voucher specimens are
prepared and deposited in the herbarium of Department of Botany, Pt. S.N.S.
Govt. Post Graduate College, Shahdol, Madhya Pradesh. The plants are arranged
alphabetically according to their botanical name followed by family, local name and
mode of administration for different diseases as given in the (Table1).
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S.No.

Botanical name

Family

Local name

Uses

1

Abrus precatorius L.

Fabaceae

Ghumchi

Two spoonful of seed paste
(red variety) is given orally
once daily before breakfast

for 3 days to cure menstrual
disorder.

Abutilon indicum (L.)
Sweet.

Malvaceae

Kanghi

Leaves are boiled in coconut oil
and the oil is externally applied
on head once daily for one
week to cure cold and scabies
on the head.

Acacia nilotica (L.)
Willd. ex Delile

Mimosaceae

Bamoor

Fresh leaf paste (20 gm) is
externally applied on anus
daily in the morning after bath
for 15 days to cure piles.

Achyranthes aspera L.

Amaranthaceae

Lathjira

Root paste is externally applied
on affected area immediately
after scorpion sting.

Alpinia calcarata
Roscoe

Zingiberaceae

Kulanjan

Root in small pieces, chewed
once in a day for 4 times to
cure sore throat.

Andrographis
paniculata (Burm. f.)
‘Wall. ex Nees

Acanthaceae

Chirayta

Decoction of the whole plant
(15 ml) is given orally thrice
in a day for 7 days to cure
respiratory disorder.

Asparagus racemosus
Wwilld.

Liliaceae

Satavar

Fresh tuber juice (15 ml)
mixed with a cup of cow’s
milk is given orally twice
ina day for 10 days to cure
haematuria.

Azadirachta indica
A.Juss.

Meliaceae

Neem

Leaf juice (10 ml) mixed

with a cup of water is given
orally once in a day before
breakfast for 7 days to prevent
miscarriage.

Bauhinia variegata L.

Caesalpiniaceae

Kachnar

A spoonful of sun-dried flower
bud powder mixed with a cup
of water is given orally twice in
aday for 21 days to cure piles.

10

Boerhavia diffusa L.

Nyctaginaceae

Punarnava

Root decoction (10 ml) mixed
with a cup of water is given
thrice in a day for 7 days to cure
jaundice.

11

Bryonia laciniosa L.

Cucurbitaceae

Shivlingi

A teaspoonful crushed seed
with a glass of water is given
orally once in the morning
before breakfast for 3 months
to cure sterility in women.

12

Buchanania lanzan
Spreng.

Anacardiaceae

Chironji

Leaf juice (15 ml) mixed a
cup of water taken twice in
a day for 2 days to prevent
dysentery.

13

Butea monosperma
(Lam.) Taub.

Fabaceae

Chheula

Flowers are boiled in water and
the water is used to take bath
for 3 days to cure mild fever
among children.

141



Natural Medicinal Plants

S.No.

Botanical name

Family

Local name

Uses

14

Cordia macleodii
Hook. f. & Thomson

Boraginaceae

Dahiman

Seed paste (20 gm) is given
orally with added sugar lump
(Misri) 10 gm once in a day in
the morning before breakfast
for 40 days to get relief from
insanity.

15

Curculigo orchioides
Gaertn.

Hypoxidaceae

Kali musali

Decoction of fresh rhizome
(10 ml) mixed with a cup of
water is given orally twice
in a day for 7 days to cure
leucorrhoea.

16

Cuscuta reflexa Roxb.

Cuscutaceae

Amerbel

Stem paste (20 gm) with 2-3
seeds of black pepper powder
(Piper nigrum L.) is mixed
and the paste is given orally
once in the morning on empty
stomach for 3 days to cure
jaundice.

17

Cynodon dactylon
(L.) Pers.

Poaceae

Doobi

Whole plant juice (30 ml)
mixed with a glass of cow’s
milk is given orally once at
the bedtime for 3 days to cure
bleeding during pregnancy.

18

Cyperus rotundus L.

Cyperaceae

Nagarmotha

Rhizome extract (5 ml) with
one teaspoonful of honey is
to take orally thrice daily for
3 days to cure diarrhoea.

19

Ferula assa-foetida L.

Apiaceae

Heeng

Oleo-gum-resin (5 gm) (It’s
obtained from the rhizome and
root of the plant) is mixed with
a cup of lukewarm water and
applied on the stomach of the
child, twice in a day for 3 days
to cure flatulence.

20

Ficus benghalensis L.

Moraceae

Bargad

A spongy sugar-cake (Batasa)
filled with latex (4 drops)

is eaten once in a day in the
morning after breakfast for

20 days to cure spermatorrhea.

21

Ficus racemosa L.

Moraceae

Dumer

Flower buds (7 buds at a time)
which is ground well and
mixed with a glass of cow’s
milk is consumed after dinner
for 4 months to cure infertility
in women.

22

Gloriosa superba L.

Liliaceae

Kalihari

Fresh root paste (20 gm)

and 3 fruits of black pepper
(Piper nigrum L.) are mixed
in a glass of lukewarm goat’s
milk and it is given orally once
at the bedtime for 3 days of
pregnancy, which can be up to
3 months, for abortifacient.

23

Hedychium
coronarium ]. Koeing

Zingiberaceae

Gulbakavali

Two drops of flower arrack is
dripped into human eyes thrice
in a day for 15 days to prevent
cataract (Motiabind).
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S.No.

Botanical name

Family

Local name

Uses

24

Helicteres isora L.

Sterculiaceae

Marorphali

Seed powder (5 gm) mixed in
a glass of water is given orally
twice in a day for 3 days in case
of gastroenteritis.

25

Ipomea pes-tigridis L.

Convolvulaceae

Panchpatiya

Leaf paste is externally applied
on the affected area just after
scorpion bite. Meanwhile, two
spoonsful are given orally with
a cup of water.

26

Jatropha curcas L.

Euphorbiaceae

Bhakrenda

Latex of stem is externally
applied on wounds twice ina
day for 5 days to cure wounds
of animals.

27

Kigelia pinnata
(Jacq.) DC.

Bignoniaceae

Balamkhira

Fruit juice (5 ml) is mixed in
a cup of water and it is given
orally twice in a day for 3 days
to cure stomach disorder.

28

Madhuca longifolia
(J. Koeing) Macbr.
var. latifolia (Roxb.)
Chevalier

Sapotaceae

Mahua

Decoction of bark (10 ml),
mixed with a glass of water, is
given orally twice in a day for
3 days to cure stomachache.

29

Mucuna pruriens (L.)
DC.

Fabaceae

Kevanch

A teaspoonful of sun-dried
powder, mixed with a glass of
water, is given orally once daily
for 7 days to remove intestinal
worms.

30

Nyctanthes arbor-
tristis L.

Oleaceae

Harsingar

Leaf juice (5 ml) mixed with

a cup of water is given orally
twice ina day for 20 daysasa
cure for excessive thirst and loss
of weight caused by diabetes.

31

Plumbago zeylanica L.

Plumbaginaceae

Chitrak

A teaspoonful of sun-dried
root powder is diluted in a cup
of boiled water to make a paste
and the paste is externally
applied twice in a day on
affected area for 3 months to
cure leukoderma.

32

Pongamia pinnata
(L.) Pierre

Fabaceae

Karanj

Seed oil is applied twice
in a day for one month on
the affected area to cure
rheumatism.

33

Ptevocarpus
marsupium Roxburgh

Fabaceae

Beeja

A cup of filtrate, which is
filtered from the water used for
soaking its bark for a night, is
consumed on empty stomach
once in a day for 3 months to
cure diabetes.

34

Ricinus communis L.

Euphorbiaceae

Rendi

Leaves are boiled in water and
the water is used for bathing
once in a day for one month to
cure scabies.

35

Terminalia arjuna
(Roxb. ex DC.)
Wight & Arn.

Combretaceae

Arjun

Leaf juice (5 ml) mixed with
a cup of water is given orally
twice in a day for 15 days to
cure wart.
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S.No. Botanical name Family Local name Uses
36 Terminalia bellirica Combretaceae Bahera Fruit decoction (100 ml) is
(Gaertn.) Roxb. given orally once daily in the

morning before breakfast for a
week to cure piles.

37 Zigiphus nummularia Rhamnaceae Jharberi A teaspoonful of root paste
(Burm. f.) Wight & (10 ml), mixed with a cup of
Arn. water, is given orally for easy
delivery.
Table 1.

Ethnomedicinal uses of plants by Baiga tribe in Amarkantak region.

3. Results and discussion

The ethnobotanical research reports 37 plant species belonging to 35 genera and
28 families used for curing various diseases by the Baiga tribes in the Amarkantak
region. The representing plants are mostly used to cure various diseases viz. men-
strual disorder, piles, sore throat, respiratory disorder, haematuria, miscarriage,
jaundice, fever, insanity, leucorrhoea, bleeding during pregnancy, spermator-
rhea, infertility in women, abortifacient, Motiabind, scorpion bite, wounds of
animals, stomach disorder, intestinal worms, diabetes, leukoderma, rheumatism,
scabies, wart and easy delivery. The presence of such a large number of medicinal
plants indicates that the area has a very rich diversity of medicinal plant species
and is a site for different indigenous knowledge. The present ethno-medicinal
information provided in this paper, is compared with well-known Indian medicinal
literature [12-14]. The result of the present study continues to play a vital role in the
healthcare system of the tribal people and paves the way for the development and
discovery of new drugs.
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Chapter 9

Extraction of Bioactive

Compounds from Medicinal Plants
and Herbs

Fongang Fotsing Yannick Stéphane, Bankeu Kezetas Jean Jules,
Gaber El-Saber Batiha, Iftikhar Ali and Lenta Ndjakou Bruno

Abstract

Human beings have relied on herbs and medicinal plants as sources of food and
remedy from time immemorial. Bioactive compounds from plants are currently
the subject of much research interest, but their extraction as part of phytochemical
and/or biological investigations present specific challenges. Herbalists or scientists
have developed many protocols of extraction of bioactive ingredients to ensure
the effectiveness and the efficacy of crude drugs that were used to get relief from
sickness. With the advent of new leads from plants such as morphine, quinine,
taxol, artemisinin, and alkaloids from Voacanga species, a lot of attention is paid
to the mode of extraction of active phytochemicals to limit the cost linked to the
synthesis and isolation. Thus, the extraction of active compounds from plants needs
appropriate extraction methods and techniques that provide bioactive ingredients-
rich extracts and fractions. The extraction procedures, therefore, play a critical role
in the yield, the nature of phytochemical content, etc. This chapter aims to present,
describe, and compare extraction procedures of bioactive compounds from herbs
and medicinal plants.

Keywords: Herbs, Medicinal plants, Plants extracts, Extraction, Bioactive
ingredients, Phytoconstituents, Secondary metabolites, Phytochemicals

1. Introduction

With the increasing demand for herbal medicinal products, nutraceuticals,
and natural products for primary healthcare worldwide, medicinal plant extract
manufacturers and essential oil producers have started using the most appropriate
extraction techniques. Different methods are used to produce extracts and essential
oil of defined quality with the least variations.

Herbs and medicinal plants have been used for centuries as source of a wide
variety of biologically active compounds. The plant crude material or its pure
compounds are extensively used to treat diverse ailments by generations of indig-
enous practitioners [1, 2]. They are currently the subject of much research interest,
but their extraction as part of phytochemical and biological investigations presents
specific challenges that must be addressed throughout the solvent extraction [3].
Natural products provide unlimited opportunities for new drug discovery because
of the unmatched availability of chemical diversity [4]. Thanks to two drugs
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Alzheimer's disease

OH
[
/U >
N\
Galanthus woronowii Losinsk
Galantamine

Galantaming is an alkaloid in the Amarvilidaceae family widely used to

treat Alzheimer's Discase (AD). Since its approval for clinical use in
2001, ils ellectiveness has been allested in numerous clinical
trials. Galantamine is an effective well-toleraled symptomatic
treatment which improves cognition, function and aclivilies of daily
living in the short term (up to 6 months) in patients with mild to
maderate AD [9,10].

Parkinson’s disease

(]

Vicia faba L. Levodopa

Parkinson’s disease (PDD) is a common neurodegenerative disease

typified by a disorder isting of bradykinesia, rest
tremor, rigidity, and postural instability [12].
Levodopa, the precursor of dopamine, was first developed to treat PD
in the 1960s and continues to be the most-effective therapeutic agent
for PD in 2020 [D]. Treatmenl of PD inwolves pharmacologic
approaches (typically with levodopa preparations prescribed with or
without other medications) and ph logic approaches (such
as i d physical, l, and speech therapies) [12].

Artemisia annua

Malaria

Strychnopsis thouarsti
bark

Tazopsine

Tazopsine Malaria treatment (in development) isolated from
Strychnopsis thouarsii bark from Madagascar [A]. Tazopsine, a
derivalive of a related morphinan, was reported o be aclive
against the liver stages of Plasmodium falciparum K1 parasite.
‘This may have the potential as anti-malarial leads [11].

HO.

no™

Morphine
Papaver somniferum

The isolation of morphine from Papaver somniferum
(Poppy straw) in its pure form resulted from years of research and
testing, occurring most prominently between the years 1803 and
1817 [B]. Morphine is one of the foremost opioid agents due to its
easier access in the hospital system in treating patients with
extremily lrauma and moderale o severe pain [C]. U is an
effective analgesic and recommended to treal cancer-related pain
[13].

Antimalarial

Artemisinin

The 2015 Nobel Prize in Physiology or Medicine was awarded to Professor Youyou Tu for her critical contributions to the
discovery of artemisinin. Artemisinin has saved millions of lives and represents one of the significant contributions of China
to global health [E]. Artemisinin was isolated from the leaves of a Chinese medicinal plant, Artemisia annua. The use of
artemisinin-based combination therapy (ACT) with a competent partner drug and having multiple ACT as first-line treatment

choice sustained high levels of effecti [14].

Taxus brevifolia
(pacific yew or Western yew)

Apoptotic effect on cancer cells

Paclitaxel (Taxol)

Paclitaxel, sold under the brand name Taxol (isolated from the bark of Taxus brevifolia) among others, is a chemotherapy
medication used to treat a number of types of cancer. This includes ovarian cancer, esophageal cancer, breast cancer, lung
cancer, Kaposi sarcoma, cervical cancer, and pancreat Itis given by on into a vein. Taxol is classified as a "plant
alkaloid,” a "taxane" and an “antimicrotubule agent.”.

Figure 1.
Chemical structuves of a few important bioactive compounds isolated from plants.
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derived from alkaloids of Madagascar’s rosy periwinkle (Catharanthus roseus),

the likelihood of remission for a child who has leukemia increased by 85 percent
between 1960 and 1997 [5, 6]. New compounds, such as one recently discovered in
a plant in Madagascar, are likely to provide novel antibiotics and help to curb the
epidemic of antibiotic-resistant diseases [7].

Natural products are currently of considerable significance due to their unique
attributes as a significant source of therapeutic phytochemicals and their efficacy,
safety, and minimal side effects [2, 8]. Bioactive compounds in plants include alka-
loids, terpenoids, coumarins, flavonoids, nitrogen-containing compounds, organo-
sulfur compounds, phenolics, etc. A wide spectrum of bioactivities is exhibited
by these compounds such as anti-inflammatory, immunostimulatory, anticancer,
antioxidant, antimicrobial, etc.

Research on medicinal plants is particularly important as that on conventional
drugs due to the beneficial phytochemicals from plants and the shift towards natural
products in pharmaceutical and cosmeceutical industries. Chemical structures of a few
essential bioactive compounds isolated from plants are presented in Figure 1 [9-14].

Extraction of the bioactive constituents from plants has always been challeng-
ing for researchers [15]. As the target compounds may be non-polar to polar and
thermally labile, the suitability of the extraction methods must be considered. The
study on medicinal plants starts with extraction procedures that play a critical role
in the extraction outcomes and the consequent assays.

Hence, this chapter aims to provide an overview of the process of plant extrac-
tion, describe, and compare extraction methods based on their principle, the effect
of solvent on extraction procedures, strength, limitations, and economic feasibility,
with their advantages and disadvantages. This chapter shall also emphasize the
common problems encountered and methods for reducing or eliminating these
problems. Since millions of natural products derived from plants are known, only
selected groups and compounds are presented.

2. Medicinal plants and herbs

The term “medicinal” as applied to a plant indicates that it contains a substance
or substances which modulate beneficially the physiology of sick mammals, and
man has used it for healthful purpose [16]. Medicinal plants were described by
Farnsworth and Soejarto as: “all higher plants with medicinal effects that relate
to health, or which are proven as drugs by Western standards, or which contain
constituents that are defined as hits” [17].

Medicinal plant (MP) refers to any plant which, in one or more of its organs,
contains substances that can be used for therapeutic purposes or which are pre-
cursors of the synthesis of valuable drugs. A whole plant or plant parts may be
medicinally active [18-22]. Medicinal plants (MPs) are becoming very important
due to their uses mainly as a source of therapeutic compounds that may lead to
novel drugs. MPs are plants that are used for healthcare purposes in both allopathic
and traditional medicine systems. MPs cover various species used including condi-
ments, food aromatic and cosmetics [23-26].

Herbs may be defined as the dried leaves of aromatic plants used to impart flavor
and odor to foods with, sometimes, the addition of color. The leaves are commonly
traded separately from the plant stems and leaf stalks [27].

Herbal medicine is referred to as medicinal preparations comprising active
ingredients obtained from the herbal plant. The product can be made from the
whole plant or any part. Preparations from by-product herbal plants such as oil,
gum, and other secretions are also considered herbal medicines [18, 19, 22].
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3. Primary and secondary metabolites

Metabolites are intermediate processes in nature and are small molecules.
Primary metabolites are known vital or essential compounds and are directly
involved in the average growth, development, and reproduction of plants [28].
Primary metabolites include cell constituents (e.g. carbohydrates, polysaccharides,
amino acids, sugars, proteins, and lipids) and fermentation products (ethanol,
acetic acid, citric acid, and lactic acid), and are mainly used during their growth and
development stages [19, 22, 29, 30].

Secondary metabolites are not directly involved in those processes and usu-
ally have a function but are not that important for the organism (e.g. phenolic,
steroids, lignans, etc.). They are found only in specific organisms or groups
of organisms, and express of the individuality of species [19, 30, 31]. They are
not necessarily produced under all conditions, and most often, the function
of these compounds and their benefit to the organism is not yet known. Some
are undoubtedly made for readily appreciated reasons, e.g., as toxic material
providing defense against predators, as volatile attractants towards the same or
other species, but it is logical to assume that all do not play some vital role for the
well-being of the producer [27, 30]. Secondary metabolites are produced after
the growing stage and are used to increase the ability of plants to survive and
overcome their local challenges. Bioactive compounds are classified as terpe-
noids, alkaloids, nitrogen-containing compounds, organosulfur compounds, and
phenolic compounds [29].

Bioactive compounds are reported to possess diverse bioactivities such as
antioxidant, anticancer, antimalarial, antiulcer, antimicrobial, anti-inflammatory
activity [32-36].

4. Bioactive compounds

The definition of bioactive compounds remained ambiguous and unclear for a
long time. Very few references describe the term “bioactive”. It is composed of two
words bio- and -active. In etymology bio- is from the Greek (Bio-) “bios” that means
life while -active is derived from the Latin word “activus” that refers to dynamic,
full of energy, with energy, or involved in activity [37-39]. The term “bioactive” is
an alternative term for “biologically active” [40]. Hence, a bioactive compound is
simply a substance with biological activity [41, 42].

A plant extract is a substance or an active substance with desirable properties
removed from the tissues of a plant, frequently by treating it with a solvent, to be
used for a particular purpose. The term “bioactive compounds” is generally referred
to as biologically significant chemicals but not established as essential nutrients
[43]. Bioactive compounds are essential (e.g., vitamins) and non-essential (e.g.,
polyphenols, alkaloids, etc.) compounds that occur in nature, are part of the food
chain, and can affect human health [44]. They are derived from various natural
sources such as plants, animals, microorganisms (e.g., fungi) and marine organisms
(e.g., lichens) [2]. The amount of bioactive natural products in natural sources is
always fairly low [45, 46]. Plant active compounds are usually contained inside
plant matrixes. Active compounds are synthesized in small quantities and differ-
ent concentrations in all plant organs or parts such as leaves, roots, barks, tubers,
woods, gums or oleoresin exudations, fruits, figs, flowers, rhizomes, berries, twigs,
as well as the whole plant. Further processes may be required after extraction to
purify or isolate the desired compounds.
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5. Fresh or dried plant materials

Fresh and dried samples are used and are reported in the literature in the
preparation of medicinal remedies. Ideally, fresh plant tissues should be used for
phytochemical analysis, and the material should be plunged into boiling alcohol
within minutes of its collection. Alternatively, plants may be dried before extrac-
tion [47]. In most reported cases, dried materials are preferred considering their
long conservation time compared to fresh samples. Furthermore, fresh speci-
mens are fragile and tend to deteriorate faster than dried ones. Phytoconstituents
such as Essential Oils (EOs) are found in fewer dried samples than in fresh
samples. In case of fresh plant material extraction using organic solvents such
as methanol or ethanol, is required to deactivate enzymes present in the plant
sample. The extractive might contain a substantial portion of water; hence it can
be partitioned using specific immiscible organic solvents [3].

6. Drying procedures

Drying is the most common method to preserve the plant material from
enzymatic degradation, such as hydrolysis of glucoside, etc. It should be dried
as quickly as possible in the open room under primitive conditions at ambient
room temperature with air circulation around the plant material to avoid heat and
moisture [47]. However, they placed in shallow trays with good atmospheric air-up
dryness either in the sunshine or in shade depending on nature of the indicated
or identified constituents. However, direct sunlight is usually avoided to reduce
the possibility of chemical reactions, responsible for forming of the artifact that
may result from chemical transformations after exposure to ultraviolet radiation.
Alternatively, plant materials should be dried under optimum temperature condi-
tions between 40 and 50°C, or they can be dried in the oven if needed. Generally,
plant material is dried at temperatures below 30°C to avoid the decomposition of
thermolabile compounds [3]. Plants containing volatile or thermolabile compo-
nents may be lyophilized (freeze-dried). In freeze-drying the frozen material is
placed in an evacuated apparatus with a cold surface maintained at —60 to —80°C.
Water vapors from the frozen material then pass rapidly to the cold surface to
yield the dry material [8, 48].

7. Grinding or powdering plant materials

Lowering particle sizes increase surface contact between samples and extrac-
tion solvents and therefore, increase the yield rate and yield. Grinding resulted in
coarse smaller samples, meanwhile, powdered samples gave a more homogenized
and smaller particle, leading to better surface contact with solvents used for
extraction. Before the extraction, pretreatments such as drying and grinding of
plant materials are usually conducted to increase the extraction efficiency [48]. It
is essential that the particles are of as uniform size as possible because larger par-
ticles take a longer time to complete the extraction process [49]. Usually, solvent
molecules most contact the larger analytes, and particle size smaller than 05 mm is
ideal for efficient extraction [8]. Conventional methods are usually used to reduce
the particle size of dried plant samples viz. mortar and pestle or electric blenders
and mills, etc.
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8. Extraction techniques of actives compounds from plants and herbs

Extraction is separating the medicinally active mixture of many naturally active
compounds usually contained inside plant materials (tissues) using selective sol-
vents through the standard procedure [50]. It can also be defined as the treatment of
the plant material with solvent, whereby the medicinally active constituents are dis-
solved and most of the inert matter remains undissolved. Thus, the purpose of all
extraction is to separate the soluble plant metabolites, leaving behind the insoluble
cellular marc known as residue [8]. The obtained product is a relatively complex
mixture of metabolites, in liquid or semisolid state or (after removing water) in
dried powder form, and are intended for oral and/or external uses. Extraction is
based on the difference in solubility between the solute, other compounds in the
matrix, and the solvent used to stabilize [29].

In general, there are three common type of extractions: liquid/solid, liquid/
liquid and acid/base [51]. The extraction of these active compounds needs appropri-
ate extraction methods that consider the plant parts used as starting material, the
solvent used, extraction time, particle size and the stirring during extraction [52,

53]. Extraction methods include solvent extraction, distillation method, pressing,
and sublimation according to the extraction principle. Solvent extraction is the most
widely used method [47].

The solvent used, the plant part used as starting material and the extraction pro-
cedure are three basic parameters reported that influence the quality of an extract
[15]. Proper extraction procure is the first step towards isolating and identifying the
specific compounds in crude herbal material. It plays a significant and crucial role
in the outcome. Successful extraction begins with careful selection and preparation
of plant sample and thorough review of the appropriate literature for indications of
which protocols are suitable for a particular class of compounds or plant species [3].
For instance, if the components are volatile or prone to degradation, they can first
be frozen and homogenized with liquid nitrogen [29]. The extraction, in most cases,
involves soaking the plant material in solvent for some specific time. Reported
properties on an excellent extraction solvent include low toxicity, preservative
action, ease of evaporation at low heat, promotion of rapid physiologic absorption
of the extract, and inability to cause the extract to be complex or dissociate.

The principle of solid-liquid extraction is that when a solid material comes in
contact with the solvent, the soluble components in the solid material are dissolved
in, and move to the solvent. In solvent extraction, the mass transfer of soluble
ingredients to the solvent takes place in a concentration gradient. The mass transfer
rate depends on the concentration of ingredients, until equilibrium is reached. After
that, there will no longer be a mass transfer from plant material to the solvent. In
addition, heating the solvent can also enhance the mass transfer because of better
solubility.

Moreover, the concentration gradient changes if fresh solvent replace the solvent
equilibrium with the plant material [50]. Properties required for an excellent extract-
ing solvent (or a mixture of solvents) include removal, inert, non-toxic, free from
plasticizers, not easily inflammable, and no or less chemical interaction [53]. The selec-
tion of solvent is therefore crucial for solvent extraction. Solubility, selectivity, cost,
and safety should be taken into account in selecting solvent [47]. The factors affecting
the choice of solvent are quality of phytochemicals to be extracted, rate of extraction,
diversity of metabolites extracted, the toxicity of the solvent in the bioassay process,
and the potential health hazard of the extractants and ease of subsequent handling of
the extract. Obtaining maximum yield and the highest quality of the targeted com-
pounds is the central goal of the extraction process [29]. Extraction methods are usu-
ally chosen per the properties of targeted active compounds, the water content of the
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plant material, and the objectives of extraction. Initially, natural bioactive compounds
are extracted using various extraction techniques, and their bioactivities are identified
using in vitro and in vivo testing [45, 47]. A successful determination of biologically
active compounds from plant material is largely dependent on the type of solvent used
in the extraction. Since the extract will contain traces of residual solvent, the solvent
should not interfere with the bioassay [15].

Various conventional (classical) and non-conventional (innovative) methods
can extract plant materials. Variation in extraction procedures usually depends on
key factors as extraction time, the temperature used, the particle size of tissues, the
solvent-to-sample ratio, the pH of the solvent.

8.1 Classical and/or conventional techniques

The commonly employed extraction methods (long been used) are primarily
based on liquid-solid extraction. They are ordinarily easy to operate and are based
on heat and/or solvents with different polarities.

8.1.1 Maceration

This process is conducted by soaking the plant materials (coarse or powered) in
a closed stoppered container in a solvent allowed to stand at room temperature for
2-3 days with frequent stirring to obtain plant extracts. A sealed extractor is used to
avoid solvent evaporation at atmospheric pressure. The process is intended to soften
and break the plant’s cell walls to release the soluble phytoconstituents. The mixture
is then pressed or strained by filtration or decantation after a specific time [8, 54].
Maceration is the simplest and still widely used procedure. The extraction proce-
dure in this stationary process works on principle of molecular diffusion, which is a
time-consuming process. Maceration ensures dispersal of the concentrated solution
accumulation around the particles’ surface and brings fresh solvent to the surface of
particles for further extraction [46].

8.1.2 Digestion

This is a kind of maceration in which gentle heat is applied during the macera-
tion extraction process. The temperature does not alter the active ingredients of
plant material, so there is greater efficiency in the use of menstruum (solvent or
mixture of solvent used for extraction). It is used when the moderately elevated
temperature is not objectionable and the solvent efficiency of the menstruum is
increased thereby [15]. The most used temperatures are between 35 and 40°C,
although it can rise to no higher than 50°C. The plant part to be extracted is placed
in a container with the pre-heated liquid to the indicated temperatures, is main-
tained for a period that may vary between half an hour to 24 hours, shaking the
container regularly. This process is used for the herbal material or plant parts that
contain poorly soluble substances or polyphenolic compounds [49].

8.1.3 Infusion

Infusion is a simple chemical process used to extract plant material that is vola-
tile and dissolves readily or release its active ingredients easily in organic solvents
[49]. Infusion and decoction use the same principle as maceration; both involve
soaking the plant material in boiled or cold water which is then allowed to steep in
the liquid. The maceration time for infusion is, however shorter. The liquid may
then be separated and concentrated under a vacuum using a rotary evaporator.
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Infusion finds its application in tea preparation and consumption prescribed in
psychophysical asthenia, diarrhea, bronchitis, asthma, etc. In Tropical Africa, the
infusion of the bark of Prunus africana (pygeum) is taken orally to increase the ease
of urination and reduce inflammation and cholesterol deposits [30].

8.1.4 Lixiviation (elution)

The word “lixiviation” (comes from the Latin lixivium, “lessive”) The extrac-
tion is carried out with cold or boiled, fresh and new solvent, always. Extraction of
components is done using water as solvent.

8.1.5 Decoction

The current process involves boiling the plant material in water to obtain plant
extracts. Heat is transferred through convection and conduction, and the choice of
solvents will determine the type of compound extracted from the plant material [8].
The sample is boiled in a specified volume of water for a defined time (15 to 60 min-
utes.) It is then cooled, strained, filtered, and added enough water through the drug
to obtain the desired volume. This method is suitable for extracting thermostable
(that does not modify with temperature) and water soluble compounds, hard plant
materials and commonly resulted in more oil-soluble compounds than maceration.

8.1.6 Tincture

It is the extraction of plant material in alcohol. Usually, the plant material
(fresh) and ethyl alcohol are taken at the ratio of 1:5. Because of the alcohol content,
the tinctures can be stored at room temperatures without decomposing [55].

8.1.7 Percolation

It is conducted by passing the boiled solvent through the plant material at a con-
trolled and moderate rate (e.g. 5-7 drops per min) until the extraction is complete
before evaporation. The concentrated plant extracts are commonly collected at the
bottom of the vessel. To obtain a significant amount of extract, successive percola-
tions can be performed by refilling the percolator with fresh solvent and pooling
all extracts together. This procedure is mostly used to extract active compounds in
the preparation of tinctures and fluid extracts. Its major disadvantage is that large
volumes of solvents are required, and the procedure can be time-consuming and
may require skilled persons [49].

8.1.8 Steam distillation and hydrodistillation

Steam and hydrodistillation methods are usually used to extract volatile com-
pounds, including essential oil, insoluble in water, from various aromatic and medici-
nal plants. This is conducted by boiling the plant materials in water to obtain EOs after
vapor condensation. Steam distillation occurs at a temperature lower than the boiling
point of the ingredients. The method is useful for thermos-sensitive bioactive com-
pounds e.g., natural aromatic compounds. The heat leads to breakage in the sample’s
pores and then enables the release of the target compound from a matrix. As Raoult’s
law states that while mixing two immiscible liquids, the boiling point will be reduced.
Therefore, in the mixture of volatile compounds having a boiling point between 150
and 300°C and water having a boiling point at about 100°C (at atmospheric pressure),
the mixture evaporation will be getting closer to that of the water [29, 56].
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There are similarities between the hydrodistillation and the steam distillation
principles. In brief, plant material is immersed in water or a proper solvent followed
by heating to boiling under atmospheric pressure in the alembic. In a condenser,
EOs vapors and water undergo a liquefaction process, and EOS are then separates
from water/solvent after collection of the condensate in the decanter. The principle
of extraction is based on isotropic distillation. Hydrodistillation with water immer-
sion, direct vapor injection, and water immersion and vapor injection are the three
main types of hydrodistillation. The distillation time depends on the plant material
being processed [56].

8.1.9 Hot continuous extraction or Sohxlet extraction, soxhletation

In this method, finely ground sample is placed in a porous bag or “thimble”
made from a strong filter paper or cellulose, set in the thimble chamber of the
Soxhlet apparatus. The first Soxhlet apparatus was developed in 1879 by Franz von
Soxhlet (Figure 2) [58]. Extraction solvents are heated in a round bottom flask,
vaporized into the sample thimble, condensed in the condenser, and dripped back.
When the liquid content reaches the siphon arm, the liquid content is emptied into
the bottom flask again, and the process is continued [8]. The disadvantages include
no possibility of stirring, and a large amount of solvent is required. This method
is unsuitable for thermolabile compounds as prolonged exposure (long extrac-
tion time) to heat may lead to their degradation. It constitutes an official classical
method used to determine different foods’ fat content [15, 29, 57].

Exposure to hazardous and flammable liquid organic solvents are the most
noticed disadvantages in this method, and the high purity of extraction solvents
needed may add to the cost. Also, shaking or stirring cannot be provided in the
Soxhlet device to accelerate the process [57].

However, it requires a smaller quantity of solvent as compared to maceration.
Besides, instead of many portions of warm solvent passing through the sample,
just one batch of solvent is recycled. Other advantages of this technique include its
simple operational mode, its applicability to a higher temperature that increases
the kinetics process, its low capital cost, the absence of filtration, and the continu-
ous contact of the solvent and the sample. It maintains a relatively high extraction
temperature with heat from the distillation flask [29, 57, 59].

8.1.10 Serial exhaustive extraction

It is a standard extraction procedure that involves successive extraction with
various solvents of increasing polarity from non-polar to polar ones. The aim is to
ensure that a broad polarity range of compounds could be extracted [15].

8.1.11 Fermentation (aqueous-alcoholic extraction)

Some medicinal preparations adopt the technique of fermentation for extracting
the active principles. The extraction procedure involves soaking the crude drug, either
a powder or a decoction, for a specified period. Alcohol is generating in situ after fer-
mentation occur; this eases the extraction of the active components contained within
the plant material. The alcohol hence generated additionally serves as preservative.
Water should be boiled first, if the fermentation is to be performed in an earthen ves-
sel. Wooden vats, porcelain jars, or metal vessels are used in place of earthen vessels in
large-scale manufacturing. This method is not yet standardized [50].

Hydrodistillation and steam distillation, hydrolytic maceration followed by
distillation, expression and effleurage (cold fat extraction) may be employed for
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Experimental Soxhlet extraction apparatus [57].

aromatic plants. Some of the latest extraction methods for aromatic plants include
headspace trapping, solid phase micro extraction, protoplast extraction, micro
distillation [15].

These techniques are the easiest and simplest methods. Despite the establish-
ment of advanced extraction methods, the potential of conventional solid-liquid
extractions is still being used to obtain active compounds from plants. These meth-
ods are criticized due to large solvent consumption and long extraction times that
can destroy some metabolites. Solvents used in these techniques for soaking play
a critical role. Many other advanced extraction methods that incorporate various
technologies have been developed [8, 48].

8.2 Innovative (non-conventional) techniques

There is steady progress in the development of extraction technology in recent
years. They are also known as advanced techniques with the most recently developed.

8.2.1 Microwave-assisted extraction (MAE)

Microwaves are part of the electromagnetic spectrum of light with a range of
300 MHz to 300 GHz, and wavelengths of these waves range from 1 cmtolm™
[60]. These waves are made up of two perpendicular oscillating fields which are
used as energy and information carriers.
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In this extraction process, the use of microwave energy results in faster heat-
ing. Due to the exposure of each molecule to the microwave field, its direct effects
include, thermal gradients reduction, volume generation due to heat, equipment
size reduction, because of the higher process rates, and thus increase in productiv-
ity, through better usage of the same equipment process volume [61]. MAE is a
feasible green solvent extraction procedure as it uses water or alcohol at elevated
temperature and controlled pressure conditions (Figure 3).

This procedure has demonstrated various benefits like ease to handle and under-
stand steadiness. Many studies reported that MAE has higher yields and is significantly
faster than conventional methods for extracting active substances from plant materials
[48, 54, 62]. MAE can be presented as a potential alternative to the traditional soli-
liquid extraction techniques. A few of the potential advantages are as follow:

i.a lesser amount of solvent is required (few milliliters of solvent can be used);
ii. shorter extraction time, from few seconds to few minutes (15-20 min);
iii. improved extraction yield;
iv. favorable for thermolabile constituents;

v.heavy metals and pesticides residue which is present in the trace can be
extracted from a few milligrams of plant sample;

vi. during extraction, it provides a stirring, by which the mass transfer phenom-
enon is improved [54, 60, 62, 63].

MAE intensification needs special equipment to be functional, and electric-
ity produces waves, leading to higher investments and higher operating costs than
conventional methods [64]. Banar and collaborators extracted the bioactive com-
pounds from Urtica dioica grown in Lebanon using conventional methods (macera-
tion, reflux, Soxhlet, hydrodistillation, Ultrasound-Assisted Extraction (UAE) and
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Figure 3.
Schematic vepresentation of microwave-assisted extraction equipment [62].
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Microwave-Assisted Extraction (MAE)) with different solvents. Their results revealed
that MAE was the most effective technique. The extraction time was reduced, the
lesser solvent was used and the amount of extracted compounds was increased [65].

8.2.2 Ultvasound-assisted extraction (UAE) or sonication extraction

This extraction method involves using ultrasound with frequencies ranging
from 20 to 2000 KHz; this increases the permeability of cell walls and produce
cavitation. Although the process is helpful in some cases, its large-scale application
is limited due to its high cost. The most noticeable disadvantage of the procedure
is the occasional but known deleterious effect of ultrasound energy on the active
components of the medicinal plants through the formation of free radicals and
consequently undesirable changes on the drug molecules [50]. The schematic
representation of the equipment is given below (Figure 4).

Factors that affect the efficiency of UAE are extraction time, power, solvent,
Liquid/Solid (L/S) ratio, plant material, frequency, amplitude, and intensity. UAE
more advantageous than other advanced extraction methods and provided the best
mass and heat transfer efficiency, lowest energy consumption and carbon emission.
It was reported to yield high total phenolic content, antioxidant activity, or specific
active compounds [62, 66].

8.2.3 Pressurized liquid extraction (PLE) or accelevated solvent extraction (ASE)

Pressurized liquid extraction (PLE) also known as pressurized fluid extraction
(PFE), accelerated solvent extraction (ASE), and pressurized solvent extraction
(PSE), or as enhanced solvent extraction system (ESE) [67].

Dionex Corporation introduced PLE in 1995 as an alternative to maceration,
percolation, sonication, Soxhlet extraction, etc. It is an automated technique for
extracting solid samples with liquid solvents (either aqueous or organic, single or
mixtures) above their boiling point, combine high pressures (4-12 MPa) and mod-
erate to high temperatures (50-300°C) [68]. When water is the extraction solvent,

q' Transducer

Ultrasonic probe
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i E : = s++{ fe5im, h=depth of probe n liquid
Jacketed glass beaker
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Figure 4.
Schematic vepresentation of an ultrasound-assisted extraction equipment.
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different terms are used to define the method, that includes hot water extraction
(HWE), subcritical water extraction (SWE), high-temperature water extraction
(HTWE), hot water extract pressurized (PHWE), liquid water extraction or super-
heated water extraction [67]. Sample size, solvent, pressure, temperature, pH, flow
rate, extraction time are the standard parameters influencing the PLE process, with
temperature and solvent type being the most significant ones [69-71].

In this process, for a short period of time (5-10 min), a cartridge in which the
ample has been placed is filled with an extracting solvent and used to statically extract
the sample under elevated temperature and pressure. To purge the sample extract
from the extraction cell into a collector flask pressurized gas is used (Figure 5) [68].

To increase the efficiency of this extraction process, environmentally friendly
liquid solvents are used at moderate to elevated temperature and pressure [72]. The
increased temperature causes dramatic changes in the physical-chemical proper-
ties of water, enhances the analytes’ solubility, breaks matrix-analyte interac-
tions achieving a higher diffusion rate, and accelerates the extraction process by
increasing the diffusivity of the solvent. The increased pressure in contrast, keeps
the solvent in a liquid state without boiling and forces the solvent to penetrate the
matrix pores [55, 73-75].

The main advantages of this technique are: (i) faster extraction from 15 to
50 min, (ii) low quantity of solvents (15-40 mL), and no filtration is required.
However, costly equipment and the need for a throughout optimization of variables
to avoid a matrix-dependent efficiency are the main demerits [72-74].

8.2.4 Supercritical fluid extraction (SFE)

SFE is used for separating components from the matrix with the application of
supercritical fluids as the extracting solvent (Figure 6) [30].

Using CO2 as the extracting fluid has many advantages. Besides, its lower boiling
point (31°C) and its critical pressure (74 bar). Moreover, carbon dioxide is abundant
in nature, safe and inexpensive. But while carbon dioxide is the preferred fluid for
SFE, it possesses several polarity limitations. When extracting polar solutes and
when strong analyte-matrix interactions are present solvent polarity is crucial.
Carbon dioxide fluid is usually mixed with organic solvents to alleviate the polarity
limitations (Figure 7) [2].
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Schematic diagram of supercritical fluid extraction (SFE) set-up [76].
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Figure7.
Schematic vepresentation of a supercritical fluid extraction (SFE) system [62].

i. The SFE extraction procedure possesses distinct advantages:

ii. the extraction of constituents is carried out at a low temperature, strictly
avoiding damage from heat and some organic solvents. SFE offers gentle
treatment for heat-sensitive material;

iii. fragrances and aroma remain unchanged;

iv. CO2 is an inexpensive solvent;

v. No solvent residues are left behind;
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vi. possibility of direct coupling with analytical chromatographic techniques
such as gas chromatography (GC) or supercritical fluid chromatogra-
phy (SFC);

vii. environmentally friendly extraction procedure. CO2 as the solvent does not
cause environmental problems and is physiologically harmless, germicidal,
and non-flammable.

Some specific disadvantages of this method are:
i. high investment cost;

ii. the use of high pressures leads to capital costs for the plant, and operating
costs may also be high, so the number of commercial processes utilizing
supercritical fluid extraction is relatively small, due mainly to the existence
of more economical methods;

iii. high polar substances (sugars, amino acids, inorganic salts, proteins, etc.)
are soluble;

iv. phase equilibrium of the solvent/solute system is complex and making
design of extraction conditions is difficult.

SFE finds extensive application in extracting pesticides, environmental samples,
foods and fragrances, essential oils, polymers, and natural products [50, 77].
Conde-Herndndez and collaborators extracted the essential oil of rosemary
(Rosmarinus officinalis) by S-CO2 extraction, hydro distillation and steam distil-
lation. They found that both yields of essential oil and antioxidant activity of SFC
extract were higher than those from the other two methods [78, 79].

8.2.5 Pulsed electric field (PEF) extraction

Pulsed electric field extraction is a technique based on the exposure of vegetable
matrix to an electrical potential. A transformer generates an electric pulse, increas-
ing voltages from 140 or 220 V to 1000 V, or even greater than that (25000 V). A
capacitor transforms this high voltage in a closed chamber with metallic electrodes.
The general scheme of PEF equipment is presented in Figure 8 [80].

This “cold” extraction assisted by PEF prevent the degradation of the cell and
the extraction of components from the intracellular vacuoles [81]. It considerably
increases the yield and decreases the time because it can increase mass transfer by
destroying membrane structures during the extraction process.

Specific energy input, treatment temperature and field strength are considered
among parameters that can influence the treatment efficacy of the PEF extrac-
tion. It is known as a non-thermal method which reduces the decomposition of the
thermolabile components [47].

8.2.6 Engyme-assisted extraction (EAE)

The EAE is an enzymatic pre-treatment that is carried out by the addition of
specific hydrolyzing enzymes during the extraction step. In the cell membrane and
cell wall structure, micelles are formed by macromolecules such as polysaccharides
and protein. The coagulation and denaturation of proteins at high temperatures
during extraction are the main barriers to extracting natural products. EAE enhance
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General scheme of a PEF equipment process.

the extraction efficiency due to the hydrolytic action of the enzymes on the compo-
nents of the cell wall and membrane and the macromolecules inside the cell, which
facilitate the release of the natural products. Cellulose, a-amylase, and pectinase are
hydrolyzing enzymes usually employed in EAE [47, 82]. This procedure is suitable
for extracting various bioactive substances from plant matrices, but after filtration
the obtained fraction is rich in small water-soluble molecules that include polyphe-
nols and flavonoids [82].

8.2.7 Turbo-distillation extraction or turbo-extraction (turbolysis)

Turbo-distillation was patented in 1983 by Martel, and has been used in several
companies as an industrial purpose for extracting EOs from hard matrixes (such
as wood, bark, and seeds) [83]. The extraction process is similar to hydrodistilla-
tion with slight modifications [84]. The turbo-extraction or turbolysis is based on
extraction with stirring and simultaneous reduction of particle size. Due to of high
shearing force, cells disruption leads to rapid dissolution of the active constituents.
It results in an extraction time of the order of minutes and the plant content is
almost completely depleted [85]. Compare to hydrodistillation, turbo-distillation
minimize extraction time and energy consumption and prevents the degradation of
volatile constituents (Figure 9) [84].

In 2017, Martins and collaborators studied the turbo-extraction of stevioside and
rebaudosideo A from Stevia rebaudiana dried and powdered leaves. The extraction
is carried out by applying a fractional factorial design that allowed the evaluation
of the main effects of drug powder size, solvent to drug ratio by weight, tempera-
ture, stirring and time on the yield of these glycosides. Their work demonstrated
that turbo-extraction was promising for Stevia rebaudiana glycosides extraction.
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Figure 9.

Laboratory turbo-Clevenger: (a) schematic, (b) bench apparatus. The vessel (1); the rotor (2); the turbo
shredder (3); the thermometer (4); the distillation column (5); the condenser (6); the receiver-cum separator
(7) [46, 84].

It stimulated new research on the purification of these extracts, which became an
exciting source of income for developing countries such as India and Brazil [86].
Perino and collaborators showed that the essential oil extracted by turbodistillation
in 30 minutes were quantitatively (yield and kinetics profile) and qualitatively
(aromatic profile) similar to those obtained using conventional hydrodistillation

in 3 hours. They concluded that this process, which gave a reduced extraction time,
was perfectly adapted to the extraction of hard matrixes [84]. It can be advanta-
geous over dynamic maceration.

8.2.8 Counter-curvent extraction (CCE)

In this procedure, the wet raw material is pulverized to produce a fine slurry.
The target material is moved in one direction (usually as a fine slurry) within a
cylindrical extractor where it comes in contact with extracting solvent. Further,
the starting material moves making more concentrated extract. Thus, complete
extraction is possible when the amounts of material and the flow rate of solvent are
optimized the complete extraction is possible. The process is extremely efficient,
takes little time and poses no danger when high temperature is applied. Lastly, the
extracts come out sufficiently concentrated at one end of the extractor, while the
residue falls on the other end [50]. This extraction procedure has great advantages:

i.compared to other methods such as maceration, decoction, percolation a
unit amount of the plant material cab be extracted with a much smaller
volume of solvent;

ii. CCE is usually performed at room temperature, which avoids the thermolabile
constituents from being exposed to heat which is used in most other techniques;

iii. Since the drug is pulverized under wet conditions, the heat generated during
comminution is neutralized by water. This once more avoids the thermal

degradation of components from heat exposure;

iv. Compare to continuous hot extraction, CCE is rated to be more efficient and
effective.
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8.2.9 Solid-phase extraction (SPE)

Solid-phase extraction (SPE) is a sample preparation technology using chro-
matographic packing material, solid particle, commonly found in a cartridge-type
device, to chemically separate the different components. Samples are almost
constantly in the liquid state (although special applications can be run with some
samples in the gas phase). In this method, the dissolved or suspended compounds in
a liquid mixture are separated from other compounds depending on their physi-
cal and chemical properties. The technically correct name for this technology is
“Liquid-Solid Phase Extraction”, since the chromatographic particles are solid and
the sample is in the liquid state [87].

SPE has many benefits, but four significant benefits deserve special attention:

i. simplification of complex sample matrix along with compound purification;
ii. reduce ion suppression or enhancement in MS applications;
iii. capability to fractionate sample matrix to analyze compounds by class;
iv.trace concentration (enrichment) of very low-level compounds.

This rapid, economical and sensitive technique uses different types of cartridges
and disks, with various sorbents, where the solute molecules are preferentially
attached over the stationary phase.

8.2.10 High-voltage-assisted extraction

The principle of this equipment is similar to PEF, with the difference that elec-
trical discharge is made through a small point. For this, a needle electrode is used
from which the release is made in a plate ground electrode.

These methods are known as greener methods, are often better than conven-
tional ones in terms of high yields, high selectivity, lower solvent consumption and
shorter extraction time. They are also found to be environmentally ecofriendly since
energy, and organic solvent consumption are reduced. The combination of extrac-
tion methods to obtain high purity extracts or high overall yields are described in
the literature [40, 88-90]. Its main advantage is the operability in continuous mode,
which is very important from an industrial and economic point of view [80].

8.2.11 Phytonics process

A new solvent-based on hydrofluorocarbon-134a and a new technology to opti-
mize its remarkable properties in the extraction of plant material offer significant
environmental advantages and health and safety benefits over traditional processes
to produce advanced quality natural fragrant oil, flavors and biological extracts.

The technology known as “phytonics process” was developed and patented by
Advanced Phytonics Limited (Manchester, UK). Fragrant components of EOs and
biological or phytopharmacological extracts that can be used straightly without
additional chemical or physical treatment are the products frequently extracted
by this process. The properties of the new generation of fluorocarbon solvents
have been applied to the extraction of plant material. The core of the solvent is
1,1,2,2-tetrafluoroethane, better known as hydrofluorocarbon-134a (HFC-134a)
with a boiling point of — 25°C; a vapor pressure of 5.6 bar at ambient temperature. It
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is flammable and non-toxic. This product was developed as a replacement for chlo-
rofluorocarbons and more importantly, it does not deplete the ozone layer. By most
standards this is a poor solvent that is unable to break up (dissolve) plant waste.

The process is advantageous because the solvents can be customized: by using
modified solvents with HFC-134a, the process can be made highly selective in
extracting a specific class of phytoconstituents. Likewise, to withdraw a broader
spectrum of constituents other modified solvents can be employed. The biological
products obtained by this process contain extremely low residual solvent. Residuals
are constantly below the levels of detection and are fewer than 20 parts per billion.
Therefore, selected solvents have minimal potential reaction effects on the botani-
cal material, and are neither acidic nor alkaline. At the end of each production
cycle, the processing plant is sealed so that solvents are constantly recycled and
totally recovered. Electricity is the unique utility required to perform these systems
and, even then, they consume little energy. There is no scope for the escape of the
solvents, and even if some solvents come to escape, they pose no threat to the ozone
layer because they do not contain chlorine. The waste product (biomass) from these
plants is dry and “ecofriendly” to handle.

As the benefits of this procedure, we have the following:

i. the phytonic process is soft and its products are never damaged by exposure to
temperatures over ambient because relatively low temperatures are employed;

ii. vacuum stripping is necessary which, in other processes, leads to the loss of
precious volatiles;

iii. the process is performed completely at neutral pH, and in without oxygen,
the products never suffer acid hydrolysis damage or oxidation;

iv.the procedure is extremely selective, and offer a choice of operating condi-
tions end products;

v.it requires a minimum amount of electrical energy;
vi. it is less threatening to the environment;

vii. no harmful emission in the atmosphere and the subsequent waste products
(spent biomass) are inoffensive and pose no effluent disposal problems;

viii. the solvents employed are neither toxic, nor flammable, or ozone-depleting;
ix. the solvents are entirely recycled within the system.

In biotechnology, the utilization of the phytonics process is frequently employed
to extract (e.g., for the production of antibiotics), herbal drug, food, EOs and flavor
industries, and pharmacologically active products. It is particularly used to produce
top-quality pharmaceutical-grade extracts, pharmacologically active intermediates,
antibiotic extracts, and phytopharmaceuticals. However, the fact that it is used in all
these areas prevents its use in other areas. The technique is being used to extract high-
quality essential oils, oleoresins, natural food colors, flavors and aromatic oils from all
types of plant material. The technique is also used in refining crude products obtained
from other extraction processes. It provides extraction without wax or other contami-
nants. It helps in the removal of many biocides from contaminated biomass [50].
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8.3 Liquid-Liquid extraction (partitioning)

Upon extraction of the solids and release of desired organics into the extraction
solvent, the most common next step is a liquid-liquid extraction, taking advantage
of mixing two (or sometimes three or even more that can establish two phases) non
miscible solvents, for example, water and ether. The standard rule of thumb is that
polar compounds go into polar solvents (e.g., amino acids, sugars, and proteins
remain in water). To the contrary, the nonpolar components usually remain in
the organic phase (e.g., steroids, terpenoids, waxes, and carotenoids are typically
extracted into a solvent such as ethyl acetate).

It is important to minimize interference from compounds that may coextract with
the target compounds during the extraction of plant material by conventional or
by advanced methods. It is also needed to avoid contamination of the extract and to
prevent decomposition of important metabolites or artifact formation as a result of
extraction conditions or solvent impurities [3]. Regardless of the extracting proce-
dure employed, the resulting solution should be filtered to withdraw whatever par-
ticulate matter. Due to the accompanying increased risk of formation of artifact and
decomposition or isomerization of extract components plant extract should not be
stored in the solvent for a long time at room temperature or in sunlight because [3].

9. Extraction of specific metabolites

The chemical investigation profile of a plant extract, fractionation of a crude
extract is suitable to isolate the major classes of compounds from each other before
further chromatographic analysis. One procedure based on varying polarity that
might be used on an alkaloids-containing plant is indicated in Figure 10. The type and
quantity of components to be separate into different fractions will, vary from plant to
plant. Such procedure can be modified when labile substances are investigated [47].

9.1 Extraction of essential oils (EOs)

Essential oils (EOs) are concentrated aromatic hydrophobic oily volatile
liquids characterized by a strong odor and produced by all plant organs [91].
They are obtained from raw material by several extraction techniques such
as water or steam distillation, hydrodiffusion, solvent extraction, Soxhlet
extraction, expression under pressure or cold pressing method, also known as
scarification method, microwave-assisted extraction, microwave hydrodiffu-
sion and gravity, supercritical fluid or subcritical water extractions. The best
extraction method to use depends on the ease of evaporating (volatility) and
the hydrophilicity or hydrophobicity (polarity) of the desired components
[92-96]. However, the three most commonly applied techniques to extract EOs
are Soxhlet, hydrodistillation, and SFE [97]. The extraction method chosen
significantly affects the chemical composition of EOs [91]. Benmoussa and
collaborators have recently found that the microwave hydrodiffusion and grav-
ity (MHG) appeared like a rapid process, a green technology, and a desirable
alternative protocol to enhance both the quality and the quantity of the EOs
extracted from medicinal and aromatic plants [92].

9.2 Extraction of fats and oils

Lipids contain a broad category of non-polar molecules that are barely
soluble or completely insoluble in water, but soluble in an organic solvent such

166



Extraction of Bioactive Compounds from Medicinal Plants and Herbs
DOI: http://dx.doi.org/10.5772/intechopen.98602

Fresh leaves or flowers

Homogenize for 5 min. in MeOH/H,O (4:1)
(10 x vol. or wt.), filter

Residue Filtrate

Evaporate to 1/10 vol (< 40 °C)
Extract with Acidify to 2M H,80,

EtOAc (x3), filter Extract with CHICl; (23)

Residue Filtrate CH,Cl Extract Aqueons-acid layer
(Fibre, mainly

I harid
polysaccharide) Evaporats

Basity to pH 10 with NH,OH,

Dry, evaporate
extract with CHCly/MeOH
Neutral Extract (3:1, twice) and CHCly

(Fats, waxcs)

Moderately polar
Extracts
(Terpenoids and
phenolics)

CHCl3-MeOH Aqueous-basic
Extract layers
Evaporatc

extract

Dry, evaporate with MeOL1

Basic Extract Methanol extract is

(Most alkaloids) Polar Extract
(quaternary

alkaloids and
N-oxides)

Figure 10.
A general procedure for extracting fresh plant tissues and fractionating into different classes according to
polarity.

as n-hexane, diethyl ether, chloroform, and alcohol [98]. Fats are triglycerides
that are solid or semi-solid at room temperature, while oil is also triglycerides
that are liquid or clear liquid at room temperature, however, their chemistry is
determined by the degree of solubility. Fats and oil may be of vegetable, animal,
and marine origin [99]. Oilseeds and fats production requires several units-
operations, starting with a pre-treatment stage. It is often necessary to dry the
sample before oil extraction using solvents because many organic solvents are not
miscible with water and cannot easily penetrate the matrix and extraction would
be inefficient [100]. The processing methods used are usually neither specific to
lipids, nor insure 100% recovery of the lipid material because of the nature of
the matrix. Diethyl ether and petroleum ether stands as favorite solvents in the
case of crude fat because they are relatively non polar, hence extract most
non-polar components [98].
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Extraction process of edible oils may have negative effects on taste, stability,
appearance or nutritional value, preserve tocopherols, and prevent chemical
changes in the triacylglycerol. Fats and oil can be extracted from plants using
conventional and advanced techniques that include hot water extraction, cold
pressing, solvent extraction, high-pressure solvent extraction, microwave —assisted
extraction, and supercritical fluid extraction [99]. Extraction of oil involves several
mechanisms for removing a liquid from a solid such as leaching, washing, diffu-
sion and dialysis [98]. In the case of palm oil (seeds of Elaeis oleifera), crude oil is
obtained after a digestion step followed by a pressing stage. Digestion helps the rup-
ture or breaking down the oil-bearing cells, thus releasing the palm oil in the fruit
[101-103]. Enzyme-assisted extraction (EAE) is an efficient method to improve
lipid extraction from several different biomasses such as soybean, sunflower, and
microalgae [104, 105].

The main side reactions reported during oil processing are (i) trans fatty acid
formation, (ii) cis-trans isomerization, (iii) and physical loss [99]. Before oilseeds
processing, moisture must not exceed a certain limit to prevent growth of fungi and
the occurring lipase formation, resulting in a free fatty acid increase [98].

9.3 Volatile organic compounds

Volatile organic compounds (VOCs) are odorant compounds emitted from plant
tissues. Plants can produce a high diversity of VOCs. They are responsible for the
distinct aroma of certain dried plants, including the tea, Camellia sinensis. VOCs can
therefore be used as an indicator of tea quality [106, 107]. Several VOCs are emitted
as a natural defense mechanism against arthropods and pathogen attacks [108, 109].

Hydro-distillation (HD), steam distillation (SD), simultaneous distillation
solvent extraction (SDE), microwave-assisted hydro-distillation (MWHD), super-
critical fluid extraction (SFE), purge and trap, and solid phase microextraction
(SPME), are used to extract VOCs [110].

Verde and collaborators conducted a work to optimize the MAE of the volatile oil
terpenes from Pterodon emarginatus fruits and characterize the volatile compounds.
According to their study, MAE proved to be feasible with a particular interest in
avoiding the need of organic solvents in volatile oil extraction from plants. They
proved that a minimum amount of water could be enough to bring result in extrac-
tion. That green methodology appears to be an excellent alternative to extract
terpenes from aromatic plants [111].

9.4 Alkaloids

The alkaloids are low molecular weight nitrogen-containing compounds found
mainly in plants and a lesser extent in microorganisms and animals. They contain
one or more nitrogen atoms, typically as primary, secondary, or tertiary amines,
which usually confers basicity on the alkaloids. If the free electron pair on the
nitrogen atom is not involve in mesomerism, the salt formation can occur mineral
acids. This fundamental property of alkaloids is used in their extraction and further
clan-up. According to the nature of the nitrogen-containing structure, alkaloids are
classified as pyrrolidine, piperidine, quinoline, isoquinoline, indole, etc. [27].

Two methods may be used for alkaloids extraction. One is to basify the plant
material using diethylamine or ammonia and extract with an organic solvent
[112, 113]. Alkaloids are substances with a basic character and their solubility is
a function of pH. They are soluble in low polar organic solvents in basic medium,
while in acidic medium, they are soluble in water.
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Alkaloids containing basic amines can be selectively extracted using a modified
version of the classical “acid-base shake-out” method (Figure 11).

Asrecommendations, mineral acids and strong bases should be avoided in
extracting alkaloids (and plant material in general) because of the risk of artifact
formation [3, 114, 115].

9.4.1 Extraction of caffeine

Caffeine is a natural product found in Coffee, cocoa beans, kola nuts, and tea
leaves in a substantial amount. Its efficient extraction from Coffee relies heavily
on the properties of caffeine and other components present in Coffee. One of the
most popular species of the genus whose seeds contains caffeine is Coffea arabica
(Figure 12). Several methods can be used to extract caffeine, including Ultrasonic
extraction, Heat Reflux extraction, and Soxhlet extraction. Heat Reflux extraction
is commonly used methods to extract caffeine from Coffee [116]. The initial solvent
used in the extraction of caffeine is water. Caffeine is sparingly soluble in water
at ambient temperature (2 g/100 mL) but increasing when mixed in boiled water
(100°C) with ayield of 66 g/ 100 mL. Meanwhile, the solubility of caffeine in chlo-
roform, toluene, acetone and ethyl acetate is relatively high at ambient temperature
[116, 117]. Caffeine is a weakly basic, white colorless powder in its anhydrous state.

Ground Plant Material

1. Defat with hexane or
petroleum ether

2. Extract with McOH,
filter, concentrate

Deffated Methanolic
Extract

1. Suspension in tartric acid, titrated
topH 5

2, Partition with EtQAc, presaturated
with water

Aqueous-acid phase Ethyl acetate
Partition 1
. Make alkaline wit Na,C0, | (Neutral compounds)
solution, titrating to pH 11, or
as described
2. Partition with E1OAc

Aqueous Extract Ethyl acetate
(Contains quaternary amines Partition 1
and alkaloids N-oxides) (Contains 1°, 2°, and 3° amines)
Figure 11.

General procedure to obtain alkaloidal extracts from crude plant material [114].
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Figure 12.
Chemical structure and a few data of caffeine.

There are several ways to remove caffeine from coffee. Here are few reported
procedures:

9.4.1.1 Extraction procedure I: solvent extraction using dichloromethane (DCM)

Coffee seeds are firstly grounded and refluxed in an aqueous sodium carbon-
ate solution for about 20 minutes under constant stirring. After filtration of the
resulted mixture to filtrate is allowed for cooling at room temperature. The DCM is
use to perform the partition of the aqueous filtrate. The process is repeated several
times to extract more caffeine. The DCM fractions are then mixed with anhydrous
sodium sulfate to remove water traces, the DCM-caffeine solution is filtered
through reverse-phase filter paper, which will trap any water and residual matter.
The DCM solution is allowed to evaporate and the white amorphous powder of
caffeine is obtained [118].

The addition of sodium carbonate converts the protonated form of caffeine,
which is naturally present in coffee, to its free caffeine form. During the extraction
of caffeine, tannins being soluble in water and organic solvents can interfere with
extraction. A weak base such as calcium carbonate or sodium sulphate can be added
to break down tannins esters bonds into glucose and calcium or sodium salts of
gallic acid, both of which will not be extracted into the organic solvent.

9.4.1.2 Extraction procedure II: supercritical carbon dioxide extraction

Some benefits are reported when using this method: caffeine is easily extracted
from the final product after avoiding the use of flammable and toxic solvents. In
this process, caffeine diffuses into supercritical CO, with water. Coffee beans are
introduced at the top while fresh CO2 is introducing at the bottom of an extractor
vessel in a continuous extraction to remove caffeine. The recovery is accomplished
in a separate absorption chamber containing water. Higher temperature and pres-
sure are mandatory to obtain great yields. A pretreatment step is needed in this
process. The addition of polar cosolvents affects cosolvent solute specific chemical
or physical interactions. The extraction rate is accelerated by the solvent—cosol-
vent interaction and makes the extraction easier. The material is humidified with
ultrapure water for prewetting, this will destroy the hydrogen bonds that link the
caffeine to its natural matrix. Cell membrane swelling enhances solute diffusion.
Subsequently, the quality of caffeine extracted can reach a purity >94%, which is
generally the standard criteria for use in the soft drink and drug companies [119].

9.4.1.3 Extraction procedure III: activated charcoal

There are some benefits to use charcoal: it is cheaper, “green,” and ease to
regenerate by heat and steam. The choice of active charcoal with the appropriate
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number of micropores and a specific area up to 1000 m*/gram is mandatory for
good absorption performance.

Cleaned green coffee beans are firstly soak in water, and the caffeine and other
soluble content transferred to the aqueous phase. During the filtration through the
activated charcoal, solely caffeine will continue to migrate in water. The recovered
and dried coffee beans are now decaffeinated [30].

9.4.2 Extraction of morphine

The poppy straw (Papaver somniferum capsules) produces a white sticky latex
known as opium. Usually, two weeks after the petals fall from the bud farmers
harvest and collect opium. To allow the viscous latex to ooze out slowly farmers gen-
erally use sharp blade to do two to five incisions into the pod’s skin. 24-hours after
incisions of the pod, opium is then collected. This gummy latex, or opium (poppy
tears), is a complex mixture containing at least 50 different alkaloids (Figure 11).
Morphine is the major alkaloid, making up to 8-17% of the dry weight of opium.
The chemical structure of morphine was established in 1925 despite de fact it has
been used for centuries. Even if the immense majority of morphine continues to be
harvested from the opium poppy, there are at least three classical processes (all old)
for the extraction of morphine from simple starting material [120].

9.4.2.1 Extraction by Merck process

Cold water is used to treat the opium and the obtained aqueous solution concen-
trated until syrupy consistence. Powered sodium carbonate is added to precipitate
hot and heated as long as ammonia given off; it is recommended that the solution
remain alkaline to phenolphthalein and left aside four 24 hours at room temperature.
After standing, the precipitate is filtered and cold water is use to wash several times
until the wash-water become colorless. The precipitate is dissolved in alcohol at 85°C
and the alcoholic solution is allowed for evaporation until dryness, and the residue is
exhausted after neutralization with little amount of acetic acid. Decolorizing charcoal
is used to treat the acidic solution and afterward precipitated with ammonia, avoiding
excess is important. After filtration, the precipitate is washed and purified by crys-
tallization in alcohol; concentration of the alcoholic mother-liquor yields a further
quantity of morphine. This procedure was reported to be impossible to be consider
for industrial scale because of the slight solubility of morphine is alcohol [120].

9.4.2.2 The Thiboumery and Mohr process

The gummy opium in divide into thin slices and treated with hot water thrice of
its weight until obtain a homogeneous paste. After filtration the residue is pressed
and treated again with thrice its weight in water. The resulted solutions are combined
and allowed to evaporation until half their volume and poured into boiling milk of
lime. One part of lime in ten parts of water should be used for four parts of opium,; it
is then filtered off again. The lime solutions are united and concentrated to a quantity
twice the weight of the opium used. The solution is filtered, heated to boiling, and
morphine is precipitated by adding ammonium chloride. The solution is filtrated after
cooling at room temperature, and the precipitate is washed, then purified by solution
in hydrochloric acid and crystallization of the morphine hydrochloride. It is an attrac-
tive process since there are no technical difficulties and the morphine is well separated
from the secondary alkaloids. The morphine solutions are relatively clean; however,
the yield might be bad. The contributory factors may be the oxidation of morphine in
alkaline solution, and the fact that the lime always retains morphine [120].
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9.4.2.3 The Roberson-Gregory process

Five to ten times its weight of cold distilled water is used to completely exhaust the
opium. The resultant solution is evaporated to the consistency of a soft extract. The
process is repeated with cold distilled water. This aqueous re-extraction causes impuri-
ties to precipitate, they are filtered off and the solution obtained is evaporated until
its density is 10° Baumé. For each kilogram of opium, one hundred and twenty grams
of calcium chloride are added to the boiling liquor, which is further diluted with an
amount of cold water equal to its volume. A mixture of a precipitate of meconate and
sulfate of calcium is thus formed and is filtered off. After filtration, the filtrate is once
more concentrated to produce a new deposit which consist almost entirely of calcium
meconate. After removal of the residue by filtration, the filtrate is left to stand for few
days until it becomes a crystalline mass called “Gregory’s salt” It is a mixture of hydro-
chloride and codeine hydrochloride. The crystals obtained are drained and then placed
in a cloth and squeezed out in the presser. Successive crystallization is employed and
each time animal charcoal is used to decolorize the solutions. To separate morphine
to codeine, sufficiently pure crystals are dissolve in water and ammonia is therefore
added to precipitate morphine while codeine remains in aqueous solution.

The first disadvantage of this procedure is that 20 to 25% of the morphine is left
with the secondary alkaloids in the brown and viscous mother-liquids after filtra-
tion of the Gregory’s salt. The second drawback is that the hydrochloride of mor-
phine and codeine crystallize in furry needles retains the mother-liquids in which
the crystallization occurred. Several successive crystallization and subsequent
recoveries are required for purification, which is a time-consuming process [120].

Later in 1957, an efficient method of extraction of morphine from poppy straw
was developed by Mehltretter and Weakley. Water-saturated isobutanol contain-
ing 0.23% ammonia was used to extract morphine. Almost all the alkaloid was
absorbed by passing off the raw opium through a cation exchange ions resin bed.
Quantitative elution of morphine from the bed was achieved with dilute aqueous
alkali. After neutralization and concentration, the crude morphine is obtained, and
the eluate can be converted to hydrochloride pharmaceutical grade without dif-
ficulty. The general recovery of morphine was 90% [121].

Cooper and Nicola have reported recently a straightforward process for extrac-
tion of morphine with a good overall yield (Figures 11 and 13). Morphine and
related alkaloids can be purified from opium resin and crude extracts by extraction
in the following manner: first, soaking the resin with diluted sulfuric acid, which
releases the alkaloids into solution. Either ammonium hydroxide or sodium carbon-
ate then precipitates the alkaloids. The last step separates morphine from other
opium alkaloids. Today, morphine is isolated from opium in relatively large quanti-
ties: over 1000 tons per year (Figure 14) [30].

Till date, morphine is used as a powerful painkiller to alleviate severe pain
by acting straightaway on the brain. It also possesses euphoric and hallucinatory

Papaver somniferum Incision Opium collection Raw Opium
capsules "Poppy straw”

Figure 13.
Extraction of raw opium from poppy straw.
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Raw Opium

Reflux with methanol
and filtration

MeOH _Extract

Remove methanol

Total alkaloids

Treat with 1.0 M NaOH (aq)
and NaOAc then filtration

Filtrate

Extraction with toluene

l Separation l

Acetone fraction Aquemfs phase
Ajust pH to 9 with AcOH
Morphine _precipitate
Filtration
Morphine
Figure 14.

Extraction protocol of morphine from raw opium by Cooper and Nicola [30].

effects. Morphine can also be chemically converted by an acetylation reaction using
acetic anhydride and pyridine to create a much more potent form of the narcotic
drug known as heroin [30].

9.5 Glycosides

Glycosides are relatively polar, and their polarity depends on both the number
and type of sugar moieties attached to the aglycone. Cardiac glycosides have bulky
steroidal aglycone, which are soluble in chloroform. However, most glycosides are
extracted using polar solvents like acetone, methanol, ethanol, water or mixtures of
these solvents. When extraction in done using water as solvent, enzymatic breakdown
can happen. This will be avoid by using boiling water or add important proportions
of alcohol or ammonium sulfate to the extract. In some cases, it may be the hydrolytic
separation of the aglycone and sugar before or after extraction [122, 123].
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9.6 Total phenolic and total flavonoids content

Phenolic compounds are well-known phytochemicals found in almost all plants.
They can be simple phenols, benzoic and cinnamic acid derivatives, coumarins,
tannins, lignins, lignans, and flavonoids [124]. Flavonoids are a group of plant
constituents, the most common phenolic compound produce by plants as secondary
metabolites in response to diverse biotic and abiotic factors [63, 82, 124]. They are
responsible for the characteristics of flavor, color and pharmacological activities
[67, 80, 125]. Because of their positive effects on human and animal health, and
medical application for disease therapy and chemoprevention, interest in flavonoids
increases [126, 127]. Complete extraction of phenolics is the next critical step after
the sample preparation. The most common procedures of extraction of phenolics
employ solvents, either organic or inorganic. Different parameters may influence the
extraction yield, that includes temperature, the solvent used, time, solvent-to-sam-
ple ratio, as well as the number of repeated extractions of the plant material [124].

There is no universal extraction method and each optimized procedure is
unique [82]. Due to the complex nature of the sample matrix and diverse chemi-
cal characteristics of flavonoids, it is consensual among scholars that there is no
single or/and standard method to be used for every material or flavonoids to be
extracted at present [67]. Maceration, water infusion, and Soxhlet extractions are
generally used in research laboratories and/or in small manufacturing companies.
The choice of solvent for extraction such as water, acetone, ethyl acetate, alcohols
(methanol, ethanol, and propanol), and their mixtures will influence phenolics’
extraction [124, 128]. The extraction of flavonoids-containing sample material
are still performed by simple direct solvent extraction. It can also be extracted in
a Soxhlet apparatus, first with #-hexane or diethyl ether to remove fats, and then
with ethyl acetate or ethanol to obtain total phenols. This procedure is unsuitable
for thermolabile components. A commodious and frequently used technique is
sequential solvent extraction. Dichloromethane is used in the first step to remove
flavonoid aglycones and non-polar components. A subsequent step using alcohol
or alcohol-water mixtures will therefore extract flavonoid glycosides and other
polar constituents. Cowan indicated that acetone was the most selective solvent
for extracting flavonoids [129]. Anokwuru and collaborators discovered that
acetone and N,N-dimethylformamide (DMF) were highly influential for remov-
ing antioxidants [130]. In most cases, flavonoids and polyphenols are coextracted
[82]. Furthermore, several promising methods (Microwave-assisted extraction
(MAE), Enzyme-assisted extraction (EAE), Pressurized liquid extraction (PLE),
Ultrasound-assisted extraction (UAE), Matrix solid-phase dispersion (MSPD), and
Superecritical fluid extraction (SFE) are nowadays used with increased yields and
lower cost as main advantages [8, 82].

Due to the multiplicity of hydroxyl functions, phenols tend to be relatively polar
and dissolve in aqueous alcohols. They may also be extracted or partitioned into
aqueous alkali as phenolate salts as they are weak acids. A problem encountered
with phenolic compounds is that they can undergo extensive polymerization
reaction by polyphenol oxidation. This reaction is responsible for developing
brown coloration in damaged plant material when exposed to the air and in certain
extracts. The polymerization reaction is catalyzed by acid [131].

9.7 Total mixture of crude saponins
The procedure for isolating mixtures of crude saponins (i.e., steroidal or triterpene

glycosides) is shown in Figure 15. Fats are removed from the plant material by treating
with z-hexane and after extraction with methanol. The resultant methanol extract
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Ground Plant Material

1. Defat with n-hexane
or petroleum ether

Filtration

Mare n-Hexane or petroleu
ether extract

1. Extract with MeOH
(or EtOH or EtOH/H,0)

Marc

(Discar)

Methanol extract

1. Concentrate

2, Extract with H20 (Ol' H20
saturated with n-butanol)

3. Partition with n-butanol

n-Butanol Partition Aqueous Partition

1. Add diethyl ether to
precipitate the crude
saponin mixture

Crude saponin

Figure 15.
General fractionation procedure to obtain a precipitate of crude saponin from plants, adapted from the
literature [132].

is evaporated under vacuum and suspended in deionized water (presaturated with
n-butanol), and partitioned with z-butanol. Diethyl ether is added to the butanol
solution to precipitate the saponins [3, 132]. Selective extraction and fractionation

of plant sterols (including sapogenins, bufadienolides, and cardiac glycosides)

using manipulations and liquid/liquid partitioning have been described [3, 133].
Partitioning between the aqueous phthalic anhydride and organic solvent can be used
to separate alcohols from non-alcohols. The alcohols partition into the aqueous layer
as half-phthalates and can be regenerated by treatment with sodium methoxide in
methanol. Sterols with ketone functional groups can be set-apart from non-ketones
by liquid/liquid partition between organic and aqueous layers using Girard’s hydrazide
reagents (H,N.NH.CO.CH,.NR;*Cl"), and generate ketones by acid hydrolysis [3, 133].

10. Conclusion

There is a clear and growing interest in the extraction procedure of natural prod-
ucts and their isolation, identification, and applications. Research innovation and
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safe extraction processes are of primary importance in modern analytical processes,
which are economically viable and environmental friendly. In the process of plant
extracting plant material, it is peremptory to reduce interference of components
that may be co-extracted with the target compounds, and to bypass contamina-
tion of the extract, moreover to prevent degradation of necessary metabolites or
the formation of artifact as a result of extraction conditions or solvent impurities.
Regardless of the extraction procedure, the resulting solution should be filtered

to remove any particulate matter. Plant extracts should be stored for short time at
room temperature or in sunlight to avoid increasing risks associated with the pro-
duction of artifact making and additionally degradation or isomerization of extract
components. The most suitable extraction procedure depends on the matrix of the
plants and the type of compost, and should follow clear selection criteria.
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Chapter 10

Controversy, Adulteration and
Substitution: Burning Problems
in Ayurveda Practices

Puneshwar Keshari

Abstract

Ayurveda is an Indian traditional system of medicine. In present era, world is
looking towards herbal medicine because of acceptability and safety. Medicinal
plants constitute an effective source of Ayurvedic and other traditional system of
medicines as well as modern medicine. In India, about 80% of the rural popula-
tion depends on herbal medicines in primary health care level. A large percentage
of plants used in herbal industries are subject of controversy. Non-availability of
plants, poor understanding and parallel evolved knowledge systems are some of
the reasons attributed to it. The existing practices of polynomial nomenclature
system of Sanskrit, different perceptions in various communities, vernacular
equivalents, all are cumulative factors for controversy, adulteration and substitu-
tion. “ Sandigdha Dravaya “ is a term used for that type of medicinal plants which
are mentioned in Ayurvedic classics but their exact botanical source is not known.
Adulterants and substitutes are the common practices in herbal raw material trade.
Adulteration is a debasement of an article. The motives for intentional adulteration
are normally commercial that which involves deterioration, admixture, sophistica-
tion, inferiority, spoilage and other unknown reasons. Substitution is a replacement
of equivalent drugs in place of original drugs. The principles to select substitute
drugs are based on similar Rasa, Guna, Virya, Vipaka and mainly the Karma. At
present the adulteration and Substitution of the herbal drugs is the burning prob-
lem in herbal industry and in Ayurvedic practices. So it is necessary to develop reli-
able methodologies for correct identification, standardization and quality assurance
of Ayurvedic drugs.

Keywords: Controversy, Substitution, Adulteration, Ayurveda, Pratinidhi dravya

1. Introduction

Ayurveda is an Indian traditional system of medicine. It is a science of life and
believed to be prevalent for last 5000 years in Indian Subcontinent. It is one of the
most noted systems of medicine in the world [1]. In Ayurvedic system of medicine,
treatment is based on Chikitsa Chatuspad (Tetra-pod of treatment) and for success
of treatment, all these pods most contain special qualities [2]. Aushadh (Drugs) is
one of the major pod, and for success of treatment potent drugs are the primary
requirement. Medicinal plants are the major source of drugs in Ayurveda.

India is one of the world’s top 12 mega diversity countries. It has more than
one fourth (8000) of the world’s known medicinal plant species (30,000), which
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provides an important source of medicinal raw materials for traditional medicine
systems as well as for pharmaceutical industries [3]. Medicinal plants are glob-

ally valuable sources of new drugs. There are over 1300 medicinal plants used in
Europe, of which 90% are harvested from wild resources; similar figure in India also.
Furthermore, up to 80% of people in developing countries are totally dependent on
herbal drugs for their primary healthcare, and over 25% of prescribed medicines in
developed countries are derived from wild plant species [4]. Due to an increasing
demand for medicinal plants and a loss and fragmentation of natural habitats, close
to 300 species of Indian medicinal plants have been so far assessed as under threat in
the wild. Around 1,000 species are estimated to be facing various degrees of threat
across different biogeographic regions in the country [5]. Due to such a high demand
and less availability of natural sources and unavailability of crude genuine drugs,
practices of substitution and adulteration are increasing day by day. Similarly a large
percentage of plants used in herbal industries are subject of controversy. Non-
availability of plants, poor understanding and parallel evolved knowledge systems
i.e. knowledge of naming of plants by identifying species with partly similar or fully
similar properties, inherent qualities of accent and dialects, nonmedical literature
describing flora etc. are some of the reasons attributed to it [6].

At present the adulteration and Substitution of the herbal drugs is the burning
problem in herbal industry and in Ayurvedic practices. Due to adulteration, faith
in herbal drugs has declined and led to one of the greatest drawbacks in promotion
of Ayurveda and Herbal products. Adulterants are also creating health hazards or
adverse events. Similarly controversy is creating problem for uniformity in stan-
dardization and reliability of Ayurvedic products and due to use of substitutions, it
is difficult to get the appropriate effects as the genuine drugs could give.

2. Enumeration of controversy, adulteration and substitution
2.1 Controversy and controversial drugs

Controversial drugs or Sandigdha Dravyas are those plants which are mentioned
in Ayurveda classics but their botanical identification is not clear. The Ayurvedic
and Sanskrit literature has described a herb with many synonyms, which do not
precisely indicate the botanical source but many a times attribute to therapeutic
utility of the plant [7]. For a single herb various synonyms are mentioned in
Ayurvedic lexicons on the basis of morphology, habitat, origin, therapeutic uses
etc. by using different similes which are leading causes of controversy. Quantum of
information gained from Ayurvedic and other Sanskrit literature revealed various
incidences where on common vernacular name is used for two or more entirely dif-
ferent plant species in Ayurvedic and other traditional system of medicines [7] e.g.
Amrita is used both for Tinospora cordifolia, and Terminalia chebula which are totally
different drugs. Synonyms of herbs are also given according to the local languages.
India is a country having a variety of languages and population dependent on dif-
ferent tribal and folklore medicine. Sometimes this is also responsible for confusion
in the nomenclature of different plants having similar name.

2.2 Causes of controversy
2.2.1 Mistake done during copying of manuscripts

In past there was no printing machine, Acharyas had written the manuscript-
manually in Bhurja-Patra or Taalpatra or other substances. During copying of
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these manuscripts by editors or translators, mistakes might have occurred, which
ultimately created controversy.

Single synonym given for multiple plants- In Ayurvedic lexicons single syn-
onym is used for two or more than two herbs which are totally different in morphol-
ogy which creates controversy. These types of practices come in existence mainly
during Nighantu periods e.g. Amrita is used for both Tinospora cordifolia (willd.)
Miers ex Hook & Thoms and Terminalia chebula Retz [8-10].

Geographical variation- India is a countryof multi diversity having high
Himalayas to sea level area and world highest rainy area to Thar Desert. Every area
has its own types of plant diversity, the plant which found in northern India mayn’t
found in southern part. So due to unavailability of those species another species
are used for the same purpose, which ultimately creates controversy. For example
Convulvulus microphyllus Sieb. ex Spreng is used by the name of Sankhpushpi in
north India but due to geographical variation, it is not available in southern part and
there Clitoria ternatea Linn. is used [8-10].

S. No. Sanskrit Name of the drugs Botanical Sources
1. Brahmi 1. Bacopa monnieri (L.) Pennel
(Scrophulariaceae)

2. Centella asiatica (L) urban (Apiaceae)

2. Jeevanti 1. Leptadenia reticulata Wight and Arn. (Asclepiadaceae)
2. Desmotrichum fimbriatum Bl. Bidr (Orchiaceae)
3. Cimicifuga foetida Linn (Ranunculaceae)

3. Shankhapushpi 1. Convolvulus pluricaulis Choisy (Convulvulaceae),
2. Evolvulus alsinoides (Convulvulaceae),
3. Canscora decussate Schult (Gentianaceae),
4. Clitorea ternatea Linn. (Papilonaceae).

4, Daruharidra 1. Berberis aristata DC (Berberidaceae),
2. Coscinium fenestratum (Gaertn.) Colebr. (Menispermaceae),

5. Rasana 1. Vanda tessellata Loud and Loud (Orchidaceae),
2. Alpinia galanga (L.) Willd (Scitaminaceae),
3. Pleuchea lanceolata C.B.Clarke. (Compositae)
4. Viscum album (Loranthaceae),
5. Withania coagulens (Stocks) Dunal (Solanaceae),
6. Aristolochia indica L.(Aristolochiaceae)
7. Inula racemosa Hook.f. (Asteraceae)
8. Rauwolfia serpentine (L.) Benth. ex Kurz (Apocynaceae),
9. Lochnera rosea (Apocynaceae)
10. Enicostemma littorale Blume (E. littorale) (Gentianaceae)

6. Talishpatra 1. Abies webbiana Lindl.(Pinaceae)
2. Taxus baccata Linn.(Pinaceae)
3. Rhododendron anthopogon D. Don. (Ericaceae)

7 Pashanabheda 1. Aerva javanica Juss. (Amarantaceae)
2. Ammania baccifera Linn. (Lythraceae)
3. Bergenia ligulata Wall (Saxifragaceae)
4. Bryophyllum pinnatum (Lam.)Kurz. (Crassulaceae)
5. Coleus aromaticus Benth. (Lamiaceae)
6. Rotula aquatica Lour.(Boraginaceae)
7. Bridelia montana (Roxb.) Willd. (Euphorbiaceae)
8. Homania riparia (Euphorbiaceae)
9. Ocimum basillicum L.(Lamiaceae)

Table 1.
List of some controversial drugs.
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Poor understanding of Sanskrit word in different context- Ayurvedic
classics are mainly written in Sanskrit language [8-10]. Same word in different con-
texts give different meaning, and due to poor understanding of this type of words by
commentator further creates controversy, for example Pippala denotes Bodhivriksha
when used in malegender and the same in female gender denotes long pepper.

Substitute leading controversy- Due to non-availability or high cost in the
market, there are chances of substitution of drugs. If this practice continues for
long time the original identity of a plant may become obscure and the substitute
will be considered as the original, which ultimately creates controversy later on.
For example-Pashanbheda is used as urolithiasis (Ashmaribhedana) as the name
indicates, so drugs like Bryophyllum pinnata (Patharchuda), Aerva lanata Juss etc.
are used by name of Pashanbheda. But originally Bergenia ligualata (Wall.) Engle is
identified as the source of Pashanbheda [8-10].

Parallel evolving knowledge system- Identifying species and naming them
with partly similar or fully similar properties, inherent qualities of accent and
dialects may create controversy. For example Brahmi is mentioned in Ayurveda
calssics as brain tonic. Mandukparni is another drug mentioned as Medhya Rasayan
(braintonic) in Charaka Samhita. Bacopa monnieri [8-10].

(L.) Pennel. is source for Brahmi but in North India Centella asiatica (L) urban
(Mandookparni) is called as Brahmi due to similarity in therapeutic effects.

Vernacular names- Somewhere same name is used in different languages but
having different meaning and identity which is also a cause of controversy, e.g.
Matala in Tamil refers to Punica granatum Linn. Where as in Kannada it pertains to
Citrus medica [8-10].

Non Ayurvedic literature also creates controversy- In poetry Kamala,

Utpala, Kumuda, Kalhara all are referred as same plant lotus but botanically they
are different species [8-10].

Polynomial nomenclature- Multiple names for single plant are given in
Ayurvedic lexicons. This type of trends aroused during Nighantu Period. Different
Nighantu written by different authors gave multiple names for a single drug especially
for better understanding about the drug but they created controversy later on [8-10]
(Table1).

3. Adulteration

Adulteration is a practice of substituting original crude drug partially or wholly
with other similar looking substances but later is either free from or inferior in
chemical and therapeutic properties. In simple word, it is debasement of an article
[1]. On the basis of motive; adulteration is intentional or direct and accidental or
indirect adulteration. Direct or intentional adulteration is mainly done for com-
mercial benefits [11]. Deterioration, Admixture, Sophistication, Substitution,
Inferiority and Spoilage are methods of adulteration. Intentional impairment in the
quality of drug is Deterioration. Addition or mixing one substance to another acci-
dentally or carelessly or due to ignorance is Admixture. It is a type of unintentional
adulteration. Sophistication is the intentional or deliberate type of adulteration
in which some totally different substance is added in place of genuine drug while
Inferiority refers to adding of any substandard drug, and Spoilage is due to the
attack of microorganisms or parasitic infestation [1].

Deterioration, Admixture, Sophistication, Substitution, Inferiority and Spoilage
are methods of adulteration. Intentional impairment in the quality of drug is
Deterioration. Addition or mixing one substance to another accidentally or
carelessly or due to ignorance is admixture.
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It is a type of unintentional adulteration. Sophistication is the intentional or

deliberate type of adulteration in which some totally different substance is added
in place of genuine drug while Inferiority refers to adding of any substandard drug,
and Spoilage is due to the attack of microorganisms or parasitic infestation [1].

3.1 Major intentional types of adulteration
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Substitution with substandard commercial varieties [1, 12, 13]

This is the most common type of adulteration in which low standard drugs are
mixed which are morphologically, chemically and therapeutically resembles
to the original crude drugs, for example Arabian senna is used instead of
Indian senna.

Using superficially similar inferior drugs — In this type of adulteration adulter-
ants are superficially similar in appearance but may or may not having any
chemical or therapeutic value as the original crude drugs. For example papaya
seeds are adulterated with Piper nigrum, saffron is admixed with dried flowers
of Carthamus tinctorious.

Using artificially manufactured substance — In this type of adulteration artifi-
cially manufactured substances resemble to original crude drugs, are adulter-
ated. This type of adulteration is done for costlier drugs. For example Calcium
carbonate compounds are used by name of Vansha lochan.

Using exhausted drug - This type of adulteration is usually done for those
drugs which contain volatile oil, for examples fennel, clove, coriander, caraway
etc. In this type same crude drug is adulterated but after extracting major
chemical constituents, e.g. Volatile oil is extracted from bud of Lavanga (clove)
and exhausted buds are adulterated. In this case sometimes extra additives are
used to make the exhausted drugs attractive.

Using synthetic chemicals to enhance natural character- Synthetic chemicals
are used as adulterant which enhances the natural characteristics of original
drug, for example, Citral is added in citrus oil like oil of lemon or orange oil.

Presence of vegetative matter of same plant- Instead of proper used parts of
crude drugs other parts of same species or miniature species grown around
the large species are mixed with genuine crude drugs. For example instead of
Moola (root) of

Bala (Sida cardifolia) stem or whole parts of plant is used. This type of adul-
teration occurs in both intentional and unintentional adulteration.

Harmful adulterants - For increasing weight of crude drugs for commer-
cial profit, some harmful substances are added with genuine crude drugs,
for example stone pieces and sand particles mixed in Guggulu (gum of
Commiphora mukul).

Adulteration of powders- The drugs which are commonly found in powder
forms are adulterated with powder of other substances resembling the same,
examples are dextrin in ipecacuanha and Kampillak (Malotous phillipinensis)
powder is adulterated with Annatto dye (Bixa orellana Linn.) [1, 12, 13].
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3.2 Reason for adulteration

1. Intentional adulteration is done mainly due to commercial benefits, when there

is high demand but less availability of drugs.

2. Unintentional adulteration is done due to following reasons [14, 15]

* Confusion in vernacular names- e.g. Aerva lanata (source of Pashanbheda in

south) adulterated as Bergenia ligualata.

Lack of knowledge about authentic source e.g. Calophyllum inophyllum is
adultered with Mesua ferra.

Similarity in color and morphology — For example Mucuna utilis and Mucuna
deeringiana are used for Mucuna pruriens

Careless collection/improper collection — Definite part of herb should be
collected in particular season, particular place and particular part of plant
should be collected but ignorance of these things during collection and drugs
collected carelessly may cause adulteration.

Improper storage- Due to improper storage physical factors such as air
(oxygen), humidity, light, and temperature can bring about deterioration
directly or indirectly and use of such type of drug acts as adulterant.

Imperfect preparation- Some of crude drugs should be processed before
marketing, during such processing improper technique may destroy active
constituents e.g. over drying of crude drugs, removal of cork from zinger etc.

(Table2).

S.No. Genuine drugs Adulternats

1. Mussabar (Aloe barbadensis) Black catechu (Acacia catechu)

2. Nagkeshara (Mesua ferrea) Buds of Mammea suriga and Calophyllum inophyllum
3. Punarnawa (Boerhavia diffusa) Trianthema portulachastrum

4, Ashoka (Saraca indica) Polyalthia longifoia

5. Kutaja (Holarrhena antidysenterica) Wrightia tinctoria, Wrightia tomentosa

6. Guggulu (Gum of Commiphora wightii) Gum resin of Boswellia serrata,

Hymenodictyon excelsura

Bol or Myrrh (Commiphora myrrha) Gum of Commiphora wightii

Table 2.

List of few commonly used adulterants in Ayurveda.

4, Substitution

Substitution is a replacement of equivalent drugs in place of original drugs on
the basis of similar pharmacological actions and therapeutic uses. In Ayurveda,
substitution is described by the name of Abhava Pratinidhi Dravya. During
Sambhita Period concept of adulteration and substitution was not existed but
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later on this practices come in existence. But Vagbhatta has mentioned that the
dravya having similar Ras (taste), Guna (characteristic), Veerya (potency) and
Vipaka should be used in absence of each other. So Abhava Pratinidhi Dravya is a
replacement of original drug basically having similar Rasa, Guna, Veerya, Vipak
and mostly on Karma. Description of Abahva Pratinidhi Dravyas are mentioned
in Bhavaprakash Nighantu, Yogratnakar and Bhaishajya-Ratnawali [16-18]. There
are 47 drugs of plant origin (Sthavar Dravya), 2 drugs of animal origin (Jangam
Dravya), 7 drugs Minerals- Metals origin (Bhoumya Dravya) and 5 food materi-
als (Ahara Dravya) mentioned for Abhava Pratinidhi Dravya in Bhavaprakash
Nighantu [9, 16].

5. Need for substitution

* Non-availability of the drug: Some drugs mentioned in Ayurvedic lexicon are
not available nowadays, so those drugs are substituted by other drugs having
similar therapeutic value [9, 10, 12, 13, 15]. For example most of drugs from
Astavarga are not easily available so those drugs are substituted by other ones
e.g. Meda and Mahameda are substituted by Shatavari.

o Uncertain identity of the drug: The drugs which are mentioned in
Ayurvedic classics but their botanical identity is not clear those are substi-
tuted by known one e.g. for the herb Lakshmana, different species such as
Arlia quinquefolia, Ipomea sepiaria etc. are considered.

* Cost of the drug: Kumkuma (Crocus sativus) is more costly so it is substituted
by less expensive Kusumbha (Carthamus tinctorius Linn.).

* Geographical distribution of the drug: Rasna (Pluchea lanceolata) is used in
Northern India while in southern parts Alpinia galanga is used as Rasana and
Vanda roxburghii is considered as source in Bengal.

* The adverse reaction of the drug: Vasa (Adhatoda vasica) is good Rakta-
Pittahara (antihaemorrhagic) drug, but having abortificiant activity, so
instead of this drug Laksha (Lacifer lacca), Ashoka (Saraca asoka) etc. are used
in pregnant women for the same purpose.

* Seasonal availability of drug- Punarnawa (Boerhaavia diffusa) is commonly not

found throughout the year so for that Trianthema portulacastrum (Varshabhu)
can be used as substitute, which is found throughout the year [9, 10, 12, 13, 15].

6. Types of substitution

* Substitution with totally different drug - Use of Danti (Baliospermum monta-
num) as a substitute of Chitraka (Plumbgo zelenycum) [9, 10, 12, 13, 15, 19].

* Substitution of species belonging in same family — Datura metal is
substituted by Datura stamonium.

» Using different species having common Sanskrit name - Two types of
g P g yp

Gokshura are used, they are Tribulus tervestris (Laghu Gokshur) and Padalium
muvex (Brihat Gokshura).
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S.No. Main drugs Substitutes
1. Plumbago zeylanicum Linn Baliospermum montanum Muell
2. Valeriana wallichii D C Saussurea lappa C B Clarke
3. Punarnawa (Boerhavia diffusa) Trianthema portulachastrum
4. Ashoka (Saraca indica) Polyalthia longifoia
5. Maysedenia tenacissima W Odina woodier Roxb.
6. Clerodendrum serratum Spreng Solanum xanthocarpum Schrad
& Wendl
7. Piper cubeba Linn.f. Cyperus rotundus Linn.
Table 3.

List of few examples of substitute drugs (herbs) [20, 21].

* Using different parts of same plant - Instead of root of Sida cordifolia whole
plants of Sida cordifolia is used.

* Due to similar action- Aamalki (Embelica officinalis) is taken instead of Bhallatak
(Semicarpus anacardium) for Rasayan karma (rejunaive action) (Table 3) [20, 21].

7. A case of substitution in Nepal

Rohitaka is mentioned in almost all classics of Ayurveda such as Brihattrayee
(Charaka Sambhita, Sushruta Sambhita, and Ashtanga Hridya) and other lexicons
such as Sharangdhara Samhita, Bhavaprakasha Nighantu, and Yoga Ratnakar. It
is also mentioned in maximum numbers of Nighantu (Ayurvedic lexicons). It is
mentioned as Yakritpleehagulmodar Roga-hara (useful in liver diseases, spleen dis-
orders, and abdominal lumps). Tecomella undulata (Sm.) Seem. from Bignoniaceae
family is a genuine source of Rohitaka. It is commonly known as “Rohida” or
“Desert Teak” and an important deciduous, ornamental, and medicinal tree [19].

In crude drug market of Nepal Rhododendron arboreum Sm. is sold by the name
of Rohitaka and considered as substitute of Tecomella undulata (Sm.) Seem. The
Nepali name of Rohitaka is given as Guransa in Chandra Nighantu which is a hand
written famous manuscript in Nepal and kept in Singha Darbar Vaidyakhana Vikas
Samiti (SDVKVS) in Kathmandu. In this manuscript manually drawn picture of
Rohitaka is given which is Guransa and is botanically identified as Rhododendron
arboretum Sm. Traditional practitioners use this drug for liver disorders like
Jaundice (Kamala), hepatitis, hepatomegaly etc. Leaves, flowers, bark are used for
various purposes traditionally and in Ayurvedic practices [19].

The genuine source of Rohitaka is identified as T undulata (Sm.) Seem.
However, due to non-availability of the genuine source, various other drugs are
used as substitute. Stem bark of R. arboreum Sm. is commonly found by the name
of Rohitaka in herbal raw drugs trade in Nepal. The rationality behind selection of
Pratinidhi Dravya (substitute drug) isbased on similarity in Rasa, Guna, Veerya,
and Vipaka with that of original drug. On organoleptic evaluation, both drugs
are bitter in taste substantiated the similarity in Rasa. The pharmacognostic and
analytical studies have confirmed the genuinity and purity of both the drugs
(R. arborewm Sm. and T. undulata [Sm.] Seem.). Both the drugs have few common
phytochemicals such as carbohydrates, alkaloids, tannins, and phenols which are
responsible for their pharmacological actions. Chromatographic study showed
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the presence of 18 phytoconstituents in R. arboreum and 24 phytoconstituents in
T. undulata extracts, and among them, three phytoconstituents having Rf of 0.30.
0.45, 0.66 are common [22].

8. Discussion

Controversy, Adulteration and Substitution are interrelated with each other.
Substitution practices if exists for long time the original identity of a plant may
become obscure and the substitute will be considered as the original, leading to cre-
ate controversy. Nonavailability and high market price of crude drugs led to adul-
teration. Similarly controversy about authentic botanical source of medicinal plants
dealtin classical Ayurveda texts led a cause of substitution because of lack of proper
authentication, the drugs having similar morphology or similar therapeutic effects
might be practiced. Controversy, adulteration and substitution create problems for
standardization of Ayurvedic practices and herbal products. Substitution of genuine
drug is need of time because of unavailability of genuine drugs due to deforestation,
global warming, lack of adequate cultivation practices etc. Although substitution
should be only done for endangered and red listed plants and the major constituent
of a preparation should not be substituted. The rational substitution in Ayurveda
is based on similarities in Guna of both the drugs and not on inferior qualities. It
should be properly validated in contemporary context using both Ayurvedic princi-
ples and Modern Scientific tools. World Health Organization (WHO), in its publica-
tion on quality standards for medicinal plant materials, recommends rejecting any
batch of raw material, which has more than 5% of any other plant part of the same
plant (e.g. stem in leaf drugs), never the less if they are derived from the authentic
plant. Based on these standards, adulteration whether, intentional or unintentional,
should be rejected. Collectors, suppliers and traders should be educated for authen-
tic sources of drugs. Intentional adulteration should be discouraged by strictly
implementing the regulatory laws. Due to adulteration faith in Ayurvedic practices
and drugs has declined and adulteration in market samples is the greatest drawback
in promotion of herbal drugs. So for quality, safety and standardization purpose of
Ayurvedic products and practices the problem related with controversy, substitution
and adulteration of drugs should be resolved for its worldwide acceptance.

The prime factor for resolution of controversy is the proper authentication
of botanical source of medicinal herbs mentioned in classics, for this, literature
review, ethno-botanical survey, medicinal plants survey and drug evaluation
(morphological, microscopic, chemical, physical and biological evaluation)
should be done. Similarly for determination and detection of adulteration,
various steps of drug evaluation should be applied. Substitution of drugs should
only suggested when therapeutic efficacy of substituted drug is similar to
original one.

The uniformity in selection of crude drugs for pharmaceutical preparations and
practices should maintain the standardization of Ayurvedic products and for this
Ayurvedic pharmacopeia of India (API) and Ayurvedic formulary of India (AFI)
is playing a vital role, so maximum number of drugs mentioned in classics and
practiced traditionally should be incorporated in API and AFI.

9. Conclusion

* Controversy about drugs is mainly due to polynomial system of nomenclature
in classical texts.
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* Naama-Roopa (nomenclature and morphology) of drugs are clear in Samhitas,
controversy aroused mainly due to Nirukti (basonyms)and Paryaya (synonyms)
are given by different Nighantus.

* Proper identification of original botanical source is even a great problem
till date.

* Adulteration and Substitution are different. The most essential criteria for
substitution is the pharmacological activity rather than morphology or
phytoconstituents.

 Substitution of the herbs is the need of the hour with more than 300 medicinal
plants becoming red listed.

* Adulteration is a malpractice not only done intentionally but accidentally due
to involvement of untrained personnel in collection and trade.

* Controversy about authentic botanical source of medicinal plants dealt in
classical Ayurvedic texts and problem regarding substitution and adulteration

should be resolved by integrated research and those sources should be vali-
dated which have more potency for described pharmacological activities.
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Abstract

Momordica charantia L. is growing in many tropical and subtropical regions; the
fruits of bitter melon are also gradually becoming popular for treating diabetes and
associated diseases. Over 248 compounds belonging to the lipids, phenolics and
terpenoids class are reported by diverse studies. However, M. charantia L. appears to
be an inimitable species that synthesizes a diverse range of natural products in the
fruits, leaves, stems and roots. The cucurbitane types of triterpenes exist in the
various tissues of the plant in their aglycone as well as glycosylated forms. The bitter
melon seems to exert their lipid lowering and antiobesity effects via several mecha-
nisms like PPARs, LXRs, SREBPs, and Sirts mediated fat metabolism in various
tissues, prevent adipocyte hypertrophy and visceral fat accumulation. M. charantia L.
has been comprehensively studied worldwide for its therapeutic properties to treat a
number of diseases like diabetes, dyslipidaemia, obesity, and certain cancers. This
chapter apparently displays an encompassing literature review on vast potential of
bitter melon as antiobesity agent and assembles data on complex phytochemistry.

Keywords: obesity, phytochemicals, bitter melon, cucurbitane type terpenoids

1. Introduction

Momordica charantia L. or Bitter Melon, also known as balsam pear or Karela, is
a vegetable and common food in Indian cuisine and has been used comprehensively
in folk medicine. Momordica charantia L. is tropical or subtropical creeping belong-
ing to family Cucurbitaceae and widely used as medicinal herb from ancient time
(Figure 1). The Latin name Momordica means “to bite” referring to the serrated
edges of the leaf, which appear as if they have been bitten. The major regions of M.
charantia L. cultivation are Asia including China, India, Sri Lanka and Thailand,
central and South America and North America [1]. In Ayurveda, the fruit is con-
sidered as tonic, stomachic, stimulant, emetic, antibilous, laxative and alterative.
Bitter melon has been used in various Asian traditional medicine systems for a long
time. It is well recognized, the plant is extensively in use in the Chinese, Indian
Ayurvedic, and Indonesian systems of medicines as well as in Japan [2].

The therapeutic significance of the plant is symbolized by the fruits which
contain about half a dozen seeds per gram of the fresh fruit. As the name implies,
the fruits are bitter and bitterness enhance with the level of maturity and hence
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Figure 1.
The image describes plant parts of M. charantia L. unripe fruit; ripe fruit and seeds of plant.

earlier harvesting required to battle bitter taste. The leaves and young shoots of
bitter melon recognized to be used in traditional medicine as an herbal tea. The
range of pharmacological activities reported for bitter melon is rapidly increasing in
recent years and its claimed uses and potential applications for cancer and other
diseases have been extensively reviewed. Likewise, the range of medicinal claims
range from diabetes, hypertension, obesity, cancer, as well as AIDS. M. charantia L.
possesses various beneficial effects, including anti-cancer, anti-viral, antioxidant,
antiulcer, anti-obesity, anti-HIV, cytotoxic, anti-inflammatory, reduction of cho-
lesterol, inhibition of protein tyrosine phosphatase 1B, and anti-osteoporosis [3].
This chapter aims to highlight the complex phytochemistry and extensive review on
antiobesity potential of bitter melon with possible targets.

2. Plant profile
2.1 Botanical description

Cucurbitaceae family is known to comprise some 101 accepted genera and the
genus Momordica L. itself comprises of some 50 accepted species within the family
[4]. M. charantia L. was known previously by several synonyms including the
Cucumis argyi H. Lev., Cucumis intermedius M. Roem., Momordica anthelmintica
Schumach. & Thonn., Momordica charantia subsp. abbreviata (Ser.) Greb.,
Momordica charantia var. abbreviata Ser., Momovdica charantia f. muricata
(Willd.)., Momordica charantia var. muricata (Willd.) Chakrav., Momordica
charantia var. pseudobalsamina Griseb., Momordica charantia var. zeylanica Hitchc.,
Momordica elegans Salisb., Momordica indica L., Momordica jagorana K.Koch.,
Momordica muricata Willd., Momordica papillosa Peckolt ex Rosenthal., Momordica
roxburghiana G. Don., Momordica senegalensis Lam., Momordica thollonii Cogn.,
Momordica zeylanica Mill. The botanical description of different parts of the plant
demonstrated in Table 1. The taxonomic hierarchy of bitter melon within the plant
kingdom is as follow:

Kingdom: Plantae
Subkingdom: Viridiplantae
Superdivision: Embryophyta
Division: Tracheophyta
Subdivision: Spermatophytina
Class: Magnoliopsida

Super order: Rosanae

Order: Cucurbitales
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Plant Description
parts
Leaves Broadly ovate to orbicular in outline, cordate, narrowly decurrent on to petiole, sparsely

pubescent to densely villous on veins beneath, deeply palmately 3-7-lobed, lobes variously
sinuate-dentate or lobulate. Leaf lamina 10 x 12.5 cm.

Flowers  Flowers are monoecious and solitary.
Male flowers: peduncle 0.3-5 cm long; bract 2-17 mm long, broadly ovate or reniform,
sessile, cordate, amplexicaul, pedicel 2-9.5 cm long. Receptacle-tube 1-5 mm long; lobes 3—
7 mm long, ovate-lanceolate. Petals 1.0-2.5 cm long, pale to deep yellow, ovate to obovate.
Female flowers: peduncle 0.2-5 cm long; bract 1-12 mm long; pedicel 1-10 cm long; ovary
8-11 x 2-4 mm, ovoid-rostrate to fusi-form, ridged, pilose on ridges, tuberculate;
receptacle-tube 1-3 mm long, lobes 2-5 mm long, lanceolate; petals 0.7-1.2 cm long.

Fruits Fruit 2.5-4.8 x 1.5-2.3 cm, ovoid-rostrate or ellipsoid, longitudinally ribbed and
tuberculate, bright orange-red, dehiscent into 3 valves; fruit-stalk 3.4-15 cm long.

Seeds Seeds 8-11, 4.5-8 x 2-3.5 mm, enveloped in sticky red pulp, ovate-elliptic to oblong in
outline; faces flattened, sculptured, with sinuate edges; margins grooved.

Petiole Petiole 0.5-7 cm long.

Table 1.
Botanical description of Momordica charantia Linn.

Family: Cucurbitaceae
Genus: Momordica Linn.
Species: Momordica charantia L.-balsampear

2.2 Phytochemistry

The main constituents of bitter melon are triterpenoids, saponins, protein, poly-
saccharides, steroid, alkaloid, lipid, and phenolic compounds. Several bioactive com-
pounds of M. charantia L. have been recorded and the literature shown that these
were responsible for various pharmacological effects as depicted in Table 2 [5].

2.2.1 Triterpenoids

The most abundant phytochemical components of bitter melon fruits are the
triterpenoids class of secondary metabolites, and are well-known for their bitterness

Sr. No. Bioactive Distribution Pharmacological effects
compounds
1 Triterpenoids Leaves, stem, Chemo protective, anticancer, antioxidant,
fruits antidiabetic
2 Peptides and Seed Antiviral, anti-tumor, immune suppressant,
proteins antimicrobial
3 Phenolics Fruit and seed Antioxidant, anti-inflammatory, immunostimulant
4 Saponin Fruit, root, seed Antihyperglycemic, hypolipidemic, antiviral,
bacteriostatic
5 Polysaccharide All parts of plant Antioxidant, antidiabetic, immune enhancement,

neuroprotective, antitumor

6 Lipid Seed Anti-tumor, antioxidant
7 Steroids Fruit and pericarp ~ Antimicrobial
Table 2.

Bioactive components of Momordica charantia Linn. And their pharmacological effects.
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and toxicity. These were divided in two types primarily the cucurbitane-type and to
a less extent oleane type which may occur either in their glycosylated or aglycone
forms. The sugar monomers as p-D-glucopyranosyl, p-D-allopyranosyl, f-D-
xylopyranosyl occur in cucurbitane-type triterpenes either by their own as O-linked
glycosides, or in different combinations as disaccharides or polysaccharides. The
rare glycoside in these compounds was the 3-keto-glucoside [6]. An extremely large
and certainly exhibited 193 number of cucurbitane-type triterpenes isolated from
bitter melon having various pharmacological effects (Table 3) [7]. The fruits are
predominance source of terpenoids with great deal of structural diversity but the
leaves, stems and roots have also been shown to be good sources of these
compounds [8].

Momordicosides A and B were isolated firstly from the seeds of bitter melon
fruits; While, Momordicosides C, D and E were isolated as minor components of the
seeds [9]. The study on the fruits of M. charantia L. further added a
Momordicosides F1, F2, G, I, K and L as novel compounds in previous one [10].
The Momordicosides I and Momordicosides M along with other compounds have
also been isolated from the fruits of bitter melon [11]. Further additions of
Momordicosides M-O as a new compound were confirmed by chemical examina-
tion of the fresh fruits [12]. The Vietnamese origin dried fruits of M. charantia
had shown existence of an auxiliary three pioneering Momordicosides U, V and W.
The cucurbitane-type triterpenes which are known to be responsible for the
bitterness of the leaves and vines of the M. charantia L. are Momordicines.

The Momordicine IV and the malonyl derivative of Momordicine II,

Momordicine V was readily available in the leaves of bitter melon. The isolation of
Momordicines VI, VII, and VIII were first confirmed from the stems and leaves of
bitter melon [13].

The Goyaglycosides-a, —b, —c, —d, —e, —f, —g, and -h were isolated from the
fresh fruits of Japanese M. charantia L. A novel compound Goyaglycoside I was an
additional triterpene isolated from the immature fruit of bitter melon [14]. The novel
Cucurbitane-type triterpene called karavilagenins A-C and five new triterpene gly-
cosides called karavilosides I-V were isolated from the dried fruit of M. charantia L.
[15]. The three novel compounds that they names charantosides A, B and C were
obtained from fruits of bitter melon. The methanol extracts of the fruits of Japanese
M. charantia L. shown charantosides I, II, III-VI, VII and VIII, however charantoside
IX and X were other novel compounds reported by the studies [16].

Another group of interesting triterpenoids are those known by their trivial
names kuguacins. Kuguacins A-E and Kuguacins F-S were isolated from the roots
and the leaves of bitter melon plant respectively [17]. Kuguacins II-VI was novel
compounds isolated together with various other known compounds from the fruit
of M. charantia L. From the aqueous ethanolic extracts of fresh fruits isolated eight
novel cucurbitane-type glycosides that they named kuguasaponins A-H. The
ethanolic extract of fruits of M. charantia L. identified 15 cucurbitane-type
triterpene glycosides including 4 new compounds, kuguaosides A-D [18].

2.2.2 Flavonoids and phenolic compounds

A number of phenolic compounds with many biological activities have been
isolated from bitter melon including, coumaric, caffeic, and ferulic acids as well as
the caffeic acid ester, chlorogenic acid, Benzoic, gallic and gentisic acid. The major
flavonoids and phenolic acids in the dried leaves of bitter melon were also analyzed
and found to be rutin, gentisic acid and coumaric acid [19]. While the phenolic
acids and flavonoids as well as their glycosides can be readily extracted by water,
their non-polar derivatives may be present in the oil components of the plant.
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Phytochemical Plant Chemical structure Pharmacological

Name parts effects

Momordicoside Fruits Antidiabetic, anti-

A&B and obesity, Anticancer
seeds

Momordicoside Leaves, Antiproliferative,

K fruits Hypoglycemic, Anti-
and obesity, Antioxidant
roots

Momordicoside Fruits Antiproliferative,

1 & F1 Hypoglycemic, anti-

obesity, Disaccharidase

Momordicoside Leaves Antiproliferative,

G &F2 and Hypoglycemic, Anti-
fruits obesity

Momordicine I  Leaves, Cytotoxic, Anti-

& 11 vines inflammatory, Antiviral,
and Immunomodulatory,
fruits Anti-obesity

Goyaglycoside-a Leaves Antiproliferative,

&b and Hypoglycemic, Anti-
vines obesity, Anticancer

Goyaglycoside-c  Fruits Antiproliferative,

& d Hypoglycemic, Anti-

obesity, Anticancer

Goyaglycoside-e Fruits Cytotoxic, Anti-obesity,

Antidiabetic
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Phytochemical Plant Chemical structure Pharmacological
Name parts effects
Goyaglycoside-f Fruits Anti-obesity,
Antidiabetic
Goyaglycoside-  Fruits Hypoglycemic,
g Anti-obesity
Goyaglycoside-  Fruits Hypoglycemic,
h Anti-obesity
Kuguacin B Roots Anticancer, Antidiabetic
Kuguacin C& D Roots Anti-HIV-1,
Antidiabetic
Kuguacin E Roots Anti-HIV-1,
Hypoglycemic
Kuguacin F Leaves Hypoglycemic, Lipid
and lowering
vines
Kuguacin G Leaves Antidiabetic,
and Anti-obesity, Anticancer
vines
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Phytochemical Plant Chemical structure Pharmacological

Name parts effects

Kuguacin K Leaves Anticancer,
and Antiproliferative,
vines Hypoglycemic

Kuguacin H Leaves Hypoglycemic,
and Antiproliferative
vines

Kuguacin I Leaves Anticancer, lipid
and lowering
vines

Kuguacin J Leaves Anticancer,
and Hypoglycemic
vines

Kuguacin L Leaves Antiproliferative,
and Hypoglycemic
vines

Kuguacin M Leaves Hypoglycemic,
and Anticancer
vines

Kuguacin P & Q Leaves Hypoglycemic,
and Antiproliferative
vines

Kuguacin R Leaves, Antioxidant,
stems Hypoglycemic, lipid
and lowering
fruits

Kuguacin S Leaves Lipid lowering,
and hypoglycemic
vines
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Phytochemical Plant  Chemical structure Pharmacological
Name parts effects
Charantoside I Fruits Hypoglycemic,
Anti-obesity
Charantoside II  Fruits Hypoglycemic,
Anti-obesity
Charantoside III ~ Fruits Hypoglycemic,
Anti-obesity
Charantoside IV Fruits Hypoglycemic,
Anti-obesity
Charantoside V. Fruits Hypoglycemic,
Anti-obesity
Gle
Charantoside Fruits Hypoglycemic,
VII Anti-obesity
Charantoside Fruits Hypoglycemic,
VIII Anti-obesity
GoyasaponinI  Fruits Hypoglycemic,

Anti-obesity

206



Phytochemical Profile and Antiobesity Potential of Momordica charantia Linn.

DOI: http://dx.doi.org/10.5772 /intechopen.96808

Phytochemical Plant  Chemical structure Pharmacological
Name parts effects
Goyasaponin II ~ Fruits Hypoglycemic,

Anti-obesity

Goyasaponin III  Fruits

Hypoglycemic,
Anti-obesity

Karavilagenin C  Fruits Antidiabetic

Karaviloside I, Fruits Antiproliferative,

II & 111 Antidiabetic,
Hypolipidemic

Kuguaglycoside Roots Cytotoxic,

G Antiproliferative,
Hypoglycemic,
Anticancer

Momordicinin Fruits B Antidiabetic,

Anti-obesity, lipid
lowering

Table 3.

Pharmacological effects of cucurbitane type of triterpenoids of Momordica charantia.
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2.2.3 Other components

Other than the bioactive compounds, unsaturated fatty acids, alkaloids, amino
acids minerals and vitamins are also present in bitter melon. The extracts of bitter
melon shows nine kinds of unsaturated fatty. It has also been demonstrated that 12,
13 and 12 carbon fatty acids are found in young, mature, and senescent leaves of
M. charantia L. representing 87.3%, 95.25%, and 83.11% of the total fatty acids
respectively. The contents of total amino acids and the free amino acids of M.
charantia L. were 11.99% and 2.36% as determined by acid hydrolysis and amino
acid analysis. In addition, bitter melon is a natural source of vitamins; ascorbic acid
was detected in the range of 440-780 mg in the fruit fraction. Vicine is an alkaloidal
agent that has been isolated from the seeds of bitter melon, which is responsible for
hypoglycaemic activity [20].

3. Antiobesity and lipid lowering effects

The various experimental studies reported decrease in serum TC, TG and LDL-C
concentrations and an increase in serum high density lipoprotein-cholesterol (HDL-C)
for bitter melon by different authors. The action of bitter melon in lowering fat has
been supported by plentiful studies, its effect on the level of serum FFAs have been
contradictory with some authors showing reduction, some shown same level, and
others reported an increased levels. For example, the serum FFAs concentration
increased in obese rats treated with bitter melon shown by Chen et al. [21]. An
increased level of TG and LDL-C in the serum that may arises due to either
overproduction by the liver or defective removal from the circulation or the overall
dyslipidaemia in diabetes. It is not clear why bitter melon increase the serum level of
FFAs. It may facilitate fat mobilization due to the suppression of lipogenesis or lipid
deposition. While other revealed M. charantia L. could lower the serum and liver TG
levels [22].

The findings of experimental research conclude that, M. charantia L. may reduce
the fasting insulin, TG, cholesterol and epididymal fat, which were increased by
HFD. The dwindling of insulin resistance, improves glucose tolerance, and increases
insulin signaling under HFD-induced insulin-resistance and elevated serum lipids
may also shown by bitter melon. The administration of an aqueous extract of unripe
fruits of bitter melon improved glucose and insulin tolerance together with inhibi-
tion of plasma apoB-100 and apoB-48. The animal study had shown that, the
evidence of a potent inhibitor of apoB secretion and TG synthesis as well as the
plasma lipid and VLDL effects of bitter melon juice [23]. Overall the studies on the
fruits, seeds, and aerial parts of M. charantia Linn have been shown to reduce
adiposity, lower serum insulin and normalize glucose tolerance in rats fed with a
HFD. The body weight and visceral fat mass of bitter melon treated obese rats were
shown to be lowered [24].

While further study revealed that, bitter melon supplementation into HFD
notably suppressed the levels of fatty acid synthase (FAS), acetyl-CoA carboxylase-
1 (ACC-1), lipoprotein lipase (LPL) and adipocyte fatty acid binding protein [25].
Water extract of M. charantia L. fruits at a dose 1 g/Kg body weight revealed to be
effectual in improving the obesity-induced hyperglycaemia and hyperleptinemia
[26]. This in progression propose that bitter melon can reduce insulin resistance,
visceral fat accumulation and adipocyte hypertrophy probably by down-regulating
the expression of key lipogenic genes or proteins in adipose tissues. Aqueous fruit
extract of M. charantia L. significantly reduce the level of serum TG, TC, LDL and
VLDL at a dose of 350 mg/Kg body weight in experimental rats [27]. Numerous
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animal studies have been designated the efficacy of bitter melon in the amelioration
of weight gain and regulation of lipid metabolism [28].

The methanolic extract of fruit of bitter melon showed antidiabetic and
antihyperlipidemic action during different seasons of the year, this suggests that
antidiabetic and hypolipidemic activity of M. charantia L. may fluctuate on quantity
and quality of active constituents during different seasons of the year and reach the
peak during spring [29]. The bitter melon seed oil had shown significantly
decreased in body-weight, Lee’s index, fat index and adipose size in the HFD mice.
Meanwhile, the serum FFAs levels returned to normal at the dosage of 10 g/kg [30].
Momordica charantia L. extracts have anti-obesity effects and the ability to modu-
late lipid prolife of mice fed a HFD by suppressing body weight gain, visceral tissue
weight, plasma and hepatic lipid concentrations, and lipid peroxidation along with
increasing lipid metabolism. The plasma TG, TC, and LDL-C levels along with
hepatic TG and TC concentrations considerably lowered in mice fed a HFD by
Momordica charantia L. extracts. Also elevated plasma HDL-C levels and fecal TG
concentration shown in animals treated with the extracts. The extracts comprise
anti-obesity effects in mice fed a HFD by inhibiting lipid peroxidation whereas
increasing lipid metabolism [31]. Bitter melon extract showed useful benefit on
body weight gain and fat deposition.

Moreover, bitter melon reduced the lipid accumulation during differentiation
from a pre-adipocyte to adipocyte and down-regulated PPAR [32]. PPAR is
considered the master regulator of adipogenesis during differentiation of
pre-adipocyte to adipocyte [33]. Bitter melon juice inhibited adipocyte
differentiation by reducing PPAR, SREBP, and perilipin mRNA gene expression
and by increasing lipolysis in primary human adipocyte [34]. Several transcriptional
regulatory factors like AMPK, PPAR, and PGC-1 regulate the mitochondrial biogen-
esis, which would be a possible way of increasing lipid metabolism and utilization in
energy demanding cells and tissues [35]. PGC-1 stimulates mitochondrial biogenesis
and respiration in multiple cell types and modulates biological programs normally
associated with increased oxidative metabolism. Also decreased plasma level of TGs,
cholesterol, and FFA in plasma of rats fed a HF diet revealed by bitter melon
supplementation due to up regulation and activation of PGC-1 [36].

Bitter melon affects on various body organs to treat obesity and diabetes as [37]:

1.Liver
* Increased p-oxidation
* Increased PPAR-a and PPAR-gamma expression
* Increased expression of the transcription coactivator PGC-1a
* Decreased fatty acid synthesis
* Decreased fat
2.Pancreas
* Increased insulin secretion
* Prevents cell damage

* Increased PPAR-o and PPAR- gamma expression in skeletal muscle
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3.Fat cells

Inhibited adipocyte hypertrophy

Inhibited adipocyte differentiation

* Increased PPAR-gamma expression

* Increased expression of the transcription co-activator PGC-1la
* Decreased visceral fat mass

AMPK synchronized PPAR and PGC-1 activation encouraged most of the tran-
scriptional signal to augment fatty acid oxidation and mitochondrial function [38].
Recent investigation also reported that increased hepatic AMPK p, AMPK, AMPK-
2, and Sirt1 content in HF diet fed mice with supplementation of 1.2% bitter melon
extract [39]. LXRs were first recognized as orphan members of the nuclear receptor
plays an important role in lipid and cholesterol metabolism and oxidized derivatives
of cholesterol act as ligands for the LXRs. A high cholesterol diet fed mice develop
enlarged fatty livers, degeneration of liver cells, high cholesterol levels in liver, and
impaired liver function by LXR knockout [40]. The M. charantia L. extract supple-
mentation decreased hepatic LXR which was responsible for decreased serum TC
and LDL-C, HDL-C in high cholesterol diet Wistar rats [41]. Bitter melon extract
was a potent inhibitor of lipogenesis and stimulator of lipolysis in 3 T3-L1
pre-adipocyte shown by researcher [42].

4, Toxic effects

The severe adverse reactions were not reported during the short term studies
while extensive data on the potential toxic effect of bitter melon are not available.
Bitter melon fruits are edible and assumed to be well tolerated, at the same time
toxicological evidences were reported to discover its therapeutic potential for
diabetes. The two cases of acute intoxication reported after taking bitter melon tea
[43]. The fruit and seeds demonstrated greater toxicity than the leaf or aerial parts
of the plant. Abdominal pain as a side effect has also been reported in some studies
[44]. The antifertility and abortifacient effects of the M. charantia L. reported in
animals also value advance investigation. An acute disease favism characterized by
hemolytic anemia, in individuals with a hereditary loss of the enzyme glucose-6-
phosphatase has been shown by vicine found in fava bean. Consequently, the
presence of vicine in bitter melon seeds was also suggested to put patients with
glucose-6-phosphatase deficiency at risk [45]. Although there have been no reports
on favism induced by bitter melon, individuals susceptible to the disease should
avoid eating the fruit.

Several studies have been directed to reduce the bitterness of M. charantia L.
preparations attributes to the triterpene compounds and increasing tolerability
by the general public through various formulation approaches. Some recent
studies used p-cyclodextrin at 0.25-2% concentrations to improve sensory quality,
total phenolic content, antioxidant activity and antidiabetic potential of M.
charantia L. juice [46]. Various encapsulation methods of bitter melon extracts
along with optimized spray-drying techniques were also scrutinized to obtain
the powder [47].
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5. Conclusion

M. charantia L. has been broadly studied globally for its medicinal properties
and to treat a number of diseases like diabetes, dyslipidaemia, obesity, and certain
cancers. The extracts of fruits and different compounds seem to exert their
beneficial effects via several mechanisms like PPARs, LXRs and SREBPs mediated
fat metabolism in various tissues, reduces visceral fat accumulation and adipose
hypertrophy. Isolated compounds from this plant like cucurbitane type of
terpenoids, flavonoids and phenolic acids possesses antiobesity potential.

These mechanisms will be directly related to controlling and treating diabetes
mellitus, dyslipidaemia, obesity and related cardiovascular complications.

Thus, further studies are required to conduct more double blind randomized trials
with bitter melon extracts in obese population. In this chapter, we summarized
phytoconstituents of bitter melon and its antiobesity potential. This compilation of
phytochemicals and antiobesity activity of Momordica charantia L. will help the
researchers in designing new untried strategies.

Author details
Pushpa Anantrao Karale', Shashikant Dhawale' and Mahesh Karale®

1 Department of Pharmacology, School of Pharmacy, Swami Ramanand Teerth
Marathwada University, Nanded, Maharashtra, India

2 Department of Microbiology, Dayanand Science College, Latur, Maharashtra,
India

*Address all correspondence to: pushpakarale7711@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

211



Natural Medicinal Plants

References

[1] Subratty AH, Gurib-Fakim A,
Mahomoodally F. Bitter melon: An
exotic vegetable with medicinal values.
Nutr Food Sci 2005;35:143-147.

[2] Grover JK, Yadav SP.
Pharmacological actions and potential
uses of Momordica charantia: A review. ]
Ethnopharmacol 2004;93:123-132.

(3] Fang EF, Ng TB. Bitter gourd
(Momordica charantia) is a cornucopia of
health: a review of its credited
antidiabetic, anti-HIV, and anti-tumor
properties. Curr Mol Med 2011;11(5):417-
436.

[4] Joseph B, Jini D. Antidiabetic effects
of Momordica charantia (bitter melon)
and its medicinal potency. Asian Pac ]
Trop Dis 2013;3(2):93-102

[5] Svobodova BB, Calhelha L, Heleno RC,
Alves S, Walcott MJ. Bioactive properties
and phenolic profile of Momordica
charantia L. medicinal plant growing wild
in Trinidad and Tobago. Ind Crop Prod
2017;95:365-373.

[6] Akihisa T, Higo N, Tokuda H,

Ukiya M, Akazawa H, Tochigi Y.
Cucurbitane-type triterpenoids from the
fruits of Momordica charantia and their
cancer chemo-preventive effects. ] Nat
Prod 2007;70:1233-1239.

[71 Karale P., Dhawale S. C., Karale M. A.
Antiobesity potential and complex
phytochemistry of Momodica charantia
Linn. With promising molecular targets.
Indian ] Pharm Sci. 2020; 82(4): 548-561.

[8] Chang CI, Chen CR, Liao YW,
Cheng YW, Chen YC, Chou CH.
Cucurbitane-type triterpenoids from
Momordica charantia. ] Nat Prod 2006;
69(8):1168-1171.

[9] Miyahara Y, Okasbe H, Yamauchi T.

Studies on the constituents of
Momovdica charantia L. I1. Isolation and

212

characterization of minor seed
glycosides, momordicosides C, D and E.
Chem Pharm Bull 1981;29:1561-1566.

[10] Okabe H, Miyahara Y, Yamauchi T.
Structures of momordicosides F1, F2, G,
I, K and L, novel cucurbitacins in the
fruits of Momordica chavantia L.
Tetrahedron Lett 1982a; 23(1):77-80.

[11] Li QY, Liang H, Chen HB, Wang B,
Zhao YY.A new cucurbitane
triterpenoid from Momordica chavantia.
Chin Chem Lett 2007; 18(7):843-845.

[12] Nguyen XN, Phan VK, Chau VM,
Ninh KB, Nguyen XC, Le MH.
Cucurbitane-type triterpene glycosides
from the fruits of Momordica charantia.
Magn Reson Chem 2010; 48:392-396.

[13] Okabe H, Miyahara Y, Yamauchi T.
Structures of momordicine I, II and III.
The bitter principles in the leaves and
vines of Momordica charantia L. Chem.
Pharm. Bull 1982b;30:4334-4340.

[14] Murakami T, Emoto A, Matsuda H,
Yoshikawa M. Medicinal foodstuffs XXI.
Structures of new cucurbitane-type
triterpene glycosides, goyaglycosides-a,-
b, —c, —d, —e, —f, —g, and -h, and new
oleanane-type triterpene saponins,
goyasaponins I, II, and III, from the fresh
fruit of Japanese Momordica charantia L.
Chem. Pharm. Bull 2001;49:54-63.

[15] Nakamura S, Murakami T,
Nakamura J, Kobayashi H, Matsuda H,
Yoshikawa M. Structures of new
cucurbitane-type triterpenes and
glycosides, karavilagenins and
karavilosides, from the dried fruit of
Momordica charantia L. in Sri Lanka.
Chem Pharm Bull 2006;54:1545-1550.

[16] Zhao GT, Liu JQ, Deng YY, Li HZ,
Qiu MH. Cucurbitane-type
triterpenoids from the stems and leaves
of Momordica charantia. Fitoterapia
2014;95:75-82.



Phytochemical Profile and Antiobesity Potential of Momordica charantia Linn.

DOI: http://dx.doi.org/10.5772 /intechopen.96808

[171 Yue ], Sun Y, XuJ, Cao J, Zhao Y.
Cucurbitane triterpenoids from the fruit
of Momordica charantia L. and their
anti-hepatic fibrosis and anti-hepatoma
activities. Phytochemistry 2019;157:
21-27.

[18] Yue J, Xu ], Cao J, Zhang X, Zhao Y.
Cucurbitane triterpenoids from
Momordica charantia L. and their
inhibitory activity against a-glucosidase,
a-amylase and protein tyrosine
phosphatase 1B (PTP1B). ] Funct Foods
2017;37:624-631.

[19] Minh NP. Extraction of polyphenol
in bitter melon (Momordica charantia).
IJMRD 2014;1(4):115-125.

[20] Krawinkel MB, Keding GB. Bitter
gourd (Momovrdica charantia): A dietary
approach to hyperglycemia. Nutr Rev
2006;64:331-337.

[21] Chen Q, Chan LL, Li ET. Bitter
melon (Momordica charantia) reduces
adiposity, lowers serum insulin and
normalizes glucose tolerance in rats fed
a high fat diet. ] Nutr 2003;133:1088-
1093.

[22] Wehash FE, Abpo-Ghanema II,
Saleh RM. Some physiological effects of
Momordica charantia and Trigonella
foenum-graecum extracts in diabetic
rats as compared with cidophage®.
World Acad Sci Eng Technol 2012;64:
1206-1214.

[23] Nerurkar PV, Lee YK, Motosue M,
Adeli K, Nerurkar VR. Momordica
charantia (bitter melon) reduces plasma
apolipoprotein B-100 and increases
hepatic insulin receptor substrate and
phosphoinositide-3 kinase interactions.
Br ] Nutr 2008;100:751-759.

[24] Chen Q, Li ET. Reduced adiposity
in bitter melon (Momordica charanita)
fed rats is associated with lower tissue
triglyceride and higher plasma
catecholamines. Br ] Nutr 2005;93:
747-754

213

[25] Huang HL, Hong YW, Wong YH,
Chen YN, Chyuan JH, Huang CJ. Bitter
melon (Momordica charantia L.) inhibits
adipocyte hypertrophy an down
regulates lipogenic gene expression in
adipose tissue of dietinduced obese rats.
Br J Nutr 2008;99:230-239.

[26] Shih CC, Lin CH, Lin WL. Effects of
Momordica charantia on insulin
resistance and visceral obesity in mice
on high-fat diet. Diabetes Res Clin Pract
2008;81:134-143.

[27] Rajalakshmi A, Senthikumar B,
Devi K. Antihyperglycemic and
antihyperlipidemic effect of aqueous
fruit extract of Momordica charantia
against alloxan induced diabetic rats. Int
J Pharma Res Sch 2013;2(4):54-60.

[28] Fernandes NP, Lagishett CV,
Panda VS, Suresh RN. An experimental
evaluation of the antidiabetic and
antilipidemic properties of a
standardized Momordica charantia fruit
extract. BMC Complement Altern Med
2007;7:29.

[29] Kolawole OT and Ayankunle AA.
Seasonal variation in the anti-Diabetic
and hypolipidemic effects of Momordica
charantia fruit extract in rats. European
Journal of Medicinal Plants 2012;2(2):
177-185.

[30] Li X, Yi X, Shuang W, Qianchun D,
Chun-Yan W, Xiang-Tao C et al. Novel
bitter melon extracts highly yielded
from supercritical extraction reduce the
adiposity through the enhanced lipid
metabolism in mice fed a high fat diet.
Journal of Nutrition & Intermediary
Metabolism 2016;6:26-32.

[31] Wang J and Ho KR. The effects of
Momordica charantia on obesity and
lipid profiles of mice fed a high-fat diet.
Nutrition Research and Practice 2015;9
(5):489-495.

[32] Popovich DG, Li L and Zhang W.
Bitter melon (Momordica charantia)



Natural Medicinal Plants

triterpenoid extract reduces
preadipocyte viability, lipid
accumulation and adiponectin
expression in 3T3-L1 cells. Food and
Chemical Toxicology 2010;48(6):1619—
1626.

[33] Wakabayashi KI, Okamura M,
Tsutsumi S. The peroxisome
proliferator-activated receptor gamm/
retinoid X receptor alpha/heterodimer
targets the histone modification enzyme
PRSet7/Setd8 gene and regulates
adipogenesis through a positive
feedback loop. Molecular and Cellular
Biology 2009;29(13):3544-3555.

[34] Nerurkar PV, Lee YK, and
Nerurkar VR. Momordica charantia
(bitter melon) inhibits primary human
adipocyte differentiation bymodulating
adipogenic genes. BMC Complementary
and Alternative Medicine 2010;10:34.

[35] Puigserver P. and Spiegelman BM.
Peroxisome proliferator activated
receptor-alpha coactivator lalpha (PGC-
1a): transcriptional coactivator and
metabolic regulator. Endocrine Reviews
2003;24(1):78-90.

[36] Ching RHH, Yeung LOY, Tse IMY,
Sit WH, Li ETS. Supplementation of
bitter melon to rats fed a high-fructose
diet during gestation and lactation
ameliorates fructose-induced
dyslipidemia and hepatic oxidative
stress in male offspring. Journal of
Nutrition 2011;141(9):1664-1672.

[37] Md Ashraful Alam, Riaz Uddin,
Nusrat Subhan, Md Mahbubur Rahman,
Preeti Jain, and Hasan Mahmud Reza.
Beneficial Role of Bitter Melon
Supplementation in Obesity and Related
Complications in Metabolic Syndrome.
Journal of Lipids, 2015 ; 1-18.

[38] Canto C. and Auwerx J. PGC-1a,
SIRT1 and AMPK, an energy sensing
network that controls energy
expenditure. Current Opinion in
Lipidology 2009;20(2):98-105.

214

[39] Yu Y, Zhang XH, Ebersole B,
Ribnicky D, Wang ZQ. Bitter melon
extract attenuating hepatic steatosis
may be mediated by FGF21 and AMPK/
Sirt1 signaling in mice. Scientific
Reports 2013;3:3142.

[40] Peet DJ, Turley SD, Ma W.
Cholesterol and bile acid metabolism are
impaired in mice lacking the nuclear
oxysterol receptor LXR-a Cell 1998;93
(5):693-704.

[41] Matsui S, Yamane T, Takita T,

Oishi Y, Kobayashi-Hattori K. The
hypocholesterolemic activity of
Momordica chavantia fruit ismediated by
the altered cholesterol- and bile
acidregulating gene expression in rat liver.
Nutrition Research 2013;33(7):580-585.

[42] Chikkavadaragudi RS,

Vishwanath P, Prashant A,
Rangaswamy C, Maduvanahalli NS,
Hattur B. Fifty percent ethanolic extract
of Momordica charantia inhibits
adipogenesis and promotes adipolysis in
3T3-L1 pre-adipocyte cells. Rep
Biochem Mol Biol 2017;6(1):23-32.

[43] Hulin A. Intoxication aigue par
Momordica charantia (sorrossi). A
propos de deux cas (acute intoxication
due to Momordica charantia (sorrossi).
Study of two cases). Sem. Hop 1988;64:
2847-2848.

[44] Dans AM, Villarruz MV,
Jimeno CA, Javelosa MA, Chua J,
Bautista R. The effect of Momordica
charantia capsule preparation on
glycemic control in type 2 diabetes
mellitus needs further studies. J Clin
Epidemiol 2007;60:554-559.

[45] Dutta PK, Chakravarty AK,
Chowdhury US, Pakrashi SC. Vicine, a
Favism-inducing toxin from Momordica
charantia Linn. seeds. Indian ] Chem
1981;20:669-671.

[46] Deshaware S, Gupta S, Singhal RS,
Joshi M, Variyar PS. Debittering of



Phytochemical Profile and Antiobesity Potential of Momordica charantia Linn.
DOI: http://dx.doi.org/10.5772 /intechopen.96808

bitter gourd juice using f-cyclodextrin:
Mechanism and effect on antidiabetic
potential. Food Chem 2018;262:78-85.

[47] Tan SP, Kha TC, Parks SE,
Stathopoulos CE, Roach PD. Effects of
the spray-drying temperatures on the
physiochemical properties of an
encapsulated bitter melon aqueous
extract powder. Powder Technol 2015;
281:65-75.

215






Chapter12

Medicinal Plants and Its
Pharmacological Values

Smita G. Bhat

Abstract

Plants have been used as a source of medicine for the treatment of different
diseases from thousands of years ago. There is numerous evidences are available
for use of plants as a medicine in the treatment of diseases in Indian, Egyptian,
Chinese, Greek and Roman system of medicine. Pharmacognosy is the study of
medicines derived from natural sources, mainly from plants which may further
lead to development of new drug. The exploration, extraction and screening of
biological diversity such as herbs, spices, microbes and other natural resources is
the worldwide activity in recent years. Phytochemicals are the naturally available
bioactive compounds which are derived from different plant parts and are primar-
ily responsible for biological activities. The most important chemical compounds
which are present in the plants are alkaloids, phenols, saponins, carbohydrates,
terpenoids, steroids, flavonoids and tannins etc.

Keywords: Medicinal plants, pharmacognosy, phytochemicals, biological activities

1. Introduction

Since from ancient period man depended on nature for their survival and lives
strictly connected with nature. Man depends upon surrounding environment for
their livelihood, healthcare, and sustenance and also for basic needs (food, fibers,
shelter, clothing and gum). Besides providing basic necessities, plants also provided
his requirement of medicine. Along with the plant man has been started using
animal products and other bio-resources available in nature for preparation of
medicine. As a result, different traditional medicine systems have evolved based on
environmental condition, social and cultural background with respect to the ethnic
group in different countries [1, 2].

Plants are served as major natural resources for traditional as well as modern
medicinal system all over the world. The therapeutic potential of plants and plant
products can be traced back to thousands of years ago. The information with
respect to medicinal benefits of plants with other therapies has been preserved in
several documentations in Babylonia, Egypt, China, Greece and Rome etc. Previous
works of Theophrastus (370-287 B.C.), Aristotle (384-322 B.C.), Hippocrates
(460-370 B.C.) and Dioscorides (50-100 A.D) are providing evidence that Greeks
and Romans are familiar with many of today’s plant drugs. The “Ebers Papyrus”,
the best known Egyptian pharmaceutical record documented over 700 drugs
represents the history of Egyptian medicine (1500 BC). Erh-ya (300B.C), Svu-ching
(1000B.C) and Ben-tsao (1250A.D) are the early herbal documentations available in
China, describes more than 600 medicinal plants [3]. In Asia, the earliest records of
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Avurveda

Natural system of medicine in India

Sidda Unani

Figure 1.
Natural system of herbal medicine used in India.

plants usage are found in the clay tablets in Mesapotamia (1700 BC). In India, herbal
remedies and health care preparations are also described in ancient texts like ‘Charka
Sambhita’ (100-800 B.C), ‘Sushruta Sambhita’ (800-700 B.C), ‘Rigveda’ (1400-1800
B.C) and ‘Atharva-veda’ (4500-2500 B.C). Ayurveda is the fundamental source
of Vedic knowledge for understanding remedial properties of plants (1000 BC).
Ayurveda is considered as ancient medicinal system and it is the compilation of
‘Charka Samhita), ‘Sushruta Sambhita’ and ‘Ashtanga Hridaya Sambhita’ [4]. In addi-
tion to Ayurveda, Siddha and Unani are other conventional systems of medicine
providing additional information of plant based drugs used in India. ‘Unani’ system
of medicine originated in Greece and introduced to India by Arabs and Persians
after the discovery of sea route to India. During 10th to 15th century, ‘Sidda’ system
of medicine originated in southern parts of India and is parallel to Ayurvedic system
of medicine (Figure1) [5].

Now a day the herbal medicine has renewed attention and hopeful both practical
and scientific view points. Herbal remedies are complex mixture different parts
of single herb or many herbs which may sometime produce synergistic effect with
each other ensuing in the increased therapeutic potential of drug. The identification
of biologically active compound responsible for its medicinal property and there is
a crucial requirement for quality control. So the correct identification and quality
assessment is important to ensure quality of herbal medicine, which contributes
to its safety and efficacy. Therapeutic action of herbal formulation depends on its
photochemical constituents. The photochemical investigation of the medicinally
important plants should be carried out, as this would be beneficial in standardiza-
tion, quality assessment and efficacy of herbal drugs. Thus pharmacognosy is
considered as important tool to study medicinal plants for their identification,
validation and standardization [6, 7].

2. Bioprospecting of medicinal plants

Biodiversity prospecting or bioprospecting of the medicinal plants is the
worldwide activity in the current years. Biodiversity prospecting is the exploration,
extraction and screening of biological diversity and indigenous knowledge for
commercially valuable genetic and biochemical resources. In early stages, bio-
prospecting mainly focused on the plants from the forest ecosystem. But in recent
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years, various other forms of biodiversity such as insects, algae and microorganisms
have been explored with substantial success [8]. During recent years this activity
involves the use of advanced technologies to develop new pharmaceuticals, agro-
chemicals, cosmetics and other bi-products from biological diversity [9]. With the
help of advanced technology and sophisticated techniques and tools it has become
effective way to conduct research on metabolic response of living system, genetic
manipulation and novel drug discovery through bioprospecting. Various bio-active
molecules have been isolated and tested for their pharmacological activities [10].

3. Pharmocognosy of medicinal plants

The term pharmocognosy was first time coined by the Austrian physician
Schmidt in 1811. A “crude drug” means a dried unprepared natural material of
plant, animal or mineral origin, which is used for medicine. The word pharma-
cognosy is derived from the Greek word pharmakon-drug and gnosis- knowledge.
Pharmacognosy is the study of medicines derived from natural sources, mainly
from plants which may further lead to development of new drug. Phytochemicals
(‘Phyto’ means plant) are biologically active natural chemical constituent of plants
such as sugar, amino acids, protein, chlorophyll, alkaloids, flavonoids, steroids,
tannins etc. Phytochemicals are active ingredients which possess therapeutic
properties and are considered as a medicine or drug. More than 4000 phytochemi-
cals have been obtained cataloged and are classified by protective function, physical
and chemical characteristics of which 150 phytochemicals have been studied in
details [11]. Latest outcome suggest that majority of phytochemicals have benefi-
cial activities like anti- microbial, anti-malarial, anti- diabetic, anti-arthritic and
anti-cancerous etc. The medicinal, biological and pharmaceutical value of phyto-
constituents helps in the utilization and exploration of plant resources in recent
years. The chemical information of plant coupled with medicinal properties and
supported by other biological activities will add additional value for development of
valuable herbal drugs [12].

During pharmacognostic investigations, physico-chemical analysis also con-
sidered as important parameter in evaluation and identification of crude drug.
Macroscopic and microscopic analysis is necessary for the detection of adulterants,
contaminants of herbal drug and for assessing quality before going for further
study. The extractive value and solubility value is useful to evaluate specific chemi-
cal constituent dry yield in different solvents. Ash value analysis is useful in deter-
mination of unrelated matter (sand and soil) adhering to the surface of plant [13].
Moisture content is essential for evaluation of stability of crude drug. Fluorescence
analysis is a reliable tool for standardization of crude drug. The different chemical
constituent present in the plant extract showed characteristic fluorescence when
illuminated suitably. Certain chemical substances that are not naturally fluores-
cence themselves are treated with different reagent to attain fluorescence [14].

4. Phytochemicals of medicinal plants

The curative properties of medicinal plants are due to presence of major group
of active components which are mainly alkaloids, triterpenoids, essential oils and
phenolic compounds etc. Alkaloids are the secondary metabolites of plants having
noticeable pharmacological activity. Roots, leaves, bark and seeds are common parts
of plants which contain alkaliods. In general the alkaloids occur as salts of citric
acid, oxalic acid, acetic acid and tartaric acid. These are mostly colorless, water
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insoluble and non-polar solvents soluble in nature. Pharmacologically, alkaloids act
as cardiac depressants, antihypertensive, anti-leukemic, analgesic, nerve stimulants
and local anesthetic. Triterpenoids are made up of six isoprene units. Saponins,
sterols and cardiac glycosides are chief triterpenes. The medicinal plants which have
saponins are roots of Glycyrrhiza glabra, tuberous roots of Asparagus racemosus and
roots of Smilax glabra. Typically sterols are animal substances but recently detected
from plants also. Ergosterol, stigmasterol, campesterol and p- sitosterol are chief
sterols derived from plants. In several plants characteristic odor is due to presence
of essential oils or volatile oils which occur in lysigenous or schizogenous cavities, in
glandular hairs or in specialized tubes. A variety of plant parts such as leaves of lem-
ongrass, bark of cinnamon, flower buds of clove, nutmeg seeds and camphorwood
contains volatile oils. The phenolic compound are soluble in water and includes
phenols, phenolic acids, phenyl propanoids, coumarins, phenyl propenes, flavonoid
pigments, anthocyanins, flavonols, flavones and tannins [15].

5. Biological activity of medicinal plants

Due to the presence of bioactive molecules plants are used as phytomedicine
to cure many complaints. Catharanthus roseus has ‘vinblastine’ and ‘vincristine’
and used in cancer. Rauwolfia serpentina is hypotensive due to presence of ‘ser-
pentine) ‘reserpine’ and ‘ajmalicine’. Papaver somniferum contains ‘morphine’
and ‘codeine’ and is analgesic and sedative. ‘Artemisinin’ is effective against
malaria derived from A. annua. Similarly, the bioactive components of plants
‘Withanaloides’ reported from Withania somnifera useful in treatment of arthritis.
‘Charantin’ a steroidal saponin, isolated from Momordica charantia reported for
anti-diabetic activity. ‘Diospyrin’ reported from Diosyros species acts as anti-
leishmanial agent. ‘“Tephdidoside’ is a flavanol glycoside derived from Tephorsea
candida found to be active against human cancer [16]. ‘Berberine’ derived from
Berberis vulgaris reported for antidiabetic, hepatoprotective, antimicrobial activity.
‘Digoxinobtained from Digitalis lanata used in heart diseases. Similarly, ‘Quinine’
isolated from Cinchona robusta acts as antimalerial, antiparasitic agent. Another
compound ‘Allicin’ isolated from A. sativum reported for its cardioprotective, anti-
inflammatory activity [17].

More than 35,000 plant species have been investigated and resulted in the
discovery of anticancer drugs such as ‘Vincristine’, “Vinblastine’, “Taxol} ‘Etoposide
analogs’, ‘Camptothecin’ etc. Many number of effective drugs derived from higher
plants were alkaloid ‘Paclitaxol’, isolated from Taxus brevifolia used in treatment of
ovarian and breast cancers [18]. ‘Andrographolide) active diterpine derived from
A. paniculata acts as a noble anticancer agent against cancers of breast, ovary,
stomach, colon, prostate, kidney, nasopharynx malignant melanoma and leukemia.
‘Thymoquinone’ and ‘dithymoquinone’ of Nigella sativa shows anticancer activity
against different types of cancers such as colon, prostate, pancreas, uterus, malig-
nant ascites, malignant lymphoma, malignant melanoma, sarcomas and leukemia.
However, ‘Plumbagin’ isolated from Plumbago zeylanica hinders growth and spread
of breast cancer, liver cancer, fibro-sarcoma, malignant ascites and leukemia by cell
proliferation [19].

A wide range of reports are available on phytochemicals and pharmacological
activity of medicinal plants. Several workers have reported biological activity of
medicinal plants. Pharmacognostic and preliminary phytochemical analysis of
Colocasia esculenta dried tubers were calculated. The tubers are good source of carbo-
hydrate, protein and starch. Nutritional analysis showed moisture content (56.8%),
ash content (1.22%), carbohydrate (3000 mg/100gm), protein (824 mg/100gm)
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and starch (2700 mg/100gm) in dry tubers. Phytochemical analysis revealed the
presence of alkaloids, glycosides, flavonoids, terpenoids, saponins and phenols [20].
A. aspera important medicinal plants reported in Ayurvedic literature with number
of medicinal property. Phytochemical investigation of plant extracts were subjected
to qualitative screening test for various constituents. This revealed the presence
protein, glycosides, alkaloids, tannins and phenolic compound, steroid reducing
sugars and saponin glycosides [21]. Pharmacognostic and phytochemical evaluation
of Tridax procumbens were studied. The quantitative microscopical and histological
study is done revealed the presence of Tricomes, palisade tissue, trachieds and ves-
sels in powder microscopy. Phytochemical analysis of the whole plant is done and
the presence of carbohydrates, sterioids, phenols and tannins were reported and
quercitin is confirmed using HPTLC [22].

In parallel, phytochemical screening of Cinnamomum zeylanicum shows the
presence of carbohydrate, glycoside, protein, tannins, saponins, flavonoids and
terpenoids. The proximate analysis revealed that water soluble extractive values of
leaves was 29.75, total ash value was 9.75, acid insoluble ash was found to be 2.50
and sulphated ash was 37.35. Anti- microbial activity of the disk diffusion method
showed that chloroform and hydro-ethanol extracts of leaf were more effective
against Gram-positive bacteria in vitro [23].

Antimicrobial activity of different extract of Cynodon dactylon was tested against
disease causing bacterial pathogens using the agar well diffusion method. Areal
parts of ethanol extract show more activity against Pseudomonas aeruginosa and
Staphylococcus aureus with zone of inhibition 13.83 + 0.29 mm and 2.0 + 0.10 mm
respectively. A total 20 compounds were identified from the hydroalcoholic extract
of the whole parts through GC-MS analysis. Among all, hexadecanoic acid, ethyl
ester inolenic acid, ethyl ester was the major components of the hydroalcoholic
extract and hexadecanoic acid ethyl ester was abundant. The antioxidant activity of
the hydro-alcoholic extract of aerial parts was studied i vitro by different methods.
Of this superoxide radical scavenging assay revealed a maximum inhibition of
93.33%. Total antioxidant capacity equivalent of ascorbic acid was 172.39 mg/g of
extract. Similaly, anticancer activity of methanolic extracts of leaves was studied
in ascitic lymphoma (ELA) in Swiss albino mice. Results demonstrate that metha-
nolic extract was found to be antiproliferative at lower concentrations and induced
apoptotic cell death in COLO 320 DM cells [24].

Pothos scandens another medicinally important plant screened for its various
biological activity. At lower concentration of ethanol extract was found to have
more antimicrobial activity compare to other. The ethanol extract of root showed
significant free radical scavenging activity with DPPH and superoxide radical
scavenging activity (IC50 0.284 mg/mL and 70.84%). The active compounds of
ethanol extract of aerial parts investigated through GC-MS analysis. This depicts
that Dodecanoic acid, tetra decanoicacid and n- hexadecanoic acid acts as anti-
oxidant. Similarly cytotoxicity of same plant was evaluated against MCF-7 (breast
cancer) cell lines by MTT assay and results revealed that the extract has significant
cytotoxic activity with an IC50 of 90.18 + 5.20 pg/ml and also cell death of MCF-7
treated with the extract was due to the induction of apoptosis, which was confirmed
by comet assay [25].

The in vitro cytotoxic activity of Colocasia gigantea extract on cervical cancer
(Hela) and human white blood cells (WBC) was conducted. Bioassay-guided
fractionation method showed that not all parts promote cytotoxic activity. The leaf
fraction of dichloromethane showed significant cell proliferation effect on Hela
cells, but not on WBCs. The n-hexane tuber fraction only exhibited significant
cytotoxicity on Hela cells (ICso 585 pg/ml) and encouraged WBC cell prolifera-
tion. From the GC-MS spectrometry it was found the 4, 22-Stigmastadiene-3-one,
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Diazoprogesterone, 9-Octadecenoic acid (Z)-, hexyl ester, and Oleic Acid were the
components of n- hexane tuber fraction which had cytotoxic potential. Tuber frac-
tion of n- hexane shows potential for cervical cancer treatment [26].

6. Current status of herbal medicine

World Health Organization estimated that 80% of the populations of developing
countries still depend on plant drugs for their primary health care needs. According
to survey of World Health Organization, the practitioners of traditional medicinal
system treat about 8% of patients of India, 85% in Burma and 90% in Bangladesh.
India comprises of 2.4% of the total geographical area of the world. The country
accounts for an average of 8% of the total global biodiversity with approximately
49,000 species of plants of which 4,900 are endemic [27]. Approximately 2,65,000
species of seed plants exists on earth and less than half of these have been studied
systematically for their chemical composition and medicinal value [28].

Greater part of drugs now available in the market is simple semi-synthetic derived
from naturally occurring substances. Up to 50% the approved herbal drugs used
today are from either directly or indirectly synthesized from natural products includ-
ing plants, microorganisms, fungi and animals. According to an estimate, about 25%
of the world pharmaceutical products find a significant degree of origin in indigenous
communities, which represents more than a 2000 billion dollar share market [29].

In many developed countries, the percentage of the population which has used
herbal medicines at least once is 48% in Australia, 70% in Canada, 42% in USA, 38%
in Belgium and 75% in France. Malaysia, spent US$ 500 million annually on herbal
health care, compared to about US$ 300 million on allopathic medicine. In USA,
annual spending on conventional medicines was estimated at US$ 2700 million. In
Australia, Canada and the United Kingdom, annual expenditure for herbal medicine
is estimated US$ 80 million, US$ 2400 million and US$ 2300 million respectively. In
several parts of the world, outflow on herbal medicinal products is not only signifi-
cant, but also growing rapidly [30].

The allopathic medicine has side effects and hazardous to human beings. After
realizing toxicity and adverse effects of allopathic medicines, a shift in universal
trend from synthetic to herbal medicines has been observed both in developed and
developing countries [27]. The most important facts about herbal medicine are that
these medicines have no side effect and available in low of cost. Therefore high dose
of herbal medicine or wrong medicine consumed by patient mistakenly does not
cause any adverse effect on the body.

7. Conservation of medicinal plants

Medicinal plants are the basic raw materials of pharmaceutical industries and is
highly depends on medicinal plant for extraction of medicinally important com-
pounds. During this time with the advancement of science and technology, over
growing demand of pharmaceutical industries, the useful medicinal plants were
over exploited by the men. So there is a need of conservation and propagation of
valuable, rare and endangered medicinal plants by using advanced biotechnology
methods [31].

Plants occupy a major sector of health care system and represent a most impor-
tant natural resource. Therefore conservation of species is most effectively achieved
through the management of the wild population and natural habitats. In most of
cases medicinal plants either do not produce seeds or too small seeds. In order to
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overcome these barriers ex-situ techniques can be used to complement in-situ meth-
ods and for some instance it may be appropriate for some species. So conservation
of medicinal plants can be accomplished by the ex-situ that is outside the natural
habitat by cultivating and maintaining plants through long term conservation of
plant propagules in plant tissue culture repositories [32]. Iz vitro techniques have
been increasingly applied for mass propagation and conservation of germplasm as it
has superiority over alternative strategies. Hence there is a need for conservation of
medicinal plant biodiversity for the present and forth coming generation by adapt-
ing the appropriate strategy with proper conservation method [33, 34].

Recently in India, several institutes and organizations involved in differ-
ent aspects of drug discovery and conservation medicinal plant from natural
resources. Initiative work designed for finding novel bioactive compound from
plant, fungi, microbes etc. are set up by Council of Scientific and Industrial
Research (CSIR), Central Drug Research Institute (CDRI), Regional Research
Laboratory (RRL), Jammu and Kashmir. Golden Triangle Partnership (GTP) in
collaboration with Department of Ayush, CSIR and ICMR involved in the valida-
tion of traditional ayurvedic medicine for effective drug discovery. During last few
decades, the Department of Biotechnology and Government of India has set up two
Micropropagation Technology Parks at National Chemical Laboratory (NCL), Pune
and Tata Energy Research Institute (TERI), New Delhi [16].

8. Conclusion

Since time immemorial plants are utilized as chief source of therapeutic agents.
The medicinal plants are not only the source of healthcare but also an important
product of world trade. In last few years the trade of medicinal plant is increase
rapidly because herbal drugs are easily available at lowest prices and less side effects
[35]. The remedial properties of plants due to presence of intricate chemical compo-
nents with different compositions and biological function.

Herbal medicine is widely practiced in worldwide and is considered to effective
and affordable. Recently significant attention has been made to utilize eco-friendly
and bio-friendly plant based product for cure of different human diseases [28].
This increases global pharmaceutical demand from last few years. Due to increasing
demand of supply of plants as a raw material in pharmaceutical industries, biologi-
cal diversity of plants is in danger. Therefore there is a need to advance research
for the development and characterization of natural drugs with the help of better
screening methods from plants and other natural sources. However, medicinal
plants often being subjected to scientific validation and for discovery of safe and
potential natural drug to fight against diseases [36, 37].
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Chapter13

Traditional Usage of Plants of
Costus Species in Assam, India

Biman Bhuyan, Dipak Chetia and Prakash Rajak

Abstract

Customary use of plants in the treatment of ailments in Assam, India is a typical
situation. Ethno medicinal study was led in a few topographically unique zones of
the state and utilization of plants from Costus species were reported. The extent of
study chose for the investigation range across seven organizational regions spread
across Assam, India. The regions include Dibrugarh, Golaghat, Tinsukia, Dhemaji,
Karbi Anglong, Goalpara and Kokrajhar. Different plants were reported and plants
fitting with the said species were chosen for determining the relevance concern-
ing its use in customary medication. The survey divulged that plants associated to
three species of the genus Costus namely Costus speciosus, Costus pictus and Costus
scaber were espied to be primarily ubiquitous in traditional medicine in the discrete
contemplated regions. The species were predominantly utilized as prime ingrediants
in hepatoprotactive and anti-diabetic formulations. Costus speciosus was perceived to
be chiefly used in the treatment of hepatic disorders and ailments. Costus pictus was
observed to be used customarily in the upper Assam region bordering Nagaland for
treating diabetes and Costus scaber was being used in the area bordering Arunachal
Pradesh for tending people with jaundice, snake bite etc. The research climaxed with
the profiling of the costus species as annotated from the ethnomedicinal survey.

Keywords: Costus, Ethnomedicine, Assam, Costus speciosus, Costus pictus,
Costus scaber

1. Introduction

Customary medical understanding is undergoing augmented consideration
globally in health sector. The importance of traditional medicine in catering the
health needs cannot be undermined. The herbal medicine sector commercially is
already booming with the annual turnover crossing billions of dollars. With the pas-
sage of time newer knowledge is being incorporated substantially thereby highlight-
ing the significance of documentation aspects pertaining to these medicinal plants
and practices associated with herbal medicine.

Documentation based upon ethnomedicinal survey along with interaction with
local healers practicing traditional system of medicine can be said to be the basis for
establishing a systematic protocol for validating traditional medical knowledge.

2. Ethnomedicinal survey area

Assam was selected as the targeted study area due to the rich diversity in
flora, fauna and above all due to the presence of diverse ethnic groups with a
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Figure 1.
Map of Assam showing different districts where ethnomedicinal survey was conducted.

wide array of traditional practices. Several geographically distinct zones, encom-
passing seven administrative districts spread across Assam were considered for

the study (Figure1).
The selected areas in which the ethnomedicinal survey was done are as follows:

1. Nagakhelia village and Jokai area, Dibrugarh
2.Naojan and Borghoria area, Golaghat

3. Laipuli, Tinsukia

4.Majarbari village and Sissiborgaon, Dhemaji
5.Kathkatia village, Karbi Anglong

6. Dhupdhora, Goalpara

7.Dotma, Kokrajhar

2.1 Survey area: Dibrugarh

Dibrugarh is known as the Tea City of North-East.To the north and east lays
Dhemaji and Tinsukia district respectively. South-east and south-west parts of
Dibrugarh are bounded by Tirap and Sivsagar district [1-4].

Two places in Dibrugarh district were selected for ethnomedicinal survey viz.
Nagakhelia and Jokai. Nagakhelia is a small village, consisting of around hundred
households under Barbaruah block of Dibrugarh district lays about 6 km from
Dibrugarh University [5]. The village is located on the banks of river Brahmaputra
and the area boasts of thick vegetation which serves as a prime source of medicinal
plant materials for the local healers of the area practicing traditional medicine.
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Jokai comes under Barbaruah block in Dibrugarh district. It is located about
10 km south from Dibrugarh University. It is also home to the over twelve hectare
Jokai reserve forest within which Jokai Botanical Garden cum Germplasm Centre
is located. The reserve forest is endowed with different flora species of medicinal,
oil bearing and aromatic plants. It also has diverse fauna species like flying squir-
rel, black panther and leopard including various species of butterflies and fishes.
The villages surrounding the forest areas in Jokai has a rich heritage of prescribing
traditional medicine, mostly from plants for many types of ailments like jaundice,
diabetes, malaria, fever, skin infection etc.

2.2 Survey area: Golaghat

Golaghat is an important district of upper Assam having its own historical and
cultural heritage. Golaghat is bordered by the Brahmaputra River in north, towards
south lays Nagaland, whereas in the east it is bounded by Jorhat district and the west-
ern side lays Karbi Anglong and Nagaon district [4]. The major rivers of the district
are Brahmaputra, Dhansiri, Kakodonga, Doyand, Gelabil and Diplolu [6]. The vast
geography of Golaghat district also includes tropical evergreen and semi evergreen
forest; tropical grassland in Kaziranga National Park and swampy vegetation. The
topography of Golaghat is dominated by a diverse array of flora and fauna [7, 8].

Borghoria and Naojan were the areas selected for ethnomedicinal survey in
Golaghat district. Borghoria village and Naojan are located about 30 km and 60 km
from Golaghat town and about 2.5 km and nearly 70 km from Numaligarh Refinary
township, respectively. Naojan, due to its close proximity to Barpathar, an archeo-
logical site where the remains of an 8th century temple made of square bricks and a
stone inscription of Brahmi characters belonging to the 5th century were excavated
along with the hot water springs and Garampani Wildlife Sanctuary of Garampani,
has a very rich abundance of diverse flora and fauna. Borghoria situated in the vicin-
ity of Dhansiri river has an exposure to vast and varied natural resources. Traditional
healers around the area are mainly engaged in agricultural activities and prescrip-
tions of traditional medicine by these healers are done on philanthropic basis [3].

2.3 Survey area: Tinsukia

Tinsukia is situated in the northernmost portion of Assam [2]. The district is
surrounded on three sides by Arunachal Pradesh. The south part is ecompassed
by Dibrugarh. As the district falls in the far east of North-East region of Assam
(India), it is a part of global bio-diversity hot spot and has great biodiversity
significance [9, 10]. The high biological diversity found in the district is often
related to its forest cover, which is categorized into tropical wet evergreen forests.
The important sanctuary located in the district is Dibru-Chaikhowa Sanctuary.
It has an area of 640 sq. km and is famous for rare, endangered animals and birds
such as white-winged wood duck, elephant, tiger, sambar, buffalo, aquatic avifauna
and wild white horse. The other protected areas and important forests are Dum
Duma-Dangori-Kumsong Reserve Forests, Tirap-Burihidihing, Sadiya plains, Upper
Dihing (East) and Upper Dihing (West).

Ethnomedicinal survey in Tinsukia districted was conducted in Laipuli area.
Laipuli is located at a distance of around 6 km from Tinsukia town [3].

2.4 Survey area: Dhemaji

Situated in the northern bank of the mighty river Brahmaputra, Dhemaji can be
suitably described to be located in one of the remote area of north eastern region
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of India. In its northern and eastern end the state of Arunachal Pradesh lies. The
western part is bounded by Lakhimpur district followed by river Brahmaputra in
the South. Dhemaji has a total geographical area of 3237 sq. km [1-4].

Two places selected for the ethnomedicinal survey in Dhemaji district were
Majarbari and Sissiborgaon.

2.5 Survey area: Karbi Anglong

The district of Karbi Anglong is located in the central Assam region. The eastern
part is surrounded by Golaghat district, in its west lies the state of Meghalaya and
Morigaon district, the north is bounded by Nagaon and Golaghat district whereas
North Cachar Hills and the state of Nagaland is located towards south. Karbi
Anglong district is home to thick forest cover having numerous species of flora and
fauna. It is to be noted that a new district, West Karbi Anglong was curved out from
erstwhile Karbi Anglong district on 15th of August, 2015 [1, 3].

The district can be broadly divided into two physiographic units’ viz. hills and
plains. About 85 percent of the district is covered by hills [4]. Environmental and
topology studies of Karbi Anglong specify a great degree of diversity among the
existing plant and animal species. The forest areas serves as the natural gene bank
of important types and sub types pertaining to various species.

Kathkatia village located in Silonijan of Karbi Anglong district was selected for
the ethnomedicinal survey [11].

2.6 Survey area: Goalpara

Goalpara is sited towards the southern bank of Brahmaputra River. The district
is surrounded by the state of Meghalaya in the South, towards east lays Kamrup
district, the western end is bounded by Dhubri district and, the northern part is
covered by the mighty Brahmaputra. In 1983, Goalpara Civil sub-division was sepa-
rated from original Goalpara district to form the present Goalpara district [1, 2].

Dhupdhara selected for the ethnomedicinal survey, is a village in Rongjuli circle
in Goalpara district of Assam. It is located about 58 km east of district headquarter
Goalpara and 13 km from Rangjuli [3, 4].

2.7 Survey area: Kokrajhar

Kokrajhar district is the entry point to the NER of India. It is boardered by
Bhutan in the north, followed by the district of Dhubri in its south, whereas
Bongaigaon and West Bengal is situated in the east and west directions.

On the 1st of July, 1983 the Kokrajhar Sub-division was upgraded into Kokrajhar
district with headquarter at Kokrajhar town [3]. The district is situated in a humid
sub-tropical climate, which is the characteristic of the lower Brahmaputra Valley of
Assam. The district also has one of the largest concentrations of forest in the state.
About 55% of the total geographical area of the district is under reserved forest. The
Bhutan hills are the source of a number of rivers that flow through the district and
act as tributaries of the mighty Brahmaputra that flows from east to west far from
the southern boundary of Kokrajhar district [4].

Dotma village in Kokrajhar district of Assam was selected for the survey for eth-
nomedicinal documentation. It is located about 17 km towards North from District
head quarters Kokrajhar, 188 km from State capital Dispur towards East. Dotma
is bounded by Kokrajhar town towards East, Kachugaon towards west, Rupshi
towards west, Chapor-Salkocha towards west. Kokrajhar, Bilasipara, Bongaigaon,
Gauripur are the nearby towns to Dotma [12].
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3. Documentation of medicinal plants in the surveyed areas

Plants surveyed in Dibrugarh region were documented on the basis of interview
and questionnaire with the traditional healers with emphasis on the part of the
plants and their applications in treating different diseases and disorders (Table 1).

Plants in the surveyed areas of Golaghat district were subjected to documenta-
tion on the basis of interview and questionnaire with the traditional healers with

District ~ Plantname Partused Use/applications
Botanical name Local name

Dibrugarh  Asparagus racemosus Sotmul Root Kidney stone
Averrhoa carambola Kordoi Leaves, Fruit Jaundice
Bonnaya brachiata Horu Kasidoria ~ Leaves Wound healing
Cassia fistula Sonaru Bark Fever, Deworming
Caesalpinia bonducella  Letaguti Seed Wound healing
Cassia tora Bilokhoni Leaves Skin infection, Snake bite, Joint pain
Centella asiatica Barmanimuni Whole plant Wound healing, Well being
Cleodendrum viscosum Dhapat tita Leaves, Root Malaria, Diabetes, Jaundice, Skin

infection
Costus speciosus Jomlakhuti Rhizome Jaundice
Coscorus olitorius Meetha Pat Leaves Body pain, dysentery, piles, fever
Cucumis sativus Tiyanh Leaves, Fruit Bleeding nose, Diabetes
Dillenia indica Ow tenga Fruit Constipation, Stomach trouble
Drymaria covdata Laijabori Aerial part Fever, stomach ache
Eupatorium cannabinum  Tongloti Root Tooth ache
Euphorbia nerifolia Hiju Latex Asthma
Hiptage benghalensis Madhoi maloti ~ Root Asthma
Houttuynia cordata Mosonduri Leaves Constipation
Leucas apsera Durum bon Aerial parts Cough, Fever
Momordica dioica Bhat kerela Root Urinary problems
Murrya koenigii Narashinha Leaves, Tender ~ Stomachic
aerial parts
Naravelia zylenica Gorob choi Aerial parts Tooth ache, Skin infection
Paederia foetida Bhedai lota Aerial parts Stomach problem, Constipation,
Joint pain

Physalis peruviana Kopalphoota Aerial parts Jaundice
Polygonum chinense Modhuhuleng Aerial parts Stomach trouble, Dysentery
Rosa centifolia Tezi gulap Flower Eye infection
Sapindus mukorossi Monisal Fruit Tonsillitis
Sarcochlamys pulcherrima Mesaki Leaves Infection, Diarrhea, Dysentery
Spondias pinnata Omora Fruit Acidity, Stomach trouble
Stereospermum Paroli Leaves Skin infection
chelonoides
Stephania hernandifolia  Tubuki lota Leaves Wound healing
Syzygium jambolanum Kola jamuk Seed Diabetes, Stomach trouble
Sida rhombifolia Hunbarial Leaves Body pain, Joint pain
Vitex negundo Pochotia Leaves Fever, Cough

Table 1.
Some of the medicinal plants used in Dibrugarh district and their allied applications.
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emphasis on the part of the plants and their applications in treating different
diseases and disorders. Some of the plants are listed in Table 2.

Plants in Tinsukia district, surveyed areas were documented on the basis of inter-
view and questionnaire with the traditional healers with emphasis on the part of the
plants and their applications in treating different diseases and disorders (Table 3).

District Plant name Partused Use/applications
Botanical name Local name
Golaghat Achasma loroglossum Kor Phool Rhizome Tooth ache
Aegle mermelos Bel Leaves, Kidney problem, Dysentery
Fruit

Adiantum capillus Chuli dhekia Aerial part Wounds, Infection, Tooth
ache

Averrhoa carambola Kordoi Fruit Jaundice, Diarrhea,
Dysentery

Ageratum conyzoides Gandhalibon Leaves Cuts and wound

Alpinia allughos Tora Rhizome Stomach trouble, Joint pain

Alternanthera sessilis Mati Kanduri Aerial part Constipation

Baccuarea sapida Leteku Fruit Stomach problem

Borreria hispda Dolicha Bon Leaves Tooth ache, Gum swelling

Bryophyllum calycinum Dupor tenga Leaves Leaves Kidney stone

Cissus vepens Bogi tenga Leaves Menstrual discomfort

Clenogyne dichotoma Patidoi Stem Support in fracture

Costus speciosus Jomlakhuti Rhizome Jaundice, Diabetes

Costus pictus Leteki Aerial parts Diabetes

Cinnamomum bejalghota Patihunda Leaves Asthma, Cough

Clitoria ternatea Aparijita Root, Fever, Snake bite, Infection

Flower of skin

Croton bonplandianum Bonoria jaifal Seed Laxative

Cissampelos pareira Tubuki lota Leaves Diabetes

Eclipta alba Kehraj sesu Leaves Blood clotting

Heydichium coronarium Pakhila phool Rhizome Joint pain

Hydprocotyl sibthropioides Horumanimuni ~ Wholeplant  Fever, Stomach problem

Leucas aspera Durun Durun Bon Leaves Snake bite, Sinusitis

Litsea salicifolia Dighloti Leaves Insect repellent

Phyllanthus nivirii Bon Amlokhi Shoot Stomach trouble, Urinary
problem

Polygonum chinense Madhu huleng Aerial parts Diarrhea

Sarochlamys pulcherrima Mesaki Aerial parts Tapeworm infection

Sida rhombifolia Hunbariol Root Helps in child birth for
pregnant women

Smilax perfoliata Tikoni barua Leaves, Root ~ Wound healing

Styrex serulatum Lota madhuri Shoot Anti infective

Triumfetta vhomboidea Bon Agora Aerial parts Insect repellent

Xanthozylum nitidum Tejmuri Stem Fractured bone

Table 2.

Some of the medicinal plants used in Golaghat district and their allied applications.
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District Plant name Partused Use/applications
Botanical name Local name

Tinsukia Abroma augusta Gorokhia korai Root Urinary disorders
Abrus precatorius Latumoni Root Urinary disorders
Achyranthes aspera Bionihakuta Leaves, Root Wound, Sore throat, Cough

and Cold
Acorus calamus Bosh Rhizome Acidity
Amaranthus spinosus Hatikhutura Root, Aerial Diarrhea, Increases milk
parts output in lactating mother

Amavanthus tricolor Bishalya karani Leaves Wound healing
Alternanthera sessilis Mati kanduri Aerial parts Dysentry, Stomach trouble
Caesalpinia bonduc Letaguti Seed Fever, Body pain
Caryota urens Sewa Root Increases milk output in

lactating mother

Cascabela thevetia Karabi Seed, Bark, Anti-infective, Diabetes,
Latex Fever
Celtis tetrandra Hukuta Tender Aerial ~ Relieves pain after child
parts birth
Centalla asiatica Bormanimuni Whole plant Health tonic, Memory
enhancer
Cinnamomum bejolghata Patihonda Leaves Diabetes
Ipomoea aquatic Kolmou Leaves Diabetes
Cissus quadriangularis Harjura lota Stem, Wound, Fracture
Tendrils
Citrus grandis Robab tenga Fruit Jaundice, Deworming
Clerodendron Nephafu Leaves Hypertension
colebrookianum
Costus pictus Leteki Leaves Diabetes, Blood
purification
Costus speciosus Jomlakhuti Rhizome, Jaundice, snake bite
Leaves
Croton joufra Gochmahudi Leaves Menstrual discomfort
Curanga amada Bhui tita Leaves Fever, Malaria
Curcuma amada Aam ada Rhizome Diarrhea, Dysentery
Cuscuta reflexa Akashi lota Stem Jaundice, Wound healing
Garcinia cowa Kuji thekera Fruit Diarrhea, Dysentery
Garcinia lancifolia Rupahi thekera Fruit Gastric discomfort,
Diarrhea
Hibiscus sabdarifolia Tengamora Aerial parts Diarrhea, Dysentery
Houttuynia cordata Mosondori Leaves, Flatulence, Diarrhea,
Tender shoot Dysentery
Lasia spinosa Sengmora Rhizome, Menstrual discomfort
Aerial parts
Lindernia pursilla Gakhiroti bon Whole plant Increases milk output in

lactating mother

Lygodium flexuosum Kopou dhekia Leaves Fungal infection
Malastoma Phutuki Leaves Wound healing
malabathricum

Mussandya roxburghii Hukloti Aerial parts Stomach problems
Vetivera zizanoides Birina Root Rheumatic pain

Table 3.
Some of the medicinal plants used in Tinsukia district and their allied applications.
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Plants in Dhemaji district selected areas were documented on the basis of inter-
view and questionnaire with the traditional healers with emphasis on the part of the
plants and applications in treating different diseases and disorders (Table 4).

Documentation of plants in Karbi Anglong district, surveyed areas was then
done on the basis of interview and questionnaire with the traditional healers with
emphasis on the part of the plants and their applications in treating different
diseases and disorders (Table 5).

Documentation of plants in the surveyed region of Goalpara district was initi-
ated on the basis of interview and questionnaire with the traditional healers with

District Plant name Partused Use/applications
Botanical name Local name
Dhemaji Abroma augusta Ui-sipak Leaves Cuts and wound healing
Ageratum conyzoides Namnyin/ Aerial parts Aids blood clotting, Wound
Gunduabon healing

Alternanthera sessilis Patang oying Aerial parts Jaundice, Body ache

Bombax ceiba Singgi Leaves Wound healing

Catharanthus roseus Sada Bahar Leaves Diabetes

Calotropis gigantean Akon Leaves, Latex Wound healing, Body ache

Caesalpinia Tezmuri Leaves Tooth ache, Fever

cucullatum

Chromolaena odorata Jarmanibon Leaves, Root Snake bite, Anti infective

Cissus quadrangularis Gomset sori Aerial parts, Tendrils Joining of

Tendrils fractured bone

Costus scaber Keuri Leaves Snake bite, wounds

Costus speciocus Peki jigjig Rhizome Jaundice, UTI

Cyclosorus extensus Rukji Leaves Increases milk output in
lactating mother

Desmodium laxiforum Bhuter chira Aerial parts Infection, Menstrual
discomfort

Eryngium foetidum Bormang ori Leaves Appetizer, stomach
problems

Ficus hispida Takpi Fruit Jaundice

Garcinia lanceifolia Rupohi tehekera Fruit Jaundice, Diarrhea

Houttuynia cordata Musondri Leaves Optimizes stomach
function

Ipomoea aquatic Mou Leaves Jaundice, Diabetes

Mentha arvensis Takemare Leaves Stomach trouble

Mimosa pudica Yuptap Root Deworming

Musa velutina Doge kopak Flower Diarrhea, Dysentry

Litseacitr ata Mezangkori Bark Asthma, Cough

Solanum nigrum Loshkosi Leaves Jaundice

Tylophora Jangli pikran Leaves, Purify blood, Stops white

asthamatica Roots vaginal discharge

Oxalis corniculata Tengsi Leaves Hypertension, Diabetes,
Stomach upset

Zanthoxylum nitidum Rikom Aerial parts Anti infective

Table 4.

Some of the medicinal plants used in Dhemaji district and their allied applications.

236



Traditional Usage of Plants of Costus Species in Assam, India

DOI: http://dx.doi.org/10.5772/intechopen.100532

District Plant name Partused Use/applications
Botanical name Local name
Karbi Acmella paniculata Bapchuki Leaves, Stomach ache, Acidity
Anglong Flower
Abelmoschus Arnam hanserong Leaves, Snake bite
moschatus Fruit
Abrus precatorius Chuselok Leaves Fever, Asthma, Joint pain
Abutilon indicum Mir-at Leaves, Snake bite, Insect bite
Flower
Acacia pennata Themra/Khemra Leaves, Snake bite
Bark
Alpinia galangal Phrikan gnek Leaves, Stomach ache, Improves
Rhizome digestion
Alternanthera sessilis Raeaba Aerial Fever, Infection
parts
Amorphophalus Hen salku Leaves, Piles, Irregular bowel
bulbifer Flower movement
Avrisaema tortuosum Chamua Leaves, Piles, Irregular bowel
Tuber movement
Calamus rotang Pri Aerial Snake bite
parts
Cassia tora Bapduli Leaves, Joint pain, Improves
Flower bowel movement
Costus pictus Tui Leaves Diabetes, Jaundice
Costus speciosus Ai-upo Leaves, Jaundice, Snake bite
Rhizome
Cycas pectinata Or-oh Aerial Acidity, Heart burn
parts
Lasia spinosa Chusot Aerial Piles, Irregular bowel
parts movement
Laportea cremulata Bap kangsam Fruit, Scorpion bite
Flower
Murraya koenigii Thengsakso Leaves Acidity, Fever
Olax acuminate Hanboka Leaves Wound healing
Oroxylum indicum Nopak ban Leaves, Intestinal worm,
Flower Stomach ache
Paederia foetida Rekang nemthu Leaves Acidity
Physalis peruviana Thebongkang Leaves, Stomach ache,
Fruit Deworming
Phlogocanthus Titaful Flower Fever, Jaundice
thyriflorus
Solanum torvum Bhekuri tita Leaves, Anti infective
Fruit
Spondias pinnata Siming Leaves, Acidity, Diarrhea
Flower
Tagetes evecta Mir kadomphui Leaves, Anti infective, Wound
Flower healing, Improves
digestion
Vitex negundo Vorke abap Leaves, Fever, Ache, Malaria
Flower
Table 5.

Some of the medicinal plants used in Karbi Anglong district and their allied applications.
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District ~ Plantname Partused Use/applications
Botanical name Local name
Goalpara  Abroma augusta Dadhubedang Leaves Stomach ache, Ringworm
infestation
Acalypha indica Muktaborcha Leaves Asthma, Bronchitis
Calamus rotang Batbelai Leaves Eye infection
Clerodendrum Vate gakha Leaves Memory tonic
bracteatum
Calotropis gigantia Aakon Leaves, Bark Snake bite, Asthma
Deeringia Matak tuka Leaves Wound, Sore
amaranthoides
Euphorbia hirta Dudh bon Shoot, Latex Infection
Ficus hispida Domuru Leaves Jaundice
Murraya koenigii Narasinghabelai Leaves, Tender aerial ~ Fever, Stomach upset
parts
Nelumbo nucifera Podum Rhizome Menstrual discomfort
Ocimum sanctum Dhulungshi Leaves Cough, Fever
Paederia foetida Bhadalilewa Leaves Diarrhea, Dysentry
Polyalthia longifolia Debdaru Bark Menstrual discomfort
Solanum Tita Bhekri Fruit Malaria, Fever, Jaundice,
integrifolium Diabetes
Terminalia tomentosa ~ Amra Fruit Diabetes, Stomach upset
Vitex negundo Pasatia Leaves Body pain, Wound, Fever
Table 6.

Some of the medicinal plants used in Goalpara district and their allied applications.

District Plant name Part used Use/applications
Botanical name Local name

Kokrajhar Benincasa hispida Kumbra Fruit, Leaves Diabetes, Acidity
Canarium bengalensis Dhuna Leaves, Bark Joint pain
Chromolaena odovata Bangrilewa Leaves Stomache ache, dysentery
Chrystella pavasitica Daokhumwi Young aerial part  Wound healing
Clerodendum Lwkwna Leaves Jaundice, Wound healing
infortunatum
Clitonia ternatea Nilkantha Leaves Fever, antiseptic
Costus speciosus Buritokon Rhizomes, Leaves Jaundice, Snake bite
Corchorus capsularis Patw Leaves, Root Fever, Diarrhea
Datura stramonium Datura Leaves, Fruits Tooth ache, Heartburn,

Asthma
Emblica officinalis Amla Fruit Tonic, Stomachic
Laportea crenulata Koma Leaves, Root Heartburn, Fever, Cuts and
Wound
Leucas plukenetii Khangsinsa Leaves Sinusitis, Pain
Nyctanthes arbortristis Sephali Leaves, Flower Antihelmintic
Ocimum sanctum Tulsi Leaves Cough relief, Asthma
Paederia foetida Bhedalilewa Leaves Diarrhea, Constipation
Scoparia dulcis Bongpang rakeb ~ Whole plant Kidney stone, Diarrhea, Fever
Xanthium strumarium Agara Root, Leaves Fever, Joint pain
Table 7.

Some of the medicinal plants used in Kokrajhar district and their allied applications.
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emphasis on the part of the plants and their applications in treating different
diseases and disorders (Table 6).

Plants in surveyed areas of Kokrajhar district were documented on the basis of
interview and questionnaire with the traditional healers with emphasis on the part of
the plants and their applications in treating different diseases and disorders (Table 7).

4. Profiles of Costus species used predominantly in traditional medicine
in the surveyed areas

The ethnomedicinal survey conducted in the different areas revealed the
prominent use of the species belonging to the genus costus. The species were Costus
speciosus, Costus scaber and Costus pictus. Therefore botanical and pharmacognostic
profiling of the said species were done accordingly.

4.1 Costus speciosus (J. Konig) Smith

Costus speciosus (Figure 2) is an erect plant, up to 2.7 meters high; root stock
is tuberous; stem is sub-woody at the base. Leaves have an average dimensions of
(15-30) cm x (5.7-7.5) cm and are sub sessile, oblong, spirally arranged with silky-
pubescent base [13, 14]. The flowers are present in very dense spikes having ovate
bracts that are mucronate and bright red in color. The corolla have short tube with
lobes which are ovate-oblong subequal. Flower lips are white with yellow center
with crisped, concave, disk with a tuft of hair at the base. Fruits are capsule, glo-
bosely trigonus and are red in color. The seeds are black with white aril. Flowering
time in Indian condition is August to October [13, 15].

It is a herb occurring in the moist and wet evergreen areas of the Indo-Malayan
region and Sri Lanka along with Brazil, Bolivia, Colombia, Peru, Mexico etc. Within
India it occurs from Central and Eastern Himalayas to Southern India [15, 16].

4.2 Costus scaber

Costus scaber (Figure 3) is an erect plant, up to 4 meters high; root stock is tuber-
ous; stem is sub-woody at the base. Leaf shape is elliptical with entire margin and

Figure 2.
C. speciosus (J. Konig) Smith collected from Nagakhelia village, Dibrugarh.

239



Natural Medicinal Plants

Figure 3.
Costus scaber collected from Dhemaji (insert: flower specimen,).

are spirally arranged around the stem. The primary bracts are borne on the inflores-
cence in spiral phyllotaxy. One flowered cincinni occur in the axils of these bracts.
Each cincinnus consists of an axis bearing a terminal flower [17]. The floral organs
are formed sequentially starting with calyx. Flowering time in Indian condition is
October to December.

It is mainly distributed in the neo tropical regions. Within India its geographical
distribution is in the sub-Himalayan tract from Kangra district of Himachal Pradesh
eastwards to Arunachal Pradesh; and in the Western ghats in Maharastra, Goa,
Karnataka, Kerala and Tamil Nadu.

4.3 Costus pictus D. Don
Costus pictus (Figure 4) is a plant that goes upto 3 meters in height; it has tuber-

ous root with a nearly woody base. The leaf arrangement is spiral with an elliptical
shape. Leaf bears rigid and rubbery morphology. Spiral phyllotaxy is observed in

Figure 4.
C. pictus D. Don collected from Naojan, Golaghat.
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the primary bracts. The external appearance of the flowers as depicted in Figure 4
is primarily are creamy colored along with pink stripes initiating from the base. The
plant generally bears flower between the months of August and October.

This plant is mainly distributed in the neo tropical regions [18, 19]. In India it
found in the sub-Himalayan tract from Himachal Pradesh to Arunachal Pradesh;
and in the Western ghats in Goa, Kerala and Tamil Nadu.

5. Conclusion

The state of Assam, popularly known as the land of the red river and blue hills is
home to a diverse array of flora and fauna. Assam falls in one of the great migration
routes of mankind of different groups who over the centuries have come and settled
down. Every community has its own traditional rituals, customs and herbal rem-
edies which have been molded by the geographical location and the environmental
factors where they reside. The abundant natural resources in encompassing location
form the basis for the characteristic food habits and related medicinal practices
of each community. By their experience, the knowledge of herbal remedies was
transferred to generation after generation as folk medicine.

A study was conceived based on the aforesaid facts with intent to scientifi-
cally analyze different folkloric healing practices encompassing various medici-
nal plants. Subsequently an ethno medicinal survey was conducted across the
state of Assam for compiling information with respect to traditional medicine.
Thereafter, plants belonging to Costaceae family were selected for scientific
validation studies owing to their predominant use among the traditional healers
in the surveyed regions particularly in upper Assam for treating ailments like
jaundice, diabetes etc.

Three plants belonging to the costus genus were identified viz. Costus scaber,
Costus speciosus and Costus pictus for the study. Costus speciosus locally known as
‘Jomlakhuti’ in Dibrugarh, Golaghat and Tinsukia district; ‘Peki jigjig’ in Dhemaji;
‘Ai-upo’in Karbi Anglong district and ‘Buritokon’ in Kokrajhar district, the rhi-
zomes, leaves are primarily used for treating liver aliments, diabetes, UTI, snake
bite respectively. Costus scaber locally known as ‘Keuri’ in Dhemaji district, the
leaves are used in the treatment of snake bite and wound healing. Costus pictus
locally known as ‘Leteki’ in Golaghat and Tinsukia district and ‘“Tui’ in Karbi
Anglong district, the aerial parts and leaves are used traditionally in the treatment
of diabetes, for blood purification and jaundice respectively.

Therefore, it can be safely concluded that species belonging to this genus are
traditionally used in the mitigation of various ailments particularly diabetes.
Furthermore, in vivo and in vitro studies are warrented against these species so as to
elucidate viable phyto components as a future prespective.
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Chapter 14

Benefaction of Medicinal Plant
Uraria picta
Harsha Kashyap

Abstract

Medicinal plants are very significant as they not only maintain the health and
vitality but most importantly also cure the various ailments in humans and animals
without causing any toxic side effects. These are readily available and cost effective
therapeutic agents. Uraria picta was first proposed by Desvaux, (1813), is highly
medicinal and critically endangered plant species found throughout India and
other parts of the world like Africa, Australia, Philippines, Malaysia, Japan, Nigeria
etc. This herb is full of antiseptic, anti-inflammatory, antimicrobial, anti-emetic,
aphrodisiac, analgesic, cardiovascular and expectorant properties. Due to its high
therapeutic use and growing need, the plant is becoming rare and endangered,
therefore it is necessary to create awareness of this plant to support its propagation
in large numbers. This herb also shows properties of anti-cancer and anti-choliner-
gic properties hence can manage depressions, anxiety, sleeping problems. Analgesic
property helps in reducing body pain.

Keywords: Medicinal plants, health, cost effective, therapeutic, endangered,
awareness

1. Introduction

Medicinal plants are very significant as they not only maintain the health and
vitality but most importantly also cure the various ailments in humans and animals
without causing any toxic side effects. These are readily available and cost effective
therapeutic agents. India is known as the “Botanical Garden of the World” as it pro-
duces largest medicinal plant wealth. Over the past few decades, herbal medicines
from the medicinal plants have been accepted universally. Therefore the efforts are
being taken all over the globe in exploring and documenting the ethnomedicinal
and pharmacological scientific research data on plants [1].

Uraria picta was first proposed by Desvaux, (1813), is highly medicinal and
critically endangered plant species found throughout India and other parts of the
world like Africa, Australia, Philippines, Malaysia, Japan, Nigeria etc. [2, 3]. The
plant has been extensively used in Ayurvedic system to treat various ailments. All
the plant parts are packed with therapeutic properties from flowers, leaves to the
fruits and seeds. This herb is full of antiseptic, anti-inflammatory, antimicrobial,
anti-emetic, aphrodisiac, analgesic, cardiovascular and expectorant properties
[3]. This herb is a major ingredient of well-established Ayurvedic medicine called
Dashamoola which is formulation of 10 herbs. The description of the plant can
also be seen in classical ancient books of Ayurveda Medicines like Charak Sambita,
Sushrut Sambhita and Vaghabhatta. There are other formulations in Ayurveda where
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Figure 1.
U. picta whole plant.

Figure 2.
U. picta plant roots.

Prishnaparni is used like Abana, Amrutharishtha, Angamarda prashamana kashaya
churna, Vyaghri taila, Madhyama Narayana taila, Dasamularishtha.

U. picta is found to be an erect [4, 5], branched, perennial herb [6, 7]
(Figures1and 2).

Classification of U. picta [8]:

Kingdom Plantae
Phylum Tracheophyta
Class Magnoliopsida
Order Fabales
Family Fabaceae
Genus Uraria
Species Picta

2. Morphology

Stem: Suffruticose undershrubs which is 1-1.9 m tall stout stem, hooked hairs.
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Leaves: Alternate, compound, unipinnate, imperipinnate, 15-30 cm long
approximately.

Leaflate: Subcoriaeous, 6-20 x1-4 cm rounded at base acute green blotched
with white and glabrous above minutely pubescent beneath, entire margin.

Stipels: Subulate, 4.5 mm long lower leaves often 1-3 foliolate sometime 5-9
foliolate leaflet, sub orbibicular or oblong.

Flowers: Flowers in close fascicles along the rachis of spicate, cyllendric racemes
10-30 cm long curving upwards with ages pubescent. Standard 5-6 mm long pink
or purple.

Pods: Pods glabrous 4-6 jointed joints smooth, polished.

Seeds: Seeds ovate, 2 mm long light brown in color.

Roots: Stout, nodulated, branched.

Synonyms.

There are various synonyms of U. picta that are D. picta Roxb., Hedysarum
pictum Jacq., U. aphrodisiaca Welw., U. leucantha Span., U. linearis Hassk.

3. Geographical distribution

U. picta is widely distributed throughout India [2]. It is commonly found in dry
grasslands, growing densely and producing poorly viable seeds and it also extend
upto Tarai Region of the Himalayas [9]. Apart from India it can also be found in
various parts of Asia including China, Japan, Bangladesh, Pakistan, Bhutan and
Nepal. The plant is also found in regions of Africa like Nigeria, Egypt, Ethiopia,
Congo, South Africa, Queensland Australia [10], and in Philippines, Malaysia [3].

4. Plantation and agroclimatic factors

The plant can grow well in tropical and subtropical regions. It can germinate in
humus and sand in comparison to red earth [5]. Loam to clay-loam soil is suitable
for its cultivation and the species can grow in the soil pH upto 8.5 [9]. Okusanya et
al. (1991) found that the species showed a significantly better growth in wet and
moist soil conditions than dry and waterlogged conditions. They also reported that
the species responded identically to pH range 3.5, 5.5 and 7.5. The plant also has
salinity tolerance [5].

5. Ethnomedicinal importance

According to Charak Sambhita this is one of the major ingredient for Dashamoola,
Angamardhaprashmana- group of herbs that help to relieve bodyaches, Shothahara-
group of herbs having anti-inflammatory properties, Sandhaneeya-group of herbs
that are used in fractures and dislocations. Charak suggested liquid formulation
cooked with Prishnaparni for diarrhea, cooked with Prishnaparni, parched paddy
and processed with S. cordifolia for bleeding piles and hemorrhage. According to
Sushruta, for gout, milk cooked with Prishnaparni added with honey was given,
and promoting adhesion of fractured bones, powdered roots of the Prishnaparni
were given [11, 12]. The root decoction of this plant is being used to treat Fever,
cough and cold [2, 4, 11, 13]. Yusuf et al. (2007) suggested leaf paste can be applied
on boil to burst [14]. Igboechi et al. (1989) studied the ethnomedicinal properties of
the plant in Nigeria, can be used in the control of ectoparasites in men and domes-
tic animals [15]. Plant was also assessed for acaricidal activity on Ixodes ricinus.
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According to Billore et al. (2004) the plant can be used for gynecological disorders
[16]. The plant is also effective for the treatment of gonorrhea [17]. Leaves of the
plant are used as a diuretic, aphrodisiac, general antiseptic and to cure oral sores
[5]. Whole plant shows the antivenom activity against Echis carinata [2, 18]. Extract
of dried arboreal parts of plant species reported to show antimicrobial properties
[7,19]. This herb also used to cure malarial fever. Also shows cardiovascular proper-
ties. This also used to maintain the good HDL level in body and lowers level of LDL
and maintains the healthy blood pressure in body. This herb also shows properties
of anti-cancer and anti-cholinergic properties hence can manage depressions,
anxiety, sleeping problems. Analgesic property helps in reducing body pain.

6. Phytochemical constituents

Phytochemical constituents show specific physiological action individually or in
combination with other constituents on human body [20]. Phytochemical constitu-
ents include both Primary and secondary metabolites and hence form the backbone
of the modern medicine [21]. Important Phytochemical constituents of U. picta
include alkaloids, flavonoids, steroids, terpenoids, pterocarpans, saponins, phenols,
tannins, carbohydrates, proteins, cardiac glycosides etc. [22, 23]. Various mineral
components or inorganic nutrients are also required for the human health. This
herb is packed with essential minerals that are Sodium, Magnesium, Potassium,
Calcium and Phosphorus [24]. Among these phytochemicals, flavanoids, alkaloids
and pterocarpans are the bioactive compounds (Figure 3).

Quantitative phytochemical study by Madhikatti, 2011 shows that the U. picta
is packed with primary and secondary metabolites [23] (Figure 4).

Saxena et al. 2014 studied the mineral contents (Figure 5.) of the U. picta in differ-
ent plant parts which showed the ample amount of mineral elements. This becomes
useful when requirements of these minerals in the body are considered [20].

7. Pharmacological properties

The medicinal value of the plant is characterized by the phytochemical con-
stituents and their pharmacological properties. Alkaloids possess various pharma-
cological properties such as antiarrhythmic, anticholinergic, analgesic, antitumor,
antihypertensive, antipyretics, antimalarial, stimulant, anti-HIV, antileukemic
etc., and are often utilized as recreational drugs [20, 25]. Flavonoids are the com-
monly found polyphenolic compounds in the human diet and these are present all
over the plant. The pharmacological property of flavonoids include CNS activity,
cardiotonic, lipid lowering, antiulcer, hepatoprotective, anti-inflammatory, anti-
neoplastic, antimicrobial, antioxidant and hypoglycemic activity. Intake of food
containing Flavonoids lowers risk of certain free radical related pathophysiology
[26]. Therapeutic uses of terpenoids include antimicrobial, antifungal, antiviral,
antihyperglycemic, anti-inflammatory, antioxidants, antiparasitic, immunomodu-
latory, and as skin permeation enhancer. Luo et al. (1999) have reported terpenoids
can decrease the blood sugar level in animals. Steroids can possess the analgesic
properties [27]. They are also used to treat a variety of inflammatory diseases and
conditions. Cardiac Glycosides also show therapeutic properties and are used in the
treatment of congestive heart failure and cardiac arrhythmia [28]. Phenols or phe-
nolic compounds show antimicrobial, antioxidant, anticarcinogenic, or antimuta-
genic and anti-inflammatory effects. Also contribute to their inducing apoptosis by
arresting cell cycle, regulating carcinogen metabolism and ontogenesis expression,
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inhibiting DNA binding and cell adhesion, migration, proliferation or differentia-
tion, and blocking signaling pathways [29]. Saponins are being used commercially
as dietary supplements and nutraceuticals in traditional medicine preparations.
They also show hypocholesterolemic and antidiabetic properties [20]. As all these
phytochemical constituents are present in the U picta, all the pharmacological
properties associated with these chemical compounds are found to be present in the
plant as well. The earlier study conducted by Odubanjo et al. (2013) shows the plant
possess the “Anticholinesterase property”. They analyzed this property against two
enzymes namely AchE (Acetylcholinesterase) and BchE (Butyrylcholinesterase).
Here the aqueous extract of the plant and tested for the amount of IC50 Value. The
result of the experiment showed the ample amount of dose dependent AchE and
BchE inhibitory activity at the highest tested concentration [30]. Numerous studies
have been done on “Antioxidant effect” of U. picta. Patel and Kamariya et al. (2011)
studied the antioxidant behavior of aqueous extract of the plant. They analyzed

the result statistically using regression method [31]. The significant antioxidant
effect was calculated based on IC50 Value in presence of phenolic, flavonoid, sterol
and terpene derivatives [8]. Methanol extract of U. picta showed the “Myocardial
protection” [8] upon Rat Ischemic Reperfusion Injury Model by invigorating
Muscarinic Receptors. To explore the hepatoprotective effect of U. picta, Hem, et al.
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(2017) used PCM-induced liver injury model. The experiment showed the ability
of the extract to reduce the serum liver enzymes level ALT (Alanine Transaminase)
and AST (Aspartate AminoTransferase) in the blood. They also studied the
“Anti-Inflammatory properties” of the plant in dose dependent manner where the
aqueous decoction of roots and aerial parts showed the significant activity against
egg albumin-induced and formalin induced rats paw edema. Both pre-clinical and
clinical experiments suggested that the plant possesses the quick fracture healing
effect due to deposition of phosphorous and calcium [22, 32].

8. Conclusion and future aspects

This report is based on the comprehensive study conducted on U. picta, which
summarizes the botany, geographical distribution, propagation, phytochemical
constituents and pharmacological properties of plant. This shows that the plant
treasures a great medicinal wealth as each part of the plant reportedly has various
phytochemical constituents having their respective pharmacological properties.
These pharmacological properties are providing the evidence to various ethnome-
dicinal uses of the plant which have been in practice in many continents for centu-
ries. Hence the whole plant plays an important area of research and developmental
properties for pharmacologists and researchers. Due to its high therapeutic use and
growing need, the plant is becoming rare and endangered; therefore it is necessary
to create awareness of this plant to support its propagation in large numbers.

The development of modern drugs from less toxic plant products with proven
medicinal properties is now being supported globally. There is no doubt that the prod-
ucts of this plant consecrate bright prospects as a reliable cure for various ailments.
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Chapter 15

Spices-Reservoir of Health
Benetits

Cheryl Sachdeva and Naveen Kumar Kaushik

Abstract

Spices contribute to the quality, nutritive value, and flavor of food. Since ancient
times, they hold a great medicinal value. Their antimicrobial, antiviral, antibacte-
rial, anti-inflammatory, and other numerous properties have made them a potent
source of therapeutic agents. Phytochemical analysis revealed presence of active
constituents such as eugenol, curcumin, carotenoids in clove, turmeric, saffron
respectively that explains the efficacious nature of these spices. Owing to their
easy availability and consumption, it is advised to make spices daily part of our
diet though in balanced amount as sometimes excess usage bear few consequences.
Evaluating multiple benefits offered by these as immunity boosters especially in
times of pandemic and incorporating them in our routine diet would improve
disease management strategies. This chapter discusses the reservoir of activities
exhibited by few spices along with the components responsible for these activities.
Here, we also discussed their negative effects if at all.

Keywords: curcumin, spices, antiviral, clove, immune booster

1. Introduction

Spices are plant-derived substances and play a crucial role in cooking. They are
responsible for bringing out complex and rich flavors of food with their color, taste,
aroma and making a cuisine distinct and popular. Without them kitchen looks
empty and food gives a feeling of Stone Age. But do these spices just provide aroma
or piquancy to food? Or is there any underlying advantage behind their regular
consumption with food. Moreover, their usage depends upon habitat, time, and
weather conditions. It is evident from both traditional as well as modern literature
that vast medicinal properties offered by the spices makes them legendary and a
vital part of daily diet. Pharmacological and molecular studies revealed that oils
and alkaloids produced by most of the spices possess antimicrobial, anti-parasitic,
immune booster, antioxidant and other important biological properties [1-4].
Their antioxidant and bactericidal activities prevents rancidity thereby increasing
storage life of food [5]. Turmeric, with curcumin as principle ingredient, has been
quite extensively used in the treatment of disorders such as amenorrhea, inflam-
mation, hepatitis, arthritis [6, 7]. Clove, cinnamon, are rich source of antioxidants
exhibiting wide range of pharmacological effects [8].

As spices are rich in immunity boosting ingredients, their daily consumption
would lead to development of long-lasting immune protection and might maintain
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safe drug bullets at a certain basal level in blood stream to tackle the infection.
Since the outbreak of COVID-19, the first line of defense is body’s immune system.
Therefore, regular usage of spices not only enhances the body’s immunity to fight
against the infection but also provides a prophylactic therapy to prevent and mini-
mize the chances of infection. Out of wide variety of spices, pharmaco-potential of
some of them has been discussed here.

2. Turmeric

Turmeric (rhizome of Curcuma longa L.), native to Tropical South Asia, is used
as a condiment, food preservative and a traditional remedy for various diseases.
This spice of Zingiberaceae family is widely cultivated in tropics and is known
by different names such as Haldi, bhadra, pitika, mehagni, terre merite etc. To
date various compounds of turmeric have been identified such as monoterpenes,
sesquiterpenes, curcuminoids, alkaloids, sterols. Among these, most abundant is
curcumin (77%) which is responsible for characteristic yellow color of turmeric
and exhibits a wide spectrum of biological effects viz. antidiabetic, antimicrobial,
anti-inflammatory, etc. (Figure1) [9].

Anti-inflammatory and antioxidant effects of curcumin have proved to be ben-
eficial against neurological diseases. Curcumin has the ability to bind amyloid  (Ap)
inhibiting fibrils formation [10] and, also enhance its cellular uptake [11], circum-
vent plaque deposition [12] thereby preventing Alzheimer’s disease. Furthermore,
curcumin is capable of decreasing Af serum levels and attenuating inflammation in
Alzheimer’s disease mouse models [13] along with rescuing altered neuritic mor-
phology around A plaques [14]. Additionally, studies have shown that curcumin
decreased Huntington protein aggregation [15], suppressed cell death relieving
disease symptoms [16]; modulated accumulation of a-synuclein which is the prime
reason for Parkinson’s disease [17]. It has been reported that intravenous and oral
administration of curcumin modulates dopamine related damage, induces microglial
activation, and improves locomotion [18]. Curcumin has, further, shown to increase
docosahexaenoic acid (DHA) levels [19]; improve learning and mental ability in
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Figure 1.
Biological properties and chemical constituents of Turmeric.
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scopolamine induced amnesia in mice [20]. Moreover, numerous other compounds
with potent antioxidant activity have also been isolated from turmeric [21].

Curcumin has been known to downregulate production of inflammatory cyto-
kines such as MCP- 1, TNF q, IL6, IL-1f both in vitro and in vivo [22-24]. However,
recent study have suggested that efficacy to reduce levels of pro-inflammatory
cytokines is enhanced on administering liposomal curcumin [25]. Studies have
reported upregulation of heme oxygenase-1 reducing oxidative stress and providing
protection against acute vascular inflammation in vitro as well as in vivo [26, 27].

Anti-rheumatic effects of curcumin have also been reported as curcumin
decreased B3 and 7 integrins expression (adhesion molecules) ultimately decreas-
ing joint inflammation; downregulated expression of chemokines, pro-inflamma-
tory cytokines and growth-related oncogene/keratinocyte chemoattractant [28].
Further, randomized trials have also shown the efficacy of oral administration of
curcumin in treatment of Rheumatoid Arthritis [29, 30].

Curcumin is effective in the management of virus infections as it inhibited Zika
and Chikungunya virus at a concentration of 5 pM (IC50 = 1.9 and 3.89 uM respec-
tively) [31], herpes simplex virus [32] and dengue virus [33]. Further, it inhibited
human immunodeficiency virus (HIV) integrase and protease suggesting its protec-
tive effects against AIDS [34, 35]. The pandemic, COVID-19 related mortality is
mainly due to acute respiratory distress syndrome with extensive cytokine storm.

It has been reported that curcumin upregulates peroxisome proliferator-activated
receptor-y induction leading to inhibition of nuclear factor-kB (NFkb) signaling
eventually decreasing cytokine storm [36] which suggests that curcumin might
ameliorate COVID associated symptoms. Bioinformatic analysis have further shown
ability of curcumin to interact with ACE2 receptor [37] and main protease [38]
thereby fighting against COVID-19.

Curcumin displays antiparasitic and anti-cancer effects too. At a dose of 5 pM,
it altered P, falciparum microtubules leading to reduction of 70-90% of parasitemia
(ICsp = 50 pM) [39] and further at 100 mg/kg showed 80-90% decrease in P. berghei
parasitemia [40]. Curcumin, in synergistic effect with Mitomycin C (5 pmol/L)
arrested growth of MCF 7 breast cancer cell lines at Go/G; phase of the cell cycle
at a concentration of 40 pmol/L [41], decreased sensitivity of NFkB in human
pancreatic cells lines BxPC-3, Capan-1, Capan-2, ASPC-1, and HS766-T (73-95%
inhibition) [42], induced apoptosis [43]; inhibited cyclo-oxygenase 2 (COX 2- its
overexpression leads to carcinogenesis) production in HT-29 colon cancer cell lines
[44]. This prompts the requirement of detailed investigation to understand the
potential of curcumin in cancer biology. Apart from curcumin, non-curcuminoids
have also been reported to exhibit potential anticancer activities too [45].

Regardless of its demonstrated efficacy, purified curcumin has also been
reported as pan assay interference compounds (PAINS) that show activity by
interfering with assay readouts [46]. Curcumin exhibits PAIN properties such
as fluorescence interference [47], aggregation [48], metal chelation [49], redox
reactivity [50]. It is a highly unstable compound as it degrades rapidly in alkaline
solutions [51]. Another drawback of curcumin is its poor bioavailability, however,
number of formulations of curcumin with enhanced bioavailability and absorption
are now available such as BioPerine-20x [52], BCM-95CG [52], Longvida-67x [53],
Meriva-29x [54]. Furthermore, it is advised, traditionally, to consume turmeric
powder with warm milk and ghee (Milk fat) as it is believed that this combination
boosts immunity, purifies blood, beats everyday fatigue and anxiety, relieves cold
and cough, which all are requirement to fight against COVID-19. Moreover, this
combination might also enhance bioavailability of curcumin due to the constituents
of milk and ghee such as casein, fats, iodine, phosphorus, calcium, vitamins etc.
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3. Cinnamon

Cinnamon has a sweet, warm taste and is derived from dried central part of
bark of Cinnamomum zeylanicum Blume (family Lauraceae). It is native to the
Caribbean, South America, and Southeast Asia and is used throughout the world
for its astounding properties such as anti-inflammatory, antidiabetic, antimicrobial,
anticarcinogenic effects (Figure 2) [55]. Biochemical investigation of cinnamon
revealed presence of camphor, linalool, cinnamaldehyde (major constituent), ter-
pinen-4-ol, 1,8-cineole, a-cadiene, safrole, a-cadinol, germacrene D, y-muurolene,
a- terpineol, eugenol, 1,6-octadien-3-ol, 3,7-dimethyl,1-phenyl-propanr-2,2-diol
diethanoate, etc. [56].

Cinnamon has been reported to exhibit antioxidant effects. In vitro studies
showed free radical scavenging activity of methanolic extracts of cinnamon against
2,20 -azinobis- 3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical and
Diphenylpicrylhydrazyl (DPPH) radical cations [57]. Intake of 100 mg/30 ml of
cinnamon tea for 2 weeks showed reduction in the levels of 2-thiobarbituric acid
reactive substances (TBARS) in plasma by 38% and increase in total antioxidant
power 21% in a clinical study [58].

Antidiabetic and cholesterol lowering effects of aqueous extracts of cinnamon
(AEC) have also been reported where it reduced fasting glucose levels (at 250 mg)
from 1.14 mg/ml to 1.02 mg/ml in patients with impaired fasting glucose [59]; at a
dose of 500 mg/kg for two months decreased glucose levels (p < 0.005) along with
increasing in insulin sensitivity [60] and at 200 mg/kg reduced levels of LDL cho-
lesterol, triglycerides and total cholesterol and increased levels of HDL-cholesterol
in diabetic rats and hyper-lipidemic albino rabbits [61]. Further, decline in gastric
acid secretion by 60% and reduction in gastric hemorrhagic lesions in rats was
observed on pre-treatment with 250 mg/kg and 500 mg/kg of AEC [62].

Peterson et al., reported cinnamon as a potent anti-alzheimer agent as
AEC inhibited tau aggregation (aggregation destabilizes microtubules causing
Alzheimer’s disease) [63].

In addition, cinnamon possesses antimicrobial and anticancer activities.
Ethanolic extracts of cinnamon exhibited anti-microbial properties against
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Figure 2.
Biological properties of Cinnamon.
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Listeria monocytogenes (MIC 0.4 mg/ml other MICs) [64]. Further, essential oil of
cinnamon also showed inhibitory effects against Candida albicans (MIC 7.81 pl/
ml) [65]; nosocomial P, aeruginosa isolate (MIC- 1.9 pl/ml) [66]; Anopheles tessel-
latus (LD50: 0.33 pg/mL) and Culex quinquefasciatus (LD50: 0.66 ug/mL) [67].
Furthermore, AEC inhibited vascular endothelial growth factor (VEGF) and
induced growth of vessels in aortic ring of rat ex vivo at a dose of 25 and 50 pg/
ml suppressing angiogenesis [68]. Constituents of cinnamon essential oil, trans-
cinnamaldehyde and its analogue - 4-hydroxy-3-methoxy-trans-cinnamaldehyde
are effective inhibitors of bacterial acetyl-CoA carboxylase [69].

Cinnamon is considered as a strong immunity booster. At a dosage of 10 mg/kg,
it significantly increased serum immunoglobulin levels whereas at 100 mg/kg dos-
age, along with boosting humoral immunity, cinnamon increased antibody titer and
phagocytic index too thereby increasing cell-mediated immunity [70]. Cinnamon
reportedly exhibits immunomodulatory properties as well. Studies have suggested
that cinnamon decreased fibrotic symptoms and pro-inflammatory cytokines on
treatment with 4.5 ml/kg dose [71] and 0.8 g/kg dose for 12 weeks [72] respectively
in colitis infected mice models. Suppression of pro-inflammatory cytokines such
as TNF-a, IL-1b, and IL-6 along with inhibition of nitric oxide secretion were also
observed in BV 2 microglial cells on treatment with 50 pg/ml of ethanolic cinna-
mon extract [73]. Further, cinnamon bark is capable of decreasing in IFN-y levels,
enhancing of IL2 secretion thereby inhibiting cell death [74]. Studies have also
suggested that cinnamaldehyde inhibits PI3K, NF-B activation and PDK1 thereby
regulating monocyte\macrophage-mediated immune responses [74].

Recent bioinformatic analysis showed the possible effectiveness of molecules
isolated from cinnamon against COVID-19 [75]. The ability to reduce pro-inflam-
matory cytokines and strong in silico investigation suggests the probable potential
of cinnamon in fight against COVID-19.

Though cinnamon exhibits a wide range of health benefits, it is important to
keep a check on the quantity of cinnamon consumed. A large amount can cause a
dramatic drop in the blood sugar levels. In addition, high levels of cinnamon can
cause rapid increase in heart rate, liver toxicity [76, 77].

4. Fennel

Fennel (seeds of Foeniculum vulgare Mill), originally cultivated in Mediterranean
region, is used throughout the world for its licorice-like flavor. Belonging to class
Magnoliopsida and family Apiaceae, fennel is known by different names such as
suanf, sweet fennel, florence fennel, finocchio and is a concentrated source of
minerals. This perennial herb is long loved for its culinary use. The essential oil of
fennel constitutes anethole, estragole as major components and limonene, fenchone
and others as minor components (Figure 3) [78, 79].

Fennel has been used for a long time for medicinal purposes (Figure 3) [80, 81].
It is a potent antioxidant agent. Essential oil of fennel seeds (FS) showed 45.05%
DPPH radical scavenging activity along with 48.80-70.35% inhibition of peroxida-
tion [81]. Ethanol and water extracts of FS (100 pg/ml) inhibited peroxidation
in linoleic acid system by 77.5 and 99.1% respectively [82]. Parejo et al., isolated
phenolic compounds from fennel viz. rosmarinic acid, kaempferol-3- O-glucoside,
eriodictyol-7-Orutinoside, caffeoylquinic acid, quercetin-3-O-galactoside and
observed decrease in absorbance of DPPH by 50% (IC50 in pg/mL = 1.17, 8.21,
24.78, 3.82, 7.52 respectively) [83].

Further, essential oil from fennel fruit showed inhibitory effects on growth of
Paenibacillus larvae (MIC = 250 pg/ml) [84] and mycelial growth of S. sclerotiorum
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Figure 3.
Biological properties and chemical constituent of Fennel.

(MIC = 0.2 pg/ml) [85]. Similar inhibitory effects were observed against C. quin-
quefasciatus (LCso = 70.85); A. gambiae (LCsq = 44.74) [86] and larvae of C. pipiens
(90% inhibition at 60 mg/L) [87]. Hexane extracts of FS showed potent inhibitory
effects against E. coli (MIC = 12.5 pg/mL), S. typhi (MIC =15 pg/mL), S. aureus
(MIC = 10 pg/mL) [88].

Recent study reported that 300 pg/ul FS ethanolic extract inhibited Influenza
virus H5N1 by 82.8% [89]. Moreover, Alazadeh et al., showed that oral administra-
tion of FS extract in capsular form ameliorated knee ostroarthritis [90]. In addi-
tion, methanol extract of FS showed significant anticancer potential against liver
cancer cell line Hepg-2 (IC50 = 27.96 pg/mL) and breast cancer cell line MCF-7
(IC50 = 15.78 pg/mL) [80]. Ozbek et al., 2003 studied hepatoprotective effects
of fennel and observed that a dose of 0.4 ml/kg of fennel oil showed significant
protective role against liver fibrosis (CCl4 induced) in rats [91].

It is safe to consume fennel and since it provides protection against flu, cough, it
is advised to take fennel with warm milk.

5. Clove
Clove [Syzygium aromaticum (L.) Merr. & L.M. Perry] is one of the most valu-
able spices of family Myrtaceae and is a native of Indonesia, albeit found all around

the globe. Major bioactive component of clove is eugenol. Other components
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include phenolic acids such as gallic acid, gallic acid derivatives, caffeic acids,
salicylic acids; flavonoids such as quercetin, kaempferol (Figure 4) [92].

Traditionally used to prevent nausea, enhance blood circulation and liver
function, clove is commonly applied for toothache relief and has been long known
as a medicine for numerous ailments (Figure 4). Miyazawa & Hisama, isolated
dehydrodieugenol and trans-coniferyl aldehyde from ethyl acetate extract of clove
bud and observed significant activity of both, at a concentration of 0.6 pmol/

mL and 1.2 pmol/ml respectively, against mutagens 4-nitroquinolin 1-oxide and
N-methyl-N’-nitro-N-nitrosoguanidine [93]. Furthermore, eugenol and eugenol
acetate extracted from aroma extract of clove buds inhibited 99% of hexanal
oxidation [94].

Eugenol also exhibits remarkable antimicrobial, antiparasitic, antiviral
activities. Essential oil of clove has reportedly inhibited growth of S. aureus, H.
influenzgae (MIC = .0125 ml/ml each), K. preumoniae (MIC = .050 ml/ml) [95],

C. albicans (MIC = 2.5 pg/ml), L. monocytogenes (MIC = 5 pg/ml), Y. enterocolitica
(MIC = 2.5 pg/ml) [96]. It has been reported that clove decreases ergosterol (cell
membrane component) inhibiting growth of C. albicans (MIC = 0.64 pg/ml)

[97]. Methanol extract, ether soluble fraction (ES), ethyl acetate soluble fraction
(EAS) and acetone soluble fraction (AS) of clove buds showed inhibitory effects

on Bacillus cereus (MIC =250 pg/disc each). Further, EAS and AS also inhibited
Micrococcus luteus and Shigella dysenteriae respectively (MIC = 62.5 pg/disc each)
[98]. In addition, antiparasitic effects were reported by Bagavan et al., who
observed growth inhibition of chloroquine resistant P, falciparum on treatment with
ethyl acetate and methanol extracts of clove (IC50 = 13 pg/ml and 6.25 pg/ml
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Figure 4.
Chemical constituents and biological properties of Clove.

261



Natural Medicinal Plants

respectively) [99]. Hypoglycemic effects of clove have also been identified.
Methanol extract of clove activated AMP-activated protein kinase (AMPK) path-
way, a regulator of cellular energy homeostasis thereby regulating glucose metabo-
lism [100]. A recent report has pointed out that it relieves insulin resistance [101].

Consumption of clove is safe, and it offers numerous benefits, however, studies
have shown that clove oil increases clotting time [102] which might increases the
risk of bleeding in case of bleeding disorders.

6. Cardamom

Cardamom [Elettaria cavdamomum (L.) Maton, also known as “Queen of
Spices”] is an aromatic spice commonly used as a flavoring agent. This perennial
herb belongs to Zingiberaceae family. It is native to Western Ghats of Southern India
and widely cultivated in countries such as Sri Lanka, North America, Guatemala,
New Guinea, and Thailand. Essential oil of cardamom constitutes a- terpinyl
acetate, 1,8-cineole, linalool, limonene, eugenol, safrole (Figure 5a) [103, 104].

Cardamom is a valuable in relieving against ischemic heart disease. It showed
protective effects against cardiac dysfunction associated with oxidative stress. A
dose of 100 and 200 mg/kg of cardamom extract showed cardioprotective effects in
albino rats who were induced with myocardial infarction due to isoproterenol [105].
Further, cardamom-oil maintained cholesterol homeostasis by potentially reducing
cholesterol levels in hypercholesterolemic conditions and restoring atherogenicity
index [106]. In addition, a dose of 1.5 g of cardamom powder for 12 weeks (two
times a day) decreased the blood pressure in hypertensive individuals by 19 mmHg
in systolic and 12 mmHg in diastolic BP [107].

Cardamom is an effective immunomodulatory agent due to its anti-inflam-
matory effects. It is capable of downregulating pro-inflammatory cytokines
(Figure 5b) [108]; suppressing T helper (TH)1 cytokine release and enhancing

Chemical
constituent

1, 8-cineole

Linalool

Limonene

Eugenol

Safrole

Cardamonin

(a) (b}

Figure 5.
(a) Chemical constituents of Cardamoms; (b) Biological properties of Cardamom.
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T helper (TH)2 cytokine release [109]. Methanol and petroleum ether extract of
cardamom reduced 70% and 50% lesions in ethanol-induced ulcer mice model at
500 mg/kg and 100 mg/kg respectively exhibiting gastroprotective effects [110]. A
constituent of cardamom, cardamonin inhibited the formation of new cancer stem
cells in case of breast cancer by effectively suppressing the up-regulation of IL-8
and, MCP-1 cytokines and activation of NF-kB pathway [111]. Antibacterial effects
of cardamom has also been demonstrated [108, 112].

Recently, its efficacy against toxic effects of uranium has been reported.
Uranium increases sodium and calcium ion levels, decreases and phosphate
ion levels, inhibits Na+/K+ ATPase increasing the influx of into the neurons,
and thereby damaging central nervous system. Aqueous extracts of cardamom
(250 mg/kg) significantly increased the levels of phosphate and potassium ions and
decreased the levels of calcium and sodium ions in albino rats administered with
uranyl acetate dehydrate (40 mg/kg) [113]. Furthermore, protective effects against
neurological disorders have also been reported as oral administration with 100 and
200 mg/kg of cardamom oil improved behavioral patterns, inhibited amyloid-p
expression, declined in oxidative stress and inhibited of acetylcholinesterase in
Wister rats [114, 115].

7. Red chili

Out of the wide variety of species under genus Capsicum like frutescens, pub-
scens, baccatum etc., dried fruits of Capsicum annum L. are the most commonly
used spice of Solanaceae family. Commonly known as red chili, lal mirch, this plant
is native to Central and South America and is cultivated in many parts of the world
such as India, China. Biochemical analysis of red chili led to the identification of
capsaicinoids (capsaicin, dihydrocapsaincin) (Figure 6), antioxidant vitamins
(ascorbic acid, vitamin E), carotenoids (f - carotene, p cryptoxanthine) and
several organic acids and minerals [116, 117]. Red chili has a phenolic substance,
capsaicin responsible for its pungent smell and irritant properties. Capsaicin excites
nociceptors that induce pain along with rise in temperature giving a sensation of
heat (pungency). As spicy is not one of the five basic tastes viz. sweet, sour, bitter,
umami and salty, heat produced by capsaicin is considered as taste of red chili.

Capsaicin also exhibits anti-inflammatory properties [118]. It showed pro-
tective effects against gastric mucosal injury (ethanol-induced) in rats [119].

Inhibits platelet aggregation

Exhibits anti-inflammatory effects

H
Exhibits antimicrobial effects \UQNYW\)\
: e 0
ROS scavenging activity Capsaicin

Promotes apoptosis preventing cancer
Protective effects against diabetes

Figure 6.
Biological properties and chemical constituent of Red Chili.
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Capsaicin treatment ameliorated lipid peroxidation, inhibited myeloperoxidase
activity in gastric lesions (ethanol induced) in rats [120].

Dried red chili powder (1% w/v) showed inhibitory effects against Listeria
monocytogenes [121]. Tropical application of capsaicin (0.075%) reduced fat accu-
mulation in mesenteric and epididymal adipose tissue by increasing expression of
adipokines [122]. It was also found that a dose of 200 mg/kg of capsaicin decreases
plasma triglyceride levels and fasting glucose in obese mouse model kept on high fat
diet [123].

Earlier studies suggested the risk of oral cavity [124] and stomach [125] cancer
on consumption of red chili, however, recent reports suggested that consumption
of red chili is safe and does not increase risks of cancer [126]. Numerous reports
have suggested protective effects of capsaicin against cancer. Capsaicin showed
inhibitory effects on the growth of human KB cancer cells by promoting apoptosis
at a concentration of 200-250 pM [127]. Further, capsaicin led to the formation of
reactive oxidative species through mitochondria (at a dose of 150 pM) causing loss
in mitochondrial membrane potential in BxPC-3 and AsPC-1, human pancreatic
cancer cell lines [128]; inhibited activation of NF-kB and AP-1, transcription factors
responsible for cellular proliferation and malignant formation, in mice model [129].
In addition, capsaicin inhibited growth of MCF breast cancer cell lines by causing
cell cycle arrest at S phase and induced poly(ADP-ribose) polymerase-1 (PARP-1)
cleavage (apoptosis is marked by the cleavage of PARP-1) by activating caspase-7
which is involved in apoptosis (Figure 6) [130]. Capsaicin and cisplatin, ina
synergistic manner, arrested the growth of SNU-668, human gastric cell line at G1/S
phase [131].

8. Black cumin

Seeds of Nigella sativa L., an annual flowering plant of Ranunculaceae family,
have been of extensive use as a spice. Commonly known as black cumin, it is native
to South and Southwest Asia and has diverse medicinal applications. Phytochemical
analysis of black cumin seeds has showed presence of thymoquinone (TQ),
para-cymene, and carvone, linoleic acid, oleic acid, palmitic acid, and stearic acid
(Figure 7) [132].

Black cumin has been reported to exhibit anti-inflammatory properties.
Intra-peritoneal injection black cumin essential oil reduced inhibited carrageenan-
induced paw oedema in rats thereby relieving inflammation [133]. Aqueous
extracts of black cumin up-regulated the secretion of T-helper 2 cells and sup-
pressed the secretion of pro-inflammatory cytokines viz. IL-6, TNFa, and NO
[109]. Furthermore, black El-Mahmoudy et al., isolated TQ from essential oil
of black cumin seeds and showed that TQ reduced nitrite accumulation and
decreased inducible nitric oxide synthase levels (responsible for NO production)
in rat peritoneal macrophages suggesting anti-inflammatory and cytoprotective
effects of black cumin [134]. Methanol extract of seeds of black cumin (1 mg/

ml) protected erythrocytes against protein degradation and loss of deformability
induced due to peroxide [135] and has proved to stimulate innate humoral immune
responses [136]. Proteins purified from black cumin exhibit potent antioxidant
activities [137]. Furthermore, neuroprotective effects of black cumin have also been
reported [138].

In addition, black cumin exhibits anti-bacterial, anti-viral, anti-helminthic
effects. Black cumin seed oil (BSO) showed protective effects against murine
cytomegalovirus (MCMYV) that targets liver and spleen. Treatment with BSO
showed approximately 38% and 20% decrease in viral load in liver and spleen
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Chemical constituents of Black Cumin.

respectively in MCMYV infected mice [139]. Decrease in the number of S. mansoni
worms in liver and eggs in both liver and intestine of mice has been observed after
treatment with black cumin oil at a dose of 2.5 ml/kg and 5 ml/kg [140]. TQ has
proved to be an effective bactericidal agent as it inhibited growth of Staphylococcus
aureus (BICso = 22 pug/ml) [141], Salmonella typhii [142] Streptococcus mutans [143].
Further, black cumin inhibited the P. yoelii parasitemia by 94% [144].

Black cumin has protective effects against diabetes. Black cumin seeds (BCS) led
to the decrease in elevated levels of glucose with increase in GSH levels and further
inhibited liver damage induced by lipid peroxidation in diabetic rabbits [145]. In
addition, improvement of glucose homeostasis in patients with type 2 diabetes on
administration of black cumin (2 g/day for 3 months) with hypoglycemic drugs
have also been reported [146].

Furthermore, aqueous extracts of black cumin significantly up-regulated cyto-
toxic activity of natural killer cells against YAC-1 tumor cells [109]. Oral adminis-
tration of TQ at a dose of 0.01% suppressed benzo(a)pyrene induced forestomach
tumor in mice by 70% [147] exhibiting anti-tumor effects.

Minor toxicological effects have also been reported, however, numerous stud-
ies demonstrated diverse therapeutic effects of black cumin and TQ and have
supported its safe consumption [132].

9. Conclusion
Spices are rich source of bioactive components with innumerable beneficial
attributes that have been verified and accepted by modern world in the past few

decades. These are nowadays considered as a crucial & natural component of our
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daily diet. Consumption of spices aids in combating diseases when they are at their
peak, for instance, best remedy for stomach infections are fennel seeds; turmeric
is the tonic for fever-related diseases. Antimicrobial activities of spices make them
valuable in hot climates as they prevent food spoilage. Although they lower the
risk of various diseases such as diabetes, cancer, etc., there are some contradictions
about their use. Despite all the pleiotropic effects offered by the spices, further
evaluation about their mechanism of action is mandated to validate their clinical
effects and their amount of consumption.
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Abstract

Determining the pharmacognostic specifications of medicinal plants used in
several drugs is very necessary and actually crucial. Ethnobotany has significant role
in understanding the active relations between the biological diversity and cultural
systems. Azad Jammu and Kashmir (AJK) is gifted with variety of medicinal plants.
The theme of this chapter is to present information about wild medicinal plants in
different areas of Azad Jammu and Kashmir. Common woody species are Diospyros
lotus, Taxus wallichiana, Viburnum cylindricum, and perennial herbs comprise
Geranium nepalense, Oxalis acetosella and Androsace umbellata. Betula utilis, Berberis
lycium, Cedrus deodara, Abies pindrow, Pinus wallichiana, Juglans vegia and Salix
species with large number of herbal diversity at elevations are common. Most of peo-
ple use wild plants as traditional food and medicine. This ethnic flora not only plays
important role in human health care but it is also an important source for present and
future drug development. There is need for correct documentation, conservation of
plants samples in herbarium of research institutes, and growing plants in gardens.

Keywords: medicinal plants, Himalaya Kashmir, ethno-veterinary resources,
ethno mycological data, plant parts, sustainable use

1. Introduction

Azad Jammu and Kashmir valley extends between 34°2225 North latitude
and 73°28'14 East longitude. Muzaffarabad is capital city of Kashmir and total
area covered by Kashmir valley is 13,297 square kilometers. Estimated population
of Azad Jammu and Kashmir is about 4-million. Mean maximum temperature
was documented during summer (16 °C-24 °C) while —4 °C was recorded mean
minimum temperature during winter. AJK is rich in diversity of plants because
of its expanded habitations, such as streams, springs, nullahs, lakes, rivers, steep
mountain slopes and roads, waste lands and cultivated fields, etc.

2. Geographical conditions and topography

The area of valley can be divided into two geographical zones; East and North
are mostly hilly and mountainous categorized by undulating terrain, deep ravines,
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Figure 1.
(a) Sudhen Gali district Bagh (b) Tolipeer district Poonch (c) Neelum valley (d) Areng khel Neelum valley
(e) Leepa valley (f) Las Dana.

and rugged (Neelum, Muzaffarabad, Hattian, Bagh, Haveli, Poonch, and Sudhnoti)
while South and West are valleys and plains (Kotli, Mirpur, Bhimber) (Figure1).
3. Flora and plant diversity

In AJK, vegetation can be divided into four groups:

i. Subtropical vegetation is further divided into Dry scrub forest vegetation
and Pine forest vegetation

ii. Temperate forest vegetation further divided into Moist Temperate and Dry
Temperate Forest vegetation

iii. Sub alpine vegetation
iv. Alpine vegetation

The Himalaya Kashmir is documented as worldwide epicenter of endemism
and plant diversity. Accordance to the report of Pei [1], in Himalayan range,
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total number of plant species is about 25,000 and total number of angiosperms

in Kashmir Himalaya is about 3,054 [2]. About 80% endemic angiosperms is in
Pakistan are confined to Northern and Western mountains [3, 4]. 70-80% of
population in this region depends on traditional medicines for health care and in
Himalayan ranges; at least 70% of the medicinal plants and animals in the region
consists of wild species [5]. A total of 104 medicinal plant species including tree,
shrubs and herb species used ethnobotanically by the local people of Muzaffarabad
were reported from Machyara National Park Muzaffarabad [6, 7]. Most of People
living in mountains regions use plants in different ways such as medicines, fire
wood, timber wood, food, fodder etc. [8].

4. Historical evidence of wild plants usage

Medicinal plants are considered as safe medication and it is also naturally
valuable remedy for many human sufferings in rural and remote hilly regions of
Kashmir [9]. Due to the lack of advanced medicinal services, usage of flora as ethno
medicine is renowned. Traditional curative usage of herbal plants by indigenous
populations of AJK has been stated ([10] a&b; [11]). Saghir et al. [12] found 53
plant species useful mostly as medicinal, fuel, fodder, fruit, timber and vegetables
reported from Chikar and allied areas of District Muzaffarabad. Gorsi and Shahzad
[13] documented medicinal flora and suggested regeneration work to save the
traditional knowledge about plants of Dirkot. Ishtiaq et al. [14] stated that plants
are indirectly related to the culture and they stated 36 plant species used for the
treatment of various diseases in Samahni valley. Khan et al. [15] indicated that the
inhabitants of Poonch Valley utilized 169 plant species for more than 30 domestic
needs. Ajaib et al. [16] provided ethnobotanical data on medicinal flora of district
Kotli by reporting 38 species of shrubs. Saqib et al. [17] studied the medicinal flora
of mountainous areas of AJK. Some of medicinally important plant species include
Saussurea lappa, Aconitum hetevophyllum, Jurinea dolomea, Bistorta amplexicaule,
Plectranthus rugosus,, Geranium wallichianum, Ajuga bracteosa, Tavaxacum offinci-
nale, Quercus incana, Berberis lycewm and Viola canescens [18]. 70% of the therapeu-
tic flora in the area comprise of wild species; 70-80% inhabitants dependent on
traditional medications [19]. People of Azad Jammu & Kashmir are still dependent
mainly on medicinal plants for folk remedies, hence creating immense pressure on
native vegetation by overexploiting them, particularly in the mountainous region of
Kashmir [20].

5. Documentation on remedial flora of Azad Jammu and Kashmir (AJK)

The original printed data of plants as medication initiating from the Himalayas
date back to ancient scripts of the Rigveda, monitored by Auryveda (600-100 BC)
and Atharveveda (2000-1000 BC). Northern mountains of Pakistan located
at intersection of three Mountain ranges i.e., Himalaya, Karakorum and Hindu
Kush are well recognized for their biodiversity [21]. Azad Jammu and Kashmir is
endowed with productive variety of medicinal plants. It has been stated on many
curative practices of plants by the indigenous populations [10, 14, 22, 23]. For
above 10,000 classes of curative and scented plants, 600 million folks exist in in
Himalayan section. In Himalayan ranges, 70% of therapeutic flora comprise of wild
species [19]. Northern regions including Kashmir are in pressure from indigenous
people and tourists. Primary reasons include unselective displacing and storing
systems of remedial plants. Therefore, therapeutic tradition needs to be recognized
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and protected. Hundreds of species are currently endangered for the reason of
excessive harvesting. Northern mountainous areas have several climatic and
vegetation regions. These diverse natural regions have distinctive ethnobotanical
vital plants that are significant for the economy of a nation. For traditional medica-
tions People of AJK are generating massive stress on flora by damaging those [20].
In north-western zones of Pakistan, several ethnobotanical trainings have been
convoyed and which have assembled evidence on the usage of therapeutic flora [4].
The valuable ethnobotanical data is declining owing to the deficiency of awareness
and information.

6. Folklore of wild plants in medicine

Azad Jammu and Kashmir is gifted with dynamic variety of medicinal plants.
Below, we discuss some wild fruits and vegetables commonly used by indigenous
people of AJK. Main wild fruits of the valley are Ficus palmata Malus pumila,
Prunus persica, Prunus cevasus, Morus alba, Diospyros lotus, Rubus fruticosus,

Vitis vinifera, Viburnum foetens and Punica granatum. Fruit of Juglans regia L.
(Juglandaceae) is used as dry fruit. Fruit also remove gall bladder stones and is
aphrodisiac. Fruits of Morus nigra L. (Moraceae) are dried and sold in market as a
dry fruit. Fresh fruit is ground and used as tonic and for cough and throat irrita-
tion. Fruits of Rubus ellipticus Smith (Rosaceae) are edible. Withinia somnifera (L.)
Dunal (Solanaceae) is used in Ayurvedic medicinal purposes and fruits are edible.
Fruits of Zanthoxylum alatum DC. (Rutaceae) are aromatic, condiment and carmi-
native and are used in sauce. They are also used for the treatment of piles. Ziziphus
nummularia (Burm.f.) Wight & Arn. (Rhamnaceae) fruit is edible and laxative
and leaves are used as fodder for goat. Punica granatum L. (Punicaceae) is used as
treatment for Cancer, Osteoarthritis and other diseases. It has been used in natural
and holistic medicine to treat sore throats, coughs, urinary infections, digestive
disorders, skin disorders, arthritis. Pyrus pashia L. (Rosaceae) fruit is superlative
to eat when it is slightly decaying. It is set apart from the cultivated pears by having
a grittier quality. The fully ripe fruit has a reasonable taste and, when bletted,

is sweet and very pleasant to eat. Viburnum grandiflorum Wall. (Caprifoliaceae)
fruit is edible used against malaria [24] (Table 1). Miscellaneous uses of plants in
the area comprise spices and condiments, ornamental plant species, vegetables
and pot herbs, s agricultural tools, basket making, cosmetics, dish cleaner, house
decoration, feed, field fencing, furniture, narcotics, packing material, curing
snake and scorpion bite, soil binder, sticks and handles, shade tree, herbal tea and
for making utensils. Maswak made from the roots of J. regia and branches of A.
modesta, O. ferruginea and Z. alatum is used for cleaning their teeth. Plants are used
as a major source of veterinary medicine. Interest of such use in the veterinary
sector has resulted primarily from the increasing cost of livestock maintenance
and the introduction of new technology in the veterinary medicines and vaccines.
The important medicinal plant species showed the highest fidelity such as: Rumex
nepalensis, Primula denticulata, (100%) used for dysuria, red urination, Skimmia
laureola (100%), Swertia paniculata (99%), and Angelica glauca (97%), used for
ague, cold, shivering, gastric ailments, Melia azedarach (100%), used to reduce
intestinal worm load in cattle showing the conformity of knowledge on these spe-
cies (Table 2). Plant communities have been largely disturbed due to deforestation
for fuel, over consumption of medicinal resources for the population explosion,
treatment of diseases, increased tourism and lack of awareness. Vulnerable species
include Sorghum halepense, Acacia modesta and Solanum nigrum. Medicinal spe-
cies like Cissus carnosa, Butea monosperma Ajugabracteosa, Mallottus philippinensis
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Botanical name Family Common Traditional uses
name
1. Ajuga bracteosa Lamiaceae Heri-booti A decoction is used for
Wall.ex. Benth. curing intestinal ulcer,
jaundice, throat infection
and high blood pressure

2. Argemone mexicana L. Papaveraceae Dudhli Seeds are analgesic and

kandyari laxative.

3. Alstonia scholaris (L.) R.Br. Apocynaceae — The bark is used to treat
malaria, fever, asthma
and tumors.

4. Amaranthus viridis L. Amaranthaceae Ganar Leaves are used on
scorpion sting and snake
bite. Root juice is used
to treat constipation and
inflammation during
urination

5. Alternanthera pungens Amaranthaceae Itsit Roots and leaves are blood

Kunth purifier and diuretic.

6. Anisomeles indica (L.) S. Lamiaceae — Decoction of leaves is

Kurz. anti-rheumatic and
used in stomachic and
toothache.

7 Achyranthes aspera L. Amaranthaceae Puth Leaves are used in

kanda pneumonia and asthma.
8. Albizzia lebbeck (L.) Mimosaceae Sreeia Seeds are used for curing
Benth. kidney infection

9. Bauhinia veriegata L. Caesalpiniaceae Katchnar Fruit is edible and useful
for leprosy and skin
diseases.

10. Butea monosperma Papilionaceae Chechra Gum is tonic given for

(Lam.) Taubert backache after birth.

11. Buddleja asiatica Lour. Buddlejaceae Batta Used for skin disease, and
as a cure for loss of weight

12. Barleria cristata L. Acanthaceae — Seeds are antidote for
snake bites and for serious
catarrhal infections

13. Boerhavia diffusa L. Amaranthaceae Sanati Improve eyesight, diuretic
and useful in controlling
blood sugar levels

14. Buglossoides arvensis (L.) Boraginaceae Kalu Leaves infusion is sedative

Johnston
15. Croton bonplandianus Euphorbiaceae — Leaves control blood
Baill pressure

16. Cissampelos pareira L. Menispermaceae Batrarr A rhizome decoction
and pounded leaves are
externally applied asa
febrifuge and stomachic,
cough and snake bite

17. Carissa opaca Staplf ex. Apocynaceae Grunda Fruit is edible and blood

Haines purifier
18. Cassia fistula L. Caesalpiniaceae Amaltas The root helps in reliving

the symptoms of fever,
asthma, leprosy and heart
related diseases
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Botanical name Family Common Traditional uses
name
19. Chenopodium album L. Chenopodiaceae Bathwa This plant is laxative
20. Cissus carnosa (L.) Lamk Vitaceae Dakh Fruit is good for
abdominal diseases
21. Calotropis procera Asclepiadaceae Desi akk Plant extract is applied
on dog bite. Latex is used
for skin diseases and ring
worm.
22. Cannabis sativa L. Cannabinaceae Bhang Root is used for liver
(Ait.) disorders. Leaves and
flowers are analgesic,
sedative, narcotic, laxative
and aphrodisiac.
23. Cascuta reflexa Roxb Cuscutaceae Neel Its infusion is anti-lice.
Dhari It is also used in skin
diseases and weaknesses
of children.
24, Chenopodium album L. Chenopodiaceae Bathwa Leaves are anthelmintic
and laxative
25. Convolvulus arvensis L. Convolvulaceae Rawari Root is diuretic and
purgative
26. Diplocyclos Cucurbitaceae Plant is used for skin
palmatus diseases and cough
(L.) C. Jeffery
27. Dodonea viscosa (L.) Sapindaceae Sanatha Decoction of wood is
Jacq. used as febrifuge and skin
diseases
28. Dalbergia sissoo Roxb. Papilionaceae Tali Branches kill worms in
sthe teeth
29. Eugenia jambolana Lam. Myrtaceae Jaman Itis used for the treatment
of cancer
30. Fumaria indica Fumariaceae Papra Its infusion is used
(Hausskn.)Pugsley as diaphoretic, blood
purifier and antipyretic
31. Ficus palmate Forssk Moraceae Phugwara Fruit is laxative, soothes
bee sting
32. Gymnosporia royleana Celastraceae It is used for treatment of
(Wall.ex Lawson) Cuf cough, asthma, tonic and
abdominal pain
33. Galium aparine L. Rubiaceae Lahndara Plant extract is diuretic
34. Hedera nepalensis Araliaceae Leaves are used for
K.Koch. treatment of diabetes
35. Justicia adhatoda L. Acanthaceae Bhakar It is used to treat colds,
coughs, asthma, fevers,
skin infections and
inflammations
36. Juglans regia L. Juglandaceae Khor Root and leaves are
antiseptic. Fruit is
aphrodisiac, remove
stones in gall bladder
37. Malva parviflora L. Malvaceae Sonchul Leaves extract is

anthelmintic
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Botanical name Family Common Traditional uses
name
38. Mallotus philippinensis Euphorbiaceae Kamella Fruit is purgative and
(Lam.) Muell. anthelmintic
39. Medicago polymorpha L. Papilionaceae Sriri Leaves are helpful in
digestive disorders
40. Melia azadarach (L.) Meliaceae Draik Leaves and fruit are blood
purifier, antipyretic and
antidiabetic
41. Malvastrum Malvaceae Leaves paste relieve pain.
Coromandelianum (L.) Flowers are diaphoretic
Garcke
42, Morus nigra L. Moraceae Kala Toot Fruit is tonic and used
for throat irritation and
cough
43. Mentha longifolia Benth Lamiaceae Jangli Leaves are carminative
podina and stimulant. Leaves are
antispasmodic
44, Nasturtium Brassicaceae Chooch The leaves and stem are
officinale R.Br. used for internal tumors,
scurvy and anemia
45. Nerium indicum L. Apocynaceae Gandeera Leaves decoction is
applied on skin diseases
46. Oxalis corniculata L. Oxalidaceae Khati Buti Leaves decoction is used
in dysentery and fever
47. Plantago lanceolata L. Plantaginaceae Leaf extract is applied
to wounds, sores and
bruises; seeds are
purgative
48. Pinus roxburghii Pinaceae Cheer Resin is used for bleeding
Sargent wounds and tumors and
cough. Leaves and bark
powder is useful for
dysentery
49. Papaver dubium L. Papaveraceae Jangli post Its infusion is blood
purifier, antipyretic, and
diaphoretic
50. Periploca aphylla Asclepidiaceae Bata It is used for treatment of
Decne swellings and tumors
51. Rumex dentatus L. Polygonaceae Herfli Leaves are astringent and
diuretic
52. Rhamnus triquetra Rhamnaceae Clader Fruit and leaves are
(Wall.) Brandis used in hemorrhagic
septicemia
53. Ranunculus muricatus L. Ranunculaceae Kor- Fruits and leaves are
Kandoli useful on bursts and
tumor
Table 1.

Important medicinal plant species with traditional uses in Azad Jammu and Kashmir.

and Zanthoxylum armatum are critically endangered. Among endangered species,
Juglans vegia, Olean ferruginaea, Phyllanthus emblica, Viola canescens are the notable
species. Some medicinal plants like G. wallichianum, J. dolomiaea, A. bracteosa,
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Scientific name Family Common Ethno Ailments
name veterinary
practices
1 Amaranthus Amaranthaceae Safed kannar Decoctions Malaria

viridis L.

2. Arisaema flavum Araceae Toosh Infusion Mouth and foot

(Forssk.) Schoot disease of cattle

3. Arisaema Araceae Tooshganda As whole plant Inflammation,
jacquemontii cholera,

Blume dysentery, flu,
dyspepsia and
snake bite

4. Senecio Asteraceae Bghoo Decoction Antiscorbutic,
chrysanthemoides anthelmintic, and

DC. diaphoretic

5. Lactuca Asteraceae Korijari Thewholeplant  Pinworms
brunoniana (DC.)

Wall. ex C.B.

Clarke

6. Aesculus indica Sapindaceae Bankhorr Decoction/dried  Indigestion and
(Wall. ex plant powder is constipation
Cambess.) Hook. mixed with gurr

and flour

7 Melia Meliaceae Drek Powder Anthelmintic

azedarach L.

8. Ficus palmata Moraceae Pagaaar Whole Anorexia

Forssk.

9. Bergenia ciliata Saxifragaceae Butpeewa Powder Stomachic

(Haw.) Sternb. and intestinal
troubles

10. Fagopyrum Polygonaceae Khattra As fodder Antimicrobial,
acutatum (Lehm.) bactericidal and

Mansf. ex K. diuretic

11. Primula Primulaceae Chiatpatra Decoction Dysuria, hepatic
denticulata Sm. fever and

hemoglobinuria

12. Sorbaria sorbifolia Rosaceae Karleee As fodder Stimulant
(L.) A. Braun

Table 2.

Ethno-veterinary practices of important plants in Azad Jammu and Kashmir.

B. amplexicaule, S. lappa, A. heterophyllum, and B. lyceum are on the edge of
extinction due to high rate of intake [25].

7. Wild mushrooms

Morel collection is an important activity during spring season and villagers
take keen interest in collection of morels as it provides them a source of income.
Mushroom flora and species diversity as important component of the natural
environment in Azad Jammu and Kashmir. Wild mushrooms are sources of edible
proteins, dietary fiber, essential amino acids, carbohydrates, and are an important
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source of food, livelihood, and traditional ethnobotanical health care. Kashmir
region is rich with unknown macro fungal wealth. Among total morel population
of Pakistan, 90% was reported from the Himalayan mountain ranges of Northern
Pakistan. Wild edible fungi dominate the global morel trade, with an estimated
value of more than US$2 billion. Ullah et al. [26] reported 56 wild edible mushrooms
in Pakistan, of which 44 are from the Kashmir region. Important species include
Agaricus campestris, Hydnum imbricatum, Spavassis crispa, Morchella esculenta, M.
crassipes, M. elata, M. conica, Pleurotus ostreatus, Lycoperdon gemmatum, Helvella
crispa, Tricholoma megnivelare and Gyrometra esculenta. The local communities of
valley well recognize the habitats, morphological features, and qualities of these
mushrooms. Ethno mycological data were collected through the use of a question-
naire and found that these species have great medicinal value against different
ailments. Four species (A. campestris, H. imbricatum, P. ostreatus, and S. crispa) are
highly recommended for their frequent use as food based on nutritional analysis
(proteins, fats, fiber, and moisture). The major identified species from AJK are
Agaricus arvensi, Amanita vaginata, A. fulva, Canthavellus cinereus, Coprinus micaceus,
C. comatus, C. domesticus, Cycoperdon perlatum, Daedalea quercina, Helvella crispa,
Hygrophuorus melizeus, Lepista nuda, Lactarius turpis, Marasmius alliaceus, Panaeolus
campanulatus, Pleurotus ostreatus, Trametes versicoloy, and Tricholoma ustaloides.
Although Azad Jammu and Kashmir (AJK) have ample of medicinal plants to
treat broad spectrum of ailments, there are many factors which are contributing for
loss of ethnic flora e.g. over grazing, over exploitation, fire, deforestation etc. Lack
of concern in the present generation has wiped out many rich wild flora of the area.
It is necessary to create awareness about the usefulness of the flora. Cultivation
of threatened medicinal plants should be encouraged by the local community in
order to relieve pressure on wild plants. People should spread useful information on
conservation and sustainable use of the natural resources of the area. There must
be correct documentation, conservation of plants samples in herbarium of research
institutes, and growing plants in gardens.
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