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INTRODUCTION

ABSTRACT

Background: Hepatotoxicity may be defined as liver injury caused by drugs and
chemicals. Drug-induced liver injury is a major reason for withdrawing drugs from
a market by Food Drug Administration, and it is based on the fact that drug-induced
liver injury is responsible for more than 50% of all cases of acute liver failure.
Many studies revealed about the hepatotoxic potential of paracetamol. Hence, the
present study has undertaken to evaluate the hepatoprotective effect of Mussaenda
erythrophylla (ME) in paracetamol induced hepatotoxicity in Wistar albino rats.
Methods: The ethanolic extract ME studied for its hepatoprotective effect on
paracetamol induced acute liver damage in Wistar albino rats. The degree of
protection was measured using biochemical parameters such as serum glutamate
oxalate transaminase (SGOT), serum glutamate pyruvate transaminase (SGPT), total
bilirubin (TBL), superoxide dismutase (SOD), glutathione (GSH) peroxidase (GPx),
GSH, and ceruloplasmin levels.

Results: Paracetamol treated group had enhanced levels of SGPT, SGOT, TBL
(p<0.001) and decreased levels of GSH, SOD, and GPx (p<0.001) when compared
with control group. Treatment with silymarin and also 200 mg/kg of ME leaf extract
had significantly (p<0.001) brought down the elevated levels of SGPT, SGOT, and
TBL and an increase in the levels of GSH, SOD, (p<0.01), GPx and ceruloplasmin
(p<0.001).

Conclusion: The results showed that ethanolic extract of ME leaf extract possesses
significant hepatoprotective activity.
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plants as well as reaffirming the therapeutic effectiveness
of certain plants or plant extracts in clinical studies. Many

Drug-induced liver injury is a major problem facing
worldwide even today. Paracetamol is an over the counter
drug, and thus the chances of hepatotoxicity are very
common. Drug-induced liver disease is a common cause
to withdrawn the drugs from the market after it has been
introduced into market. Presently almost 900 hepatotoxic
drugs are known to cause hepatotoxicity.! The liver has
its own mechanism to recover from these toxic insults,
but in spite of these resiliency liver is continuously being
exposed to various toxins, chemicals pollutants, drugs,
etc., which can produce hepatotoxicity. In recent years,
many researchers have examined the effects of plants used
traditionally by herbalists and indigenous healers to treat
the liver diseases. In most cases, research has confirmed by
discovering the mechanisms and mode of action of these
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plants have been examined for use in a wide variety of liver
disorders.? Currently, 80% of world population depends
on plant derived medicine for various diseases. Plants are
important sources of medicines and presently about 25% of
pharmaceutical prescription in the US contain at least one
plant-derived ingredient.® Better therapeutic effect, good
patient compliance and cost effectiveness and less toxicity,
are the reasons for choosing a drug from natural origin.*

Mussaenda erythrophylla (ME) is a tropical shrub, native
to tropical West Africa. The roots are useful for the
treatment of jaundice, cough and also act as an appetizer.
The ethyl acetate and methanolic extracts from roots
of ME reported having anthelmintic activity against
earthworms.® ME also reported to have diuretic property.
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Both the ethanolic and chloroform extract of root of ME
showed a dose-dependent increase in urine excretion.® The
hepatoprotective activity of ethyl acetate and methanol
extracts of ME stem against carbon tetrachloride has
been reported by Eswaraiah et al. By considering these,
the present study has been conducted to evaluate the
hepatoprotective effectiveness of leaves of ME against
paracetamol induced hepatotoxicity.’

METHODS
Animals

Wistar albino rats of either sex weighing between 150
and 250 g were chosen for the study. They were housed
in polypropylene cages with paddy husk bedding under
controlled temperature and humidity. The animals were fed
with standard pellet diet and water ad-/ibitum. Institutional
Animal Ethics Committee of KSHEMA reference number
AEC/15/2010 approved the experimental protocols and
procedures employed in this study.

Preparation of plant extract

A weighed quantity of 100 g of ME leaf powder was taken
and extracted by 90% of alcohol using soxhlet apparatus.
The extract was concentrated by rotary evaporator. The
yield of the extract was 15%. The extract was stored in the
refrigerator at 4°C and from this stock the extract was diluted
freshly according to the need to perform the experiment.

Acute toxicity studies

Wistar albino rats weighed 100-150 g were used for testing
acute oral toxicity. It was performed on the basis of OECD
guideline no: 423 (OECD, 2001). Overnight fasted animals
were administered with ME leaf extract orally as single
dose at five different dose levels of 200, 400, 800, 1600,
and 3200 mg/kg body weight. The rats were observed
continuously for 2 hrs for any behavioral changes and
toxicity, and occasionally observed for 4 hrs, finally checked
for overnight mortality. Thereafter, the animals were kept
for 14 days and checked for mortality.

Experimental protocol

In this study healthy Wistar rats weighed 200-250 g were
used. The animals were randomly allotted into 4 groups of
6 rats each and treated orally as below for 21 days. Group I
received distilled water and considered as control. Group I1
treated as that of control and administered paracetamol 2 g/kg
body weight p.o. only on the 21st day. Group III received
200 mg/kg of ME leaf extract for 21 days and administered
with 2 g/kg of paracetamol on the 21st day. Group IV
received silymarin 50 mg/kg for 21 days and intoxicated with
paracetamol as that of Group II1. 24 hrs after the intoxication

of paracetamol, all the animals were sacrificed, and samples
were collected for various biochemical analysis.

Biochemical estimations

At the end of drug treatment period, all the animals were
sacrificed by using either. Blood was collected by cardiac
puncture, allowed it to clot for 30 mins, and serum was
separated by centrifugation at 3000 rpm for 15 mins. The
liver was dissected out, rinsed with water, weighed and
homogenized using 0.1 M Tris-HCI buffer of pH 7.5. The
resultant homogenate was centrifuged, and the supernatant
was collected. The serum as well as liver homogenate was
used for determining the biochemical analysis of liver serum
marker enzymes as well as oxidative stress parameters like
serum glutamate pyruvate transaminase (SGPT), serum
glutamic oxaloacetic transaminase (SGOT), total bilirubin
(TBL), glutathione (GSH) peroxidase (GPx), glutathione
reductase (GSH), superoxide dismutase (SOD), and
ceruloplasmin as per standard procedure.

Assessment of hepatoprotective activity

Estimation of aspartate transaminase (AST) and alanine
transaminase (Mohun and Cook, 1957)

To 1 ml buffered substrate, 0.05 ml of homogenate dilution
was added as an enzyme source, mixed and incubated
at 37°C for 5 mins. Then 0.075 ml of aniline-citrate was
added. To the blank tube, after the addition of aniline-
citrate, 0.05 ml of homogenate was added. The tubes were
further maintained for 5 mins at 37°C and added 1 ml of
2,4-dinitrophenylhydrazine reagent, left for 5 mins. Then
added 10 ml of 0.4 M NaOH, vortexed and OD was measured
at 520 nm after 5 mins. For GPT, same procedure was
followed except aniline-citrate addition step.

Total SOD assay

The activity of SOD was assayed according to modified
method of Beauchamp and Fridovich (1971) with NBT at
a concentration of 16.8x10 M NBT. Appropriate controls
were taken. The tubes were illuminated uniformly for
5-10 mins at 30°C till the appearance of purple color in
the control tube. One unit of SOD activity was defined as
the amount of enzyme required to cause 50% inhibition of
the rate of NBT reduction measured at 560 nm. The values
were expressed in units/g liver.

Reduced GSH

-SH groups are measured using 5,5 1-dithiobis(2-
nitrobenzoic acid) (DTNB) method

100-200 pl of the fresh sample was added to a tube containing
300 pl of trichloroacetic acid (TCA) and the total volume was
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made up to 900 pl with D/W. After mixing, the tubes were
centrifuged at 300 rpm for 5 mins. The supernatant, 600 ul
was taken and to this 0.6 ml of 0.3 M Na2HPO4 was added
followed by 0.12 ml of DTNB solution. The absorbance was
read at 410 nm after 10 mins and within 15 mins.

GPx
-SH groups are measured using DTNB method

Reaction mixture consisted of 0.2 ml of GSH, 0.1 ml
EDTA, 0.3 ml buffer, 75 pl each of hydrogen peroxide
and sodium azide, 0.2 ml D/W. To this reaction mixture
50 ul enzyme extract was added. After incubation period of
5-min at 30£0.5°C, 0.4 ml of TCA was added. The tube was
centrifuged at 3000 rpm for 5 mins. The supernatant, 200 ul
was taken carefully without disturbing the pellet and to this;
1.6 ml of 0.3 M Na2HPO4 was added followed by 0. 2 ml
of DTNB solution. The absorbance was read at 410 nm after
10 mins and within 15 mins.

Controls were maintained for each sample. Calibration curve
was prepared using the GSH solution (0-200 ul).

Ceruloplasmin

To the test add, 1.5 ml of freshly prepared substrate is added
followed by 30 uL of serum and incubated at 37°C in water
bath. 15 mins after incubation, 0.3 ml of sodium azide is
added to stop the oxidation reaction. The intensity of blue
color formed is proportional to the amount of ceruloplasmin.
The absorbance was read at 546 nm against the blank.

Statistical analysis

Statistical analysis was done by one-way analysis of variance
followed by Tukey Kramer multiple group comparison tests
performed by Graph Pad Prism software. Analysis between
two groups to compare study group and control done by
Paired t-test. All values are expressed as meanzstandard
deviation. p<0.05 was considered as significant.

RESULTS
Acute toxicity study

There was no mortality among the graded dose groups of
animals and not showed any toxicity or behavioral changes at
a dose level of 3200 mg/kg of ME leaf extract. This finding
suggests that ME is safe and non-toxic to rats up to 3200 mg/kg.

Effects of ME leaf extract in paracetamol induced
hepatotoxicity

Administration of paracetamol 4 g/kg in Group II resulted
in significant increase in the level of TBL, SGPT, SGOT

(p<0.001) as compared to the normal (Group I). There is
a very significant reduction in the levels of TBL, SGPT,
SGOT in rats which administered with ME+paracetamol
(Group III) and silymarin+paracetamol (Group IV) which
is summarized in Table 1.

Effect of ME leaf extracts on hepatic oxidative stress
parameters

After intoxication with paracetamol in Group II which
caused a significant (p<0.001), reduction of the levels of
GSH, SOD, GPx, and ceruloplasmin when compared with
the control group which shows the hepatotoxic potential of
paracetamol. After the administration of ME leaf extract with
paracetamol (Group III) and silymarin with paracetamol has
shown significant (p<0.01) elevation in the levels of GSH,
SOD, GPx when compared with Group II. Ceruloplasmin
shows a very significant (p<0.001) elevation in Groups III
and IV. This result reveals the hepatoprotective effect of
ethanolic extract of ME (Table 2).

DISCUSSION

Paracetamol is one of the common agents which cause
hepatotoxicity. The incident was reported to be 10% as per
a study conducted in France in 1997-2000.% Hepatotoxicity
by acetaminophen has been reviewed already. The toxicity
was found to be the combination of Phase I and Phase
II-induced liver injury, i.e., the formation of both toxic
metabolites as well as inadequate detoxification. Once the
drugs taken into hepatocytes leads to formation of potentially
hepatotoxic metabolites like n-acetyl-p-benzoquinoimine,
reactive electrophiles, free radicals, etc., by cytochrome
p450 oxidative metabolism (toxification).” These binds
with cellular membranes alters their functions and lead to
hepatocellular necrosis.!® The outcome of Phase 1 is found
to be an alteration of plasma membrane permeability,
disruption of cytoskeleton, mitochondrial dysfunction,
loss of intracellular homeostasis. Activation of degradative
enzymes and finally apoptosis.'!?

Table 1: Effect of M. erythrophylla leaf extract on
biochemical parameters in paracetamol induced

hepatotoxicity.
Groups TB SGPT SGOT
(n=6) (mg/dl) (U/L) (U/L)
Groupl  0.534+0.708 39.40+1.02 115.62+2.035
Group I 4.261+0.63* 55.51+1.012* 268.05+32.21°
Group III  0.6088+0.18* 31.99+3.27*  136.53+9.34°
Group IV 0.810+0.006*  50.12+2.2°  97.15+2.45%

p<0.001 when Group II compared with control group.
*p<0.001, ®p<0.01 when Group III and Group IV compared
with Group II (paracetamol treated group), TB: Total bilirubin,
SGPT: Serum glutamate pyruvate transaminase, SGOT: Serum
glutamate oxalate transaminase, M. erythrophylla: Mussaenda
erythrophylla
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Table 2: Effect of M. erythrophylla leaf extract on biochemical parameters in paracetamol induced hepatotoxicity.

Groups GSH (umol/g) SOD (U/g) GPx (umol/g) Ceruloplasmin (mg/dL)
Group I 1.169£0.072 4230.15£269.62 21.159+1.467 21.37+0.571
Group II 0.022+0.0006° 977.16+118.24° 7.752+1.245° 12.99+1.782
Group III 1.063+1.001° 1483.44+224.60° 29.36£1.74* 19.19+£1.55°
Group IV 2.03+0.06° 3109.45+143.33° 23.98+1.3° 20.75+1.992

*p<0.001 when Group II compared with Group I. *p<0.001, °p<0.01 when Group III and Group IV compared with Group II (paracetamol
treated group), GSH: Glutathione, SOD: Superoxide dismutase, GPx: Glutathione peroxidase, M. erythrophylla: Mussaenda erythrophylla

In Phase II reaction (detoxification) the toxic drug
metabolites NAPQI bind to GSH, glucuronate, or sulfate
which leads to formation of non-toxic and excretable
hydrophilic products like mercapturic acid. When the dose of
paracetamol increases the GSH get exhausted which causes
inadequate detoxification due to inadequate GSH stores.
So overall a series of events beginning from intracellular
hepatocyte disruption, cellular necrosis, apoptosis and
immune inflammatory response have been proposed to cause
drug-induced liver injury."

In the present study to assess hepatoprotective activity
the levels of SGPT, SGOT, and TBL has been measured.
Marker enzymes are one of the commonest enzymes acting
as indicator of hepatic damage. On liver injury, there
will be alteration in the plasma membrane integrity and
these enzymes will be leaked into the serum. In this study
Group Il rats were received acute overdose of paracetamol
2 g/kg body weight only on the 21st day which caused a very
significant elevation of hepatic serum markers like SGPT
and SGOT as well as TBL when compared with control
group, which could be due to the above-stated mechanism
of liver injury. In Group III when the rats received ethanolic
extract of ME with paracetamol, the serum marker level has
come down very significantly (p<0.001) when compared
with Group II. This shows the protective effect of ME
towards paracetamol-induced toxicity. The findings on liver
function test are inconsistent with the previous studies.
Murugesh et al. has been conducted a study to evaluate
hepatoprotective and antioxidant role of Berberis tinctoria
lesch leaves on paracetamol induced hepatic damage in
rats. Their finding shows elevation in the serum marker
enzymes upon paracetamol intoxication and treatment
with methanol extract of B. tinctoria at a dose of 150 mg/
kg and 300 mg/kg significantly reduced the elevated levels
of the enzymes."

Ceruloplasmin is an alpha-2 glycoprotein, synthesized
exclusively in the liver. Elevated ceruloplasmin levels are
present in acute infections and various inflammatory states.
Many pathological conditions are accompanied by a marked
increase in plasma copper and ceruloplasmin.'® In the present
study paracetamol administration in Group II caused a
significant reduction in the levels of ceruloplasmin. There
is a very significant elevation has been observed when the
rats treated with ME. This observation was comparable with
silymarin in Group IV.

Protection from free radicals damage is carried out by
antioxidant in our body. GPx causes detoxification of
organic and inorganic peroxides by using reduced GSH.
The regeneration of oxidized GSH is carried out by
GSH reductase, in the presence of nicotinamide adenine
dinucleotide phosphate-oxidase.'® In enzymatic antioxidant
system SOD was considered to be one of the sensitive
index. It diminishes the toxic effects by superoxide anion
by scavenging them to form hydrogen peroxide. In the
present study administration of paracetamol caused a
significant reduction in the levels of GSH, SOD, and GPx
which gives a clear indication about the paracetamol to
cause oxidative stress. Co-administration of ME leaf extract
with paracetamol has improved the GSH, SOD and GPx
levels. This shows that ME has antioxidant property which
can protect the cells from free radical damage. Here, the
importance of antioxidants is come to the picture. If free
radicals are not inactivated, their chemical reactivity can
damage all cellular macromolecules including proteins,
carbohydrates, lipids and nucleic acids. Free radical damage
to DNA is also implicated in the causation of cancer and its
effect on low-density lipoprotein cholesterol is very likely
responsible for heart disease.!”

The plant products have been used to treat liver diseases
because of their antioxidant properties. Most commonly
used plants to treat liver diseases like silymarin, glycyrrhiza
glabra, reported to have antioxidant constituents.'® Several
investigations have shown that silymarin improved liver
function related to hepatocellular necrosis and increased
membrane permeability through its antioxidant capacity.
The protective effect of silymarin observed in the present
study could be attributed to its antioxidant and free radical
scavenging properties as reported in earlier studies.'*%
Silymarin prevents the absorption of toxins into the
hepatocytes by occupying the binding sites as well as
inhibiting many transport proteins at the membrane.?
The antiperoxidative property also has been postulated as
the mechanism of protection in iatrogenic and toxic liver
diseases.”

An antioxidant is a molecule stable enough to donate an
electron to free radical to neutralize it. In a study conducted
by Eswaraiah et al., on isolation of phytoconstituents
from the stems of ME found to have the presence of
phytosterols, triterpenes, and flavonoids. They have isolated
the active constituents from ME stem and it was found
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to be B-sitosterol, 5 hydroxy-7, 4’-dimethoxy flavones,
3-isocumaryloxy-cyclopropane-1-oleic acid, 4-hydroxy-
3-methoxy cinnamic acid.?”® The hepatoprotective potential
of ME could be attributed to these antioxidant constituents.

CONCLUSION

This study provides the evidence of antioxidant and
hepatoprotective property of ME and it may be due to the
presence of phytosterols, triterpenes, and flavanoids which
has been reported earlier. Further studies are in progress
to identify active principles responsible for its antioxidant
activity. From the available data, ME produces significant
hepatoprotection with regard to paracetamol-induced
toxicity.
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