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Abstract 
Purpose: To standardize Zakham-e-Hayat (Bryophyllum pinnatum Lam.) as well as determine its 
cytotoxic and insecticidal activity.  
Methods: Different parts of the plant (flowers, young leaves, old leaves and stem) and different 
solvents, viz, methanol, ethyl acetate and n-hexane were used for the extraction. Morphological 
characterization (macroscopic and microscopic), phytochemical screening for primary and secondary 
metabolites, and thin layer chromatography (TLC) using various solvent systems, namely, 
methanol/chloroform (MeOH/CHCl3), n-hexane/methanol/chloroform (n-hexane/MeOH/CHCl3), 
methanol/chloroform/water (MeOH/CHCl3/H2O), n-hexane/chloroform (n-hexane/CHCl3), n-hexane/ethyl 
acetate (n-hexane/EtOAc) were carried out. Fourier transform infrared spectroscopy (FTIR) was also 
performed. In addition, the extracts were evaluated for their cytotoxic and insecticidal activities.  
Results: The methanol fraction of the young leaves had 50% lethal dose (LD50) of 28.46 µg/mL while 
the ethyl acetate fraction of young and old leaves showed significant cytotoxicity at LD50 of 0.13 µg/mL 
and 142.68 µg/mL respectively. On the other hand, n-hexane fraction was inactive. The methanol 
fraction of the flower revealed the presence of carbohydrates, the ethyl acetate fraction showed the 
presence of carbohydrates and amino acids, while the n-hexane fraction showed the presence of 
carbohydrates as primary metabolites. Furthermore, alkaloids, flavonoid, saponins and resins were 
present in the methanol fraction, flavonoid and alkaloids in the ethyl acetate fraction, and alkaloids and 
resins in the n-hexane fraction as secondary metabolites.  
Conclusion: Methanol and n-hexane fractions of Bryophyllum pinnatum have some safe bioactive 
compounds which may exhibit potential health benefits. 
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INTRODUCTION 
 
Drug discovery using natural products is a 
challenging task for designing new products. 

Despite the recent increase in the use of plant-
based medicines, no attention has been given to 
the safety and efficacy of herbs. Less than 10 % 
of herbal drugs in the world are standardized to 
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know active components. Therefore, 
standardization and quality control are essential 
to both the raw material and medicinal 
preparations of plants [1,2]. Plants produce 
phytochemicals that protect them from 
herbivores and these constitutes are also toxic to 
humans [3]. Due to this reason, toxicological 
assessment of plant-based drugs is important [4]. 
 
Bryophyllum pinnatum (Lam.), family 
Crassulaceae, commonly known as Zakham-e-
hayat [5], is widely distributed throughout the 
world and has been used in folkloric medicine in 
tropical Africa, tropical America, India, China, 
and Australia.  
 
Its various morphological parts contain valuable 
constituents such as alkaloids, phenols, 
flavonoids, saponins, tannins, carotenoids, 
triterpenes, cardinolides, steroids, lipids, macro 
elements (magnesium, calcium, potassium, 
phosphorus, sodium) and microelements (iron, 
zinc, ascorbic acid, thiamine, niacin), bryotoxin A, 
bryotoxin B, 24-epiclerosterol, isofucosterol, 
bryophollone, α-amyrin, β-amyrin, ferulic acid, 
caffeic acid, malic acid, p-coumaric acid, syringic 
acid, isocitric acid, p-hydroxy benzoic acid, 
kaemferol, sitosterol, quercitin, n-tritiacontane, 
palmitic acid, stearic acid and behenic acid [5-7].  
 
The plant is applied to wounds, boils, bites of 
insects, for treatments of earache, burns, 
abscesses, ulcers, diarrhea, lithiasis [8], and has 
anti-leishmanial, anti-diabetic, anti-depressant, 
anti-inflammatory, uterine relaxant, diuretic, anti-
convulsant, and neuro-pharmacological potential 
[7,9-11].  
 
Keeping in view of its importance, this research 
was planned to standardize the Bryophyllum 
pinnatum (Lam.) for the development of 
monograph, established safety profile through 
insecticidal and toxicological studies. 
 
EXPERIMENTAL 
 
Collection and identification of plant 
 
The plant parts of Bryophyllum pinnatum (Lam) 
were collected from the vicinity of the University 
of Karachi, Karachi, Pakistan, between May and 
July 2014. The plant was identified by Prof. Dr. 
Ghazala H. Rizwani, Dean Faculty of Pharmacy 
and Pharmaceutical Sciences, University of 
Karachi, Karachi. A voucher specimen (No. 19-
2014/PCOG/KU) was deposited in the herbarium 
of the Department of Pharmacognosy, Faculty of 
Pharmacy and Pharmaceutical Sciences, 
University of Karachi, for future reference. 
 

Extraction and fractionation 
 
The flowers (100.0 g), leaves (young 150.0 g 
each of young and old leaves), and the stem 
(200.0 g) of Bryophyllum pinnatum (Lam.) were 
separated, washed with tap water and air dried. 
After drying, the separated parts were macerated 
in 70 % methanol at room temperature for 7 days 
in separate glass containers with occasional 
shaking. After that, each extract was filtered 
through Whatmann’s filter paper No. 1. The 
solvent was evaporated under reduced pressure 
and controlled temperature in rotary evaporator 
(BUCHI Rotavapour R-200, Switzerland). 
Reddish brown (flowers), dark brown (young and 
old leaves), and greenish black (stem) extracts 
were obtained.  
 
The gummy methanolic extracts of each of the 
four parts of the plant were first partitioned using 
n-hexane (10 mL) and methanol (10 mL). The 
separating funnel containing the extracts and 
solvents were allowed to stand for 2 h. The lower 
layer of the methanol extract and upper layer of 
n-hexane extract were collected separately. Then 
in the methanolic fraction, 10 mL of ethyl acetate 
was added and allowed to stand for 2 h. After 
that, the fractions of methanol (upper layer) and 
ethyl acetate (lower layer) were collected 
separately and shade dried. 
 
Macroscopic and microscopic studies 
 
Bryophyllum pinnatum (Lam.) flowers, leaves, 
and stem were observed for size, shape, texture, 
color and odor. Anatomical studies were 
performed by fixing samples of flowers, leaves 
and stem for 48 h in formalin-acetic acid solution. 
Then, this material was transferred to the 
solution of ethanol (75 %) and acetic acid (25%) 
known as acetic-alcohol for storage for a long 
period of time. Freehand sectioning technique 
was used for cutting the section. Fast green and 
double stained safranine techniques were used 
to prepare the permanent slides by serial 
dehydration in ethanol. Binocular microscope 
was used to observe the slides [12].  
 
Powder microscopy of leaves and stem was 
performed by placing small quantities of fine 
powder on glass slides separately, and 2 
drops of chloral hydrate solution was added 
on each slide. Then, the powdered material 
and chloral hydrate were mixed thoroughly 
with the help of a fine needle. The slides were 
cleaned by using the fine blotting paper after 
placing the glass cover slip on the slide. 
Binocular microscope was used to observe 
the tissues and their organisations [13]. 
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Phytochemical screening 
 
The phytochemical screening for primary and 
secondary metabolites was performed according 
to the standard protocols [14,15]. 
 
Thin layer chromatography 
 
Thin layer chromatography (TLC) for different 
fractions (methanol, ethyl acetate and n-hexane) 
of different parts (flower, young leaves, old 
leaves and stem) with different solvent systems 
methanol/chloroform (MeOH/CHCl3) in a ratio of 
7:3, n-hexane/methanol/chloroform (n-hexane/ 
MeOH/CHCl3) in a ratio of 7:2:1, methanol/ 
chloroform/water (MeOH/CHCl3/H2O) in a ratio of 
7:2:1, n-hexane/chloroform (n-hexane/CHCl3) in 
a ratio of 6:4, n-hexane/ethyl acetate (n-
hexane/EtOAc) in a ratio of 9.5: 0.5, were 
performed by using the method used by Stahl 
(1967) [16]. 
 
Fourier transform infrared spectroscopy 
(FTIR) 
 
Fourier transform infrared spectroscopy (FTIR) 
was performed with the help of Nicolet Avatar 
330 (FT-IR by Thermo Electron Corporation, 
USA) by using the standard method mentioned in 
the manual guide. This spectroscopic technique 
was used for the verification of various 
components present in the plants by recognizing 
the functionally acting groups appeared in the 
specific region of the spectrum. 
 
Brine shrimp lethality assay 
 
The rectangular hatching tray (22 × 32 cm in 
diameter) was filled with filtered brine solution 
and 50 mg of shrimp’s eggs were added to it and 
the tray was incubated at 37 °C to hatch for two 
days. Then, 20 mg of each extract was dissolved 
in 2 mL of respective solvent and transferred to 
vials of 5, 50 and 500 µL. The vials were allowed 
to stand overnight, so that, the solvent gets 
evaporated. Then 10 larvae were added to each 
vial with the help of Pasteur pipette. Sea water 
was added to the vials to make final volume up to 
5 mL.  
 
The vials were placed in an incubator at 25-27 
°C and incubated for 24 h under illumination. The 
other vials were filled with dimethyl sulfoxide 
(solvent) and etoposide (reference cytotoxic 
drug) which were used as a negative and 
positive control respectively. The data obtained 
was analyzed with the help of computer program, 
‘Finney to determine LD50

’ with 95 % confidence 
interval [17,18]. 
 

Insecticidal assay  
 
Two insects, namely, Tribolium castaneum and 
Rhyzopertha dominica, were obtained from H.E.J 
Research Institute of Chemistry and Dr Panjwani 
Center for Molecular Medicine and Drug 
Research, University of Karachi, Karachi, 
Pakistan. Toxicity was determined by contact 
method.  Permethrin and dimethyl sulfoxide were 
used as positive and negative control 
respectively. Aliquots of 0.7 ml at the 
concentration of 1019.10 µg/cm2 were used for 
the impregnation of filter paper Whatman No. 1.  
After drying of 5 min, filter papers were inserted 
at the bottom of the Petri dishes (5.5 cm 
diameter x 1.2 cm) containing culture media and 
then ten adult un-sexed Tribolium castaneum 
and Rhyzopertha dominica were added to 
separate Petri dishes under the same 
environmental conditions, and six replicates were 
tested. The inner side of the lid was coated with 
Vaseline to prevent insect staying on the lid. The 
insects were considered dead when no antenna 
or leg movement was detected when gently 
touched with a brush. Mortality was recorded 
after 24 h of treatment using Eq 1 [17]. 
 
M (%) = (IST/ISC)100 …………… (1) 
 
where M is mortality, IST and ISC are the 
number of insects that survived in the test and 
control.  
 
RESULTS 
 
Morphological features 
 
Macroscopic analysis showed that flowers were 
pinkish red, soft and tubular; leaves were green, 
non-aromatic, bitter, simple, pinnate and fleshy, 
while the stem was greenish purple non-
aromatic, astringent, round and glabrous. Results 
for histological study of flowers, leaves, and the 
stem are shown in Figure 1, Figure 2 and Figure 
3. Histological study of the flowers revealed the 
presence of upper and lower epidermis, spongy 
cells and color pigments. Transverse section of 
leaf showed the presence of upper and lower 
epidermis covered with cuticle and contain 
anisocytic type of stomata. Just beneath the 
epidermis there was a parenchymatous cell 
present with deposition of starch grains. 
 
Collateral vascular bundles were present and the 
mesophyll region was composed of similar sized 
cells of cholrenchyma and spongy parenchyma. 
Transverse section of stem showed that there is 
an outer layer of thick-walled epidermis covered 
with cuticle. Beneath the epidermis, there was a 
three-layered hypodermis made up of 
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sclerenchymatous cells. The inner cortex 
consisted of thin walled parenchymatous cells, 
which were loosely arranged with deposition of 
starch grains. In the middle region, vascular 
bundles were arranged in a ring. Xylem elements 
were mainly in the form of tracheids with few 
vessels of xylem parenchyma fibers. Pith region 
consists of parenchymatous cell in the center 
showed the deposition of starch grains and 
calcium oxalate crystal. Results for powder 
microscopy are given in Figure 4 and Figure 5. 
The powder microscopy indicates the presence 
of spongy parenchyma with chlorophyll, annual 
vessel, xylem vessel, a fibre attached to 
parenchyma cell, epidermal cell, cork cell with 
fibres, epidermal cells with fibre, patches of fibre, 
cork cell, pitted vessel and spiral vessels. 
 

 
 
Figure 1:  Histology of Flower. A: Upper epidermis, B: 
Color pigment C: Spongy cell, D: Lower epidermis 
 

 
 
Figure 2:  Histology of Leaf. A: Upper epidermis, B: 
Parenchymatous cells, C: Vascular bundle, D: 
Mesophyll region, E: Lower epidermis 
 

 
 
Figure 3: Histology of Stem. A: Epidermis, B: Cortical 
region, C: Phloem. D: Xylem, E: Pith 
 

 
 
Figure 4: Powder microscopy of Bryophyllum 
Pinnatum (Lam) leaves. A: Spongy parenchyma with 
chlorophyll, B: Annual vessel, C: Xylem vessel, D: 
Fibre attached with parenchyma cell, E: Epidermal cell 
 
Table 1 shows the phytochemical analysis of 
different extracts of flowers, young leaves, old 
leaves and stem. The phytochemical study of the 
methanolic fraction of flowers revealed the 
presence of carbohydrates; the ethyl acetate 
fraction showed the presence of carbohydrates 
and amino acids; and the n-hexane fraction 
showed the presence of carbohydrates as 
primary metabolites. Whereas, alkaloids, 
flavonoid, saponins and resins were present in 
the methanolic fraction; flavonoid and alkaloids in 
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the ethyl acetate fraction; alkaloids and resins in 
the n-hexane fraction as secondary metabolites. 
 

 
 
Figure 5: Powder microscopy of Bryophyllum 
pinnatum (Lam.) stem. A:  Cork cell with fibre, B: 
Epidermal cells with fibre, C: Patches of fibre, D: Cork 
cell, E: Pitted vessel F:annular and spiral vessel 
 
The phytochemical results for the young leaves 
showed that the methanolic fraction contained 
carbohydrates; while the ethyl acetate and the n-
hexane fraction contained carbohydrates and 
amino acids as primary metabolites. Whereas, 
alkaloids, flavonoid, saponins, tannins and resins 
were present in the methanolic fraction; 
alkaloids, flavonoids and saponins in the ethyl 
acetate fraction; and alkaloids and resins were 
present in the n-hexane fraction, as secondary 
metabolites. The methanolic fraction of old 
leaves revealed the presence of carbohydrates 
and amino acids; the ethyl acetate fraction 
showed the presence of carbohydrates; and the 
n-hexane fraction revealed the presence of 
carbohydrates and amino acids as primary 
metabolites. On the other hand, alkaloids, 

flavonoids, saponins, tannins and resins were 
present in the methanolic fraction; alkaloids and 
tannins in the ethyl acetate fraction; and alkaloids 
and resins in the n-hexane fraction as secondary 
metabolites.  
 
The phytochemical results for methanol and the 
ethyl acetate fractions of stem revealed the 
presence of carbohydrates and amino acids; the 
n-hexane fraction showed the presence of 
carbohydrates as primary metabolites. Whereas 
alkaloids, saponins and resins were present in 
the methanolic fraction as secondary 
metabolites, alkaloids, saponins and tannins in 
the ethyl acetate fraction; and alkaloids, 
flavonoids and resins in n-hexane fraction. 
 
Table 2 shows comparative thin layer 
chromatographic (TLC) analysis of flower, young 
leaves, old leaves and stem. TLC analysis of 
different fractions (methanol, ethyl acetate, n-
hexane) in different solvent systems 
MeOH/CHCl3 (7:3), n-hexane/MeOH/CHCl3 
(7:2:1), MeOH/CHCl3/H2O (7:2:1), n-
hexane/CHCl3 (6:4), n-hexane/Ethyl acetate 
(9.5:0.5) of flower showed different compounds 
with Rf values 0.9, 0.14, 0.40, 0.44, 0.48, 0.5, 
0.65, 0.2, 0.5, 0.7, 0.8,0.26, 0.45, 0.56, 0.57, 
0.85, whereas, chromatographic analysis of 
young leaves showed nine different components 
with Rf values 0.59, 0.69, 0.72, 0.8, 0.83, 0.9, 
0.26, 0.45, 0.56. Thin layer chromatographic 
analysis of old leaves extracts (methanol, ethyl 
acetate, n-hexane) in different solvent systems: 
MeOH/CHCl3 (7:3), n-hexane/MeOH/CHCl3 
(7:2:1), MeOH/CHCl3/H2O (7:2:1), n-
hexane/CHCl3 (6:4), n-hexane/Ethyl acetate 
(9.5:0.5) showed different components having Rf 
values 0.47, 0.56,0.60, 0.72, 0.79, 0.05, 
0.1,0.2,0.3, 0.5, 0.55, 0.7, 0.8, 0.26, 0.45,0.56, 
0.4, 0.5, 0.58, 0.69, whereas, chromatographic 
analysis of stem revealed the presence of 
different components with different Rf values 0.5, 
0.6, 0.8, 0.59, 0.61, 0.69, 0.76, 0.22, 0.68, 0.80, 
0.28, 0.3, 0.4, 0.7. 

 
Table 1: Phytochemical profile of various extracts of flowers, young leaves, old leaves and stem 
 

Phyto-
constituent 

Flowers Young leaves Old leaves Stem 
Methanol Ethyl 

acetat
e 

n-
Hexane 

Methanol  Ethyl 
acetat
e 

n-
Hexane 

Methanol  Ethyl 
acetat
e 

n-
Hexane 

Methanol  Ethyl 
acetat
e 

n-
Hexane 

Carbohydrate
s 

+++ +++ +++ +++ +++ ++  +++ +++ ++ +++ ++ +++ 

Amino acid - - - _ + ++ +++ ++ ++ - - - 
Alkaloids +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 
Flavonoids ++ ++ - +++ ++ - -- - - - - ++ 
Saponins +++ - - +++ +++ - +++ - - +++ +++ - 
Tannins - - - +++ +++ - ++ ++ - - +++ - 
Resins +++ - +++ +++ +++ +++ +++ - +++ ++ +++ +++ 
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Table 2: Comparative TLC profile of flower, old leaves, young leaves and stem using various solvent systems 
 

Solvent  Flower Old leaves Young leaves Stem 
No. of 

compound 
Rf Value No. of 

compound 
Rf Value No. of 

compound 
Rf Value No. of  

compound 
Rf Value 

MeOH/CHCl3/ 
H2O (7:2:1) 

7 0.9,0.14,0.40, 0.44, 
0.48,0.5,0.65 

02 0.58, 0.69 3 0.59, 0.69,
0.72 

04 0.59, 0.61, 
0.69, 0.76 

n-hexane/CHCl3  
(6:4) 

- - 09 0.05, 0.1,0.2,0.3,0.5,
0.55,0 .6, 0.7, 0.8 

- - 05 0.28, 0.3, 0.4, 
0.6,0.7 

MeOH/CHCl3 

 (7:3) 
2 0.57, 0.85 05 0.47, 0.56, 0.60,  

0.72,0.79 
2 0.8, 

0.83 
03 0.22, 0.68, 

0.80 
n-hexane/MeOH/ 
CHCl3  (7:2:1) 

5 0.2,0 .5,0.7, 0.8, 0.9 05 0.4, 0.5, 0.6,  
0.7, 0.8 

1 0.9 03 0.5, 0.6, 0.8 

n-hexane/E. acetate 
(9.5:0.5) 

4 0.2, 0.26, 0.45, 0.56 05 0.2,0.26,0.45,0.56,
0.72 

3 0.26,0.45, 
0.56 

- - 

 
Fourier transform infrared spectroscopy (FTIR) of 
the methanolic, the ethyl acetate and the n-
hexane fraction of different parts of the plant are 
given in Figure 6. Figure 7 (a - d) shows the brine 
shrimp lethality assay (BSLA) of different extract 
of flower, young leaves, old leaves and stem 
respectively.  None of the extracts showed 
insecticidal activity. 
 

 
 
Figure 6: FTIR spectra of Bryophyllum pinnatum: A) 
Flowers, B) Young Leaves, C) Old leaves, & D) Stem 
[For each, methanolic, ethyl acetate and n-hexane 
fraction, respectively] 
 

 
 
Figure 7: Brine shrimp lethality results for Bryophyllum 
pinnatum: A) Flowers, B) Young leaves, C) Old leaves, 
D) Stem 
 
DISCUSSION 
 
Scientific investigators are working and trying to 
search those plants which have great medicinal 
potential. The selected plant in this research has 
very little scientific literature regarding toxicity. 
Therefore, it was necessary to conduct research 
for proper identification and its medicinal effects 
against various ailments. 
 
The FTIR spectra of the various extracts 
(methanol, ethyl acetate and n-hexane) of 
flowers, young leaves, old leaves and stem 
revealed the presence of different chemical 
moieties/functional groups such as alcohol, 
ether, ester, carboxylic acid, anhydride, alkane, 
aldehyde, amine, amide, aromatic and methyl, 
which indicate that the plant has diverse 
compounds that may have health benefits for 
humans.  
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Brine shrimp lethality results for methanol, ethyl 
acetate and n-hexane fractions of the flowers 
showed no cytotoxicity. The methanol extract of 
young leaves found toxic with LD50 of 28.4598 
µg/mL while the ethyl acetate extract of young 
leaves showed maximum lethal effects with LD50 
of 0.1340 µg/mL while n-hexane fraction showed 
no toxicity. Brine shrimp lethality results for the 
methanol and n-hexane fractions of old leaves 
were safe as no toxic effects were observed 
while the ethyl acetate extract of old leaves 
showed maximum lethal effects with LD50 of 
145.6819 µg/mL. The methanol, the ethyl acetate 
and the n-hexane fraction of the stem extract 
were found safe and no significant toxicity 
against brine shrimps was observed. 
 
Pesticides are used extensively in grain industry 
with draw backs of high cost and toxicity. Thus, 
there is an imperative need to develop pest 
control techniques which are safer and 
economical [17,19-21]. The insecticidal activity of 
the plant extracts (flowers, young leaves, old 
leaves and stem) was performed by the contact 
toxicity method. But, unfortunately, no 
insecticidal activity was observed by any extract. 
 
Bryophyllum pinnatum (Lam.) is although very 
commonly available in Pakistan and grown 
throughout the year. Pharmacognostic 
investigations of the plant with TLC finger prints 
profile and chemical components/functional 
groups were verified by Fourier transform 
infrared radioscopy (FTIR) technique for the first 
time to prove the plant might be safely useful 
against a variety of ailments as mentioned in the 
literature.  Flower and stem extracts of 
Bryophyllum pinnatum (Lam.) showed low 
toxicity or no toxicity. This suggests that the 
decoction, which is commonly used in traditional 
medicine, has no distinct toxic effect [22]. 
 
CONCLUSION 
 
The methanol and n-hexane fractions of 
Bryophyllum pinnatum (Lam.) exhibit low 
cytotoxic activity, but contain some bioactive 
compounds which may exhibit potential health 
benefits. 
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