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1. Introduction

   The free radicals are the culprit for not only in support of 
aging but also many age-related diseases[1]. Free radical 
damage within cells has been linked to a range of disorders 
including cancer, arthritis, atherosclerosis, Alzheimer’s 
disease, and diabetes[2,3]. There has been some evidence to 
suggest that free radicals and some reactive nitrogen species 
trigger and increase cell death mechanisms within the body 

such as apoptosis and in extreme cases necrosis[4]. Targeted 
antioxidants may lead to better medicinal effects such 
as mitochondria-targeted ubiquinone, for example, may 
prevent damage to the liver caused by excessive alcohol[5]. 
Some reviews suggest that antioxidant could reduce side 
effects or increase survival times[6].
   Portal vein thrombosis is a form of venous thrombosis 
affecting the hepatic portal vein, which can lead to 
portal hypertension and a reduction of the blood supply 
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Objective: To study the leaves of Adiantum philippense L. for their antioxidant, cytotoxicity and 
thrombolytic activities and to perform phytochemical evaluation. Methods: In-vitro antioxidant 
activity of extract was studied using DPPH radical scavenging, reducing power, total phenol and 
total flavonoid content determination assays. The cytotoxic activity was determined using brine 
shrimp lethality bioassay, thrombolytic activity by clot disruption and phytochemical potential 
by qualitative analysis. Results: The antioxidant activity of the extracts was found promising. 
The reducing power of this crude extract increase with the increase of concentration; IC50 values 
of DPPH scavenging activity was (140.00依0.86) µg/mL as compared to ascorbic acid [IC50 (130.00依0.76) µg/mL]; 
Total phenol and total flavonoids content were (148.26依0.24) mg/mL and (163.06依0.56) mg/mL respectively. In 
cytotoxicity assay the LC50 values of the sample was (106.41依0.78) µg/mL where as for standard vincristin 
sulphate was (08.50依0.24) µg/mL as a positive control and the extract shows (12.86依1.02)% clot 
lytic whereas standard streptokinase shows (30.86依0.44% clot lytic activity in thrombolytic 
assay. The phytochemical evaluation indicates the presence of chemical constituents including 
carbohydrates, alkaloids, saponins, glycosides, flavonoids. Conclusions: This study shows that 
the methanol extract of leaves of Adiantum philippense L. has bioactivity but further compound 
isolation is necessary to confirm the activities of individual compounds. 
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to the liver[7]. It usually has a pathological cause such as 
pancreatitis, cirrhosis, diverticulitis or cholangiocarcinoma 
and may cause death. In the UK, the Parliamentary Health 
Committee revealed that the annual rate of death due 
to thrombosis was 25 000[8]. The oral anticoagulants are 
derived from coumarin, which is found in many plants like 
warfarin, heparin is used to treat patients with deep-vein 
thrombosis, pulmonary embolism (PE), atrial fibrillation and 
mechanical prosthetic heart valves[9,10]. Heparin also used as 
a prophylaxis which may decrease the risk of PE and deep 
vein thrombosis.
   Adiantum philippense L. (A. philippense) (Family-
Adiantaceae) locally known as Goyalelata, is a small 
fern. Stipes 10-15 cm long, tufted, naked, wiry, polished 
dark chestnut-brown; fronds 15-30 cm long and 7.6 cm 
broad, simply pinnate, often elongated and rooting at 
the apex; pinnae subdimidiate, the lower edge nearly 
in a line or oblique with the petiole, the upper edge 
rounded. 
   The plant is cooling, alterative, useful in dysentery, 
ulcers, erysipelas, burning sensation and epileptic 
fits. Roots are good for strangury and for fever due to 
elephantiasis. It is also used for the treatment of febrile 
affections in children; the leaves are rubbed with water 
and given with sugar. It mainly contains triterpene, 3,4-
epoxyfilicares, flavonoids, adiantone and other related 
compounds[11]. It is distributed in districts of Bangladesh 
like Chittagong, Chittagong Hill Tracts, Comilla, Cox’s 
Bazar, and also found in India, Malawi, Mozambique, 
Zimbabwe and Zambia. The previous study of this plant 
shows that it has antidiabetic activity[13], the whole plant 
is used as a medicine for bronchitis and cough[12], but 
according to the best of our knowledge there is not any 
scientific detailed report on antioxidant, cytotoxic and 
thrombolytic activities. So we have selected the methanol 
extract of leaves of A. philippense L. to see the antioxidant, 
cytotoxic, thrombolytic potentials as well as phytochemical 
constituents.

2. Materials and methods

2.1. Chemicals
 
   Lyophilised streptokinase vial (1 500 000 IU) was purchased 
from Square Pharmaceuticals Ltd, Bangladesh. DPPH (1,1-
diphenyl, 2-picryl hydrazyl) trichloroacetic acid, ferric 
chloride, Gallic acid and quercetin were obtained from 
Sigma Chemical Co. USA. Ascorbic acid was obtained from 
SD Fine chem. Ltd. India and potassium ferricyanide from 
May and Backer, Dagenham, UK. Methanol, Folin-Ciocalteu 
reagent, sodium carbonate and potassium ferricyanide were 
purchased from Merck, Germany. All chemicals used were 
of analytical reagent grade.

2.2. Plant materials

   Fresh leaves of A. philippense L. for this study were 
collected from the local area of Chittagong, Bangladesh and 
were authenticated by Dr. Sheikh Bokhtear Uddin, Associate 
Professor, Department of Botany, University of Chittagong, 
Bangladesh. The collected leaves were dried at room 
temperature in the shade and away from direct sunlight for 5 
d and were kept in hot air oven for 2 d.

2.3. Preparation of crude extract

   After drying the leaves were coarsely powdered and 
extracted by dissolving with methanol for 7 d. The sediments 
were filtered and the filtrates were dried at 40 °C in a water 
bath. The solvent was completely removed by filtering with 
Hartman filter paper and obtained dried crude extract was 
used for experiment.

2.4. Antioxidant activity

2.4.1. DPPH radical scavenging activity
   Free radical scavenging activity of the methanol extract 
of A. philippense leaves, based on the scavenging activity of 
the stable free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
was determined by the method of Braca et al[14]. Crude 
extract (0.1 mL) was added to 3 mL of a 0.004% methanol 
solution of DPPH. Absorbance at 517 nm was determined after 
30 min and the percentage inhibition activity was calculated 
by using the equation: % scavenging activity=[(A0-A1)/A0]
伊100. Where A0 is the absorbance of the control and A1 is 
the absorbance of the extract. Lower the absorbance, the 
higher is the free radical scavenging activity[15]. The curves 
were prepared and the IC50 value was calculated using linear 
regression analysis.

2.4.2. Reducing power
   Reducing power was determined according to the 
method described by Srinivas et al[16]. The different 
concentrations of extract (125, 250, 500 and 1 000 µg/mL) in 
1 mL of distilled water were mixed with phosphate buffer 
(2.5 mL, 0.2 mol/L, pH 6.6) and potassium ferricyanide-
K3Fe(CN)6 (2.5 mL, 1% w/v). The mixture was incubated 
at 50 °C for 20 min. A portion (2.5 mL) of trichloroacetic 
acid (10%) was added to the mixture, which was then 
centrifuged at 3 000 r/min for 10 min. The upper layer of the 
solution (2.5 mL) was mixed with distilled water (2.5 mL) and 
FeCl3 (0.5 mL, 0.1% w/v) and the absorbance was measured 
at 700 nm. The increased absorbance of the reaction 
mixture indicated increased reducing power. Ascorbic 
acid was used as the reference and phosphate buffer (pH 
6.6) was used as blank solution.

2.4.3. Total phenol content
   The total phenol content of the extract was determined 



Mohammad Sekendar Ali et al./Asian Pac J Trop Biomed 2013; 3(6): 464-469466

using Folin-Ciocalteu reagent using the method of Singelton 
et al[17]. Extract (200 µg/mL) was mixed with 400 µL of the 
Folin-Ciocalteu reagent and 1.5 mL of 20% sodium carbonate. 
The mixture was shaken thoroughly and made up to 10 mL 
using distilled water and then allowed to stand for 2 h. Then 
the absorbance at 765 nm was taken. The concentration of total 
phenol content in the extract (10-200 µg/mL) was then determined 
as mg of gallic acid equivalent by using an equation that was 
obtained from the standard gallic acid graph.

2.4.4. Total flavonoids content
   The total flavonoids content was determined using a 
method described by Kumaran et al. using quercetin as 
a reference compound[18]. A volume of 1 mL of the plant 
extract in methanol (200 µg/mL) was mixed with 1 mL 
aluminium trichloride in methanol (20 mg/mL) and a drop of 
acetic acid, and then diluted with methanol to 25 mL. The 
absorption at 415 nm was read after 40 min. Blank samples 
were prepared from 1 mL of plant extract and a drop of 
acetic acid, and then diluted to 25 mL with ethanol. The total 
flavonoid content was determined using a standard curve of 
quercetin (12.5-100 µg/mL) and expressed as mg of quercetin 
equivalent (QE/mg of extract).

2.5. Cytotoxicity screening 

   The brine shrimp lethality bioassay was used to 
determine the cytotoxic compounds using simple zoological 
organism Artemia salina as a convenient monitor for the 
screening. The eggs of the brine shrimp were hatched 
in artificial seawater (3.8% NaCl solution) for 48 h to 
mature shrimp called nauplii. The cytotoxicity assay was 
performed on brine shrimp nauplii using the method of 
Meyer et al. which also concurred with the method used 
by Hossain S et al[19,20]. The test sample was prepared 
by dissolving them in DMSO (not more than 50 µL in 5 mL 
solution) with sea water (3.8% NaCl in water) to attain 
concentrations of 6.25, 12.5, 25, 50, 100, 200 and 400 µg/mL. 
A vial containing 50 µL DMSO diluted to 5 mL was used as 
a negative control. Standard vincristine sulphate was used 
as positive control. The matured nauplii were applied to 
each of all experimental vials and control vial. After 24 h, 
the vials were inspected using a magnifying glass and the 
number of surviving nauplii in each vial was counted. The 
percent (%) of mortality of the brine shrimp was calculated 
for each concentration using the formula: % Mortality=NtN0
伊100. Where, Nt=Number of killed nauplii after 24 h of 
incubation, N0=Number of total nauplii transferred, i.e. 20. 
The LC50 (median lethal concentration) was then determined 
using Probit analysis.     

2.6. Thrombolytic activity

   This test was performed according to the method 
described by Prasad et al[21]. In the commercially available 

lyophilised streptokinase vial (1 500 000 IU) 5 mL sterile 
distilled water was added and mixed properly. This 
suspension was used as a stock solution from which 
appropriate dilution was made. Five milliliter of venous 
blood was drawn from the healthy volunteers (n=10) without 
the history of oral contraceptive or anticoagulant therapy 
and was distributed (0.5 mL/tube) to each ten previously 
weighed sterile micro centrifuge tube and incubated at 37 °C 
for 45 min to form the clot. After the clot formation, serum 
was completely removed without disturbing the clot and 
each tube having clot was again weighed to determine the 
clot weight. A volume of 100 µL of methanol extract (10 mg/
mL) was added to each micro centrifuge tube containing pre 
weighed clot. As a positive control, 100 µL of streptokinase 
and as a negative control 100 µL of distilled water were 
separately added to the control tube numbered. All the 
tubes were then incubated at 37 °C for 90 min and observed 
for clot lysis. After incubation, fluid released was removed 
and tubes were again weighed to observe the difference 
in weight after clot disruption. Difference obtained in 
weight taken before and after clot lysis was expressed as 
percentage of clot lysis.

2.7. Phytochemical screening

   The preliminary phytochemical analysis of methanol 
extract of A. philippense L. leaves was done according to the 
method described by Harbrone[22]. Recently this method is 
also widely used[23-25].

2.8. Statistical analysis

   All the results obtained by in vitro experiment were 
expressed as mean依SEM of three measurements followed by 
Dunnet’s test where P<0.01 was considered as statistically 
significant.

3. Results

   DPPH radical scavenging activity of A. philippense L. 
was found to increase with increasing concentration of the 
extract (Figure 1). This assay was based on the ability of 1,1-
diphenyl-2-picryl-hydrazyl (DPPH), a stable free radical, 
to decolorize in the presence of antioxidants. The extract 
also displayed significant reducing power which was found 
to increase with the increasing concentration. During the 
determination of total phenol and flavonoid content (Figure 
2). It was found that the amount of phenol and flavonoid were 
significant (Table 1). The results and methods of analysis of 
antioxidant activities concurred with other studies[23,25,26].  
The lethality of the crude extract of A. philippense L. leaves 
to brine shrimp was determined on Artemia salina after 24 h 
of exposure the samples, the negative control and vincristine 
sulphate. This technique was applied for the determination 



Mohammad Sekendar Ali et al./Asian Pac J Trop Biomed 2013; 3(6): 464-469 467

of general toxic property of the plant extract. The LC50 
value (Figure 3) of the extract was 106.41 µg/mL and that for 
standard vincristine sulphate was 8.50 µg/mL. No mortality 
was found in the control group, using DMSO and sea water. 
The plant extract showed moderate clot lysis activity 
(12.86%) as compared to standard streptokinase’s clot lysis 
(30.26%) activity (Figure 4). The percentage (%) of clot lysis 
was significant (P<0.01) when compared with control. The 
phytochemical screening indicates qualitative presence of 
carbohydrate, alkaloid, glycosides, saponins and flavonoids 
(Table 2).
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Figure 1. The free radical scavenging activity of A. philippense and 
ascorbic acid by DPPH. 
Results are mean依SEM of three measurements.
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Figure 2. Reducing capacity of A. philippense extract. 
Values are mean依SEM of three experiments. 

Table 1
The total amount of phenol and flavonoid which are obtained in 
separate experiment have been shown.

Extract Total phenol (mg/gm, gallic 
acid equivalent)

Total flavonoid (mg/gm, 
quercitn equivalent)

A. philippense 148.26依0.24 163.06依0.56

The results are expressed as mean依SEM of three consecutive 
experiments.

Table 2
Phytochemical constituents identified in the plant extracts of A. 
philippense L. 

Phytochemicals Methanol extract

Carbohydrates (+)

Glycosides (+)

Alkaloids (+)

Tannins (-)

Flavonoids (+)

Saponins (+)

+: indicate presence; -: indicate absence.

Figure 3. Toxicity assay of A. Philippense on brine shrimp. 
The results are expressed as mean依SEM of three measurements.
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Figure 4. The clot lysis activity of A. Philippense extract and 
streptokinase. 
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4. Discussion

   Antioxidants are helpful in reducing and preventing 
damage from free radical reactions because of their 
ability to donate electrons which neutralize the radical 
without forming another. Ascorbic acid, for example, can 
lose an electron to a free radical and remain stable itself 
by passing its unstable electron around the antioxidant 
molecule. Other antioxidant like alpha-tochopherol 
efficiently protects glutathione peroxidase 4-deficient 
cell from cell death[27]. The antioxidant chemicals found 
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in many foods are frequently cited as the basis of claims 
for the benefits of a high intake of vegetables and fruits 
in the diet[28,29]. In a 2010 survey of 1 000 plants, 356 had 
clinical trials published evaluating their “pharmacological 
activities and therapeutic applications” available in the 
Western market[30,31].
   Most thrombolytic agents work by activating the enzyme 
plasminogen, which clears the cross-linked fibrin mesh. 
This makes the clot soluble and subject to further proteolysis 
by other enzymes, and restores blood flow over occluded 
blood vessels. Thus thrombolytic agents are useful for the 
treatment of myocardial infarction, thromboembolic strokes, 
deep vein thrombosis and PE to clear a blocked artery 
and avoid permanent damage to the perfused tissue (e.g. 
myocardium, brain, leg).
   During the development of a drug the cytotoxicity 
should be taken into consideration. The experiment shows 
that the methanol extract of leaves of A. phillippense has 
considerable antioxidant and thrombolytic activities with 
minimum cytotoxicity. The phytochemical screening show 
the presence of glycosides, alkaloids, flavonoids and 
saponis. These compounds show these activities because the 
biological activities of plants may be due to the presence 
of these diverse group of chemical compounds[32-34]. Hence 
this study was conducted by crude extract, further advanced 
studies should be carried out for compound isolation and 
it is necessary to observe which compounds are actually 
responsible for specific effects.
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Comments 

Background
   Cells are susceptible in the presence of excessive free 
radical which cause many many diseases like cancer, 
thrombosis etc. The scientists of the world are trying 
their level best to discover the suitable medicine to treat 
these diseases. So, it is a great interest to conduct a 
research on this plant to determine the potential activities 
like antioxidant, thrombolytic, cytotoxic activities and 
phytochemical evaluation.
  

Research frontiers
   This study which includes the potential evaluation 
of A. philippense L. leaves, were collected from the 
local area of Bangladesh. The authors have performed 
antioxidant, thrombolytic, cytotoxic activities test and 
phytochemical screening with crude methanol extract of 
this plant.

Related reports
   Data are available on the research of this plant. Paul T 
et al. (2011) shows it has antidiabetic activity. On the other 
hand it has also capability to cure bronchitis and cough ( 
Pallay G, 2011).

Innovations and breakthroughs
   This careful study showed that the methanol extract 
of leaves of this plant has antioxidant, thrombolytic 
and cytotoxic activities. The phytochemical evaluation 
also confirms some biologically active compounds like 
carbohydrates, glycosides, alkaloids, tannins, flavonoids and 
saponins.
  
Applications
   This study will be great attention for isolation and 
characterization of new antioxidant, thrombolytic and 
cytotoxic agents as well as making a relation among these 
activities. Subsequent clinical trials will help to establish a 
new medicine for human use.

Peer review
   It is a good work where the authors determine the 
antioxidant, thrombolytic and cytotoxic activities of 
methanol extract of leaves of A. philippense L. The 
results are interesting and it has been found that the 
extract shows the effective antioxidant and thrombolytic 
activities. 

References

[1]    Harman D. Origin and evolution of the free radical theory of 
aging: a brief personal history 1954-2009. Biogerontol 2009; 10(6): 
773-781.

[2]    Clancy D, Birdsall J. Flies, worms and the free radical theory of 
ageing. Ageing Res Rev 2013; 12(1): 404-412.

[3]    Ka r th ikeyan  R ,  Man ivasagam T ,  Anan tha raman  P , 
Balasubramanian T, Somasundaram ST. Chemopreventive effect 
of Padina boergesenii extracts on ferric nitrilotriacetate (Fe-
NTA)-induced oxidative damage in Wistar rats. J Appl Phycol 
2011; 23(2): 257-263.

[4]    Chatterjee S, Lardinois O, Bhattacharjee S, Tucker J, Corbett J, 
Deterding L, et al. Oxidative stress induces protein and DNA 
radical formation in follicular dendritic cells of the germinal 
center and modulates its cell death patterns in late sepsis. Free 
Radic Biol Med 2011; 50(8): 988-999. 



Mohammad Sekendar Ali et al./Asian Pac J Trop Biomed 2013; 3(6): 464-469 469

[5]       Bob Shepard. Antioxidant may prevent alcohol-induced 
liver disease. Birmingham, Alabama: UAB News; 2011. 
[Online] Available from: http://www.uab.edu/news/latest/
item/1181-antioxidant-may-prevent-alcohol-induced-
liver-disease.

[6]    Block KI, Koch AC, Mead MN, Tothy PK, Newman RA, 
Gyllenhaal C. Impact of antioxidant supplementation on 
chemotherapeutic toxicity: a systematic review of the evidence 
from randomized controlled trials. Int J Cancer 2008; 123(6): 
1227-1239. 

[7]    Bekker J,  Ploem S, de Jong KP. Early hepatic artery 
thrombosis after liver transplantation: a systematic review of 
the incidence, outcome and risk factors. Am J Transplant 2009; 
9(4): 746-757.

[8]    Hunt BJ. Awareness and politics of venous thromboembolism in 
the United Kingdom. Arterioscler Thromb Vasc Biol 2008; 28(3): 
398-399.

[9]    Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti G. 
Pharmacology and management of the vitamin K antagonists: 
American college of chest physicians evidence-based clinical 
practice guidelines (8th ed). Chest J 2008; 133(6 Suppl): 160S-
198S. 

[10]   Bristol-Myers Squibb Company. Coumadin (warfarin sodium) 
tablets crystalline and coumadin (warfarin sodium) for injection 
prescribing information. Princeton; 2010.

[11]  A Database of Medicinal Plants of Bangladesh. Bangladesh: 
MPBD; 2011. [Online] Available from: www.mpbd.info.

[12]  Pallay G. An ethno-pharmaco-botanical review of hamsapadi-
Adiantum lunulatum Burm. F. (Adiantum philippense Linn). Int J 
Pharma Biol Arch 2011; 2: 1627-1635.

[13]  Paul T, Das B, Kishori GA, Banerjee S, Saxena RC. Evaluation 
of anti-hyperglyemic activity of Adiantum philippense Linn, a 
pteridophyte in alloxan induced diabetic rats. J Diabetes Metab 
2011; 3(9): 226.

[14]  Braca A, Tommasi ND, Bari LD, Pizza C, Politi M, Morelli I. 
Antioxidant principles from Bauhinia terapotensis. J Nat Prod 
2001; 64: 892-895.

[15]  Murali A, Ashok P, Madhaban V. In vitro antioxidant activity 
and HPTLC studies on the roots and rhizomes of Smilax 
zeylanica L. (Smilacaceae). Int J Pharm Sci 2011; 3(1): 
192-195.

[16]  Srinivas K, Jimoh FO, Grierson DS, Afolayan AJ. Antioxidant 
activity of two steroid alkaloids extracted from Solanum 
aculeastrum. J Pharmacol Toxicol 2007; 2: 160-161.

[17]  Singelton VR, Orthifer R, Lamuela-Raventos RM. Analysis of 
total phenols and other oxidation substrates and antioxidants 
by means of Folin-Ciocalteu reagent. Methods Enzymol 1999; 
299: 152-178.

[18]  Kumaran A, Karunakaran AJ. In vitro antioxidant activities of 
methanol extracts of five Phyllanthus species from India. LWT 
Food Sci Technol 2007; 40: 344-352.

[19]  Meyer BN, Ferrigni NR, Putnam JE, Jacobsen JE, Nichols DE, 
McLaughlin JL. Brine shrimp: A convenient general bioassay 
for active plants constituents. J Med Plant Res 1982; 45: 31-
34.

[20]  Hossain S, Kader G, Nikkon F, Yeasmin T. Cytotoxicity of the 
rhizomes of medicinal plants. Asian Pac J Trop Biomed 2012; 2(2): 
125-127.

[21]  Prasad S, Kashyap RS, Deopujari JY, Purohit HJ, Taori GM, 
Daginawala HF. Development of an in vitro model to study 
clot lysis activity of thrombolytic drugs. Thromb J 2006; 4(14): 
1-4.

[22]  Harborne JB. Phytochemical methods-a guide to modern 
techniques of plant analysis. London, UK: Chapman and Hall; 
1998, p. 182-190.

[23]  Mbaebie BO, Edeoga HO, Afolayan AJ. Phytochemical analysis 
and antioxidants activities of aqueous stem bark extract of 
Schotia latifolia Jacq. Asian Pac J Trop Biomed 2012; 2(2): 118-
124.

[24]  Govindasamy C,  Srinivasan R.  In vi tro  antibacterial 
activity and phytochemical analysis of Catharanthus roseus 
(Linn.) G. Don. Asian Pac J Trop Biomed 2012; 2(Suppl 1): 
S155-S158.

[25]  Basma AA, Zakaria Z, Latha LY, Sasidharan S. Antioxidants 
activity and phytochemical screening of the methanol 
extracts of Euphoria hirta L. Asian Pac J Trop Med 2011; 4(5): 
386-390.

[26]  Kumar RS, Rajkapoor B, Perumal P. Antioxidant activities 
of Indigofera cassioides Rottl. Ex. DC. using various in 
vitro assay models. Asian Pac J Trop Biomed 2012; 21: 
256-261.

[27]  Seiler A, Schneider M, Förster H, Roth S,  Wirth EK, 
Culmsee Carsten, et al. Glutathione peroxidase 4 senses 
and translates oxidative stress into 12/15-lipoxygenase 
dependent- and aif-mediated cell death. Cell Metab 2008; 
8(3): 237-248. 

[28]  Carrubba A. Scalenghe R. Scent of mare nostrum-medicinal and 
aromatic plants (MAPs) in mediterranean soils. J Scie Food Agri 
2012; 92(6): 1150-1170. 

[29]  Kumar DJ, Santhi RJ. Antioxidant and cytotoxic effects of hexane 
extract of Morinda pubescens leaves in human liver cancer cell 
line. Asian Pac J Trop Med 2012; 5(5): 362-366.

[30]  Rathee P, Rathee D, Rathee D, Rathee S. In-vitro cytotoxic 
activity of β-Sitosterol triacontenate isolated from Capparis 
decidua (Forsk.) Edgew. Asian Pac J Trop Med 2012; 5(3): 
225-230.

[31]  Cravotto G, Boffa L, Genzini L, Garella D. Phytotherapeutics: an 
evaluation of the potential of 1 000 plants. J Clin Pharm Ther 2010; 
35(1): 11-48. 

[32]  Sreedhar SA. Hsp70 confines tumor progression of rat histiocytoma 
and impedes the cytotoxicity induced by natural killer cells 
and peritoneal macrophages. Asian Pac J Trop Med 2010; 3(4): 
302-309.

[33]  Vital PG, Rivera WL. Antimicrobial activity, cytotoxicity, and 
phytochemical screening of Voacanga globosa (Blanco) Merr. 
leaf extract (Apocynaceae). Asian Pac J Trop Med 2011; 4(10): 
824-828.

[34]  Quideau S, Deffieux D, Douat-Casassus C, Pouységu L. Plant 
polyphenols: chemical properties, biological activities and 
synthesis angew. Chem Int Ed 2011; 50: 586-621.


