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Abstract  

Objective:  The present research aimed to study the anti-
oxidant, antiproliferative and anti-microbial effects of aqueous  

extracts of Rumex vesicarius (AERV) leaf, flower and leaf  

plus flower.  

Material and Methods:  Extracted samples in vitro assays  
i.e total phenolic content, total flavonoids, antioxidant capacity  

and cytotoxic activity were evaluated against MCF-7, NCI-
H460 and SF-268 human cancer cell lines, in comparison  
with normal WI 38, Also the antibacterial activity of AERV  

was determined.  

Results:  The results show that the aqueous extract (AE)  
has total phenolic and total flavonoid contents. The high  
potential of antioxidant activity and its antitumor activity is  

a dose-response manner. Flower extract of rumex treatment  

was found to be the most as effective antioxidant and antipro-
liferative. The evaluation of antimicrobial activity of AERV,  
demonstrated that ethanolic flower extract, showed higher  

antimicrobial activity than water extract and Salmonella  

Typhimurium was the most sensitive isolates as compared  

with other sensitive and resistant isolates. Minimum inhibitory  
concentration of the ethanolic flower extract was 235mg/ml.  

Conclusion:  The study revealed a considerable antioxidant,  
antiproliferative and anti-microbial potential in two parts of  

Rumex vesicarius. The obtained data in this work might be  
used for further study of extracts of Rumex vesicarius in  

various applications such as health supplementation and  

pharmaceutical benefits.  
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Introduction  

THE  flora of Saudi Arabia are one of the richest  

biodiversity areas in the Arabian Peninsula and  

comprises very important genetic resources of crop  
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and medicinal plants. In addition to its large number  
of endemic species, the components of the flora  
are the admixture of the elements of Asia, Africa  

and Mediterranean region. According to Collenette  
[1] . The leaves contains astringent, aperients, di-
uretic and cooling properties, roasted seeds are  

used for the treatment of dysentery and the juice  

of the plant is cooling used in treating heat of the  

stomach, to allay toothache and by its astringent  
properties to check nausea [2] .  

Rumex vesicarius, locally called hummayed  
and Hammad (sour-wort), is a wild leafy plant that  
belongs to the family of Polygonaceae [3] . The  
genus Rumex, (family: Polygonaceae) comprises  
about 150 species widely distributed around the  
world. The main chemical constituents of Rumex  
are anthraquinones and flavonoids [4] . Rumex  
vesicarius L. is a wild edible plant used as a sorrel  
and collected in spring time and eaten fresh or  

cooked. The species has many important medicinal  
uses such as treatment of some types tumors, he-
patic diseases, bad digestion [5] . The plant is also  
used as an antioxidant, cooling, laxative, stomachic,  

tonic, analgesic, appetizer, diuretic, astringent,  

purgative, antispasmodic, aphrodisiac and antibac-
terial agent. The medicinal importance of this plant  
is a reflection of its chemical composition since  

this plant contains many bioactive substances such  
as flavonoids (vitexin, isovitexin, orientin and  
isorientin), anthraquinones particularly in roots  

(emodin and chrysophanol), Quinones, carotenoids,  
vitamins (especially vitamin C), proteins, lipids,  
carbohydrates, reducing sugars, phenols, tannins,  
saponins, triterepenoids and organic acids. This  

plant is also a good source of minerals, such as;  

K, Na, Ca, Mg, Fe, Mn, Cu [6] . Antioxidants can  

917  

http://www.medicaljournalofcairouniversity.net
mailto:salehneveen@yahoo.com


918 Medicinal Attributes of Rumex Vesicarius (Polygonaceae)  

be used to reverse the harmful and pathological  
effect of the free radicals, such as flavonoids,  

phenolic acids and diterpenes [7] . Plants belonging  
to genus Rumex are used as antitumor for different  

tumor cell lines including colon, ovary, melanoma,  
breast, central nervous system and gastric cancer,  

oophoroma and non-small cell lung [4,8] . Flavonoids  
and anthraquinones (such as quercetin and emodin)  

are good antibacterial agents against many human  

pathogenic bacteria such as; Escherichia coli,  

Streptococcus sp, Staplylococcus aureus and  

Pseudomonas aeruginosa. The previously men-
tioned bacterial strains are causative agents of  

many dangerous diseases such as vomiting, diar-
rhea, urinary infections, gastroenteritis; Escherichia  

coli, ears and eye diseases may also be caused by  
bacteria; Pseudomonas, infections around nose and  

spreading over the face, piles, carbuncles may be  
also caused by bacteria; Streptococci, bacteria also  

considered to be the major cause of impetigo;  

Staphylococcus, urinary tract infections may be  

also caused by bacteria; Klebsiella [9,10] . The main  
target of this study is to determine the antioxidant,  

anticancer and anti-microbial efficacy of the aque-
ous extracts of Rumex vesicarius leaf, flower and  

leaf plus flower.  

Fig. (1): Image of Rumex vesicarius.  

Material and Methods  

Plant extracts prepared:  In the present study,  
fruits and leaves were used. Plant materials were  

washed and shade dried and then ground using a  

blender. 25.0g of the dried material was succes-
sively extracted with 95% ethanol at room temper-
ature until ethanol became colorless and also ex-
tracted with cold water. The extracted material was  

filtrated then evaporated under reduced pressure  

using Rotavapour (Roavapour, UK) at 60 ' C until  
the extract was dried. Dry fractions were stored at  

4' C until.  

Determination of total phenolic content:  Total  
phenolic content of Rumex cristatus DC extract  

was determined according to Slinkard and Singleton  
method [11] .  

Determination of total flavonoid content:  Total  
flavonoid content was measured by using the pre-
viously developed method by Zhishen [12] .  

DPPH radical scavenging activity:  To deter-
mine the hydrogen donating ability of the extract  

a method based on the reduction of a methanolic  
solution of the coloured free radical DPPH to the  

nonradical form was used. The DPPH (1,1- 
diphenyl-2-picrylhydrazyl) radical scavenging  

activity was determined by the method Discribed  
by Brand-Williams [13] .  

Reducing power:  
The reducing power of extract was determined  

according to the method of Oyaizu [14] .  

Cell culture:  Human cancer cell lines, namely,  
MCF-7 and SF-268 and NCI-H460 cell lines, were  
procured from the National Center for Cell Scienc-
es, Pune, India. Cell lines were grown and main-
tained in RPMI-1640 medium, pH 7.4 with 10%  
FCS, 100 units/ml penicillin, 100ug/ml streptomy-
cin, and 2mM glutamine. Cells were grown in a  
CO2  incubator (Heraeus, GmbH, Germany) at  
37ºC, 90% humidity and 5% CO 2 .  

Sulforhodamine B (SRB) assay:  The monolayer  
cell culture was trypsinized and the cell count was  

adjusted to 0.5-1.0 x 105 cells/ml using medium  
containing 10% new born sheep serum. To each  

well of the 96 well microtitre plate, 0.1ml of the  

diluted cell suspension (approximately 10,000  
cells) was added. After 24 hours, when a partial  
monolayer was formed, the supernatant was flicked  
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off, washed once and 100µl of different test com-
pound concentrations were added to the cells in  

microtitre plates. The plates were then incubated  

at 37ºC for 72 hours in 5% CO 2  incubator and  
microscopic examination was carried out and ob-
servations recorded every 24 hours. After 72 hours,  
25µl of 50% trichloroacetic acid was added to the  

wells gently such that it forms a thin layer over  

the test compounds to form an overall concentra-
tions 10%. The plates were incubated at 4ºC for  

one hour. The plates were flecked and washed five  

times with tap water to remove traces of medium,  
sample and serum, and were then air dried. The  

air dried plates were stained with 100µl SRB and  
kept for 30 minutes at room temperature. The  

unbound dye was removed by rapidly washing four  
times with 1% acetic acid. The plates were then  

air-dried. 100µl of 10mM Tris base was then added  
to the wells to solubilize the dye. The plates were  

shaken vigorously for 5 minutes. The absorbance  
was measured by using a microplate reader of  
540nm [15,16] , the percentage of growth inhibition  
was calculated using the following formula:  

% Growth inhibition = 100-mean O.D of individual test group  

/ Mean O.D of control group *100  

Tested microorganisms: The antimicrobial ac-
tivity was done against nine microorganisms, that  
were obtained from Microbiology Laboratory,  

National organization for Drug Control and Re-
search, Giza, Egypt and from Microbiology Labo-
ratory, El-Kasr El-Eini, Cairo, Egypt from August  
2013 – March 2014. These microorganisms includ-
ed three Gram-positive bacteria, which is Staphy-
lococcus aureus ATCC 29737, Bacillus pumillus  
ATCC 14884 and resistant Staphylococcus aureus.  

Also seven Gram-negative bacteria that contain  

Escherichia coli ATCC 10536, pseudomonas aerug-
inosa ATCC 10145, Salmonella enterica serovar  

Typhimurium ATCC 14028 and multi-drug resistant  

bacteria as Escherichia coli, pseudomonas aerugi-
nosa, Salmonella enterica serovar Typhimurium  

were used.  

Antimicrobial assay:  The aqueous and ethanolic  
extract of different plant parts of Rumex were  

screened for their antimicrobial activity against  
different microorganisms using disc diffusion and  

agar well method.  

Disk diffusion method:  Antimicrobial activity  
of the extracts was evaluated using modified Kirby-
Bauer disk diffusion method [17] . The strains were  
inoculated in TSA and incubated at 35ºC for 24  

hours. Cultures were then adjusted to a concentra-
tion of 10 8  CFU/ml by making a suspension in  

0.85% saline solution and match with the 0.5  
McFarland turbidity standards [18] . A sterilized  
swab, aliquots from each tube were spread on  
Muller-Hinton agar (Difco), disks soaked with  
extract was added and incubated at 35ºC for 24  

hours [19] .  

Agar well method:  This method was carried  
out using the procedure as described by [20,21] , as  
follows: Bacterial culture was prepared as described  
in agar disk diffusion method and inoculate one  

milliliter of bacterial suspension into agar plates  
after which about 0.01ml of the extract was added  

then incubated at 37 ° C for 24h after which the  
plates were inspected for zones of inhibition. The  

procedure was repeated for each of the extract  

solutions three times. Sterile distilled water was  

used as negative control.  

Minimum inhibitory concentration (MIC):  The  
MIC of the Rumex Vesicarius parts extract was  

prepared by the twofold serial dilution method as  
described by [22,23] . Briefly, 0.1ml of varying  
concentrations of seed extract were added into the  

test tubes which containing 9ml of standardized  
suspension of testing bacteria (10 8  CFU ml-1) then  
were incubated at 37 ° C for 24h. Controls were  
used by the test organisms, using distilled water  
instead of the plant extract. The least concentration  
of the samples with no visible growth was taken  
as the MIC [24] .  

Statistical analysis:  All experiments were car-
ried out in triplicate and the data were expressed  

as mean ±  standard deviation (SD) or standard  

error of mean (SEM). The plots were prepared  
using GraphPad Prism software. Data were ana-
lyzed using one way ANOVA and the values of  
p<0.05 were considered as statistically significant  

[25] .  

Results  

Total Phenolic and Total Flavonoid:  The total  
phenolic content of AERV were shown in Table  

(1) and Fig. (2). The amount of phenolics per each  

extract concentration was expressed as gallic acid  

equivalent. Phenolic compounds may indicate that  

the high antioxidant activity of AERV. The fla-
vonoid content of AERV was reported as 12.07,  

26.76, 15.74µg/mL as quercetin equivalent were  
shown in (Table 1 and Fig. 2). The results revealed  
that AERV contains significant amount of phenols  

and flavanoids. Flowers extract exhibited higher  
phenolic and total flavonoid than leaves and leaves  

plus flowers.  
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DPPH radical scavenging:  The extracts were  
able to reduce the stable radical DPPH to the yellow  

coloured diphenylpicrylhydrazine. Fig (3) shows,  

the dose response curves of DPPH radical scav-
enging activity of the extract from AERV. The  
extracts were capable of scavenging DPPH radicals  

in a concentration dependent manner. BHT were  
used as references for radical scavengers. This  
suggested that scavenging effect of AERV may  

depend on hydrogen atom donating by the different  

polyphenolic and flavonoid compounds and their  

hydrogen donor capacity, most probably accounts  

in large part for the antioxidant activity and may  

provide a basis for the pharmacological activity  

and therapeutic applications of this extract.  

Reducing power:  
Ferric reduction based on FRAP:  The extracts  

showed significant reducing power activities as  

compared to ferrous sulfate (FeSo 4) as standered  
is shown in Fig. (4).  

Table (1): Antioxidant activity of some different plant parts  

of Rumex vesicarius L.  

Parts of plant  
Parameters  

Total phenols (mg/g)  12.07  26.76  15.74  

Total flavonoids (mg/g)  1.56  2.95  2.38  
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Fig. (2): Total phenols and flavonoids of Rumex leaves,  
flowers, leaves plus flowers.  

Fig. (3): DPPH radical scavenging activity of Rumex leaves,  
flowers, leaves plus flowers and butylated hydroxy  
toluene (BHT) as ST.  

Fig. (4): FRAB radical scavenging activity of Rumex leaves,  
flowers, leaves plus flowers and FeSo 4 . as ST.  

Anticancer:  

In our in vitro study of anticancer properties  

of Rumex extracts at different concentrations that  

able to cause 50% of cell growth after a continuous  

exposure for 48 hours is present as M ±  SEM of  
three independent experiments performed in dupli-
cate as shown in Table (2) and Fig. (5). Calculation  

of IC50  was done using graphs generated from  

Microsoft excel 2007 edition. The susceptibility  

of cells to the tested substances was characteristic  

by IC50  values is shown that in Tables (3-5). Results  
indicate that the antiproliferative effect strengthen  

with an increase in the tested materials. It is ob-
served from the results that the Rumex Vesicarius  

L. flowers have the highest cytotoxic activity when  
compared with leaves and mixture into three human  

tumor cell lines.  
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Table (2) and Fig. (5): The Cytotoxic activity of doxorubicin extract of rumex vesicarius L. Against three human cancer cell  

lines at different concentrations µg/ml that ability to cause 50% of cell growth by SRB assay.  

Tested compounds  Conc. µg/ml  

Tissue used  Types of cell lines used  Doxorubicin  Leaves  Flowers  Leaves plus flowers  

Normal fibroblast cells  WI-38  >100  28.3±8.1  2.3±0.5  36.4±2.9  
Breast adenocarcinoma  MCF-7  0.04±0.008  20.2±2.1  1.04±0.4  38.1 ± 12.4  
Non-small cell lung cancer  NCI-H460  0.09±0.008  22.03±5.7  0.7±0.16  28.7±4.3  
CNS CANCER  SF-268  0.09±0.007  30.3±4.7  1.4±0.37  23.4±2.5  

SF-263 NCI-H460 MCV-7 WI-38  

Types of cell lines  

Table (3) and Figs. (6,7): In vitro cytotoxic activity expressed as viability rate (%) and IC50  values of MCF-7 cell lines for  
extracts of Rumex Vesicarius L. In SRB assay.  

Viability rate (%)  
Compound  IC50  (µg/ml)  p-value  Sig.  

0.1µg/ml  1µg/ml  10µg/ml  

Leaves  77.19Ac±4.40  60.39Bb±6.22  55.21 Ba±3.82  18.30±2.66  <0.001  Yes  
Flowers  88.21 Bc±8.26  58.30Ab±2.31  48.26Aa±2.83  1.30±0.259  <0.001  Yes  
Leaves plus flower  96.21 Cc±6.28  80.39Cb±5.30  79.49Ca±6.40  26.22±6.23  <0.001  Yes  
p-value  <0.001  <0.001  <0.001  
Sig.  Yes  Yes  Yes  

There is a significant difference between different concentrations by using one way ANOVA at p<0.001. The different small letters mean  
that there is a significant difference between the two concentrations (row) by using the Duncan multiple comparison test at p<0.05. The different  
capital letters means that there is a significant difference between the two compounds (column) by using the Duncan multiple comparison test  

at p<0.05.  

Compound  

Fig. (6)  

Compound  

Fig. (7)  

*1 , 2, and M abbreviate of leaves, flowers and leaves plus flowers.  



Viability rate (%)  
Compound  IC50  (µg/ml)  p-value  Sig.  

0.1µg/ml  1µg/ml  10µg/ml  

Leaves  80.32Ac±6.20  68.20Ab±4.30  60.03Aa±4.63  22.20±3.80  <0.001  Yes  
Flowers  90.50Bb±4.33  92.30Cc±4.50  88.30Ca±3.66  0.88±0.08  <0.001  Yes  
Leaves plus flower  90.30Bc±2.32  77.20Bb±2.59  66.49Ba±2.31  28.31 ±2.48  <0.001  Yes  
p-value  <0.001  <0.001  <0.001  
Sig.  Yes  Yes  Yes  

There is a significant difference between different concentrations by using one way ANOVA at p<0.001.  
The different small letters mean that there is a significant difference between the two concentrations (row) by using Duncan multiple  

comparison tests at p<0.05. The different capital letters mean that there is a significant difference between the two compounds (column) by  

using Duncan multiple comparison tests at p<0.05.  

Compound  

Fig. (8)  

1 2 M  
Compound  

Fig. (9)  

*1, 2, and M abbreviate of leaves, flowers and leaves plus flowers.  

Table (5) and Figs. (10,11): In vitro cytotoxic activity expressed as Viability rate (%) and IC50  values of SF-268 cell lines fors  
extracts of Rumex Vesicarius L. in SRB assay.  
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Table (4) and Figs. (8,9): In vitro cytotoxic activity expressed as Viability rate (%) and IC50  values of NCI-H460 cell lines for  
and extracts of Rumex Vesicarius L. in SRB assay.  

Compound  
Viability rate (%)  

IC50  (µg/ml)  p-value  Sig.  
0.1µg/ml  1µg/ml  10µg/ml  

Leaves  78.52Ac±4.40  68.55Ab±2.41  55.23Aa±4.68  28.36± 1.72  <0.001  Yes  
Flowers  86.32Bc±2.63  84.21 Cb±3.62  73.40Ca±2.68  1.30±0.54  <0.001  Yes  
Leaves plus flower mixture  93.63 Cc±6.40  75.40Bb±8.09  60.19Ba±3.11  32.22±4.40  <0.001  Yes  
p-value  <0.001  <0.001  <0.001  
Sig.  Yes  Yes  Yes  

There is a significance difference between different concentrations by using one way ANOVA at p<0.001.  
The different small letters mean that there is a significant difference between the two concentrations (row) by using the Duncan multiple  

comparison test at p<0.05. The different capital letters mean that there is a significant difference between the two compounds (column) by using  

the Duncan multiple comparison test at p<0.05.  
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Antimicrobial activity:  
The present investigation clearly indicates that  

ethanolic extract, aqueous extract and both mixtures  
of two parts of R. vesicarius L. were effective in  

controlling growth of most tested bacteria, even  
some multi-drug resistant bacteria (Figs. 12,13),  

while the aqueous extract was the most effective  

extract against most tested microorganisms fol-
lowed by ethanolic extract. Fig. (12) demonstrated  

that fruit plant part has powerful antimicrobial  

activity against the majority of testing microorgan-
isms than leaf extract, while, a combination of  
both extracts showed a lower inhibitory effect than  

each extract alone. However, as revealed from  

antimicrobial activity, Salmonella enterica serovar  

Typhimurium were the most sensitive test micro-
organism followed by Bacillus pumillus then Sta-
phylococcus aureus, while multi-drug resistant  
Escherichia coli and Salmonella Typhimurium have  

ability to resist the effect of Rumex Vesicarius L.  

aqueous extract. Moreover, Fig. (12) revealed that  
ethanolic extract has an inhibitory effect against  

multi-drug resistant bacteria as Escherichia coli,  
Pseudomonas aeruginosa and Salmonella Typhimu-
rium, also fruit plant part was more effective than  
leaf plant part as shown previously in Figs. (12,13).  
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Fig. (12): Antimicrobial activity of aqueous extract of Rumex  

Vesicarius L. against tested microorganisms.  

1 Staphylococcus aureus ATCC 29737, 2 Bacillus pumillus ATCC  
14884, 3 Escherichia coli ATCC 10536, 4 Escherichia coli (R), 5  

pseudomonas aeruginosa ATCC 10145, 6 pseudomonas aeruginosa  

(R), 7 Salmonella enterica serovar Typhimurium ATCC 14028, 8  

Salmonella enterica serovar Typhimurium (R).  

The significant inhibitory effect of aqueous  

extract was oblivious as shown by minimum inhib-
itory concentration against Salmonella Typhimuri-
um in Table (6) where 7.8125mg/ml concentration  

1 2 3 4 5 6 7 8  

Bacterial isolates  

Fig. (13): Antimicrobial activity of ethanolic extract of Rumex  
Vesicarius L. against tested microorganisms.  

1 Staphylococcus aureus ATCC 29737, 2 Bacillus pumillus ATCC  
14884 3 Escherichia coli ATCC 10536, 4 Escherichia coli (R), 5  
pseudomonas aeruginosa ATCC 10145, 6 pseudomonas aeruginosa  

(R), 7 Salmonella enterica serovar Typhimurium ATCC 14028, 8  

Salmonella enterica serovar Typhimurium (R).  

was the lowest concentration achieved the inhibi-
tory effect, while the ethanolic extract to inhibit  

Salmonella Typhimurium needs more concentration  
and it was at 31.25mg/ml.  

Table (6): Minimum inhibitory concentration (MIC) of aqueous extract and ethanolic extract of Rumex Vesicarius L. against  

selected Microorganisms.  

Microorganisms  

MIC (mg/ml)  

Aqueous extract  Ethanolic extract  

Flowers  Leaves  
Leaves plus  

flowers  
Flowers  Leaves  

Leaves plus  
flowers  

Salmonella Typhimurium  

Bacillus pumillus  

Staphylococcus aureus  

7.8125  

62.5  

62.5  

31.25  

31.25  

250  

125  

62.5  

250  

15.625  

62.5  

125  

15.625  

187.5  

250  

62.5  

250  

125  
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Discussion  

In recent years, phenolic substances particularly  
those present in medicinal plants have been reported  

to possess substantial anti-carcinogenic activities.  

The majority of these naturally occurring phenolics  

have anti-oxidative and anti-inflammatory proper-
ties, which possibly contribute to their chemopre-
ventive properties. These products hold a great  

promise as new sources of drugs that have been  

used effectively for centuries for traditional med-
icine. The results demonstrated that some of the  

leaf and flower extracts exhibit antioxidant poten-
tial by virtue of their radical scavenging activity.  

Polyphenolic contents of the extracts have been  

reported to function as good electron and hydrogen  
atom donors and therefore should be able to termi-
nate radical chain reaction by converting free  
radicals and ROS to more stable products [25-27] .  
Phenolics and flavonoids were important biologi-
cally active constituents, since they considered to  

be anticancer, antioxidant and antimicrobial agents  

[28-30] . Plants are a storehouse of good variety of  
compounds. Latest and previous studies have con-
cluded the beneficial aspects of plant derived drugs  

as good source of anticancer activity agents [31] .  

Medicinal properties of these plants are due to  

the presence of some active principle that produce  

definite biological activity receptors or cells causing  

interference in some essential biological pathway  

or by some other mechanism in the context of their  

antimicrobial activity. In this work, SRB assay, as  
recommended by National Cancer Institute for  
cytotoxicity screening of drugs [32] , was involved  
in detecting the viability of the cells when subjected  

into the drug formulations. In particular, SRB  

penetrates the non-viable cells with altered cell  

membrane and hence binds into the basic amino  

acids of the cells that are fixed with TCA. The  
present findings of antimicrobial activity were  

convincing with [5] , who stated that flowers Rumex  
vesicarius L. has a powerful effect on both Salmo-
nella Typhimurium and Staphylococcus aureus,  
while showing no effect on Escherichia coli. ethanol  

extract had antimicrobial activity [33] . Furthermore,  
ethanol extract of Rumex vesicarius showed anti-
micobial activity aganist E.coli and Pseudomonas  
aeruginosa [34] , while it was not comply with  
aqoueus extrct that in our results had not show any  

antimicrobial activity against E.coli. The results  

of aqueous extract were in parallel with the findings  
of [35] , who found that aqueous extract of Rumex  

vesicarius L. the leaves have variable effects against  

both gram-negative and gram-positive bacteria.  

The phenolic and flavonid content of Rumex vesi- 

carius L. may be attributed to the biological activity  

and that in agree with that stated by [34] , who  
proved that the antimicrobial activity of the ethyl  

acetate solvent extract of Rumex vesicarius L. may  
be due to the phenolic content.  

Conclusion:  
AERV can be used as an accessible source of  

natural antioxidants with consequent health bene-
fits. Further in vivo studies are needed for a better  

understanding of their mechanism of action as  

antioxidant. In the present study, the result revealed  

plant extracts showed selective in vitro cytotoxity  
and activity against some human cancer cell lines  

and other are not. Depends upon the morphology  

and mechanism of action plant extract. It is not  

possible at this juncture to single out the most  
effective in vitro cytotoxicity constituent of the  

plant. However, based on the published studies  
alkaloids seem to be more likely candidates eliciting  

in vitro cytotoxicity effect. It is reported that the  

in vitro cytotoxicity effects warrant further inves-
tigation for its use in the cases of clinical anticancer  

activity.  
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