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ABSTRACT: Trianthema portulacastrum L. commonly known as ‘horse purslane’ and locally called 
‘shvetapunarnava’ is an annual broadleaf plant of tropical areas throughout the world. In this study, determination of 
moisture and ash content of the plant leaves, as well as qualitative phytochemical test, cytotoxicity assay, 
antimicrobial activity, fatty acid composition, total phenolic content, total flavonoid content, total antioxidant 
capacity, and DPPH radical scavenging activity were carried out. Methanol extract of T. portulacastrum leaves was 
partitioned using Kupchan's method with different solvents of increasing polarity (n-hexane, dichloromethane, 
chloroform, ethyl acetate). The moisture and ash contents of the leaves were (81.74±0.49)% and (31.05±1.36)%, 
respectively. Initial phytochemical screening of T. portulacastrum showed the presence of alkaloids, tannins, 
flavonoids, and tri-terpenoids. In fatty acid composition analysis, both bound fatty acids and free fatty acids were 
isolated from n-hexane extract that showed the presence of the highest percentage of palmitoleic acid (67.095% and 
48.843%, respectively) and stearic acid (12.14% and 20.437%, respectively). Dichloromethane and methanol extracts 
were found to be cytotoxic on HeLa cells in cytotoxicity assay against Vero, HeLa, and BHK-21 cell lines. The 
highest phenolic content was observed in ethyl acetate extract (68.55±0.038 mg/g) and the highest flavonoid content 
was found in chloroform extract (477.01±0.104 mg/g). The DCM fraction revealed the highest total antioxidant 
capacity (284.99±0.113 mg/g), and the IC50 value for ethyl acetate extract was the lowest (110.35±0.160 µg/ml) of all 
the extracts. 
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INTRODUCTION 
 In both traditional medicine and modern 
pharmaceutics, plants are a great source of natural 
treatments for maintaining human health. Traditional 
medicines are believed to be used by two-thirds of 
the world's population.1 Medicinal plants naturally 
synthesize and accumulate natural products such as 
alkaloids, sterols, terpenes, flavonoids, saponins, 
glycosides, tannins, resins, lactones, quinines, 
volatile oils, and others.2 There is now a consensus 
on the importance of medicinal plants and traditional 
health systems in addressing health-care issues, as 
well as the efficacy and safety of medicinal plants in 
treating a variety of ailments.3 
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 Trianthema is a genus of flowering plants 
belonging to the Aizoaceae family.4 T. 
portulacastrum has a long history of usage against 
diseases and certain bioactive chemicals have been 
isolated from this plant.5 It is a fast-growing, 
prostrate, abundantly branched, succulent annual 
broadleaf plant that grows in cultivated and 
wastelands generally during the rainy season.6 The 
plant is commonly used as a potherb and also used 
for heart-related problems and anemia.7 T. 
portulacastrum is an important source of medicinal 
natural products, particularly alkaloids and 
flavonoids.8 The potential pharmacological properties 
of this plant have been reported to be substantial. T. 
portulacastrum has been found to have a number of 
biological properties, including antifungal and 
hypolipidemic properties.9 The plant is also 
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hepatoprotective, nephroprotective, antinociceptive, 
anti-inflammatory, and antipyretic.10 The herb is used 
to treat blood vessel diseases, bronchitis, 
inflammations, piles, and ascites. The plant has been 
used in traditional medicine for a variety of ailments 
such as liver obstruction, asthma, amenorrhea, 
dropsy, edema, and beriberi, to name a few.11 The 
presence of various alkaloids and flavonoids may 
account for the bioactivity of the plant. According to 
a nutritional study, the plant T. portulacastrum is a 
good source of fiber, proteins, potassium, and iron, 
among other nutrients. The fact that it contains a 
wide range of nutrients makes it an excellent source 
of fodder for ruminants.12 T. portulacastrum exhibits 
allelopathic activity against a variety of weeds and 
crops, including sorghum, pumpkin, eggplant, radish 
and wheat, by decreasing seed germination and 
seedling vigor.  In terms of allelopathic potential, 
there is a positive correlation between T. 
portulacastrum and Amaranthus viridis when the 
density of Amaranthus viridis increases in the area 
infested by T. portulacastrum.13 The preceding 
knowledge of the literature is addressed as a 
reference for crediting the appreciation of further 
research on the plant T. portulacastrum. 
 
MATERIALS AND METHODS 
 Collection and processing of the plant 
materials. Plants of T. portulacastrum were collected 
from the local vegetable market of Chattogram, 
Bangladesh. The sample was authenticated by Dr. 
Mahbuba Sultana (Senior Scientific Officer) at 
Bangladesh National Herbarium, Dhaka. The leaves 
were separated from the collected plants and were 
washed thoroughly with water to remove mud and 
dust particles, first dried at room temperature for 
several days and then in the oven at 40ºC. The dried 
leaves were then ground to make mesh size by a 
grinder. The ground powder was stored for extraction 
in an airtight container for further studies. For 
moisture content determination, fresh leaves were 
used. 
 Chemicals and reagents. All solvents and 
analytical or laboratory-grade reagents used during 

the investigation were procured from E. Merck 
(Germany) and BDH (England).  
 Extraction. The powdered leaves (200.0 g) were 
extracted with methanol (MeOH) for 10 days at room 
temperature with occasional stirring and shaking in 
an airtight, clean flat-bottomed container. After that, 
the extract was filtered through Whatman No. 1 filter 
paper. The filtrate was collected in a glass container 
and evaporated using a rotary evaporator (Buchi 
Rotavapor R-3) at 40ºC into a sticky semi-solid 
extract. This crude extract was subjected to solvent-
solvent partitioning by the modified Kupchan 
method.14 The crude extract (5.89g) was triturated 
with 90% methanol. The prepared solution was then 
fractionated using solvents of increasing polarity, 
such as n-hexane (n-hex), dichloromethane (DCM), 
chloroform (CHCl3), ethyl acetate (EA). All of the 
extracts were dried in rotary evaporators at 40°C 
before being stored in airtight containers for further 
analysis. 
 Moisture and ash contents. Fresh leaves of T. 
portulacastrum were taken in previously weighted 
porcelain crucibles and heated at 105ºC in a muffle 
furnace. This action was performed for three 
specimens. After heating, the residue was cooled to 
room temperature and weighted. The percentage of 
moisture was calculated from the mean value of the 
three specimens. After the moisture content 
measurement, these three specimens were then 
incinerated for 3 hours at 750ºC, cooled in a 
desiccator, and weighed. The ash content was 
calculated from the residue weight with respect to the 
weight of the sample.15 
 Phytochemical screening. The methanolic 
extract of T. portulacastrum was screened to detect 
the presence of alkaloids, phenols, tannins, saponins, 
flavonoids, anthraquinones, and tri-terpenoids based 
on the protocols available in the literature.16 

 Analysis of fatty acids. Fatty acid analysis was 
carried out for the n-hex extract of T. portulacastrum. 
The bound fatty acids (BFAs) and free fatty acids 
(FFAs) were both extracted from the plant leaves and 
converted into their corresponding methyl esters.17 
The prepared methyl esters of BFA and FFA were 
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analyzed by GLC (Shimadzu 9A, column-BP-50, 
Detector-FID, 170ºC-1min/ 4ºC - 270ºC - 30 min). 
The amount of BFAs and FFAs in the sample was 
measured and the relative percentages of each acid 
were calculated from the peak area of the gas 
chromatograms. 
 Cytotoxicity assay. Different extracts (MeOH, 
n-hex, DCM, EA, and AQ) of T. portulacastrum 
leaves were subjected to cytotoxicity assay against 
Vero (a kidney epithelial cell extracted from an 
African green monkey), HeLa (a human cervical 
carcinoma cell), and BHK-21 cell lines (a baby 
hamster kidney fibroblast cell) using Biological Bio 
Safety Cabinet (Model: NU-400E, Nuaire, USA), 
CO2 Incubator (Nuaire, USA), Trinocular microscope 
with a camera (Optika, Italy) and Hemocytometer. 
The extracts were dissolved in 2.5% DMSO 
individually. The three cell lines were kept in DMEM 
(Dulbecco's Modified Eagles' medium) with 1% 
penicillin-streptomycin (1:1) and 0.2% gentamycin, 
as well as 10% fetal bovine serum (FBS). Vero cells 
(1.5×104/100 µl), HeLa Cells (2×104/100 µl), and 
BHK-21 cells (1.5×104/100 µl) were seeded onto a 
96-well plate and incubated at 37 ºC + 5% CO2. The 
next day, 25 µl of the sample (filtered) was added to 
each well. After 48 hours of incubation, cytotoxicity 
was examined under an inverted light microscope. 
For each sample, duplicate wells were used.18 
 Antimicrobial activity. Antimicrobial screening 
of the crude MeOH extract and different fractions (n-
hex, DCM, EA, and AQ) was carried out against a 
gram-negative (Escherichia coli) and a gram-positive 
(Staphylococcus aureus) bacteria using DMSO as a 
control. The antimicrobial activities of different 
extracts were determined by their ability to inhibit the 
growth of microorganisms in discs that provide a 
zone of inhibition.19 
 

Evaluation of antioxidant activity 
 Total phenolic content. The total phenolic 
content of various extracts of the sample (T. 
portulacastrum leaves) was determined using Folin-
Ciocalteu's reagent with minor modifications to the 
method described by Singleton and Rossi.20,21 
1mg/ml of each extract of the sample was taken in 

separated test tubes. Each test tube received 5ml 
Folin-Ciocalteu's reagent (1:10 v/v distilled water) 
and 4ml sodium bicarbonate solution (75 g/l). The 
solutions were then vortexed to ensure proper mixing 
and allowed to stand at 40°C for 30 min to develop 
color. The absorbance of each solution was 
determined using a double beam spectrophotometer 
(SHIMADZU UV-1800) in comparison to a blank, at 
a wavelength of 765 nm. Standard solutions of gallic 
acid of concentrations 6.25, 12.5, 25, 50, 100, 200, 
and 400µg/ml were prepared using gallic acid instead 
of extracts.  The total phenolic content of each extract 
was expressed as mg GAE (gallic acid equivalent)/g 
of dry extract using a standard gallic acid calibration 
curve.  
 Total flavonoid content. The extracts' total 
flavonoid content was determined using the 
aluminum chloride colorimetric method.22 Quercetin 
was used to make the standard calibration curve for 
determining total flavonoid content. 5 ml of each 
extract solutions (1 mg/ml) were mixed with 2.5 ml 
AlCl3 reagent (2% AlCl3 and 1 mol/l NaOAc). The 
mixtures were vortexed and allowed to settle at room 
temperature for 30 min. The absorbance of the 
reaction mixtures was determined using a UV-Vis 
spectrophotometer against a blank at 430 nm. The 
total flavonoid content of each extract was 
determined and expressed as mg QE (quercetin 
equivalent)/g of dry extract using the standard 
quercetin calibration curve.  
 Total antioxidant capacity. The total 
antioxidant capacity of the sample T. portulacastrum 
extracts was evaluated by the phosphomolybdenum 
assay method.23,24 The reagent solution (3 ml) was 
allowed to mix with 0.3 mL of each extract (0.6 mol/l 
H2SO4, 28 mmol/l Na3PO4, 4 mmol/l ammonium 
molybdate). The reaction mixture was incubated at 
95°C for 90 minutes. After cooling the solution to 
room temperature, the absorbance of each solution 
was measured at 695 nm using a UV-Vis 
spectrophotometer in comparison to a blank solution 
containing the same amount of solvent (ascorbic 
acid) but without the presence of extract. Using a 
standard ascorbic acid calibration curve, the total 
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antioxidant capacity was determined and expressed 
as mg ascorbic acid equivalents per gram of dry 
extract. 
 DPPH free radical scavenging activity. The 
antioxidant activity of plant extracts is measured 
using DPPH (1, 1-diphenyl-2-picrylhydrazyl), a 
stable organic free radical with a deep violet color.25 
The free radical scavenging activities of the sample 
extracts on the DPPH radical were estimated by the 
method introduced by Brand-Williams.26 2.0 ml of 
the methanol solution of each extract were mixed 
with 2.0 ml of the DPPH methanol solution. The 
mixtures were kept at dark for 30 min and the 
absorbance of each solution was measured using a 
double beam UV-Vis spectrophotometer against a 
blank at 517 nm. The antioxidant potential was 
determined by the bleaching of the purple-colored 
solution of DPPH radical by the sample extracts as 

compared to that of the standard butylated 
hydroxytoluene (BHT). The % inhibition of the 
sample was calculated using the following equation: 

% Inhibition = (1- Asample/Acontrol) × 100 
 Where, Acontrol and Asample indicate the absorbance 
of the DPPH methanol solution and the reaction 
mixture respectively. A plot comparing percent 
inhibition to extract concentration yielded the 
effective dose required to neutralize 50% of the 
DPPH radical solution (IC50). 
 
RESULTS AND DISCUSSION 
 Extractive value. Extractive values give an idea 
about the chemical constituents of crude drugs and 
also help in estimating definite constituents soluble in 
a particular solvent. The extractive values are shown 
in Figure 1. 

 

 
Figure 1. Extractive values of the sample in different solvents. 

 
 The results indicate that the sample contains most 
of the extractable compounds in polar aqueous 
fractions. The highest proportion of aqueous fraction 
(53.39%) indicates that the sample contains a higher 
number of polar elements, such as phenolics and 
flavonoids, which are responsible for antimicrobial, 
antioxidant, and other biological activities. DCM and 
n-hexane fractions have moderate extractive values 
which imply the presence of non-polar secondary 
metabolites also. 
 Moisture and ash contents. The shelf life of any 
material is determined by the moisture content. The 
results showed that the research plant possesses high 
moisture content (81.74±0.49) %. In another 
investigation, the moisture content of this plant was 

estimated to be 90%.27 The ash content value of the 
leaves is (31.05±1.36) % which refers that it contains 
inorganic material in high proportion. The presence 
of inorganic minerals is important because the 
amount of minerals determines physiochemical 
qualities, and these minerals can be employed to treat 
a variety of ailments.28 
 Phytochemical screening. The results of 
phytochemical screening of the methanolic leaves 
extract showed the presence of various secondary 
metabolites such as alkaloids, tannins, flavonoids, 
and tri-terpenoids which are shown in Table 1. 
 
 These phytochemicals have a wide range of 
pharmacological and biochemical effects. Alkaloids 
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are plant-derived chemicals that act as a repellent to 
predators and parasites. Plants that contain alkaloids 
are also effective pain relievers. Tannins, which are 
astringent in nature, are used to treat digestive 
illnesses such as diarrhea and dysentery.29 Flavonoids 
are powerful anticancer agents that scavenge free 
radicals and protect cells from oxidative damage.30 
Plant terpenoids are also useful for their aromatic 
qualities and play a role in traditional herbal 
medicines.31 This study shows that T. portulacastrum 
leaves are rich in phytochemicals and their use 
should be strongly recommended for health purposes. 
 Fatty acid analysis. The fatty acid composition 

analysis of T. portulacastrum leaves is a very new 
work with respect to the literature. Fatty acids are 
important components having biological and 
functional roles.32 The n-hexane extract was used for 
the analysis of fatty acid composition and the amount 
of BFA and FFA obtained are shown in Figure 2. 
 The percentage of FFA in the extract is 
moderately high which indicates that the sample if 
converted to oil form may be degraded easily in 
presence of lipolytic enzymes. The compositions of 
different fatty acids were determined by GC analysis 
of FFA and BFA. The results are shown in Figure 3 
and Figure 4. 

 
Table 1. List of phytochemicals present in T. portulacastrum. 
 

Phytochemicals Alkaloids Tannins Flavonoids Triterpenoids 

Inference + + + + 

Where the (+) sign indicates the presence of phytochemicals. 
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Figure 2. Amount of BFA and FFA in the sample. 
 

              
Figure 3. Relative percentages of FFA.              Figure 4. Relative percentages of BFA. 
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 From the fatty acid composition analysis, it was 
found that the plant contains a high amount of 
palmitoleic acid (48.843% and 67.095%) which is an 
important monounsaturated fatty acid for 
pharmaceutical applications. It was also reported to 
have anti-thrombotic properties, which could aid in 
stroke prevention.33 The plant also contains a 
moderate proportion of stearic acid (20.437% and 
12.14%) which have commercial benefits as it is used 
to manufacture products like emulsifiers, lubricants, 
ointments, lotions, emollients, detergents, and so on. 
Linoleic acid present in the plant is helpful to reduce 
LDL cholesterol.34 Linolenic acid is an essential fatty 
acid that belongs to the omega-3 fatty acids group.35 
Therefore, it can be proposed that the plant T. 
portulacastrum can be a major source of obtaining 

useful fatty acids and commercial production of fatty 
acids. 
 It was also found that both the BFA and FFA 
contain a high proportion of unsaturated fatty acids 
and a relatively low percentage of saturated acids, 
which indicates that consumption of this plant will be 
advantageous for the human body. Various studies 
have shown that eating food, rich in unsaturated fats 
instead of saturated fats lower blood cholesterol 
levels, which can help to reduce the risk of heart 
diseases and type 2 diabetes.36 

 Cytotoxicity. The analysis was carried out 
against three cell lines (Vero, HeLa, and BHK-21) 
and the results are shown in Table 2. 
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Figure 5. Percentage of saturated and unsaturated acids present in FFA and BFA. 

 

Table 2. Cytotoxicity analysis for different extracts of T. portulacastrum dissolved in DMSO (2.5%). 
 

Sample  
 

  Survival of cells Observation 

Vero HeLa BHK-21 Cell cytotoxicity was observed for sample DCM 
and MeOH on the HeLa cell line. Solvent (-) 100% 100% 100% 

DMSO (solvent) (+) >95% >95% >95% 

n-hex >95% >95% >95% 

DCM >95% <5% >95% 

MeOH >95% 10%-20% >95% 

AQ >95% >95% >95% 

EA >95% >95% >95% 

 
 Cytotoxicity assay showed that the fractions are 
not toxic for Vero and BHK-21 cell lines which 

indicate that the research plant can be used for the 
dietary purpose. DCM and MeOH fractions showed 
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cytotoxicity on the HeLa cell line which is a human 
cervical carcinoma cell line. These results imply that 
the use of T. portulacastrum as an anti-cancer drug 
might appear to be a great convenience.  
 Antimicrobial activity. The crude methanol 
extracts and different fractions i.e., n-hex, DCM, EA, 
and AQ were subjected to antimicrobial screening 
with a concentration of 10 mg/mL/disc in every case. 
No samples showed a zone of inhibition against E. 
coli and S. aureus in this concentration according to 

the disc diffusion method. A better result may be 
obtained by varying the concentration of the 
fractions. 
 Total phenolic content. Phenolic antioxidants 
are highly significant plant constituents as they act as 
free radical scavengers. Hydroxyl groups are 
responsible for their ability to scavenge free 
radicals.37 Total phenolic contents of different 
extracts are represented in Table 3. 

 

 
Figure 6. Cytotoxic assay of different extracts of T. portulacastrum against HeLa cell line. 

 
Table 3. Total phenolic content (mean ± SD, n=3) of different extracts of T. portulacastrum. 
 

Extracts of      
T. portulacastrum 

MeOH n-hex DCM CHCl3 EA AQ 

TPC (mg/g) 10.71 ± 0.095 7.73 ± 0.065 35.06 ± 0.075 18.19 ± 0.061 68.55 ± 0.038 10.58 ± 0.061 

 
 Among the five fractions, the EA extract of T. 
portulacastrum was found to contain the maximum 
amount of total phenolics (68.55 ± 0.038mg GAE/g 
of dry extract). The n-hex extract was found to 

contain the lowest amount of phenolic content (7.73 
± 0.065mg GAE/g of dry extract accordingly). The 
DCM and CHCl3 extracts were found to contain 
moderate amounts of phenolic content. As the EA 
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extract revealed the presence of the highest amount 
of phenolic content, it may be assumed that this 
extract has promising antioxidant activity.38 It might 
be assumed that the presence of phenolics is 
responsible for the claimed therapeutic applications 
of T. portulacastrum. 
 Total flavonoid content. Flavonoids are 
polyphenols that have strong antioxidant qualities 
due to their reducing ability when it comes to 
neutralizing free radicals, scavenging radicals.39 
Flavonoids are also been proven to provide 
antidiabetic, anticancer, anti-inflammatory, 
cardioprotective, anti-aging, and other health 
benefits.40 The total flavonoid contents of the 
different extracts are represented in Table 4. 
 Among the extracts, the CHCl3 extract of T. 
portulacastrum was found to contain the maximum 

amount of total flavonoid (477.01 ± 0.104mg QE/g of 
dry extract). The AQ extract was found to contain the 
lowest amount of flavonoid content (66.38 ± 
0.266mg QE/g of dry extract accordingly). The other 
extracts contain a moderate amount of flavonoid 
content. As the total flavonoid content of CHCl3 

extract is high, it can be estimated that the extract 
contains flavonoids which are polar compounds with 
antioxidant activity. 
 Total antioxidant capacity. Antioxidants' 
primary purpose is to protect other molecules from 
being oxidized by free radicals by inhibiting the 
initiation or propagation of oxidizing chain reactions, 
and they may help to decrease oxidative damage to 
the human body.41 The total antioxidant capacities of 
the different extracts are represented in Table 5. 
 

 
Table 4. Total flavonoid content (mean ± SD, n=3) of different extracts of T. portulacastrum. 
 

Extracts of  
T. portulacastrum 

MeOH n-hex DCM CHCl3 EA AQ 

TFC (mg/g) 170.56 ± 0.099 234.96 ± 0.176 103.4 ± 0.198 477.01 ± 0.104 143.33 ± 0.202 66.38 ± 0.266 

 
Table 5. Total antioxidant capacity (mean ± SD, n=3) of different extracts of T. portulacastrum. 
 

Extracts of  
T. portulacastrum 

MeOH n-hex DCM CHCl3 EA AQ 

TAC (mg/g) 164.42  ± 0.118 259.31 ± 0.304 284.99 ± 0.113 241.75 ± 0.316 172.32 ± 0.104 28.32 ± 0.188 

 
Table 6. IC50 values of standard butylated hydroxytoluene (BHT) and fractions of the leaves of T. portulacastrum. 
 

Fractions BHT MeOH n-hex DCM CHCl3 EA AQ 

IC50 280.59±0.362 455.15±1.885 427.64±0.746 480.41±1.414 317.01±2.219 110.35±0.160 374.47±1.525 

 

 
Figure 7. DPPH free radical scavenging activity of different fractions of T. portulacastrum leaves. 
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 The DCM fraction of T. portulacastrum leaves 
was found to have the maximum amount of total 
antioxidant capacity (284.99± 0.113mg ascorbic acid 
equivalent per gram of dry extract). On the contrary, 
the AQ extract was found to contain the lowest 
amount of total antioxidant capacity (28.32 ± 
0.188mg ascorbic acid equivalent per gram of dry 
extract accordingly). MeOH, n-hex, CHCl3 and EA 
fractions showed 164.42, 259.31, 241.75, 172.32 
mg/g antioxidant capacity respectively. All of the 
fractions were found to possess a significant amount 
of total antioxidant capacity. 
 DPPH free radical scavenging activity. The 
DPPH antioxidant assay is based on the scavenging 
of DPPH radicals.42 The DPPH free radical-
scavenging by antioxidants is due to their hydrogen-
donating ability.43 The IC50 of the standard and 
different extracts are represented in Table 6. 
 In the DPPH method, the IC50 values differ in 
different fractions are ranging from (110.35±0.160 
µg/ml) to (480.41±1.414 µg/ml). Among the 
fractions, EA showed the highest free radical 
scavenging activity with an IC50 value of 
110.35±0.160 µg/ml as compared to the IC50 value of 
standard BHT (280.56±0.362 µg/ml). CHCl3 fraction 
also showed higher activity with an IC50 value of 
317.01±2.219 µg/ml compared to the BHT. 

 
CONCLUSION 
 Phytochemical screening of T. potulacastrum has 
shown the presence of various important secondary 
metabolites. Exploration of the individual 
phytochemicals found in T. portulacastrum extracts 
could lead to more effective and commercially 
available therapies for the prevention of a variety of 
diseases. The presence of palmitoleic acid and other 
fatty acids was found in the fatty acid analysis. This 
study is expected to provide useful information for 
ongoing research into this intriguing species and its 
potential as a source of beneficial fatty acids. The 
cytotoxicity assay has shown the presence of 
cytotoxicity in the extracts. Evaluation of the 
cytotoxic activity of the plant on other carcinoma 

cells and determination of its effective and lethal 
doses could pave the way to the initiation of a natural 
cure for life-threatening cancers. Total flavonoids and 
total phenolics were found to be highest in EA and 
CHCl3 extract respectively. The DCM fraction of T. 
portulacastrum leaves showed the maximum amount 
of total antioxidant capacity and the EA extract 
showed the highest free radical scavenging activity. 
Due to its vast availability in all seasons, harsh 
environments, and ease of collecting at low cost, the 
plant could serve as a 'lead' for the development of 
novel drugs with good efficacy in many illnesses in 
the future. 
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