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Medicinal plants have recently gained popularity and are now commonly used to treat a variety of 
diseases. The aim of this research was to evaluate antioxidant and anti-lipase activities of two commonly 
used medicinal plants in vitro. The solvents like chloroform, acetone and 70 % ethanol were used to 
extract the dried leaves of Momordica charantia and Psoralea corylifolia. Folin-Ciocateu’s reagent and the 
aluminum chloride colorimetry process were used to determine the total phenolic and flavonoid contents, 
respectively. Further the extracts were screened for in vitro antioxidant activity, analyzed by 2,2-diphenyl-
1-picrylhydrazyl radical scavenging activity and ferric reducing antioxidant power assay. Using 
pancreatic lipase enzyme inhibition, the anti-lipase potential of extracts was studied and compared to that 
of the reference drug orlistat. The phytochemical analysis revealed that the ethanol extract of Momordica 
charantia had the highest total phenolic and total flavonoid content (89.96±0.29 mg gallic acid equivalents/g 
of dry extract; 82.55±0.03 mg quercetin equivalents/g of dry extract, respectively) of all the plant extracts 
examined. The ethanol extract of Momordica charantia exhibited substantial radical scavenging and ferric 
reducing potential, with IC50 values of 96.85±0.04 μg/ml and 99.43±0.06 μg/ml, respectively. Anti-lipase 
activity was found in all of the extracts. The ethanol extract of Momordica charantia, on the other hand, 
demonstrated strong anti-lipase activity, with an IC50 value of 27.70±0.15 μg/ml (p< 0.01). The standard 
drug orlistat (18.15±0.34 μg/ml) showed the greatest anti-lipase activity. Overall, Momordica charantia 
leaf extracts exhibited greater antioxidant and anti-lipase activity than Psoralea corylifolia. Momordica 
charantia and Psoralea corylifolia were found to be powerful antioxidants and pancreatic lipase inhibitors. 
A daily supplement of these plants, according to our findings, can aid in the reduction of obesity.
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Oxidative stress is an important risk factor in the 
pathogenesis of numerous chronic diseases such 
as asthma, inflammatory arthropathy, diabetes, 
cardiovascular diseases, neurodegenerative diseases, 
cancer, aging as well as atherosclerosis[1]. Any material 
that prevents or slows oxidative damage to a target 
molecule is considered an antioxidant[2]. The ability of 
an antioxidant to trap free radicals is its most essential 
characteristic. Since ancient times, medicinal plants 
have been thought to be safe and effective antioxidants. 
Antioxidant compounds found in nature, such as 
phenolics, flavonoids and polyphenols, may be able 
to scavenge free radicals and thus inhibit the oxidative 
mechanism[3].

Obesity is characterized by Body Mass Index (BMI), 
which is measured as body weight divided by square 
of height[4]. A BMI of 25.0-29.9 kg/m2 is defined 
as overweight, while a BMI exceeding 30 kg/m2 is 
considered as obese. An extreme obesity is defined 
as a BMI of greater than 40 kg/m2. Obesity may be 
caused by a variety of factors, including diet, genetic 
abnormalities, sedentary lifestyle and psychological 
factors[5]. Obesity has been linked to an increase in 
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the prevalence of metabolic disorders such as type 2 
diabetes, liver disease, kidney disease, high blood 
pressure, cardiac disease, gallbladder disease and some 
types of cancer[6]. The function of lipolytic enzymes 
involved in fatty acid metabolism in adipose tissue 
determines the regulation and availability of fatty 
acids and triglycerides in biological responses[7]. The 
characterization and discovery of many genes involved 
in lipid metabolism has resulted in a large pool of 
potential targets for treating obesity and other metabolic 
syndromes[8].

Pancreatic lipase is the most effective lipid digesting 
enzyme, generating the lipolytic product beta 
(β)-monoglyceride and long chain saturated and 
polyunsaturated fatty acids from dietary triglycerides. 
Pancreatic lipase inhibition is a promising targeted 
method for the discovery of potent anti-obesity agents[9]. 
Orlistat is a long-term pancreatic lipase inhibitor 
discovered and modified from Streptomyces toxytricini 
that is currently used to treat obesity. However, this 
medication causes a range of side effects such as fatty 
diarrhea, stool urgency, fecal incontinence, allergies 
and liver function impairment[10,11]. In several countries, 
traditional medicinal plants have been used to treat 
obesity and body weight management. Natural bioactive 
compounds including flavonoids and polyphenols have 
recently been shown to be involved in the treatment of 
obesity[12]. As a result, natural compounds have received 
significant attention in recent years in order to develop 
safer and more powerful pancreatic lipase inhibitors. 
Natural compound intake, combined with sufficient 
dietary changes and exercise, is gradually becoming one 
of the most prominent complementary and alternative 
medicine strategies for obesity management[13].

Momordica charantia (M. charantia) is a climber in 
the Cucurbitaceae family that has been used in Chinese 
and Ayurvedic herbal medicine to treat hypoglycemia 
and diabetes[14]. In India, China, Japan and other Asian 
countries, M. charantia, grown as a valuable vegetable 
crop. Previous research has shown that the plant has 
antibacterial, antiviral, antidiabetic, antifertility, 
abortifacient, anti-ulcer and antimalarial properties, 
as well as immunomodulatory properties[15]. Psoralea 
corylifolia (P. corylifolia) (Leguminosae) is a popular 
herb used in traditional Indian and Chinese herbal 
medicine to treat skin diseases. Plant extracts have been 
reported to have antibacterial, anti-tumor, antioxidant, 
anti-inflammatory, immunomodulatory and antifungal 
effects[16]. At the moment, the potential of natural 
products for the treatment of obesity is relatively 

unexplored, but they may be an excellent alternative for 
the effective and safe development of antiobesity drugs. 
To the best of the author’s knowledge, there have been 
no previous studies on the effects of M. charantia and  
P. corylifolia leaf extracts on the lipase enzyme inhibition 
and our research is the first on these plants sections, as 
numerous studies were carried out on fruits and seeds of 
these plants respectively. This study investigated crude 
extracts from natural sources as potential antioxidant 
and anti-obesity agents by evaluating their radical 
scavenging and anti-lipase activity.

MATERIALS AND METHODS

Chemicals and drugs:

Petroleum ether, acetone, ethanol were purchased 
from S. D. Fine, Mumbai, India. Folin-Ciocateu’s 
reagent, ascorbic acid, Dimethyl Sulfoxide (DMSO),  
para-Nitrophenyl Butyrate (p-NPB), Porcine Pancreatic 
Lipase ((PPL); Type II: From porcine pancreas), 
2,2-Diphenyl-1-Picryhydrazyl (DPPH), orlistat were 
purchased from Sigma (United States of America 
(USA)). All other chemicals were of analytical grade.

Collection and extraction of plant materials:

Two Indian medicinal plants M. charantia and  
P. corylifolia were selected based on traditional 
medicinal uses. Plant leaves were collected from various 
locations from local areas. The taxonomic identification 
and authentication was conducted by Dr. Priyanka 
Ingle, Scientist, Botanical Survey of India, Western 
Regional Centre, Pune (Voucher no: BSI/WRC/100-1/
TECH./2019/76; BSI/WRC/100-1/Tech./2020/113).

The plant leaves were washed under running water 
and dried in the shade. To make a coarse powder, dried 
plant samples were ground in a blender. With petroleum 
ether, 500 g of field plant materials were defatted. The 
plant materials were then extracted successively using 
chloroform, acetone and 70 % ethanol by maceration 
method of extraction. The extracts were then filtered 
through Whatman No. 1 filter paper and the solvent was 
removed by vacuum evaporation at 40°-45°. The dried 
extracts were stored at 4°-8° prior to the analysis, two or 
three batches of the extracts were obtained depending 
on the plant sample. 

Phytochemical analysis:

The key secondary metabolites of various extracts of 
M. charantia and P. corylifolia were screened using 
qualitative and quantitative phytochemical tests. 
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Based on previously mentioned standard protocols, 
several qualitative phytochemical tests were performed 
to determine the existence of alkaloids, phenolics, 
saponins, tannins, flavonoids, carbohydrates, amino 
acids, terpenoids, steroids and glycosides in the plant 
extract[17].

The Total Phenolic Content (TPC) of the extracts 
were calculated using a previous method[18]. TPC of 
various extracts of M. charantia and P. corylifolia were 
calculated from a calibration curve using gallic acid  
(25-400 µg/ml) as a standard. The results were expressed 
as milligram Gallic Acid Equivalent/gram Dry Weight 
of Extract (mg GAE/g of DE). The Total Flavonoid 
Content (TFC) of extracts were determined using the 
aluminum chloride-based colorimetric technique[19]. 
TFC of extracts were calculated from a calibration curve 
using quercetin (25-400 µg/ml) as a standard. The TFC 
was expressed as milligram Quercetin Equivalent/gram 
Dry Weight of Extract (mg QE/g of DE).

Antioxidant activity: 

The antioxidant activity of the crude extracts were 
screened by using DPPH free radical scavenging 
assay as described previously[20,21]. The dried crude 
chloroform, acetone and hydroalcoholic extracts 
were each dissolved to five different concentrations 
(25, 50, 100, 150, 200 and 250 μg/ml) in ethanol. 
The reaction mixture, containing 50 μl of the 
desired extracts concentration in ethanol and 5 ml of  
0.004 % (w/v) of DPPH solution were added and 
incubated at 37° for 30 min in a relatively dark place. 
After incubation, the absorbance was measured 
at 517 nm using spectrophotometer (Shimadzu, 
Japan). Ascorbic acid was used as standard drug for 
comparison. The DPPH radical scavenging activity was 
then calculated from equation

DPPH scavenging effect (%)=(A0-A/A0)×100

Where, A0 is the absorbance of negative control  
(0.004 % DPPH solution) and A is the absorbance in 
presence of extracts. The results were reported as half-
maximal inhibitory concentration (IC50) values.

The Ferric Reducing Antioxidant Power (FRAP) ability 
of extracts were investigated by using the potassium 
ferricyanide-ferric chloride method. Briefly, 0.2 ml 
of each of the extracts at different concentrations or 
ascorbic acid, 2.5 ml of phosphate buffer (pH 6.6, 0.2 M) 
and 2.5 ml of potassium ferricyanide (1 %) were mixed 
and incubated for 20 min at 50°, to reduce ferricyanide 
into ferrocyanide. 2.5 ml of 10 % trichloroacetic acid 

(w/v) were added to stop the reaction and centrifuged 
at 1000 rpm for 10 min. Finally, 2.5 ml of the upper 
layer was mixed with 2.5 ml of distilled water and  
0.5 ml of 0.1 % of FeCl3 and the absorbance was 
measured at 700 nm[22]. Ascorbic acid was used as a 
reference compound.

Pancreatic lipase inhibition:

Pancreatic lipase activity was measured using p-NPB as a 
substrate. The previously described spectrophotometric 
method was used for measuring the pancreatic lipase 
inhibitory activity with slight modification[23,24]. A stock 
solution of p-NPB was prepared by dissolving 20.9 mg 
of p-NPB in 2 ml of acetonitrile. The final concentrations 
of plant extracts (50, 100, 200, 300 and 400 µg/ml) 
were prepared in 10 % DMSO. The stock solution of 
pancreatic lipase enzyme (1 mg/ml) was prepared in  
0.1 mM potassium phosphate buffer (pH 6.0) 
immediately before being used. 0.2 ml of the various 
concentrations (50, 100, 200, 300, 400 µg/ml) of plant 
extract were added to test tubes containing 0.1 ml of 
PPL.

Then the resulting mixtures were made up to 1 ml 
by adding Tris (Hydroxymethyl) Aminomethane-
hydrochloride (Tris-HCl) buffer (Dissolve 12.1 g 
of Tris base in 80 ml of water, adjust pH by slowly 
adding concentrated HCl) of pH 7.4 and incubated at 
25° for 15 min. After the incubation period, the p-NPB 
(0.1 ml) solution was added to each test tube and the 
mixture was again incubated for 30 min at 37°. After 
incubation, the amount of p-nitrophenol released in 
the reaction was measured at 405 nm using Ultraviolet 
(UV)-visible spectrophotometer (Shimadzu, Japan). 
The same procedure was repeated for the all extracts 
and for orlistat as a positive control using the same 
concentrations as mentioned above. All the established 
tests were performed in triplicate and the Inhibitory 
activity (I %) was calculated by using the formula:

I %=(Abs(Control)‐Abs(Sample)/Abs(Control))×100

Where Abs(Control) was the absorbance without sample, 
Abs(Sample) was the absorbance of sample extract.

Data analysis:

All the assays were carried out in triplicate (n=3). The 
results were expressed as mean±Standard Deviation 
(SD) and the statistical difference for more than two 
samples was determined by using one-way Analysis 
of Variance (ANOVA) and the Dunnett’s comparison 
test (GraphPad InStat software) was performed where, 
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all the tested extracts compare with the control group 
(ascorbic acid, orlistat). A p value of <0.05 was 
considered to be significant.

RESULTS AND DISCUSSION

The preliminary qualitative phytochemical analysis as 
depicted in Table 1, revealed the presence of alkaloids, 
glycosides, triterpenoids, carbohydrates, steroids, 
saponins, flavonoids and phenols in both the plant 
extracts abundantly. However, the tannins and amino 
acids were not detected. The results of quantitative 
analysis showed that the chloroform, acetone and 
ethanol extracts of M. charantia and P. corylifolia 
were characterized by the presence of considerable 
amount of TPC and TFC (fig. 1). The highest amount 
of TPC and TFC was found in Ethanol extract of  
M. charantia (EMC) as 89.96±0.29 mg GAE/g of DE 
and 82.55±0.03 mg QE/g of DE respectively, followed 
by Ethanol extract of P. corylifolia (EPC) (87.31 
±0.36 mg GAE/g of DE; 79.07±0.09 mg QE/g of DE).

Antioxidant activity is a complex procedure and is 
influenced by several factors and happening through 
several mechanisms, which cannot be fully explored 
with single method. Therefore, it is essential to perform 
more than one type of methods to measure antioxidant 
activity to understand different mechanisms. In this 
study two alternative assays were performed to assess the 
antioxidant activity of M. charantia and P. corylifolia. 
All extracts of M. charantia and P. corylifolia were 
able to reduce the stable DPPH into yellow coloured 
DPPH-H. As summarized in Table 2, the ethanol 
extracts obtained from M. charantia and P. corylifolia 
had the strongest Radical Scavenging Activity (RSA) 
with IC50 values of 96.85±0.04 μg/ml and 115.82±0.06 
respectively. However, the lowest RSA was observed 
in the Acetone extract of M. charantia (ACMC) and 
Acetone extract of P. corylifolia (ACPC) (163.26 
±0.05 μg/ml and 172.27±0.04 μg/ml). All the extracts 
were less effective than the standard antioxidant 
ascorbic acid with IC50 value of 47.47±0.04 μg/ml  
(fig. 2).

Constituents Tests performed
M. charantia P. corylifolia

CHMC ACMC EMC CHPC ACPC EPC

Glycosides Keller-Killani test +ve +ve +ve +ve +ve +ve

Alkaloids Wagner’s test +ve +ve +ve +ve +ve +ve

Flavonoids Ammonia test +ve +ve +ve +ve +ve +ve

Phenolics Ferric chloride +ve +ve +ve +ve +ve +ve

Carbohydrates Fehling test +ve +ve +ve +ve +ve +ve

Saponins Foam test +ve +ve +ve +ve +ve +ve

Steroids Liebermann test +ve +ve +ve +ve +ve +ve

Tannins Ferric chloride -ve -ve -ve -ve -ve -ve

Amino acids Ninhydrin test -ve -ve -ve -ve -ve -ve

TABLE 1: QUALITATIVE PHYTOCHEMICAL ANALYSIS OF M. charantia AND P. corylifolia LEAF EXTRACTS

Note: +ve: Positive; -ve: Negative. CHMC: Chloroform extract of M. charantia; ACMC: Acetone extract of M. charantia; EMC: Ethanol extract 
of M. charantia; CHPC: Chloroform extract of P. corylifolia; ACPC: Acetone extract of P. corylifolia; EPC: Ethanol extract of P. corylifolia

 
Fig. 1: (A) TPC of different extracts of M. charantia and P. corylifolia. TPC expressed as mg GAE/g of DE. The data were presented 
as mean±SD (n=3); (B) TFC of different extracts of M. charantia and P. corylifolia. TFC expressed as mg QE/g of DE. The data were 
expressed as mean±SD (n=3), ( ) M. charantia; ( ) P. corylifolia
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Antioxidant potential for FRAP of extracts of  
M. charantia and P. corylifolia were presented in 
fig. 3. The strongest activity of reducing ion Ferric 
ion (Fe3+) to Ferrous ion (Fe2+) was noted for EMC 
(IC50=99.43±0.06 μg/ml). A slightly lower activity was 
observed for EPC with IC50 value of 102.81±0.05 μg/
ml. At concentrations of 25-250 μg/ml, all extracts 
from leaves of M. charantia and P. corylifolia displayed 
an antioxidant effect by reducing ferric ion and the 
antioxidant effect of all samples was in the order of 
ascorbic acid>EMC>EPC>Chloroform extract of  
P. corylifolia (CHPC)>Chloroform extract of  
M. charantia (CHMC)>ACMC>ACPC. All the extracts 
were less effective than the standard antioxidant 
ascorbic acid (IC50=53.90±0.06 μg/ml).

The chloroform, acetone and ethanol extracts of  
M. charantia and P. corylifolia were investigated for 

anti-lipase activity at a concentration of 50-400 μg/ml. 
The pancreatic lipase inhibitory activities of extracts 
and orlistat were reported in Table 3. The inhibitory 
effects (IC50) of plant extracts and the standard drug 
(orlistat) shown to be dose dependent. The lipase 
enzyme activity decreased as concentration of plant 
extracts and orlistat increased. Fig. 4A and fig. 4B 
depicted the degree of lipase inhibition for plant 
extracts of M. charantia and P. corylifolia and orlistat. 
From the fig. 4A and fig. 4B, we can conclude that all 
the extracts of M. charantia and P. corylifolia showed 
significant anti-lipase activity. Overall, the EMC leaves 
revealed the best anti-lipase potential with significantly 
lower IC50 values of 27.70±0.15 μg/ml and the 
ACPC revealed a very poor lipase inhibition activity  
(IC50 values=74.82±0.28 μg/ml).

Free radical-induced oxidative stress is responsible 
for pathogenesis and damage to the body, while 
antioxidants are essential in protecting the body from 
oxidative stress-related damage. In the search for 
new bioactive compounds from natural sources, the 
antioxidant ability of M. charantia and P. corylifolia 
extracts were investigated. Natural antioxidants present 
in plants, such as phenolic acids and flavonoids, may be 
capable of providing resistance to free radical oxidative 
stress[25,26]. The reaction mechanisms of the methods 
used vary. The DPPH assay, for example, is based on 
electron and H atom transfer, while the FRAP assay is 
based on electron transfer reaction[27-29]. Because of the 
hydrogen-donating property of their hydroxyl groups, 
plant polyphenols and flavonoids serve as reducing 
agents and antioxidants[30].

Extracts and ascorbic acid IC50±SD (DPPH)

CHMC 143.36±0.14**

ACMC 163.26±0.05**

EMC 96.85±0.04**

CHPC 159.83±0.06**

ACPC 172.27±0.04**

EPC 115.82±0.06**

Ascorbic acid 47.47±0.04

TABLE 2: IC50 VALUES OF DPPH RADICAL 
SCAVENGING EFFECT OF M. charantia, P. corylifolia 
AND ASCORBIC ACID (mg/ml)

Note: Values were expressed as mean±SD, **p<0.01 was considered 
significant as compared with that of standard ascorbic acid

 
Fig. 2: Percent radical scavenging (DPPH) activity of extracts of M. charantia (bars) and P. corylifolia (lines). All the extracts 
were compared with the standard antioxidant ascorbic acid. The data were presented as mean±SD (n=3). One way ANOVA were 
performed and followed by Dunnett’s multiple comparisons test where, all the extracts are compared with ascorbic acid. The p 
value was <0.01 considered significant, ( ) CHMC; ( ) ACMC; ( ) EMC; ( ) AA; (  ) CHPC; (  ) ACPC; 
(   ) EPC
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Fig. 3: IC50 values of different extracts of selected plant for FRAP antioxidant assay. The data presented as mean IC50±SD. All the 
experiments were performed in triplicate. The p value was <0.01 considered significant following ANOVA and Dunnett’s multiple 
comparisons test

 
Fig. 4: (A) The inhibitory effects of different extracts (CHMC, ACMC and EMC) of M. charantia and orlistat on the pancreatic 
lipase activity. All the data were presented as mean±SD (n=3), (  ) CHMC; (  ) ACMC; ( ) EMC; (  ) Orlistat; (B) The 
inhibitory effects of different extracts (CHPC, ACPC and EPC) of P. corylifolia and orlistat on the pancreatic lipase activity. All the 
data were presented as mean±SD (n=3), ( ) CHPC; ( ) ACPC

Plant name Family Parts used Extracts and orlistat IC50±SD (μg/ml)

M. charantia Cucurbitaceae Leaves

Chloroform (CHMC) 41.37±0.41**
Acetone (ACMC) 69.34±0.46**

Ethanol (EMC) 27.70±0.15**

P. corylifolia Leguminosae Leaves
Chloroform (CHPC) 50.99±0.58**

Acetone (ACPC) 74.82±0.28**
Ethanol (EPC) 36.88±0.14**

Standard - - Orlistat 18.15±0.34

TABLE 3: PANCREATIC LIPASE INHIBITORY POTENTIAL AS IC50 VALUES OF DIFFERENT EXTRACTS OF 
SELECTED PLANTS AND ORLISTAT

Note: Values were expressed as mean±SD (n=3), **p<0.01 was considered significant as compared with that of standard orlistat

According to the findings, the EMC has the highest 
antioxidant activity for both the DPPH scavenging 
assay and the FRAP assay. The TPC and TFC for 

all the tested extracts were found in the order of 
EMC>EPC>CHMC>CHPC>ACMC>ACPC. The 
phenolic acid and flavonoid contents for each sample 
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were in accordance with the findings of the DPPH 
scavenging assay and the FRAP assay. The close 
relationship between total polyphenolic (phenolic 
acid and flavonoids) content and antioxidant potential 
suggests that phenolic compounds play a significant 
role in medicinal plants antioxidant activities. A strong 
correlation or direct association between phenolic 
content and antioxidant potential of the selected plants 
has been discovered in several studies[31,32].

Because of the significant side effects of current anti-
lipase medications, natural product-based pancreatic 
lipase inhibitors have emerged as a new player in the 
fight against obesity. The inhibition of pancreatic lipase 
activities decreases the digestion of fat-rich foods, 
resulting in a lower calorie intake[33]. One of the most 
well-studied mechanisms in evaluating the possible 
effectiveness of natural products as anti-obesity agents 
is the anti-lipase effect[34]. Consumption of edible 
plants may be a beneficial and healthy treatment option 
for obesity. They have been designed to promote 
therapeutic benefits, particularly in the prevention 
of pathophysiological conditions like obesity, 
dyslipidaemia, diabetes, hypertension and cancer[35].

Many previous studies, have shown that flavonoids and 
other phenolic compounds act as PPL enzyme inhibitors 
by binding to the enzyme-substrate complex, reducing 
the lipid absorption[36,37]. The highest anti-lipase effect 
was found in the EMC (IC50=27.70±0.15 μg/ml) and 
EPC (IC50=36.88±0.15 μg/ml), which is linked to its 
high phenolic and flavonoid content.

According to the findings, M. charantia and  
P. corylifolia have significant antioxidant and 
anti-lipase properties. The ethanol leaf extract of  
M. charantia had the highest antioxidant potential of all 
the extracts, but was less than the standard antioxidant 
ascorbic acid, according to the DPPH and FRAP assays. 
Our findings indicated that these edible plants could 
be used as subsidiary treatment or to replace orlistat 
in the treatment of obesity. More pharmacological  
in vivo studies are needed to confirm these findings 
and to identify the main chemical compounds in these 
plants responsible for these pharmacological effects 
using chromatographical isolation of the bioactive 
compounds.
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