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	 Natural products are believed to be one of the richest sources of prophylactic and 
therapeutic-based compounds which show a wide range of applications in the food and 
pharmaceutical industries. An aqueous extract of Momordica charantia was evaluated 
systematically for antioxidant (2,2-diphenyl-1-picrylhydrazyl, DPPH free radical assay), 
antimicrobial (bacterial strains), and anti-inflammatory (heat-induced hemolysis, proteinase 
inhibitory activity, protein denaturation, i.e., bovine serum albumin, BSA, and typhoid vaccine) 
agents, as well as its phenolic content.  The results showed its higher concentration of phenolic 
content, as reported in this study, which is directly correlated with the antioxidant activity of 
Momordica charantia against DPPH. Similar results were obtained in the antimicrobial assay, 
where the diameter of the inhibition zone against bacterial strains is measured in millimetres 
(mm), which is wider in the case of the aqueous extract.  In addition, anti-inflammatory studies 
were also taken into consideration, and the results suggest that higher doses of Momordica 
charantia may enhanced the percentage of protein denaturation as compared to BSA or typhoid 
vaccine alone and also induced heat induce hemolysis and proteinase inhibitory activity, In 
short, Momordica charantia may have shown several immunopharmacological properties, 
and this study may have been used further have used for isolation of desired prophylactic or 
therapeutic based compounds and to develop better nutraceutical or pharmaceutical agents.
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	 The use of these natural products has 
been demonstrated to be effective against a 
variety of infectious diseases. These activities 
could be due to the presence of inorganic and 
organic compounds that are present in these 
natural products1. So, pharmacists are interested 
in looking at these types of compounds because 
of their therapeutic performance and low toxicity. 
In addition, consumption of fruits and vegetables 
is directly or indirectly correlated with improved 

mental wellbeing and is also traditionally used as 
a therapeutic agent2, 3. In addition to the fruits and 
vegetables, twigs, sap, stems, leaves, roots, fruit, 
and bark are used as ingredients for conventional 
medicine. These parts are widely used by locals 
as a folk remedy to treat a variety of illnesses 
such as, asthma, fever, cough, diarrhoea, digestive 
disorders, and skin disorders4. Eating a good 
diet with the involvement of different fruits and 
vegetables can significantly lessen the chances of 
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stroke, heart disease, and certain types of cancer, 
reduce the risk of eye damage and digestive 
problems and have a positive effect on blood sugar 
maintenance, which can help control appetite. Even 
weight loss can be achieved by consuming non-
starchy fruits and vegetables, namely apples, pears, 
and green leafy vegetables5, 6. Their low glycemic 
load prevents spikes in blood sugar levels that can 
increase hunger. There are essentially nine different 
families of vegetables and fruits, all containing 
indefinite medicinal properties due to the plant 
compounds present. Eat a spread of colours and 
types of produce so as to offer our body the 
combination of nutrients it requires. This ensures 
a major range of advantageous plant chemicals, as 
well as impressive meals7, 8. In modern medicine, 
extracts from different parts of the plant, including 
the fruit, have been used more for their medicinal 
advantages as anti-microbial, anti-leukemic, 
anti-clastogenic, anti-hypercholesterolemic, anti-
fungal, anti-atherosclerotic, and anti-proliferative 
agents9, 10. 
	 One such vegetable is Momordica 
charantia (bitter gourd), otherwise called resin 
pear, harsh melon, bitter gourd, or karela, this 
famous plant is used especially for the treatment 
of diabetes-related complications among the 
native people of India and its subcontinents11, 

12. In literature, the organic product of this plant 
has a distinctively unpleasant taste, which is 
enhanced as it ages, hence the name “bitter gourd 
or bitter melon”. Biochemical and creature model 
investigations have come up with some useful 
information regarding the counter diabetic impacts 
of M. charantia11-14. In this study, we determined 
the antimicrobial and antioxidant activity of 
Momordica charantia.

MATERIALS AND METHODS

Sample collection
	 The project work had been carried out 
in Graphic Era Deemed to be University (GEU), 
Dehradun. Momordica charantia was procured 
from the local market in Dehradun. The vegetable 
was washed and cleaned before being cut into 
pieces. For one week, the pieces were dried at 
room temperature in a shaded area. After that, dried 
pieces were ground and the powder was collected 
as a sample.

Phytochemical analysis 
	 Preliminary phytochemical screening of 
Momordica charantia was carried out to determine 
the existence of plant secondary metabolites 
(qualitatively) using the standard methods9. 
Assessment of flavonoids and terpenoids9

	 About 1 ml of the sample was dissolved 
in 1 M of HCl (5 ml each) and diluted NaOH. 
The existence of flavonoids was expressed when 
a yellow solution became colourless. Similarly, 
sample (1 ml) was thoroughly mixed with 
chloroform (2 ml) and concentrated sulfuric acid (3 
ml) to form a layer. Appearance of reddish brown, 
which indicates the presence of terpenoids.
Assessment of Alkaloids9

	 200 mg of the sample were warmed up 
in a boiling water bath with 5 mL of 2N HCl. The 
chilled mixture was then purified and divided 
into two equal parts. One part was treated with a 
few drops of Mayer’s reagent and the other with 
Dragendroff’s reagent. The existence of alkaloids 
was expressed by the turbidity of the resulting 
precipitates.
Assessment of Saponins9

	 About 200 mg of sample was shaken with 
5ml of distilled water in a test tube and heated on a 
water bath to boil. The existence of saponins was 
expressed by the formation of strong and stable 
foam.
Estimation of total phenolic content
	 In this study, we evaluated the total 
phenolic content in an aqueous extract of 
Momordica charantia (5 g/50 ml) using a 
spectrophotometric method15. Briefly, Folin-
Ciocalteu’s reagent (0.5 ml) and aqueous extract 
(1 ml with 10 mL of distilled water) were mixed 
together and incubated for 3 min. Following that, 1 
mL of saturated Na2CO3 was added to the solution, 
increasing its volume to 25 mL. Finally, samples 
of Momordica charantia were laid down in a dark 
place for 1 h, and the absorbance was measured at 
750 nm. Aqueous extract samples of Momordica 
charantia were analysed in triplicates, and its mean 
value of absorbance was taken. Gallic acid (5, 10, 
20, 40, 60, 80, 100, and 150 mM) was used as the 
standard in this study, and it was taken at various 
concentrations to generate a calibration curve, after 
which the results were expressed in mM.
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Evaluation of Antioxidant Activity
	 The antioxidant activity of Momordica 
charantia against the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical was evaluated through UV 
spectrophotometry at 518  nm16. In this experiment, 
variable concentrations of Momordica charantia 
(1-100	  ìg/ml) were prepared, whereas Vitamin C 
was used as an antioxidant standard. In this assay, 
M. charantia aqueous extract (1 ml) and methanol 
(3 ml) were mixed together, and then DPPH (1.0 
ml) was added to the methanol. Finally, samples 
were incubated in the dark at room temperature 
for 15-20 minutes. Interchangeable proportions 
of solvent (methanol) and radical (DPPH) was 
assorted to make ready the blank solution. In this 
experiment, we analysed Momordica charantia 
samples in triplicate and obtained their absorbance 
(mean value). 
Evaluation of antimicrobial activity
	 The crude aqueous extract of M. charantia 
was subjected to antimicrobial evaluation against 
bacterial strains. The susceptibility of the bacterial 
strains to the aqueous extract of Momordica 
charantia was securitized using the disc diffusion 
method17. In this study, sterile blank discs (6.0 
mm diameter), were saturated with different 
concentrations of Momordica charantia ranging 
from 2 mg/disc to 0.0312 mg/disc. So, these cultures 
were incubated overnight using a turbidometer to 
yield approximately 1 X 108 CFU/ml. Aqueous 
extract Momordica charantia-saturated discs (20 
ìl) were maintained on agar plates and incubated 
(37°C, 24 h). DMSO (20 µl) and vancomycin discs 
(30 µl) were used as negative and positive controls, 
respectively, in these studies. The antibacterial 
activities of Momordica charantia were then 
worked out by evaluating the zone of inhibition in 
millimetres (mm)17.
In vitro anti-inflammatory activity
	 In this study, pathology lab collected 
whole human anti-coagulant EDTA blood samples 
(with consent letter) to determine anti-inflammatory 
activity in vitro. Whole blood samples were washed 
three times (centrifuged at 2500 rpm; 6 min) with 
an equal amount of 0.9% normal saline (NaCl). 
After centrifugation, the pellets containing blood 
cells were measured and then reconstituted in 
phosphate buffered saline (PBS, pH 7.4)
Heat-Induced Hemolysis 
	 In this experiment, whole blood cell 

suspension (50 µl) containing a similar volume of 
different concentrations of Momordica charantia 
was dissolved in PBS (2.9 ml). Incubate the 
samples for 20-30 minutes at 54 oC in a shaking 
water bath. After incubation, centrifuged these 
samples at high speed, collected the supernatant, 
and measured its OD value at 570 nm using a UV-
visible spectrophotometer. In this experiment, PBS 
served as the negative control for these studies. The 
level of hemolysis in whole blood cell suspension 
using Momordica charantia was calculated on the 
basis of this equation, as mentioned below:

% inhibition of hemolysis = 100 × (1 - A2/A1),
where 
A1 = control absorbance, and A2 = Momordica 
charantia absorbance value.

Proteinase Inhibitory Activity 
	 In this experiment, we prepared a reaction 
mixture (2 ml) consisting of trypsin (0.06 mg), Tris-
HCl buffer (20 mM, pH 7.4) and added different 
concentrations of Momordica charantia. Incubate 
the samples at 37ºC for 10 min and then add casein 
(1 ml, 0.8 %). Again, incubate the samples for 30 
min and then add perchloric acid (70 %; 2 ml) was 
added to stop its reaction rate. Centrifuging these 
sample mixtures at high speed and determined their 
absorbance value in the supernatant and measured 
them at 210 nm. In this experiment, PBS served 
as the control for these studies. In this assay, we 
determined its proteinase inhibitory activity on the 
basis of this equation as mentioned below-

% proteinase inhibitory activity = 100 × (1 - A2/
A1),	
where A1 = control absorbance, and A2 = 
Momordica charantia absorbance value.

Protein denaturation assay
	 To evaluate its denaturation of protein 
assay, an aqueous extract of Momordica charantia 
was applied against a specific protein antigen18. 
Briefly, an aqueous extract of Momordica charantia 
using a variable concentration (0.5-500	  ìg/
ml) was homogenised separately with typhoid 
vaccine (25 µg/ml; 1 ml; Bharat Biotech company) 
and bovine serum albumin (BSA, 5g/100 ml; 
1 ml). Incubate these extracts of Momordica 
charantia along with BSA or typhoid vaccine at 
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37°C for 30 minutes whereas the control tube 
had a combination of distilled water and BSA or 
typhoid vaccine. For this experiment, denaturation 
of the proteins with or without extracts was caused 
by placing the samples of an aqueous extract 
of Momordica charantia in a water bath for 10 
minutes at 70°C. The mixture was cooling inside 
the ambient room temperature, and the activity of 
each mixture was measured at 660 nm. Each test 
was done three times. The following formula was 
used to calculate the inhibition percentage:

% inhibition in protein = Absorbance of control – 
Absorbance of sample / Absorbance of Control

Statistical analysis
	 The overall results were expressed as 
mean standard error. The difference between the 
control and variable concentrations of aqueous 
extract of Momordica charantia is determined 
through a one-way ANOVA test.

RESULTS

Phytochemical analysis and total phenolic 
content
	 Phytochemical analysis of M. charantia 
qualitatively revealed the existence of flavonoids, 
terpenoids, alkaloids, and saponins. In addition, 
the total phenolic content of Momordica charantia 
was also calculated and showed redox properties, 
and acted as an antioxidant. The results of these 
studies are shown in Table 1 where aqueous extract 
at higher doses showed the highest extraction yield 

as compared to standard and control. In this study, 
the total phenolic contents of Momordica charantia 
were determined using the Folin-Ciocalteu assay by 
constructing a standard curve with gallic acid (GA) 
taking into consideration the relationship between 
absorbance and concentration. 
Antioxidant activity (DPPH assay)
	 The effect of Momordica charantia using 
an aqueous extract against DPPH is shown in Table 
2. The results showed that the aqueous extract at 
higher concentrations showed significant inhibition 
of DPPH as compared to the control. Vitamin C 
was used as a standard for these studies.
Antimicrobial activity
	 The effect of Momordica charantia using 
an aqueous extract against two bacterial strains is 
shown in Table 3 and the results are expressed 

Table 1. Estimation of total phenolic content from M. 
charantia

No.	 Momordica charantia 	 Total phenolic 
	 (Aqueous extract, µg/ml)	 content (mM)

1	 3.9 	 7.84 ± 0.22
2	 7.8	 11.2 ± 0.64
3	 15.6	 18.14 ± 0.78
4	 31.25	 26.6 ± 1.14
5	 62.5	 33.4 ± 1.98
6	 125	 43.6 ± 1.56
7	 250	 57.2 ± 2.12
8	 500	 66.4 ± 1.94

Readings were taken and calculated the phenolic content 
through calibration curve obtained from standard (gallic acid) 
was linear with y = 0.0343x + 0.091 6; R2 = 0.972.

Table 2. Percentage inhibition of DPPH for Momordica charantia 
compared with Vitamin C

Concentration 	 Percentage inhibition 	 Percentage inhibition 
(µg/ml)	 by Vitamin C	 (Momordica charantia) 

3.9	 24.6 ± 0.88	 14.8 ± 0.56
7.8	 39.8 ± 1.46	 19.2 ± 0.22
15.6	 44.2 ± 1.34	 26.4 ± 0.80
31.25	 68.4 ± 1.78	 44.2 ± 2.04
62.5	 78.4 ± 1.78*	 60.4 ± 1.46
125	 88.4 ± 1.06**	 76.4 ± 1.30
250	 96.6 ± 1.22***	 82.2 ± 0.98*
500	 100.2 ± 0.2***	 88.4  ± 1.22**

Values were expressed as Mean ± S.E.; one-way ANOVA test (*P<0.05, **P<0.01 
and ***P<0.001)
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Table 3. Inhibition zone (mm) of Momordica charantia against bacterial strains

Concentration of crude 	 Antibiotic (Gentamycin) 	 Staphylococcus 	 Pseudomonas 
extracts  of Momordica 	 (inhibition zone in mm)	 aureus	 aeruginosa
charantia against bacterial 
strains (mg/disc)	

4	 -	 19.8 ± 1.24**	 18.6 ± 1.56**
2	 -	 14.6 ± 1.74*	 14.2 ± 1.92*
1	 21.4 ± 1.84**	 13.2 ± 1.18*	 12.6 ± 1.62
0.5	 18.8 ± 1.56**	 10.4 ± 0.88	 9.2 ± 0.96
0.25	 15.4 ± 1.24*	 6.4 ± 0.42	 0
0.125	 11.2 ± 0.78	 0	 0

Values were expressed as Mean ± S.E.; one-way ANOVA test (*P<0.05, **P<0.01 and ***P<0.001)

Fig.1. Effect of Momordica charantia on inhibition of hemolysis. Values were expressed as Mean ± S.E.

in millimetres (mm). The results showed that the 
aqueous extract at higher concentration showed 
significant antimicrobial activity as compared to 
the control. Gentamycin (0.125-1 mg/disc) used 
as a standard and showed significant inhibition.
In vitro anti-inflammatory activity
	 An aqueous extract of Momordica 
charantia in human whole blood cell suspension 
was shown to inhibit hemolysis in a concentration-
dependent manner (Fig. 1) to determine its in 
vitro anti-inflammatory activity. Similarly, anti-

inflammatory activity was also estimated against 
BSA and typhoid vaccines using a variable 
concentration of the aqueous extract of Momordica 
charantia shown in Fig.2. The results showed 
that the aqueous extract at higher concentrations 
showed significant declines in protein denaturation 
with reference to BSA and typhoid vaccine as 
compared to the control. In addition, the proteinase 
inhibitory activity of Momordica charantia is 
shown in Fig. 3, and the inhibition levels were 
within the range of 21.2–45.4 % as compared to 
control. 
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Fig. 2. Protein denaturation assay.
Values were expressed as Mean ± S.E. The difference between control and standard versus variable concentration of 

Momordica charantia is determined through one-way ANOVA test (*P<0.05, **P<0.01 and ***P<0.001)

Fig. 3. Proteinase inhibitory activity.
Values were expressed as Mean ± S.E. The difference between control and standard versus variable concentration of 

Momordica charantia is determined through one-way ANOVA test (*P<0.05, **P<0.01 and ***P<0.001)

DISCUSSION

	 In literature, scientific based studies 
related to medicinal plants were taken into 
consideration to understand their economic and 
medicinal importance. Some of the most familiar 
examples of medicinal plants are Azadirachta 

indica, Boswellia serrata, withania sominiferra, 
Picrohiza kurroa etc.19, 20 So, these medicinal 
plant based studies are well appreciated by 
authors all over the world, who understand their 
immunobiological activities. In view of this, our 
major objective is to evaluate the antimicrobial, 
antioxidant, and anti-inflammatory activity of 
Momordica charantia.
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	 Preliminary studies were carried out on 
Momordica charantia to identify the existence 
of secondary metabolites that are present in the 
aqueous extract. So, these studies revealed the 
existence of flavonoids, terpenoids, alkaloids and 
saponins in Momordica charantia. In addition, we 
also estimate the phenolic content which is one of 
the most common antioxidants found in plants. 
In light of this, our primary focus is on phenolic 
content (an important indicator of antioxidant 
potential) and correlates phenolic content data 
with Momordica charantia antioxidant activity. 
Our results may found that higher phenolic content 
is reported at higher concentrations using gallic 
acid as the standard. In other words, Momordica 
charantia regarded them as one of the richest 
sources of phenolic compounds, and they were 
widely used in traditional medical systems. So, 
Momordica charantia using multiple doses which 
showed a large variation in antioxidant potential 
(using DPPH) as shown in Table 1 whereas 
Vitamin C was used as a standard for these studies. 
In most cases, aqueous extracts are non-toxic, and 
the isolation of antioxidant-based compounds is 
neither useful nor necessary. Hence, it may be 
concluded that the aqueous extract (Momordica 
charantia) has a higher antioxidant potential 
against the DPPH radical assay. In continuation 
of this, one of the most dominant or active 
compounds i.e. phenolics which showed significant 
antimicrobial potential against bacteria and fungi. 
In view of this, we focused on the phenolic content 
in an aqueous extract of Momordica charantia and 
showed its antimicrobial potential against bacterial 
strains. These antimicrobial-based studies were 
mostly reported because bioactive compounds were 
discovered to be highly effective against bacterial 
pathogens.
	 In the literature, protein denaturation is 
reported only due to inflammatory processes like 
arthritis. The major role of NSAIDs is to protect 
against denaturation of protein molecules. In other 
words, a decline in the rate of protein denaturation 
may play a very crucial role, especially seen in 
the antirheumatic activity of NSAIDs. Various 
studies were conducted with reference to plant 
components and protein denaturation. In short, 
protein denaturation based studies were applied 
to understand the anti-inflammatory action of 
Momordica charantia. In literature, inflammation 

is directly associated with protein denaturation18 
and the results from these studies showed that 
Momordica charantia significantly inhibited 
the protein at higher doses as compared to the 
control. In other words, Momordica charantia had 
the highest anti-inflammatory potential (strong 
inhibition of protein denaturation) in the case of the 
typhoid vaccine as compared to BSA. In addition, 
proteinases are directly involved or associated with 
arthritic reactions because leukocytes containing 
proteinases may directly impact the development 
of tissue damage during inflammatory processes. 
Protease inhibitors have also been shown in the 
literature to provide significant protection against 
infectious diseases. Therefore, the existence of 
molecules present in Momordica charantia may 
directly contribute to its anti-inflammatory activity. 
In short, Momordica charantia in the form of an 
aqueous extract has antioxidant, antimicrobial, and 
anti-inflammatory potential.

CONCLUSION

	 Maximum antioxidant, antimicrobial, and 
anti-inflammatory activities were observed in an 
aqueous extract of Momordica charantia, which 
showed strong positive correlations with phenolic 
content. The results from this study revealed 
that Momordica charantia contains a substantial 
phenolic content, which was suggested to be the 
major contributor to its antioxidant, antibacterial, 
and anti-inflammatory activities. Future research 
work will be focused on the active metabolite 
of Momordica charantia to discover effective 
pharmacological agents.
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