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ABSTRACT
The object of the research paper is evaluating the anti-inflammatory effect and wound healing potential of Momordica Charantia. The fruit of Momordica Charantia was macerate and Soxhlet extraction method was employed for the extraction of plant material for constituents. The extract was analyzed for the water and alcohol soluble extractive value, acid and water- soluble ash content. The quantitative analysis was also performed for the identification of active constituent present in the extract of Momordica Charantia. The wound healing potential of the extract was determined by using the Carrageenan induced paw edema rat model. The anti-inflammatory potential was determined by the Incision wound model. The water-soluble extractive value was 25.06±0.13 and alcohol soluble extractive values was found to be 12.52±0.16 (%w/w) for Momordica Charantia. The methanolic extract has shown total phenolic content (72.220 mgGAE/g) and total flavonoid content (72.23 mgGAE/g). The anti-inflammatory study in animal model suggested that at 20 mg/kg b.w. dose of ethyl acetate extract of plant was shown maximum inhibition in inflammation (76.92%) as compared to the standard drug (10 mg, Indomethacin, 82.69%). Studies show that methanolic extract shows high tear resistance in the wound area from day 1 to day 10 512.62±1.23; EMC and EAMC showed high resistance to fractures in the wound area from 1 to 10 days, 489.60±0.58 and 338.63±1.66 g, respectively. Methanolic extract has shown a better effect on tensile strength than the standard drug. The pharmacological evaluation of Momordica Charantia has shown better anti-inflammatory activity as well as improved wound healing properties.
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INTRODUCTION

Inflammation is a defense response of our body to hazardous stimuli such as allergens or injury to the tissues; on the other hand, uncontrolled inflammatory response is the main cause of a vast continuum of disorders including allergies, cardiovascular dysfunctions, metabolic syndrome, cancer, and autoimmune diseases imposing a huge economic burden on individuals and consequently on the society. There are various medicines for controlling and suppressing inflammatory crisis; steroids, nonsteroid anti-inflammatory drugs and apply natural anti-inflammatory factors within medication therapy to achieve increased pharmacological response and the lowest degree of unwanted side effects.[1]  Phytochemical tests have been performed in about 5000 species and nearly 1100 species are extensively exploited in Ayurvedic, Unani and Allopathic medicines. In facts active plant extracts screening programs continue to end always with new drug discoveries.[2] 
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Figure 1:  Fruit of M. Charantia
Momordica Charantia L. (Bitter melon) is widely grown and belongs to the gourd family.[3] The ripe fruits, leaves and seeds of these three species are harvested for consumption as a vegetable, and the spices and leaves are mixed with water and used as a drink.  They are useful for the treatment of various diseases and many other diseases due to the different biological activities they exhibit, such as antidiabetic, antioxidant, antibacterial, antimicrobial, antiviral, antifungal, deworming, insecticidal, anti-toxic, anti-inflammatory, antithrombotic, anti-allergic. estrogenic, blood fatty acid lowering effect, anticancer, antiproliferative, and antiasthenic.[4-8] The reported that the prepared scaffold exhibits a full spectrum of antibacterial activity against gram-positive and gram-negative bacteria.[9]  

The aim of this research work was to investigate the wound healing and anti-inflammatory potential of Momordica Charantia.

MATERIAL AND METHOD

2.1 Plant Collection
The Momordica Charantia was belonging to the Cucurbitaceae family and were collected at June 2021 from Bhopal, Madhya Pradesh. The plant and fruit authenticated by Dr. Hussain ul, Bhopal. The sample No.  4825/BBS/BHO/35 has been preserved for future identification.  The time in which drug is collected is decides the presence of active constituents. The maceration, percolation and Soxhlet extraction are the method employed for the extraction of plant material for constituents.
2.2 Phytochemical Analysis 

2.2.1 Determination of Water and Alcohol soluble extractive value

5 gm of powdered drug was macerated with 100 ml of ethanol in round bottom flask for 24 h and was occasionally shaking for 6 h and was allowed to stand for 18 h. After filtration, the filtrate was evaporated to dryness in a tarred flat bottom shallow dish. Dry at 105oC and weighed. Percentage of ethanol soluble extractive value was calculated with reference to the air-dried drug.[10]
2.2.2 Determination of total ash

Total ash was determined by weighing 2-3gm of the airdried crude drug in the tared platinum or silica dish and incinerated at a temperature not exceeding 450oC until free from carbon and then was cooled and weighed.[11]
2.2.3 Determination of acid insoluble ash

Ash insoluble in HCI is the residue obtained after extracting the sulfated or total ash with HCI and calculated with reference to 100gm of drug. The ash obtained from the previous process was boiled with 25ml of 2M HCI for 5 min. Percentage of acid insoluble ash was calculated with reference to the air-dried drug.[12]
2.2.4 Determination of water-soluble ash

The ash was boiled with 25ml of water for 5 min. and the insoluble matter was collected on ash-less filter paper and was washed with hot water, ignited for 15min. at a temperature not exceeding 450oC. The weight of the insoluble matter was subtracted from the weight of the ash and this represents the water-soluble ash. Percentage of water-soluble ash was calculated with reference to the air-dried drug.[13]
2.3 Successive solvent extraction

Solvents were used ethyl acetate, ethanol, and methanol. The powdered drug was used for the extraction of phytoconstituent by the successive Soxhlet extraction using single solvent system. In this powdered drug was packed in apparatus and defatted with petroleum ether.  The successive extraction process was utilized firstly by ethyl acetate, ethanol and methanol. The residue dried in room temperature and then in reduce pressure.[14] The extract residue was stored in the air tight container and also weigh the residue before packing of the content. They were weighed and percentage w/w basis was calculated.
2.3 Qualitative Test Analysis
Dried extracts were taken for the chemical test for detection of the phytoconstituents like alkaloids, flavonoid, tannins, sterols, phenolic compounds, terpenoids, carbohydrates etc.

2.3.1 Determination of Total Phenolic Content

The total phenolic content of all the extracts was determined by using Folin-Ciocalteu method.[15] A standard gallic acid curve was constructed by preparing the dilutions of (5, 10, 15, 20, 25, 30 µg/ml) in methanol from standard solution of gallic acid. The procedure adopted as described by Shukla et al., 2018. [16] 

2.3.2 Determination of total flavonoid content

Quercetin was used as standard and flavonoid content was determined as quercetin equivalent by the procedure described by Shukla et al., 2018.[16] 

2.4 PHARMACOLOGICAL EVALUATION

2.4.1 Anti-inflammatory Activity

The fruit extracts Momordica Charantia was evaluated for the anti-inflammatory potential. 
2.4.2 Screening for anti-inflammatory (Reticence of Carrageenan induced, paw edema in rats)
The animals were divided into four group includes:

Panel 1: Control 

Panel 2: Ethanolic extract of Momordica Charantia (EMC)

Panel 3: Ethyl acetate extract of Momordica Charantia (EAMC)

Panel 4: Methanol extract of Momordica Charantia (MMC)

Panel 5: Indomethacin


Control group I became given regular saline one hour earlier than the carrageenan infusion.  In this experiment the dose started from 0.5 ml saline administered to animals before 1 hrs. when 0.1 ml of 1% carrageenan infused subcutaneously for the progression of edema. The extent of paw edema became controlled with addition of Plethysmometer and after each intraperitoneal or oral administration, size response relationship data build. Moreover, oral dosages handing over most excessive mitigating effect. The standard drug (Indomethacin) at the concentration of 2.5 mg/kg (that has to be administered 1 hrs. before of carrageenan administration) is helpful for management of edema.[17] 

2.4.3 Wound healing potential/ activity

2.4.3.1 Incision wound model
In the incision wound model, albino rats depilated by removing hairs at the dorsal thoracic region before wounding.[18] Rats were anaesthetized by diethyl ether prior to incision. Six-centimeter-long paravertebral incisions were made through full thickness of skin on either side of vertebral column of the rat.[19] The wounds were closed with interrupted sutures of one centimeter apart. The animal was divided into the six panel, each panel contains the Six animal. For the Incision wound studies; Thirty-six anemic albino rats were taken.

Panel I: Control group

Panel II: Received standard drug combination

Panel III: Test group received Ethanolic extract of Momordica Charantia (EMC) topical  

Panel IV: Test group received Ethyl acetate extract of Momordica Charantia (EAMC) topical

Panel V: Test group received Methanol extract of Momordica Charantia (MMC) topical

All the samples were applied once daily for 10 days, starting from the day of wounding. The sutures were removed on 8th post wounding day. The tensile strength of wounds was measured on 10th day following continuous water flow technique. 

2.4.3.2 Tensile strength in Incision wound model
The tensile strength was calculated in incision wound model. On 10th day the rats were again anesthetized and each rat is placed on a stack of paper towel on the middle of the board. The amount of the towel could be adjusted in such a way so that the wound is on the same level of tips of the arms. The clamps are then carefully clamped on the skin of the opposite side of the skin of wound at a distance of 0.3 cm away from the wound. The longer pieces of the fishing line are placed on the pulley and finally to the polyethylene bottle and the position of the board is adjusted so that the bottle receive a rapid and constant rate of water from the large reservoir, until the wound began to open.[20] The amount of water in polyethylene bag is weighed and consider as tensile strength of the wound.[21]
RESULTS AND DISCUSSION

3.1 Physicochemical properties of drugs 

The water-soluble extractive value indicated the presence of sugar, acids and inorganic
compounds and found to be 25.06±0.13 (%w/w) for Momordica Charantia.  The alcohol soluble extractive values represent the presence of polar constituents like phenols, alkaloids, steroids, glycosides, flavonoids and was found to be 12.52±0.16 for Momordica Charantia which signify the nature of the phytoconstituents present in plant.

3.2 Extraction

Soxhlet apparatus was used for extraction of powder drug of Momordica Charantia. Percentage yield was shown in Table 1.

Table 1: Qualitative estimation

	Herbal Drug
	Solvent system
	Color 
	Yield (in gm) 

	Momordica
Charantia

Fruit
	Ethanol: ethyl acetate 
	Greenish Yellow 
	3.12

	
	Ethanolic extract (EMC)
	Brown 
	4.65

	
	Methanolic extract (MMC)
	Dark Brown 
	8.99 

	
	Ethyl acetate extract (EAMC)
	Greenish brown 
	6.20


3.3 Phytochemical Screening

3.3.1 Total phenolic compounds

The Folin-Ciocalteu method was used for the quantification of phenolic content in extract of Momordica Charantia. The phenolic compound found as Gallic acid and quantified by the creation of the standard curve by analyzing the content by UV spectrophotometric method, in terms of gallic acid equivalent (Standard curve equation: y = 0.07x - 0.0322; R² = 0.999) (Figure 2), mg of QE/g of extract (Table 2).

Table 2: Standard Curve of Gallic Acid

	Concentration (µg/ml)
	Absorbance (Mean)

	5
	0.316±0.020

	10
	0.652±0.015

	15
	0.992±0.010

	20
	1.345±0.020

	25
	1.720±0.012

	30
	2.100±0.014


The methanolic extract of fruits of Momordica charantia has shown highest amount of total phenolic content (72.220 mgGAE/g) as compared to ethanolic and ethyl acetate extract that contains the 66.306 and 58.125 mgGAE/g phenolic content (Table 3).
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Figure 2: Standard curve of Gallic acid

Table 3: Total Phenolic Content in Different Extracts

	Extracts 
	Conc. (mgGAE/g)

	Ethanolic extract of Momordica Charantia (EMC)
	66.306

	Methanol extract of Momordica Charantia (MMC)
	72.220

	Ethyl acetate extract of Momordica Charantia (EAMC)
	58.125


3.3.2 Determination of Total Flavonoid Content

The Flavonoid content of plant extract of Momordica Charantia was evaluated and quantified by UV spectrophotometric method. The AlCl3 was utilized as content for the determination of flavonoid. The standard curve of quercetin was developed to quantify the flavonoid content. The regression equation was developed and represented as standard curve equation: y = 0.0176x-0.0051 ; R2 = 0.999) and quantified as mg of QE/g of extract (Table 4 and 5).  Calibration curve of Quercetin was represented in Figure 3.

Table 4: Standard Curve of Quercetin

	Concentration (µg/ml) 
	Absorbance (Mean)

	5
	0.079±0.020

	10
	0.172±0.030

	15
	0.252±0.034

	20
	0.348±0.029

	25
	0.438±0.024
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Figure 3: Calibration curve of Quercetin

Table 5: Total Flavonoid content (mg/g) 

	Extracts 
	Qty. (mgQE/g) 

	Ethanolic extract of Momordica Charantia (EMC)
	65.32

	Methanol extract of Momordica Charantia (MMC)
	72.23

	Ethyl acetate extract of Momordica Charantia (EAMC)
	69.82


The methanolic extract of fruits of Momordica charantia has shown highest amount of total phenolic content (72.23 mgGAE/g) as compared to ethanolic and ethyl acetate extract that contains the 65.32 and 69.82 mgGAE/g phenolic content (Table 5).

3.4 PHARMACOLOGICAL ACTIVITY

The methanolic, ethanolic and ethyl acetate extracts were used for the anti-inflammatory potential.
3.4.1 Screening for anti-inflammatory Activity
The different extract of Momordica Charantia were administered i.p. against the rat infected by carrageenan for paw edema. The observed Reticence are tabulated in Table 6A & B. 
Table 6: The data of screening of anti-inflammatory characteristics 
(A)  At 10 mg/kg b.w.  

	Group
	Isolated fraction
	Dose mg/kg i.p.
	Mean Edema Volume
	Percent Reticence

	First 
	Normal
	Normal saline 
	0.52±0.02
	----------

	Second 
	Ethanolic extract (EMC)
	10
	0.21±0.04
	59.61

	Third
	Methanolic extract (MMC)
	10
	0.20±0.03
	61.53

	Fourth
	Ethyl acetate extract (EAMC)
	10
	0.12±0.03
	76.92

	Fifth
	Indomethacin
	2.5 mg
	0.09±0.02
	82.69


(B) At 20 mg/kg b.w.  

	Group
	Isolated fraction
	Dose mg/kg i.p.
	Mean Edema Volume
	Percent Reticence

	First 
	Normal
	Normal saline 
	0.52±0.02
	--------

	Second 
	Ethanolic extract (EMC)
	20
	0.20±0.04***
	61.53

	Third
	Methanolic extract (MMC)
	20
	0.15±0.03***
	71.15

	Fourth
	Ethyl acetate extract (EAMC)
	20
	0.11±0.03
	78.84

	Fifth
	Indomethacin
	2.5 mg
	0.09±0.02
	82.69


3.4.2 Incision wound model

The data of the wound healing potential of extracts of Momordica Charantia by incision method represented in Table 7. The results were expressed as mean breaking strength (tensile strength) of incision wound area. Studies show that MMC shows high tear resistance in the wound area from day 1 to day 10 512.62±1.23; EMC and EAMC showed high resistance to fractures in the wound area from 1 to 10 days, 489.60±0.58 and 338.63±1.66 g, respectively. MMC showed a better effect on tensile strength than the standard formulation.
	Table 7: Effect of different extract of Momordica Charantia on Incision Wound Model

	Groups (n)
	Tensile strength (g)

	Control-1
	218.55 ± 0.35

	Standard
	510.65 ± 4.60

	Ethanolic extract (EMC)
	489.60 ± 0.58

	Methanolic extract (MMC)
	512.62 ± 1.23

	Ethyl acetate extract (EAMC)
	338.63 ± 1.66


Note: n =6 animals in each group, values are expressed as Mean±SEM

Conclusion

In the present study, Momordica Charantia drug extracts were evaluated albino rat model for wound healing and anti-inflammatory potential. The results showed maximum anti-inflammatory and improved wound healing activity by ethyl-acetate extract of Momordica Charantia. The wound healing result denoted that methanol extract of Momordica Charantia has depicted the enhanced activity, can be used as a commercially available composition, and its effects can be enhanced by its use.
Compliance with ethical standards: Animal (albino rats) used for the study. IAEC Approval No. VEDIC/CCSEA/IAEC/39, Dated 11/04/2025).
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