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ABSTRACT

	
Aims: To conduct a head-to-head comparative analysis of the phytochemical profiles and functional bioactivities, specifically antioxidant and DNA protective potential, of methanolic extracts from Momordica charantia (Karela) and the underutilized Momordica dioica (Kakora) to validate their use as natural chemopreventive agents.
Study design:  Comparative in vitro phytochemical and bioactivity analysis.
Place and Duration of Study: Institute of Innovative Learning and Research Academy, Indore, Madhya Pradesh, India, between October 2025 and November 2025.
Methodology: Methanolic extracts of M. charantia and M. dioica were prepared. Qualitative screening was performed for major secondary metabolites (e.g., flavonoids, terpenoids). Quantitative analyses were conducted for Total Phenolic Content (TPC), Total Flavonoid Content (TFC), Total Alkaloid Content (TAC), Total Antioxidant Capacity (TAC), and Ferric Reducing Antioxidant Power (FRAP). Functional bioactivity was assessed using anti-hemolytic activity and a DNA protection assay against Fenton’s reagent-induced oxidative stress.
Results: Qualitative screening confirmed the presence of major secondary metabolites in both extracts. Quantitative analysis revealed distinct chemotypes: Karela extract showed a significantly higher Total Flavonoid Content (463.33 ± 57.74 mg QE/g) and Ferric Reducing Antioxidant Power (1196.0 ± 17.2 mg AAE/g). Conversely, Kakora extract demonstrated significantly superior Total Phenolic Content (0.739 ± 0.006 mg GAE/g), Total Alkaloid Content, and Total Antioxidant Capacity. Both extracts conferred cellular protection in the anti-hemolytic assay. Crucially, in the DNA protection assay, Kakora provided mild but detectable preservation of genomic integrity, while Karela offered negligible protection against Fenton’s reagent-induced damage.
Conclusion: The superior DNA protective efficacy of M. dioica directly correlates with a higher potential for cancer chemoprevention due to its enhanced ability to scavenge reactive oxygen species and prevent DNA strand breaks. This finding validates M. dioica as a potent resource warranting urgent research into the isolation and structural elucidation of its specific active compounds.
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ABBREVIATIONS
TPC: Total Phenolic Content
TFC: Total Flavonoid Content
TAC: Total Antioxidant Capacity 
FRAP: Ferric Reducing Antioxidant Power
QE: Quercetin Equivalent
GAE: Gallic Acid Equivalent
AE: Atropine Equivalent
AAE: Ascorbic Acid Equivalent
ROS: Reactive Oxygen Species
TLC: Thin Layer Chromatography
UV: Ultraviolet
Rf: Retardation factor
FC: Folin-Ciocalteu
AlCl3: Aluminum chloride
BCG: Bromocresol Green
NaOH: Sodium hydroxide
Na2HPO4: Disodium phosphate
RBCs: Red blood cells
PBS: Phosphate-Buffered Saline
TCA: Trichloroacetic acid
TAE: Tris-Acetate-EDTA
SD: Standard Deviation
ANOVA: Analysis of Variance
PLE: Pressurized Liquid Extraction 
UAE: Ultrasound-Assisted Extraction 
DES: Deep Eutectic Solvent 
SET: Single-electron transfer

1. INTRODUCTION 

Given the persistent global burden of chronic degenerative diseases and the urgent necessity for sustainable and accessible therapeutic interventions, pharmaceutical research is experiencing a renewed focus on natural products derived from established folk medicinal traditions (Bharate & Lindsley, 2024; Hassan et al., 2022). A key strategic approach to disease intervention is cancer chemoprevention, which leverages the protective properties of plant-derived phytochemicals to disrupt the cellular and biochemical processes underlying disease progression (G et al., 2022; Ma et al., 2021). 
The genus Momordica, specifically Momordica charantia (Karela/Bitter Gourd), is a critical source of these agents with diverse bioactivity. Extensive research reviews the plant's mechanism of action, predominantly focusing on its anti-diabetic mechanisms, alongside its documented anti-cancer and anti-inflammatory properties (Rani, 2024; Oyelere et al., 2022). The significant bioactivity of M. charantia is attributed to its complex phytochemical profile, which includes key classes such as terpenoids (the broader class that includes cucurbitacins and momordicines), phenolic compounds, and flavonoids (Matseke et al., 2025). Momordica dioica (commonly known as Spiny Gourd or Kakora) is an abundant, perennial climbing plant that remains an underutilized vegetable despite its high nutritional value. Beyond its use in the diet, it holds significant value in traditional systems of medicine (e.g., Ayurveda and folk medicine) for the treatment of conditions such as fever, inflammation, and bleeding piles (Sarwade et al., 2025; Jatale et al., 2024). Despite the known therapeutic potential of Kakora (e.g., its use for metabolic-related disorders), its overall phytochemical load and molecular efficacy have not been sufficiently characterized. This necessitated a comparative study to evaluate its potential relative to the extensively researched and recognized species, Karela (Singha et al., 2024; Mohkami et al., 2024).
The study's relevance is anchored in the molecular pathology of chronic disease: oxidative stress. An overproduction of Reactive Oxygen Species (ROS) is linked to a sequence of adverse molecular events. This oxidative stress leads to DNA damage, a critical factor in the onset of carcinogenesis, while also driving inflammation and general cellular damage to structures such as membranes and proteins (Valko et al., 2007). The ability of plant extracts to serve as powerful antioxidants and, more importantly, to demonstrate direct DNA protective efficacy against oxidative insult, is the strongest verifiable metric of their chemopreventive potential (Surh, 2003). By focusing on these mechanisms, the study provides tangible evidence of the species' capacity to intercept the disease process, thereby establishing their therapeutic value independently of direct cytotoxic outcomes.

2. methodology

2.1 Plant Material Collection and Identification
The plant materials, bitter gourd (Karela) and spiny gourd (Kakora), were procured from a local market in Indore, Madhya Pradesh, India. Species identification was rigorously confirmed through assessment of morphological characteristics and subsequently officially authenticated by the expert faculty within the Botany Department at Holkar Science College, Indore, Madhya Pradesh, India.
2.2 Preparation of Plant Extracts
Prior to extraction, the collected Karela and Kakora samples were thoroughly washed under running tap water. For the extraction procedure, a precisely weighed 2 gm sample of each species was accurately weighed and separately homogenized in methanol. The resulting crude homogenates were subjected to a maceration period, being allowed to steep for 12 hours at ambient temperature to maximize the dissolution and release of phytochemical constituents into the solvent.  The resultant solutions were then filtered under gravity using Whatman filter paper to effectively eliminate insoluble particulate matter. The extraction yield for each species was subsequently determined and recorded (Deepali J et al., 2024).
2.3 Qualitative Phytochemical Screening
Qualitative assays (Table 1) were systematically conducted on the methanolic extracts of Karela and Kakora to investigate the presence of key phytoconstituents (Patel et al., 2023).

[bookmark: _Ref216444886]Table 1.Qualitative Phytochemical Screening of Karela and Kakora Methanolic Extracts.

	Phytoconstituent
	Test Method
	Positive Result

	Flavonoids
	Alkaline Reagent Test
	Yellow coloration upon addition of 40% sodium hydroxide.

	Terpenoids/Steroids
	Salkowski Test
	Reddish-brown ring formation at the interface after mixing with chloroform and concentrated sulfuric acid (due to compound dehydration).

	Saponins
	Foam Test
	Formation of persistent foam for a minimum of 30 seconds after vigorous shaking with distilled water.

	Tannins
	Braymer’s test
	Development of a deep blue color following the addition of 10% FeCl3.

	Polyphenols
	Ferric Chloride Test
	Formation of a deep blue color upon heating the extract with 5% FeCl3.

	Glycosides
	Keller-Kiliani Test
	Formation of a reddish-brown ring at the interface after sequential treatment with glacial acetic acid, 5% FeCl3, and concentrated sulfuric acid.

	Alkaloids
	Wagner's Reagent
Mayer's Reagent
	Formation of a brown precipitate.

Formation of a cream-colored precipitate.

	Protein
	Biuret Test
	Violet or purple color development upon adding Biuret reagent (indicating the presence of peptide bonds).

	Reducing Sugar
	Benedict’s Test
	Color change from blue to green, yellow, orange, or brick-red precipitate upon heating with Benedict's reagent.



2.4 Thin Layer Chromatography (TLC) Analysis for Identification of Phytochemicals
Thin Layer Chromatography (TLC) was employed for the preliminary separation and identification of phytochemicals present in the methanolic extracts.  The stationary phase consisted of a pre-prepared silica gel slurry applied to a suitable backing material. The chromatographic development was achieved using a mobile phase comprising chloroform and methanol in a precise 15:1 (v/v) ratio. Once the solvent front reached the optimal height, the plates were removed from the chamber, air-dried, and subsequently visualized under ultraviolet (UV) light to detect the separated phytochemical bands and record any associated fluorescence (Patel et al., 2023).

2.5 Quantitative Phytochemical Analysis
2.5.1 Polyphenol Estimation
The Total Polyphenol Content (TPC) was determined using a spectrophotometric method based on the reduction of the Folin-Ciocalteu (FC) reagent. The methanolic extract was combined with the FC reagent and sodium carbonate to establish basic conditions. After a suitable incubation period, the absorbance of the resulting blue solution was measured at 750 nm. Quantification was achieved by comparing the absorbance values to a standard calibration curve prepared using gallic acid as the reference standard (Deepali J et al., 2024).
2.5.2 Flavonoid Estimation
The Total Flavonoid Content (TFC) was quantified spectrophotometrically utilizing the aluminum chloride (AlCl3) colorimetric method. A standard calibration curve was constructed using quercetin. The assay mixture comprised the plant extract, potassium acetate, and 10% AlCl3 solution. The mixture was incubated for 30 minutes at 37°C, and the final absorbance was measured at 415 nm (Patel et al., 2023).
2.5.3 Alkaloid Estimation
Total alkaloid content was quantified using a modified Bromocresol Green (BCG) spectrophotometric assay. The assay utilized a BCG solution (dissolved in 2 N NaOH) and a pH 4.7 phosphate buffer (prepared by adjusting Na2HPO4 with 0.2 M citric acid). The plant extract (neutralized to pH 7) was mixed with the BCG solution and the pH 4.7 phosphate buffer. The resulting yellow alkaloid-BCG complex was then extracted by vigorous shaking with successive additions of chloroform. The pooled chloroform layers were used to measure the absorbance at 470 nm against a chloroform blank using a UV-visible spectrophotometer. Quantification was performed relative to a standard calibration curve prepared using pure atropine (Patel et al., 2015).
2.6 In Vitro Antioxidant Capacity Assays
2.6.1 Total Antioxidant Capacity (TAC) Estimation
The Total Antioxidant Capacity (TAC) was determined via the phosphomolybdate assay, which is based on the formation of a stable green phosphomolybdenum complex; the intensity of the green color is directly proportional to the antioxidant content. The standard calibration curve was prepared using ascorbic acid. The plant extract sample, or the corresponding ascorbic acid standard, was mixed with the phosphomolybdate reagent. All mixtures were incubated in a water bath at 95°C for 15 minutes. The absorbance was measured at 670 nm (Patel et al., 2024).
2.6.2 Ferric Reducing Antioxidant Power (FRAP) Assay
The Ferric Reducing Antioxidant Power (FRAP) assay was employed to measure the reducing potential of the plant extracts. This assay relies on the formation of the Prussian blue complex, whose spectrophotometrically measured intensity is directly proportional to the sample's reducing power. The experimental procedure involved mixing the sample or standard with 0.2 M sodium phosphate buffer (pH 6.6) and 1% potassium ferricyanide. Mixtures were incubated at 50°C for 20 minutes. The reaction was terminated by adding 10% trichloroacetic acid (TCA), followed by the addition of FeCl3 to facilitate complex formation, which was allowed to stabilize for 10 minutes at ambient temperature. The final absorbance was measured at 700 nm (Patel et al., 2024).
2.7 Bioactivity Assays
2.7.1 Estimation of Anti-inflammatory Activity Using Membrane Stabilization Method
The anti-inflammatory efficacy of the plant extracts was assessed in vitro via the membrane stabilization method, which measures the extract's ability to inhibit the heat-induced hemolysis of human red blood cells (RBCs). This assay models the stabilization of lysosomal membranes by assessing the protective effect against erythrocyte lysis under thermal stress. Freshly collected human blood was centrifuged, and the erythrocyte pellet was washed thrice with pH 7.4 Phosphate-Buffered Saline (PBS) to prepare a final 10% RBC suspension. The assay mixture combined the plant extract (or the standard drug Aspirin, 15 mg/mL), the RBC suspension, and PBS. Following an initial 10 minute incubation at 37°C, hemolysis was induced by heating the mixtures at 54°C for 20 minutes. The tubes were then centrifuged at 2500 rpm for 3 minutes.  The degree of membrane stabilization was quantified by measuring the absorbance of the supernatant (representing released hemoglobin) at 540 nm (Patel et al., 2024). The protective anti-inflammatory effect, expressed as the percentage inhibition of hemolysis (% Inhibition), was calculated using the following formula:

2.7.2 DNA Damage Protection Assay using Gel Electrophoresis
The protective efficacy of the plant extracts against oxidative DNA damage was assessed using Agarose gel electrophoresis. A 1% Agarose gel was prepared in 1X TAE (Tris-Acetate-EDTA) buffer and supplemented with ethidium bromide for visualization. The assay utilized several controls: a negative control (DNA only), a damage control (DNA + Fenton's reagent), and a positive control (DNA + Fenton's reagent + known antioxidant drug). Test tubes containing DNA, Fenton's reagent (to generate damaging reactive species), and the respective plant extracts were incubated at 37°C to allow interaction.  Samples, mixed with bromophenol blue loading dye, were loaded into the gel wells. Electrophoresis was conducted in 1X TAE buffer, causing the negatively charged DNA to migrate towards the anode. Post-run visualization under UV light was used to assess DNA integrity: distinct, sharp bands indicated successful protection against oxidative damage, while smearing or faint bands confirmed oxidative degradation (Suruthi et al., 2016).
2.8 Statistical Analysis
All experiments were conducted in triplicate (n=3). Results are expressed as Mean ± Standard Deviation (SD). A One-Way Analysis of Variance (ANOVA) was the primary method used to assess the statistical difference in the mean values (TPC, TFC, TAC, and FRAP) between the two plant extracts (Karela and Kakora). For the Total Alkaloid Content, the same comparative analysis was performed using the equivalent independent two-sample t-test. In all comparisons involving only two groups, the ANOVA and t-test yielded equivalent P-values. The level of significance was set at P < .05. All statistical calculations and data processing were performed using GraphPad Prism version 9.0.

3. results and discussion

3.1 Extraction Parameters and Observations
The methanol extraction of Karela and Kakora yielded physically distinct products. The extraction parameters and resultant properties are detailed in Table 2.
[bookmark: _Ref216444905]Table 2. Macroscopic Observations and Percent Yields of Karela and Kakora Methanol Extracts.
	Sample
	Initial Mass
	Descriptive Yield Observation
	Smell
	Percent Yield

	Karela
	2.5 gm
	Small, dark green, bitter solid/extract
	Bitter
	72%

	Kakora
	2.5 gm
	Light mild green, bitter solid/extract
	Mild Bitter
	65%



3.2 Qualitative Phytochemical Analysis
Qualitative screening demonstrated complementary phytochemical profiles with varying concentrations of key metabolites, as shown in Table 3. Flavonoids were strongly present in both species. Karela showed a stronger presence of terpenoids, alkaloids, and steroids, protein and uniquely contained tannins. This profile aligns with its intense bitterness and potential for metabolic activity. Kakora, however, was richer in saponins, protein, glycosides, and reducing sugars, suggesting a higher content of hydrophilic and macromolecular compounds. Polyphenols were undetectable in both extracts using the specific assay employed.
[bookmark: _Ref216445143]Table 3. Qualitative Screening Results for Secondary Metabolites in Karela and Kakora Methanol Extracts.
	Phytoconstituent
	Karela (Bitter Gourd)
	Kakora (Spiny Gourd)

	Polyphenols
	−
	−

	Flavonoids
	++
	++

	Saponin
	+
	++

	Glycoside
	+
	++

	Tannin
	+
	−

	Terpenoid
	++
	+

	Alkaloid
	++
	+

	Steroid
	++
	+

	Reducing Sugar
	+
	++

	Protein
	+
	++



3.3 Thin-Layer Chromatography (TLC) Analysis
The phytochemical profiles of the Karela and Kakora extracts were successfully resolved using TLC with a chloroform:methanol (15:1 v/v) mobile phase. Separation and visualization of the compounds are presented in Fig. 1, which displays the slides after separation and visualization under visible and UV light. Analysis revealed that both extracts contain a minimum of two distinct phytochemical components detectable under different lighting conditions. The calculated Retention factor (Rf) values, spot color, and the number of spots for each extract are summarized in Table 4. Notably, both extracts exhibited a highly nonpolar, UV-active spot with a nearly identical Rf value (0.957) and the same orange fluorescence, strongly suggesting the presence of a common or structurally very similar nonpolar constituent. Conversely, the visible light spots and the second UV-active spot in the Kakora extract (Rf = 0.745) showed significant differences in polarity compared to the other components in the Karela extract, indicating distinct secondary metabolite profiles between the two samples.
[bookmark: _Ref216445730]Table 4. Retention Factor (Rf) Values and Spot Characteristics of Karela and Kakora Extracts.
	Extract
	Visualization
	No. of Spots
	Rf Value
	Spot Color

	Karela
	Visible Light
UV – Light
	1
2
	0.956
0.915, 0.957
	Light green
Orange, Green

	Kakora
	Visible Light
UV – Light
	1
2
	0.822
0.745, 0.957
	Light green
Orange, Green
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[bookmark: _Ref216445938]Fig. 1. Thin-Layer Chromatography (TLC) visualization of Karela and Kakora extracts under visible and UV-light.
3.4 Phytochemical Content and Antioxidant Capacity of Karela and Kakora Extracts
The methanolic extracts of Karela and Kakora were systematically analyzed for their major phytochemical constituents and antioxidant capacity. Quantification for all assays was performed using standard calibration curves, details of which are presented in Fig. 2. The calculated concentrations and their respective statistical outcomes are collectively presented in Table 5 and Table 6.
3.4.1 Total Phenolic Content (TPC)
The TPC of the extracts was determined using the Folin-Ciocalteu assay and expressed as milligrams of gallic acid equivalent per gram of extract (mg GAE/gm). Quantification utilized a Gallic Acid standard curve (Fig. 2A). Statistical analysis (One-Way ANOVA) indicated a highly significant difference in TPC between the two extracts (F (1, 4) = 1125.0, P < .001) (Table 6). Specifically, the Kakora extract exhibited a significantly higher TPC than the Karela extract (Table 5).
3.4.2 Total Flavonoid Content (TFC)
The TFC was quantified using the aluminum chloride colorimetric method, with results expressed as milligram quercetin equivalent per gram of extract (mg QE/gm). The Quercetin calibration curve was used for estimation of flavonoid content (Fig. 2B). A One-Way ANOVA revealed a statistically significant difference in TFC between the extracts (F (1, 4) = 12.50, P = .02) (Table 6). In contrast to TPC, the Karela extract contained a significantly higher TFC compared to the Kakora extract (Table 5).
3.4.3 Total Alkaloid Content
The total alkaloid content was determined spectrophotometrically and expressed as milligrams Atropine Equivalent per gram of dry extract (mg AE/gm). The Atropine standard curve used for quantification (Fig. 2C). For the two-group comparison for Alkaloids, the independent t-test result is reported as P = 0.0078, which is equivalent to an F-statistic value (t2) of 25.0 in an ANOVA with df = (1, 4) (Table 6). The Kakora extract displayed a significantly greater alkaloid content than the Karela extract (Table 5). 
3.4.4 Total Antioxidant Capacity (TAC)
The TAC was determined using the phosphomolybdenum method, with results expressed as milligram ascorbic acid equivalent per gram of extract (mg AAE/gm). Quantification was based on the standard curve equation (Fig. 2D). A One-Way ANOVA confirmed a statistically significant difference in TAC between the plant extracts (F (1, 4) = 33.26, P = .004) (Table 6). The Kakora extract exhibited a significantly higher total antioxidant capacity compared to the Karela extract (Table 5).
3.4.5 Ferric Reducing Antioxidant Power (FRAP)
The FRAP of the extracts was measured and expressed as milligram ascorbic acid equivalent per gram of extract (mg AAE/gm). Values were calculated using the standard curve equation (Fig. 2E). Statistical analysis (ANOVA) demonstrated a highly significant difference in reducing power between the two extracts (F (1, 4) = 180.37, P < .001) (Table 6). The Karela extract was found to possess a significantly greater reducing capacity than the Kakora extract (Table 5).
[bookmark: _Ref216446883][bookmark: _Ref216446870]Table 5. Phytochemical Content and Antioxidant Capacity in Karela and Kakora Methanolic Extracts.
	Plant Extract
	Karela
	Kakora

	TPC (mg GAE/g) (Mean ± SD)
	0.316±0.000b
	0.739±0.006a

	TFC (mg QE/g) (Mean ± SD)
	463.33±57.74a
	296.67±57.74b

	Alkaloids (mg AE/g) (Mean ± SD)
	5963.33±577.35b
	7963.33±577.35a

	TAC (mg AAE/g) (Mean ± SD)
	355.5±14.1b
	421.3±14.4a

	FRAP (mg AAE/g) (Mean ± SD)
	1196.0±17.2a
	1007.0±17.2b



[bookmark: _Ref216446905]Table 6. Statistical Analysis (ANOVA/t-test) Comparing Phytochemical Content and Antioxidant Capacity between Karela and Kakora Extracts.
	Assay
	Effect (F-statistic or Equivalent)
	Degrees of Freedom (df)
	P-value
	Overall Significance
	Assay

	Total Phenolic Content (TPC)
	F=1125.0
	(1,4)
	<.001
	Highly Significant
	Total Phenolic Content (TPC)

	Total Flavonoid Content (TFC)
	F=12.50
	(1,4)
	.02

	Significant
	Total Flavonoid Content (TFC)

	Total Alkaloid Content
	t2=25.0*
	(1,4)
	.007
	Highly Significant
	Total Alkaloid Content

	Total Antioxidant Capacity (TAC)
	F=33.26
	(1,4)
	.004
	Highly Significant
	Total Antioxidant Capacity (TAC)

	Ferric Reducing Antioxidant Power (FRAP)
	F=180.37
	(1,4)
	<.001
	Highly Significant
	Ferric Reducing Antioxidant Power (FRAP)
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[bookmark: _Ref216446856]Fig. 2. Standard Calibration Curves Utilized for the Quantification of Phytochemical Constituents and Antioxidant Capacity.
3.5 Anti-Hemolytic Activity Assay
The anti-hemolytic activity assay was established using a 100% hemolysis control as the reference for complete cell rupture, while the Negative Control defined the baseline for the induced hemolysis condition. A notable technical caveat was identified, where compound-hemoglobin interactions or enhanced cell lysis could potentially result in an absorbance value exceeding the negative control, a critical factor considered for evaluating any pro-hemolytic effects. All tested agents demonstrated protective activity, with the Drug (Aspirin) exhibiting the maximum inhibition (54.29%). Among the plant extracts, Karela showed conventional dose-dependent protection (48.57% for the higher dose vs. 34.29% for the lower dose), whereas the Kakora extract displayed an inverse relationship, with the diluted sample yielding superior anti-hemolytic protection (45.71%) compared to the undiluted sample (40.00% inhibition), suggesting the presence of inhibitory or interfering agents at higher concentrations.
3.6 DNA Protection Assay
Agarose gel electrophoresis was used to assess the DNA protective and antioxidant capacity of Kakora (Spiny Gourd) and Karela (Bitter Gourd) extracts against oxidative stress induced by Fenton's reagent. Intact, high-molecular-weight DNA, visible as a bright band near the well in the Control (Lane 1), was largely absent in the Damaged DNA (Lane 2), confirming successful DNA fragmentation by the reagent. Both the positive control Drug (Aspirin) (Lane 5) and the Control displayed strong DNA integrity, showing clear, high-molecular-weight bands, thereby validating the assay. The Kakora extract (Lane 3) provided mild protection, indicated by the presence of a faint high-molecular-weight band, suggesting a partial scavenging effect against the reactive oxygen species. Conversely, the Karela extract (Lane 4) offered negligible protection, as its migration pattern closely mirrored that of the damaged DNA (Lane 2), indicating a lack of significant antioxidant activity under the experimental conditions (Fig. 3).
[image: ]
[bookmark: _Ref216447229]Fig. 3. Agarose Gel Electrophoresis Analysis of DNA Protection by Plant Extracts.

4. DISCUSSION
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The global health burden imposed by chronic degenerative diseases necessitates a strategic pivot towards leveraging accessible, nature-derived therapeutic agents, particularly within the field of cancer chemoprevention (G et al., 2022; Ma et al., 2021). While Momordica charantia (Karela) is extensively documented for its diverse bioactivity, the closely related perennial species, Momordica dioica (Kakora), remains significantly underutilized despite its traditional medicinal value and nutritional density. This study addresses a critical gap by providing a head-to-head comparative analysis of the phytochemical profiles and corresponding bioactivities of crude fruit extracts from these two prominent Momordica species, establishing a foundation for the therapeutic validation of M. dioica (Kakora). 
Our findings reveal distinct phytochemical signatures between the species, challenging the assumption that closely related plants necessarily possess similar chemotypes. M. dioica exhibited significantly higher total phenolic content (TPC) and total alkaloid content compared to M. charantia. This high TPC is in agreement with existing literature that often reports Kakora as a rich source of non-flavonoid phenolics, such as cinnamic acid derivatives (Sarwade et al., 2025). While qualitative screening using the Ferric Chloride Test (Table 3) did not yield a detectable color change for polyphenols in either extract, subsequent quantitative analysis via the Folin-Ciocalteu (FC) assay confirmed the presence of phenolic compounds in both species. This apparent discrepancy is attributed to the inherent sensitivity limits of the qualitative Ferric Chloride method, which may fail to detect polyphenols at lower concentrations or specific structural orientations present in crude methanolic extracts. In contrast, the spectrophotometric FC assay, which measures the total reducing capacity relative to a gallic acid standard, provided a high-precision quantification of the TPC (Table 5). These quantitative results validate the presence of phenolics and align with the observed antioxidant bioactivities of the extracts.  Conversely, Karela demonstrated a significantly higher total flavonoid content (TFC) than Kakora. Flavonoids are well-known chelating agents and radical scavengers, often correlating strongly with specific antioxidant mechanisms (Rani, 2024). The elevated alkaloid content in Kakora, while contributing to the overall chemical richness, prompts further isolation and purification efforts to identify the specific alkaloid class responsible, as these compounds are powerful pharmacological agents (K. Dakhure & D. Gachande, 2021, Zahan et al., 2020). The phytochemical profile of Momordica species is known to vary significantly across different plant parts. Our findings on the fruit extracts align with and complement recent studies on other vegetative tissues; for instance, Oloruntola et al. (2021) reported substantial levels of phenols (21.04 mg/g) and flavonoids (225.64 mg/g) in M. charantia leaf powder, alongside significant antioxidant activity. Interestingly, while our study observed a lower range of total phenolics in the methanolic fruit extracts, the flavonoid concentration in M. charantia fruit was notably higher than that reported for the leaves. This comparison suggests that while the leaves are potent sources of phenolic antioxidants, the fruits, particularly those of M. dioica as demonstrated in this study, possess specialized phytochemical compositions that contribute to their superior functional bioactivities, such as DNA protection. Incorporating these cross-tissue perspectives underscores the holistic therapeutic potential of the Momordica genus. The comparative analysis of antioxidant activity yielded divergent results depending on the assay utilized, underscoring the necessity of employing multiple mechanistic methods. Kakora displayed a significantly higher Total Antioxidant Capacity (TAC), suggesting a superior ability to reduce oxidants, which is often characteristic of compounds rich in total phenolics (high TPC). Conversely, Karela demonstrated significantly higher activity in the Ferric Reducing Antioxidant Power (FRAP) assay. This discrepancy can be attributed to the different chemical reactions measured: TAC assesses the total reducing power via a single-electron transfer (SET) mechanism, while FRAP primarily measures the capacity to reduce ferric ions, a reaction often driven effectively by specific structural features found abundantly in flavonoids (high TFC). The findings align with established principles where TPC often correlates highly with SET-based assays (like TAC), and TFC often drives mechanisms requiring specific molecular orientation, such as the FRAP assay. The observation that both species possess substantial, albeit mechanistically distinct, antioxidant potential supports the view of dietary phytochemicals as primary tools in mitigating oxidative stress and chronic disease initiation (Hassan et al., 2022; G et al., 2022). The anti-hemolytic activity of both extracts indicates their capacity to stabilize red blood cell membranes against oxidative damage, a proxy for in vivo cellular protection. Karela exhibited a conventional dose-dependent protection, with higher concentrations providing greater stability. However, the Kakora extract displayed an unusual inverse relationship, where the diluted sample performed superiorly to the undiluted sample. This phenomenon is not uncommon in complex crude extracts and suggests that higher concentrations of the extract may contain compounds that become inhibitory, pro-oxidant, or interfere with membrane stability when saturated, thus suppressing the beneficial effects of the protective compounds (Rafieian-Kopaei et al., 2013). This complexity highlights the limitations of using crude extracts and emphasizes the urgent need for fractionation to isolate the specific compounds responsible for the protective effect. Crucially, the DNA protection assay demonstrated a significant advantage for the Kakora extract. While Karela offered negligible protection against the Fenton's reagent-induced oxidative stress, Kakora provided mild but detectable DNA integrity protection. This superior ability to scavenge reactive oxygen species and prevent DNA strand breaks directly correlates with a higher potential for cancer chemoprevention (G et al., 2022; Ma et al., 2021). Preserving genomic integrity is a fundamental mechanism for disrupting the initiation phase of carcinogenesis (Koorstra et al., 2008). The fact that Kakora showed superior activity in this functional endpoint, despite having lower TFC and FRAP values, suggests that its specific complement of non-flavonoid phenolics and alkaloids are highly efficient radical scavengers in situ against the hydroxyl radical generated by the Fenton's reaction (Sarwade et al., 2025). This warrants further investigation into the structural characteristics of the Kakora components that confer this specific protection.
Finally, while the results successfully distinguish the potential of the two Momordica species, the current work utilized basic solvent extraction methods. These protocols can lead to non-selective extraction, lower yields of key bioactive molecules, and co-extraction of interfering agents (as suggested by the inverse anti-hemolytic dose-response). Future research efforts should focus on incorporating better extraction protocols, such as Pressurized Liquid Extraction (PLE), Ultrasound-Assisted Extraction (UAE), or Deep Eutectic Solvent (DES) extraction, to optimize the purity and yield of the active compounds in Kakora. Such optimized protocols will be essential for subsequent structural elucidation and the development of pure therapeutic agents from this promising, underutilized natural resource.

5. CONCLUSION
This comparative study successfully characterized the phytochemical profiles and functional bioactivities of Momordica charantia (Karela) and Momordica dioica (Kakora). The findings establish that these related species possess mechanistically distinct protective capacities. While Karela exhibited higher Total Flavonoid Content (TFC) and Ferric Reducing Antioxidant Power (FRAP), Kakora demonstrated significantly higher Total Phenolic Content (TPC), Total Antioxidant Capacity (TAC), and, critically, superior functional protection against oxidative DNA damage induced by Fenton's reagent. This direct correlation with reduced genomic insult strongly validates Kakora as a potent, underutilized source of chemopreventive agents. Future research must prioritize optimized extraction and fractionation to isolate and structurally elucidate the specific non-flavonoid phenolics and alkaloids in Kakora responsible for this superior DNA protective efficacy.
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