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      Coccinia indica (L.) fruit (CIFs) is a mounting, herbaceous, branching latitude vascular domestic plant in Asian countries. It has gained 

popularity as a medicinal remedy for reducing elevated blood glucose levels. This study aimed to assess the phytochemical composition of 

CIFs, encompassing its liquid, solid, and gaseous constituents using Gas chromatography and Mass spectroscopy (GC/MS). Additionally, 

the research sought to investigate the aldose reductase inhibitor (ARI) activity through in-vitro assays utilizing CIFs extracts obtained with 

polar and nonpolar solvents. The findings revealed that the ethanolic extract exhibited a substantial yield of 33.9%, surpassing the aqueous 

(18.6%), chloroform (11.3%), and petroleum ether (9.2%) extracts. Moreover, the ethanolic extracts displayed the highest concentration of 

phenolic compounds (12.5 ± 0.84 mg gallic acid equivalent (GAE)/g) and flavonoids (78.4 ± 3.6mg quercetin equivalent (QE)/gm) in dry 

extract content. GC-MS analysis of the ethanolic extracts unveiled a total of 23 distinct compounds. The in-vitro assessment of aldose 

reductase inhibitor activity conducted on partly purified bovine lens samples highlighted the exceptional performance of the ethanolic solvent, 

demonstrating a remarkable 78.46% ARI activity at an inhibitory concentration (IC50) value of 2.34 µg ml-1. The aqueous extract also 

exhibited significant ARI activity at 76.88% at an IC50 value of 3.88 µg ml-1. Furthermore, the in-silico molecular docking and Density 

Functional Theory (DFT) studies of the peak compound 4H-Pyran-4-one, 2,3- dihydro-3,5-dihydroxy-6- methyl (DDMP) were carried out 

to determine the spectroscopic and biological insights. The results suggest that CIFs hold significant potential as effective agents with ARI 

properties, making it a promising candidate for managing diabetes mellitus and its associated complications. 
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INTRODUCTION 
 

      Contemporary investigation  on  herbal  medicine  mainly  
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focuses on traditional folklore medicine, which is non-toxic 

 and safer for humans. Indian conventional medicine 

systems, including Ayurveda, quoted thousands of effective 

herbal plants against numerous diseases. One such medicinal 

plant, C. indica, is an indigenous plant of Asia and India.                     

It   belongs  to  the  Cucurbitaceous  family,  which is  more  
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cultivated in southern India (Andhra Pradesh and 
Tamilnadu).C. indica fruits are widely used for cookeries. In 
our traditional medicine system, the fruit of C. indica is the 
popular anti-diabetic and hypoglycaemic medicine for its 

phytochemistry and pharmacology. The primary focus of the 
current study is to delve into the phytochemical components 
found within the fruit extract of C. indica and its in-vitro                
ARI activity. For that, it is mandatory to screen the 
phytocomponents to understand the pharmacological activity 
of the medicinal plants. The fruits are green while ripe and 

turn red over time. It is slippery, pulpy, primarily oval, with 
a diameter of 2.5 cm and 5.0 cm in length, and has numerous 
oblong seeds of about 7mm long and thickened margin. C. 
indica mainly grows in dry, hot, and shady places [1,2]. C. 
indica leaf extracts are widely used to treat fever, wounds, 
asthma, cough, inflammations, etc. [3]. Further investigation 

was carried out on GS-MS analysis. GC/MS is a very 
compatible technique often used for identifying and 
quantifying phytochemicals [4,5]. Almost all parts of the 
plants (roots, stems, and leaves) are traditionally used for 
treating allergies, eye infections, insect bites, bronchitis, 
jaundice, burns, skin eruption, syphilis, etc. [6].  

      C. indica leaves are mainly reported to contain 
compounds like flavonoids and phenols with significant 
antioxidant activity. The C. indica fruits are also said to have 
insulin tropic and anti-glycation properties [7]. The fruit of 
C. indica is mainly used for culinary purposes, which is 
natural medicine. C. indica is an essential herb with 

recognized biological activities against free radicals and 
aldose reductase inhibition. Various therapeutic plants are 
studied to find novel compounds which having hypoglycemic 
[8,9] and hypolipidemic activity [10]. C. indica, also named 
C.grandis and C.cardifolia have reported the presence of 
phytocompounds like alkaloids [11], flavonoids, carotenoids, 

triterpenoids, and lipids [12,13]. C. indica possesses 
hypoglycaemic activity in alloxan-induced diabetic animals, 
reducing lipid peroxidation and controlling phagocytosis. 
The polysaccharides present in the fruits of C. indica are 
accountable for its hypoglycaemic activity in the animal 
diabetic and human models [14]. It was reported that 

C.grandis lowers the blood glucose level by increasing the 
glycogen level in the liver and reducing the phosphorylase 
activity. In the animal model, the hypoglycemic effect is 
achieved by blocking glucose-6-phosphate a key enzyme in 
glucose metabolism.   

 
 
      Aldose reductase (AR) [EC1.1.1.21], serves as a crucial 
enzyme in the sorbitol pathway that facilitates the breakdown 
of glucose into sorbitol, subsequently converting it into 
fructose [15]. In diabetes mellitus, the sorbitol pathway is 

activated significantly and utilizes more than 30% glucose 
compared to 3% of normal conditions. This will result in 
various microvascular complications [16]. This increased 
sorbitol concentration in the lens leads to the inflow of liquid, 
swelling, and causing cataracts [17]. Searching for effective 
ARIs with antioxidant properties is a practical approach to 

managing and preventing diabetic complications [18]. 
Numerous ligands capable of inhibiting AR have been 
identified, which include quercetin, sorinil, zopolrestat, 
fidarestat, ponalrestat, tolrestatepalrestat, zenarestst, and 
resveratrol [19,20]. Since most of the inhibitors have low             
in-vivo efficacy or have contrary effects [21]. Epalrestat is a 

known drug showing good in-vivo development against 
Diabetes Mellitus (DM) [22]. The in-vitro ARI studies 
strongly suggest that CIFs have pharmacological activity 
against diabetes and its related complications by inhibiting 
the bovine lens aldose reductase activity. 
      Diabetes mellitus (DM) is a chronic illness characterized 

by two forms (T1DM and T2DM). It has been documented 
that around 90% of suffer from T2DM and 10% from T1DM 
[23]. A major endocrine disorder has posed medical 
encounters globally and also develops complicated metabolic 
threats in patients. As in chronic conditions, elevated levels 
of lipids as well as oxidative stress, can damage diverse 

organs, mainly blood vessels, the central nervous system, the 
eyes, and the kidneys. The World Health Organization 
(WHO) reported that DM will cause more than expected and 
a high death rate. 387 million people are pretentious to this 
disease, and it is estimated that 640 million people will be 
affected by 2040 [24]. The application of DFT in drug 

discovery has gained attention in recent decades due to its 
cost-effectiveness and remarkable precision in forecasting 
the physiochemical and molecular properties of both natural 
and synthesized compounds [25-28]. The active compounds 
To determine the inhibitory activity of aldose reductase of the 
active compound in the CIFs extract polar (ethanol and 

water) and nonpolar (petroleum ether and chloroform) 
solvents. The literature survey reveals an evaluation of the 
effectiveness of the active components within the CIFs 
extract and its ARI activity yet to be reported. In light of this 
observation, our present work deals with in-vitro and in-silico 
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activity of phytocompounds within the CIFs extract a novel 
drug for diabetes mellitus management. 
 
MATERIALS AND METHODS 
 
Fruit and Extraction Preparation 
      Fresh fruits of C. indica were gathered from an 
agricultural field near Cheyyar and Arni, Tamilnadu. The 
plants were authenticated by Professor Dr..P. Jayaraman, 
Director, Plant Anatomy Research Centre, West Tambaram, 
Chennai, and the voucher specimens are stored in the library 

for future reference. The fruits are washed thoroughly, cut 
into pieces, dried in a hot air oven for 4-5 days, separated and 
crushed using a grinder to make fine powder, and stored in a 
container for the following analysis [29]. The prepared 
powder fruit of C. indica was cramped in the muslin cloth. It 
is used for extraction by soxhlet extraction apparatus using 

water and petroleum ether, chloroform ethanol and water for 
24 h separately. It was concentrated through a rotary 
evaporator and subsequently subjected to freeze-drying in a 
lyophilizer until dry was obtained [30], preserved in a 
container free from contamination, and utilized for the 
phytochemical analysis, GC-MS studies, and ARI activity. 

The percentage yield was calculated for the dried extracts.  
 
Chemicals 
      All the standard chemicals were procured from Sigma-
Aldrich and HiMedia Laboratories Pvt Ltd from Bangalore 
and Mumbai, India respectively. 

 
Phytochemical Analysis 
      The petroleum ether, chloroform, aqueous, and ethanol 
fruit extract of C. indica underwent qualitative 
phytochemical screening using standard methods to identify 
a wide range of phytocomponents [31]. The extract 

determined the existence or non-existence of several active 
principle compounds like flavonoids, phenols, fixed oils, 
glycosides, alkaloids, tannins, saponins, amino acids, 
carbohydrates, fats, and proteins. 
 
Ascertain Total Phenolic Content (TPC) and 
Flavonoid Content (TFC) 
      To ascertain the TPC of CIFs extracts, the folin-
ciocalteu's phenol reagent technique was employed following 
standardization  with  gallic  acid  [32].  In  brief,  0.5 ml  of  

 
 
extract dissolved in Dimethyl sulfoxide (DMSO) followed by 
adding 0.5 ml of folin-ciocalteu's phenol reagent was 
vigorously shaken and neutralized with 0.5 ml of sodium 
hydroxide (NaOH). Distilled water (DW) was introduced to 

attain a total measurement of 5 ml, and the mixture was 
maintained at Room Temperature (RT) for 90 min with 
intermittent shaking. The optical density was measured at 
760 nm along with the control sample (without extract). The 
amount of TPC was then measured as milligrams of gallic 
acid equivalent per gram of dry extract. The aluminum 

chloride colorimeter method determined the TFC of all four 
extracts with specific alterations [33]. In a concise, 250 µl of 
extract dissolved in DMSO was assorted with 1 ml of DW, 
followed by 150 µl of sodium nitrate, then 75 µl of 10% 
aluminum chloride solution was introduced and kept RT for 
5 minutes. The final measurement was adapted to 2.5 ml with 

DW after adding 1 ml of NaOH, shaken vigorously, and RT 
was held for 5 min. After the mixture was measured at                     
510 nm, the amount of TFC was calculated as mg of 
quercetin/g of dry extract.  

 

GC-MS Spectrometry 
      The GC-MS analysis was conducted utilizing an 

integrated GC-MS instrument (436-GC Bruker) equipped 

with HP-5 fused silica capillary column. This approach is 

configured to handle both GC and MS. A 1 µl aliquot of 

sample was introduced into the column through a 

Programmable Temperature Vaporizing (PTV) injector, set 

at a temperature of 275 °C. The Column temperature was set 

to 60 ºC for 5 min to initiate the program and increased to 

300 ºC by 8 ºC min-1. Helium is used as carrier gas                                         

(1.5 ml min-1). The mass spectroscopy was operated in 

Ionization Modes (EI) mode with the mass score set at                

200 ºC.GC peak areas calculated the present age of 

constituents in the plant's taken medicinal part. GC-MS data 

are handled using JEOL software and peak compounds with 

retention time were identified based on the National Institute 

of Standard and Technology (NIST), WILEY, and DUKE's 

database library. 

 

Preparation and Determination of aldose 
Reductase Activity (AR) and Inhibition (ARI) 
Assay of Bovine Lens Homogenate 
      The fresh diseases-free bovine eyes were collected  from 
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the local slaughterhouse on the day of the experiment. The 

procedure involved extracting the lenses from the eyes, 

followed by washing with both fresh water and saline 

solution. Transparent lenses were combined and suspended 

at a pH of 7.4 with 0.1 ml of phosphate buffer. Afterward, the 

suspension underwent centrifugation in a refrigerated 

centrifuge at 5000 rpm for 10 min, resulting in the collection 

of the supernatant, which was then refrigerated for future 

analysis. AR activity was determined activity a sample 

cuvette containing 0.7 ml, 0.1 ml, and 0.1 ml of 0.06 M 

phosphate buffer, NADPH, and lens supernatant 

respectively, and a reference cuvette, and the reaction 

mixture was adjusted to 6.8 pH. Then 0.1 ml of DL 

glyceraldehyde (substrate) was mixed to start the enzymatic 

reaction in the sample cuvette but not on the reference cuvette 

(ensuring the sample cuvette containing the final volume has 

1.0 ml, and reference cuvette containing 0.9 ml), and the 

Optic Density (O.D) was measured at 30 seconds intervals 

for 3 min at 340 nm. AR activity was measured and expressed 

as ΔOD /min/mg of protein. For determining the ARI activity 

of different extractions, a stock solution was prepared by 

dissolving the plant extract in phosphate buffer saline 

(PBS).0.1 ml of each different plant extract solution having 

final concentration (25, 50, 75, 100, 200 and 300 µg ml-1). 

Control cuvettes contain (0.1 ml, 0.7 ml, and 0.1 ml of lens 

supernatant, phosphate buffer, NADPH, and various 

concentrations of quercetin (25, 50, 75, 100, 200 and                           

300 µg ml-1)). Experimental cuvettes contain (0.1 ml, 0.7 ml, 

and 0.1 ml of lens supernatant, phosphate buffer, NADPH, 

and diverse concentrations of different fractions of CIFs 

extract (25, 50, 75, 100, 200, and 300 µg ml-1), the 0.1 ml of 

substrate solution was mixed to initiate the reaction in all the 

cuvettes, which was calculated at 340 nm for 3 min at 30 s 

intervals. For finding the ARI activity of different 

concentrations of extraction solvents, with quercetin as 

standard. The calculation of aldose reductase inhibitory 

activity involved creating a graph that plotted log dose 

concentration against the percentage of inhibition, IC50 

values were calculated for all samples. 

 
Computational Details  
      The theoretical approach was conducted utilizing the 

DFT/B3LYP/6-311++G(d,p) level of theory within the 

Gaussian 09W  software  [34-37].  The  Chemcraft  program 

 

 

[38] was employed to visualize the optimized geometric 

features and electronic characteristics of DDPM. The 

electronic spectra of the titled compound were simulated 

using a time-dependent DFT (TD-DFT) approach [39-42]. 

The target protein aldose reductase crystal structure with 

PDB ID of 3G5E was recovered from the Research 

Collaboratory for Structural Bioinformatics (RCSB) Protein 

Data Bank (PDB). GaussView 6.0 was employed to draw the 

DDPM structure [43], which was then rehabilitated into PDB 

format to refine as a ligand. Molecular docking studies were 

performed using AutoDock [44], while the LigPlot+ program 

generated 2D protein-ligand interaction [45]. 

 
Statistical Analysis  
      The outcomes are presented as triplicate mean± standard 

error mean (SEM). The least square regression line of the 

logarithmic was analyzed by correlation coefficient r2. For 

evaluation of all data, two-way ANOVA followed by 

Bonferroni post-test was performed. SPSS Statistics Version 

10 (SPSS, Inc. Chicago, III., USA) software [46] was utilized 

for all statistical measurements, with significance denoted by 

P < 0.05.  

 
RESULT AND DISCUSSION 
 
Phytochemical Analysis 
      This work extracts four solvents, and the yield is 

represented in Table 1. The CIFs yield was related to its dried 

weight, ranging from 9.2% (Petroleum ether) to 33.9% 

(Ethanol). The Ethanolic extraction has a high yield when 

compared to aqueous (18.6%), chloroform (11.3%), and 

petroleum ether (9.2%). The variation in the outcomes in 

polar and nonpolar solvents might be attributed to the 

diversity of phytocompounds present in the extract of C. 

indica fruit, encompassing different degrees of solubility. 

The ethanolic and aqueous extract reported a high yield, 

suggesting intermediate-to-high polar compounds like 

phenols and flavonoids. TPC was expressed as mg of GAE/g 

of dry CIFs extract. TFC was expressed as mg of QE/g dry 

CIFs extract. Phenolic compounds are very effective sorbitol 

pathway enzymes involved in diabetic complications [47]. 

TPC and TFC of the four solvent extraction of CIFs is 

presented in Table 1 maximum volume of TPC was obtained 

in ethanolic solvent (12.5 ± 0.84 mg of GAE/g dried extract) 
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followed by aqueous, chloroform, and petroleum ether (6.8 ± 

0.11 mg, 2.6 ± 0.23, and 1.4 ± 0.12 of GAE/g dried extract). 

The maximum volume of TFC was obtained in ethanolic 

solvent (78.4 ± 3.6, 72.5 ± 5.5, and 44.2 ± 3.8g of QE/g dried 

extract). The quantification of TFC showed many 

polyphenols and flavonoids in CIFs with increasing solvent 

polarity. The significant difference in the different solvents 

can be attributed to the contradictions of phytocompounds in 

the CIFs. 

      Phenolic compounds are crucial to the antioxidant 

properties due to the scavenging capacity of the hydroxyl 

group. Polyol enzymes are the more effective phenolic 

compounds in diabetic complications [48-50]. Flavonoids 

and tannins have significant antioxidant activity and a broad 

range of therapeutic activity, including anti-inflammatory, 

anti-allergenic,  anti-aging,   and   anti-cancer  activity  [51].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flavonoids are also competent in treating people with 

diabetes by inhibiting the enzyme aldose reductase. These 

results for TPC and TFC agree with the report, and fruit 

extracts possess a strong anti-glycan effect [52,53]. The fruit 

extract of C. indica is a good source of TPC and TFC, which 

contribute to the inhibition of AR involved in the sorbitol 

pathway. The obtained results of qualitative phytochemical 

analysis of the different extracts in the fruit of C. indica are 

shown in Table 2. The ethanolic CIFs extract showed the 

presence of flavonoids, fats, phenols, fixed oils, tannins, 

carbohydrates, glycosides, saponins, alkaloids, proteins, and 

amino acids. The aqueous extract also shows phytochemicals 

like ethanolic extract without Terpenoids, tannins, saponins, 

and fats. Chloroform and petroleum ether extract show the 

presence of saponins, glycosides, Terpenoids, and saponins, 

respectively.   The   abounded   phytoconstituents   obtained                 

Table 1. Result of Percentage Yield, TPC, TFC Different Fraction of Fruit Extract of C. indica. (Mean ± SEM) 

 

Extraction solvent Yield 

(%) 

TPC 

(mg GAE/g dry extract) 

TPC 

(mg QE/g dry extract) 

Petroleum ether 9.2 1.4 ± 0.12 34.2 ± 4.8 

Chloroform 11.3 2.6 ± 0.23 44.2 ± 3.8 

Ethanol 33.9 12.5 ± 0.84 78.4 ± 3.6 

Aqueous 18.6 6.8 ± 0.11 72.5 ± 5.5 

 
 

Table 2. Qualitative Analysis of the Phytochemical from the Different Extracts of C. Indica Fruit 

 

S.No Phytocomponents Petroleum ether Chloroform Ethanol Aqueous 

1. Steroids - - + + 

2. Terpenoids + + + - 

3. Saponins + + + - 

4. Flavonoids - - + + 

5. Alkaloids - - + + 

6. Carbohydrates - - - - 

7. Tannins - - + - 

8. Glycosides - - + + 

9. Phenols - - + + 

10. Proteins - - - - 

11. Amino acids - - - - 

12. Fats - - + - 

(Presence ‘+’ or Absence ’-’). 
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from the ethanolic CIFs extract having different 

pharmacologically significant compounds leads to be 

identified.  

 
Aldose Reductase Activity Profile 
      Under diabetic conditions, Aldose reductase is crucial in 

converting glucose into sorbitol while simultaneously 

converting the coenzyme NADPH to NADP+. This 

enzymatic process is implicated in developing complications 

associated with DM [54]. The inhibition of AR by herbal 

constituents is the best therapeutic strategy for diabetic 

complications [55]. The present work assessed the in-vitro 

inhibitory potential of the isolated phytocompound DDPM 

on AR activity, using quercetin as the standard reference. The 

IC50 values were calculated for solvent extracts of CIFs that 

display over 50% inhibition, and the agreeing information 

exists in Table 3 and Fig. 1. 

      All four solvent extracts were found to exhibit the bovine 

lens AR activity with IC50 values of these extractions. The 

ethanolic extraction was found to exhibit the strongest ARI 

activity with a mean IC50 of 2.34 µg ml-1 compared to the 

aqueous extract, which showed mean IC50 values of                 

3.88 µg ml-1, chloroform extract showed a mean IC50 value 

of 6.72 µg ml-1 and petroleum ether extract showed a mean 

IC50 values of 7.26 µg ml-1. In contrast, the positive control 

quercetin  showed a mean  IC50  values of  2.05 µg ml-1.  The  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

ethanol and aqueous extract were additionally effective in 

ARI, as specified by its lower IC50 values [IC50                               

(2.34 µg ml-1)] and [IC50 (3.88 µg ml-1)], respectively, in 

comparison with other extracts. 

      The CIFs extract of ethanol and aqueous showed 

effective ARI activity, which can treat diabetic complications 

in the beginning stage. The ARI activity of pharmacological 

compounds present in the plant source is found to be phenols 

and flavonoids, which are the main constituents to reduce the 

AR enzyme activity in glucose metabolism [56]. The 

reported phytochemicals can potentially reduce oxidative 

stress by scavenging free radicals and reducing cell damage 

[57]. It is reported that the TPC and TFC in the fruit extracts 

possess an anti-glycan solid effect. This supports our study 

that our fruits of C. indica hold high amounts of TPC and 

TFC. 

 

GC-MS 
      These pharmacologically active phenols and flavonoid 

compounds were identified using GC-MS. The ethanolic 

extract is performed alone based on the maximum content of 

TPC and TFC obtained, shown in Table 1. The spectrum and 

chromatogram of peaks were visualized in Fig. 2. The 

spotting of the compound within the sample was achieved                 

by comparing the peaks in the chromatogram with that                

database available in the National  Institute of  Standard and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Aldo reductase inhibitory activity of Coccinia indica fruit of various extracts with quercetin as standard. The 

triplicate value of results was expressed as the mean ± SD. 
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Table 3. Result of Inhibitory Effect of the Coccinia Indica 

Fruit Extract on Bovine Lens Aldose Reductase (Mean ± 

SEM) 

 

Extract Concentration 

(µg ml-1) 

Inhibition 

(%) 

IC50 

(µg l-1) 

Petroleum 

ether 

300 

200 

100 

75 

50 

25 

62.13 

46.44 

29.86 

13.07 

5.80 

4.45 

7.26 

Chloroform 

300 

200 

100 

75 

50 

25 

64.86 

46.0 

12.12 

9.78 

4.22 

2.45 

6.72 

Ethanol 

300 

200 

100 

75 

50 

25 

78.46 

34.44 

16.56 

14.55 

10.06 

5.12 

2.34 

Aqueous 

300 

200 

100 

75 

50 

25 

76.88 

53.85 

24.76 

15.44 

9.04 

4.81 

3.88 

Quercetin 

300 

200 

100 

75 

50 

25 

82.98 

68.65 

56.22 

49.34 

40.45 

31.34 

2.05 

 

 

Technology Mass Spectral Database (NISTMS) and Duke's 

Database library and depicted briefly in Table S1 

(Supplementary materials). The ethanolic extract of CIFs 

identified 23 peaked compounds with the standard                  

mass  spectra  data  library.  The  pharmacologically   active  

 

 

compounds were found to be D-Alanine, N-propargyloxy 

carbonyl-, dodecyl ester, 4H-Pyran-4-one, 2,3-dihydro                

-3,5-dihydro-6-mrthyl, 5-Hydroxymethylfurfural, n-

Hexadecanoic acid, 10 (E), 12 (Z)-Conjugated linoleic acid, 

9,12,15-Octadecatrienoic acid, (Z,Z,Z)-, 13, 27-Cycloursan-

3-one, γ-Sitosterol, Betulinaldehyde, Lupeol. The 

polyphenols obtained are natural antioxidants, and flavonoids 

are known to have active ARI activity. The compounds 

identified in the ethanolic extract of CIFs have been subjected 

to numerous plants [58,59]. The high amount of TPC, TFC, 

and other phytoconstituents in the extract of C. indica               

fruits supports our findings that they are significant 

pharmaceutically active composites known to inhibit Aldose 

reductase. However, additional experimental evidence will 

help subject the biological activity to anti-diabetic drug 

development. 

 

Molecular Docking  
      Molecular docking is a valuable computational technique 

for assessing the binding affinity between small molecule 

ligands, macromolecule proteins, and DNA [60-65]. 

AutoDock4 facilitated the molecular docking analysis in this 

study between the small molecule DDPM and the 

macromolecule aldose reductase enzyme to determine the 

binding affinity. The X-ray crystal structure of aldose 

reductase with PDB ID: 3G5E was recovered from PDB, a 

significant target for numerous diabetes mellitus. The 

binding energy, hydrogen bonding, and hydrophobic 

interactions of DDPM with 3G5E were presented in Table 4 

and pictorially shown in Fig. 3. The findings revealed that 

DDPM creates strong hydrogen bonding with amino and 

carboxyl groups of the active site amino acids, including 

leucine 195, glutamine 192, threonine 191, and glutamic acid 

193, with a binding energy of 3.34, 3.05, 2.91, 3.03 and 2.73 

Å. Additionally, hydrophobic interactions were raised 

between the phenylalanine and asparagine. These findings 

confirm the DDPM potential as an antagonist for the aldose 

reductase enzyme. 

 

Geometrical Parameters 
      The optimized geometric parameters of DDMP were 

simulated at the DFT/B3LYP 6-311++G(d,p) basis set. From 

the structural perspective, DDPM contains a hydroxyl group 
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Fig. 2. Chromatogram representation of ethanolic extract of C. indica fruit by GC-MS. 

 

Table 4. Molecular Docking Studies of DDPM with 3G5E 

 

Ligand PDB ID Binding energy Hydrogen bonding 
Bond distance 

(Å) 
Hydrophobic interactions 

 

 

DDPM 

 

3G5E 

 

-5.94 

Leucine 195 

Glutamine 192 

Threonine 191 

Glutamic acid 193 

3.34 

3.05, 2.91 

3.03 

2.73 

Phenylalanine 315 

Aspargine 292 

 

 

  
Fig. 3. 3D PymoL view of DDPM with aldose reductase enzyme. 
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(OH) in para and ortho positions and a keto group (C=O) in 

the meta position concerning the methyl (CH3) group. The 

present research findings reveal that the DDMP electronic 

structure exhibits four protuberant bond lengths and six 

different bond angles. Figure 4 depicts the optimized 

molecular structure, while Table 5 lists the geometrical 

parameters of DDPM. The bond distance of C7=O4 was 

calculated at 1.261 Å, which is 0.132 and 0.176 Å lower than 

single-bonded C9-O3 (1.393) and C5-O2, confirming the 

double bond characteristics. The hydroxyl group (OH) bond 

length was 0.985 and 0.983 Å for O2-H17 and O3-H18. The 

bond length of (CH) in the methyl group fell in the 1.091-

1.097 Å range. At the same time, the bond distance of CH in 

the aromatic ring was 1.088 Å. The results unveiled 

simulated bond angles of O-C-C and C-O-C, which were 

spanned from 110.4-122.3° and 117°, respectively. Likewise, 

the bond angle of O-C-H was determined to lie between 

105.4-110.4°. In contrast, the C-C-H and H-C-H angles were 

exhibited in the range of 108.1-112.7 and 107.1-110.1°, 

respectively. Additionally, the bond angles of carbon atoms 

notably fell between 110.5-125.3. Compared with other bond 

lengths, O2-H17 and O3-H18 were reduced due to the impact 

of electronegative oxygen.  

 
Electronic Properties 
      The electronic spectrum was theoretically modeled using 

the TD-DFT approach based on the B3LYP/6-311++G(d,p) 

basis  set. Table 6  presents  a  comprehensive  overview  of        

 

 

Table 5. Theoretical Geometrical Parameters of DDPM 

 

Bond length 

(Å) 
Theoretical 

Bond length 

(Å) 
Theoretical 

O1-C6 1.478 C5-H11 1.103 

O1-C8 1.385 C6-H12 1.088 

O2-C5 1.437 C6-H13 1.096 

O2-H17 0.985 C7-C9 1.438 

O3-C9 1.393 C8-C9 1.365 

O3-H18 0.983 C8-C10 1.487 

O4-C7 1.261 C10-H14 1.097 

C5-C6 1.523 C10-H15 1.096 

C5-C7 1.521 C10-H16 1.091 

Bond angle 

(°) 
Theoretical 

Bond angle 

(°) 
Theoretical 

C6-O1-C8 117 C6-C5-C7 109 

O1-C6-C5 110.4 C6-C5-H11 109.9 

O1-C6-H12 105.4 C5-C6-H12 112.7 

O1-C6-H13 108.5 C5-C6-H13 109.5 

O1-C8-C9 121.3 C7-C5-H11 108.1 

O1-C8-C10 113.4 C5-C7-C9 117 

C5-O2-H17 107.6 H12-C6-H13 110.1 

O2-C5-C6 108.8 C7-C9-C8 121.7 

O2-C5-C7 110.7 C9-C8-C10 125.3 

O2-C5-H11 110.4 C8-C10-H14 110.5 

C9-O3-H18 107.8 C8-C10-H15 110 

O3-C9-C7 117.8 C8-C10-H16 110.5 

O3-C9-C8 120.5 H14-C10-H15 107.1 

O4-C7-C5 120.7 H14-C10-H16 109.1 

O4-C7-C9 122.3 H15-C10-H16 109.6 

 

 

the DPPM electronic characteristics and its significant 

contributions. From the theoretical findings, three distinct 

bands emerged, with a prominent peak observed at 316 nm 

with a substantial contribution of H→L (85%). Additionally, 

medium peaks at 304 and 250 nm significantly contribute to 

HOMO-1→LUMO (71%) and HOMO-1→LUMO (15%) 

transition, respectively, as shown in Fig. 5. The energy gaps 

were assessed and illustrated in Fig. 6 to evaluate the 

compound's chemical stability. The energy map of HOMO-

LUMO displays positive and negative phases in green and 

red hues, respectively [66]. According to the data in Table S2  

 
Fig. 4. Optimized molecular structure of DDPM. 

 

655 



 

 

 

Kiani et al./Phys. Chem. Res., Vol. 12, No. 3, 647-661, September 2024. 

 

 

Table 6. Simulated Electronic Parameters of DDPM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Supplementary materials), the simulated energy gap is 

around 2.9777 eV and exhibits more excellent chemical 

stability. Furthermore, Fig. 7 portrays the Density of states 

(DOS), supporting the predicted energy gap. Occupied 

orbitals are shown in green in the DOS spectrum, whereas 

unoccupied orbitals are shown in blue.  

 

MESP 
 
     Molecular electrostatic potential surfaces (MESP), were 

employed to ascertain the sites of nucleophilic and 

electrophilic regions within the compound. In particular, 

MESP surface specific to DDPM were created to vividly 

depict the contrasting colors that highlight variations between 

electron-rich and poor areas. The technique visually 

represents the molecular charge distribution, identifying and 

differentiating these crucial regions within the molecule [67, 

 

 
Fig. 6. HOMO-LUMO plot of the DDPM. 

 

Fig. 7. Simulated DOS spectrum of DDPM. 

λmax 
E 

(eV) 
f 

Major 

contribution 

316 3.92 0.1273 H→L (85%) 

204 4.07 0.0206 H-1→L (71%) 

250 4.95 0.0165 H-1→L (15%) 

 
Fig. 5. Simulated electronic spectrum of DDPM. 

656 



 

 

 

Phytochemical Profiling, GC-MS Analysis/Phys. Chem. Res., Vol. 12, No. 3, 647-661, September 2024. 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

68]. The DPPM has a color code for MESP that maps 

between 7.076 × 10-2 to 7.076 × 10-2 e.s.u. shown in Fig. 8. 

Red denotes the most substantial electron repulsion, while 

white denotes the most potent electron attraction. The 

resulting graphic shows that the hydrogen atoms, mainly the 

methyl group hydrogens, are surrounded by electron-poor 

zones characterized by white color mesh. The red color mesh 

indicates that electron-rich areas are developing around the 

oxygen atoms of the carbonyl, methoxy, and hydroxyl 

groups. These findings suggest a strong correlation between 

Mulliken charges.        

  
CONCLUSION 
 

      Coccinia indica is a famous plant for its safe anti-diabetic 

properties. In the present study, the GC-MS analysis has 

provided compelling evidence supporting a diverse range of 

bioactive compounds in C. indica and concluded that the 

taken CIFs are a promising source with numerous 

pharmacological activities. The ethanolic and aqueous 

extracts derived from the CIFs displayed potent inhibitory 

activity against bovine lens aldose reductase, the correlation 

between the secondary metabolites obtained from the CIFs 

and ARI studies suggests that the high content of Phenols and 

flavonoids in the CIFs extract which driven the effective ARI 

activities. The phytochemicals identified from GC-MS 

support the use of  CIFs  having beneficial  pharmacological  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

activity. The MESP analysis confirms the charge 

distributions, the presence of electronegative atom oxygen 

impacts the charges associated with the carbon atoms. The 

molecular docking investigation evidence for DDPM 

effectiveness in encountering diabetes by targeting the          

aldose reductase enzyme, exhibiting a binding energy of                          

-5.94 (Kcal mol-1). Additionally, the simulated electronic 

characteristic, including the energy gap, further validates the 

chemical reactivity and biological potency of DDPM. Further 

efforts should made to segregate all the bioactive compounds 

from the CIFs and access its in-vitro ARI activity in animal 

prototypes. This drives the findings of promising drugs for 

controlling and managing DM and its complications. 

 
ACKNOWLEDGEMENT 
 

      The authors are grateful to SAIF, IIT Madras, for 

recording the GC-MS analysis. 

 
REFERENCES 
 
[1] Shaheen, S. Z.; Bolla, K.; Vasu, K.; Charya, M. S., 

Antimicrobial activity of the fruit extracts of Coccinia 

indica. Afr. J. Biotechnol. 2009, 8, 7073-7076. DOI: 

10.5897/AJB2009.000-9550. 

[2] Pekamwar S. S; Kalyankar T. M; Kokate S. S., 

Pharmacological    Activities    of   Coccinia    Grandis:  

 

Fig. 8. Total density and Contours map MESP map of DDPM. 

657 



 

 

 

Kiani et al./Phys. Chem. Res., Vol. 12, No. 3, 647-661, September 2024. 

 

 

Review. J. Appl. Pharm. Sci. 2013, 3, 114-119, DOI: 

10.7324/JAPS.2013.3522  

[3] Manju, M. M.; Besty, S. A., Compendious writeup on 

Coccinina grandis. International Pharmaceutical 

Science Research, 2019, 54 (2), 29-36. 

DOI: 10.47583/ijpsrr. 

[4] Monisha, S. I.; Vimala, J. R., Extraction, Identification 

and Pharmacological Evaluation of Phyto-Active 

Compound in Manilkara Hexandra (Roxb.) Dubard 

Stem Bark. Biosci. Biotech. Res. Asia. 2018, 15, 

DOI: 10.13005/bbra/2677. 

[5] Vadivu, R.; Krithika, A.; Biplab, C.; Dedeepya, P.; 

Shoeb, N.; Lakshmi, K. S., Evaluation of 

Hepatoprotective Activity of the Fruits of Coccinia 

grandis Linn, Int. J. Health. Res. 2008, 1, 163-168, DOI: 

10.4314/ijhr.v1i3.55366. 

[6] Wasantwisut, E.; Viriyapanich, T., Ivy gourd, (Coccinia 

grandis Voigt, Coccinia cordifolia, Coccinia indica) in 

human nutrition and traditional applications. World. 

Rev. Nutr. Diet. 2003, 91, 60-66, DOI: 10.1159/ 

000069929 

[7] Meenatchi, P.; Purushothaman, A.; Maneemegalai, S., 

Antioxidant, antiglycation and insulinotrophic 

properties of Coccinia grandis (L.) in vitro: possible role 

in prevention of diabetic complications. J. Tradit. 

Complement. Med. 2017, 7 (1), 54-64, DOI: 10.1016/ 

j.jtcme.2016.01.002.  

[8] Bailey, C. J.; Day, C., Traditional Plant Medicines as 

Treatments for Diabetes. Diabetes Care. 1989, 12 (8), 

553-564, DOI: 10.2337/diacare.12.8.553. 

[9] Munasinghe, M.; Abeysena, C.; Yaddehige, I. S.; 

Vidanapathirana, T.; Piyumal, K. P. B., Blood Sugar 

Lowering Effect of Coccinia grandis (L.) J. Voigt: Path 

for a New Drug for Diabetes Mellitus. Exp. Diabetes. 

Res. 2011, 2011, 978762, DOI: 10.1155/2011/978762. 

[10] Doornbos, A. M.; Meynen, E. M.; Duchateau, G. S.; 

Van Der Knaap, H. C.; Trautwein, E. A., Intake 

occasion affects the serum cholesterol lowering of a 

plant sterol-enriched single-dose yoghurt drink in 

mildly hypercholesterolaemic subjects. Eur. J. Clin. 

Nutr. 2006, 60, 325-33, DOI: 10.1038/sj.ejcn.1602318. 

[11] Prasad, K. N.; Yang, B.; Dong, X.; Jiang, G.; Zhang, H.; 

Xie, H.; Jiang, Y., Flavonoid contents and antioxidant 

activities from Cinnamomum species. Innov. Food. Sci.  

 

 

Emerg. Technol. 2009, 10 (4), 627-632, DOI: 10.1016/ 

j.ifset.2009.05.009. 

[12] Shrivastava, R., Extraction, Qualitative and 

Quantitative Determination of Secondary Metabolites 

of Coccinia Indica Fruits. JDDT. 2019, 9, 

DOI:  10.22270/jddt.v9i1-s.2341. 

[13] Ruthaiwan, B.; Hutadilok-Towatana, N.; Noipha, K.; 

Wattanapiromsakul, C.; Inafuku, M.; Oku, H., Ivy 

gourd (Coccinia grandis L. Voigt) root suppresses 

adipocyte differentiation in 3T3-L1 cells. Lipids. 

Health. Dis. 2014, 13, 1-10, DOI: 10.1186/1476-511X-

13-88.  

[14] Kumar, G. P.; Sudheesh, S.; Vijayalakshmi, N., 

Hypoglycaemic effect of Coccinia indica:mechanism of 

action. Planta. Med. 1993, 59, 330-2, DOI: 10.1055/s-

2006-959693. 

[15] Lorenzi M., The polyol pathway as a mechanism for 

diabetic retinopathy: attractive, elusive, and resilient. 

Exp. Diabetes. 2007, 2007, 1-10 DOI: 10.1155/ 

2007/61038 

[16] Gonzalez, R. G.; Barnett, P.; Aguayo, J.; Cheng, H. M.; 

Chylack, L. T. J., Direct measurement of polyol 

pathway activity in the ocular lens. Diabetes. 1984, 33 

(2), 196-199. DOI: 10.2337/diab.33.2.196 

[17] Kinoshita, J. H.; Kador, P.; Catiles, M., Aldose 

reductase in diabetic cataract. J. Am Med. Association. 

1981, 246 (3), 257-261, DOI: 10.1001/ 

jama.1981.03320030049032. 

[18] Gacche, R. N.; Dhole, N. A., Aldose reductase 

inhibitory, anticataract and antioxidant potential of 

selected medicinal plants from the Marathwada region. 

India. Nat. Prod. Res. 2011, 25 (7), 760-763, DOI: 

10.1080/14786419.2010.536951. 

[19] Reddy, T. N.; Ravinder, M.; Bagul, P.; Ravikanti, K.; 

Bagul, C.; Nanubolu, J. B.; Srinivas, K.; Banerjee, S. 

K.; Rao, V. J., Synthesis and biological evaluation of 

new epalrestat analogues as aldose reductase inhibitors 

(A.R.I.s). Eur. J. Med. Chem. 2014, 71, 53-66, DOI: 

10.1016/j.ejmech.2013.10.043. 

[20] Wang, Z.; Hwang, S. H.; Quispe, Y. N. G.; Arce, P. H. 

G.; Lim, S. S., Investigation of the antioxidant and 

aldose reductase inhibitory activities of extracts from 

Peruvian tea plant infusions. Food. Chem. 2017, 231, 

222-230, DOI: 10.1016/j.foodchem.2017.03.107. 

658 



 

 

 

Phytochemical Profiling, GC-MS Analysis/Phys. Chem. Res., Vol. 12, No. 3, 647-661, September 2024. 

 

 

[21] Miyamoto, S., Recent advances in aldose reductase 

inhibitors: potential agents for the treatment of diabetic 

complications. Expert. Opin. Ther. Patents. 2002, 12 

(5), 621-631, DOI: 10.1517/13543776.12.5.621. 

[22] Hotta, N.; Sakamoto, N.; Shigeta Kikkawa, R.; Goto, 

Y., Clinical investigation of epalrestat, an aldose 

reductase inhibitor, on diabetic neuropathy in Japan: 

multicenter study. J. Diabetes. Compl. 1996, 10 (3), 

168-172, DOI: 10.1016/1056-8727(96)00113-4. 

[23] Giovannini, P., Howes, M. J. R., Edwards S.E. 

Medicinal plants used in the traditional management of 

diabetes and its sequelae in Central America: A 

review. J. Ethnopharmacol. 2016, 184, 58-71. 

DOI: 10.1016/j.jep.2016.02.034.   
[24] Rask-Madsen, C.; King, G. L., Vascular complications 

of diabetes: Mechanisms of injury and protective 

factors. Cell Metab. 2013, 17, 20-33. DOI: 10.1016/ 

j.cmet.2012.11.012.  

[25] Arunpandian, R.; Lasalle, B. S. I.; Balagowtham, N.; 

Krishnamachari, M.; Pandian, M. S.; Ramasamy, P.; 

Mohanraj, K.; Chiang, C. H.; Yang, P. Y., 

Computational and experimental investigation on 

piperazinediium bis (4-aminobenzoate) dihydrate single 

crystal for NLO applications, J. Mol. Struct. 2023, 

1288, 135811, DOI: 10.1016/j.molstruc.2023.135811. 

[26] Ramesh, K. S.; Saravanakumar, M.; Saravanan, R.; 

Kumar, M.; Chang, J. H.; Munusamy, S., Exploring the 

cutting-edge properties of 3-nitrophthalic acid single 

crystal: growth, structure, optical and quantum 

chemical studies, J. Mater. Sci. Mater. Electron. 2023, 

34, 1726, DOI: 10.1007/s10854-023-11113-2.  

[27] Jih-Hsing Chang.; Narendhar Chandrasekar.; Shan-Yi 

Shen.; Mohd. Shkir.; Mohanraj Kumar., Biomedical 

applications, Silicon-Based Hybrid Nanoparticles, 

Elsevier, 2022, 277-323, DOI: 10.1016/B978-0-12-

824007-6.00013-7. 

[28] Albo Hay Allah, M. A.; Balakit, A. A.; Salman, H. I.; 

Abdulridha, A. A.; Sert, Y., New heterocyclic 

compound as carbon steel corrosion inhibitor in 1 M 

H2SO4, high efficiency at low concentration: 

Experimental and theoretical studies. J. Adhes.                             

Sci. 2023, 37, 525-547, DOI: 10.1080/ 

01694243.2022.2034588. 

[29] Thambiraj,    J.;    Paulsamy,   S.,   In vitro  antioxidant 

 

 

potential of methanol extract of the medicinal 

plant, Acacia caesia (L.) Willd, Asian. Pac. J. Trop. 

Biomed. 2012, 2, S732-S736, DOI: 10.1016/S2221-

1691(12)60305-0.  

[30] Sanchez-Hernández, E.; González-Garcia, V.; Palacio-

Bielsa, A.; Lorenzo-Vidal, B.; Buzon-Duran, L.; 

Martín-Gil, J.; Martín-Ramos, P., Antibacterial Activity 

of Ginkgo biloba Extracts against Clavibacter 

michiganensis subsp. michiganensis, Pseudomonas 

spp., and Xanthomonas vesicatoria. Horticulturae, 

2023, 9, 461, DOI: 10.3390/horticulturae9040461. 

[31] Khandelwal, K R., Practical Pharmacognosy, Ninth 

Edition, Nirali prakashan, Delhi, 2022, pp. 149-153.  

[32] Singleton, V. L.; Orthifer, R.; Lamuela-Raventos, R. 

M., Analysis of total phenols and other oxidation 

subtrates and antioxidants by means of Folin-Ciocalteu 

reagent. Meth. Enzymol. 1999, 299, 152-178, DOI: 

1016/S0076-6879(99)99017-1 

[33] Chang, C. C.; Yang, M. H.; Wen, H. M.; Chern, J. C., 

Estimation of total flavonoid content in propolis by two 

complementary colorimetric methods. J. Food. Drug. 

Anal. 2002, 10 (3), 178-182, DOI: 10.38212/2224-

6614.2748. 

[34] Frisch, M. J., et al., Gaussion 09W, Revision A.02, 

Gaussion Inc. Walling Ford, CT, 2009. 

[35] Kohn, W.; Sham, L. J., Self-consistent equations 

including exchange and     correlation effects, Phys.               

Rev. 1965, 140, A1133-A1138, DOI: 10.1103/ 

PhysRev.140.A1133. 

[36] Becke, A. D., Density functional thermo chemistry- III: 

The role of exact exchange. J. Chem. Phys. 1993, 98, 

5648-5652, DOI: 10.1063/1.464913. 

[37] Lee, C.; Yang, W.; Parr, R. G., Development of the 

Colle-Salvetti correlation-energy formula into a 

functional of the electron density. Phys. Rev. B. 1988, 

37, 785-789, DOI: 10.1103/PhysRevB.37.785. 

[38] Zhurko, G. A.; Zhurko, D. A., 2009 Chemcraft          

Program Version 1.6 (Build 315), 

http://www.chemcraftprog.com. 

[39] Hehre, W. J.; Ditchfield, R.; Pople, J. A., Self-

Consistent Molecular Orbital Methods. XII. Further 

Extensions of Gaussian-Type Basis Sets for Use in 

Molecular Orbital Studies of Organic Molecules, J. 

Chem. Phys. 1972, 56 (5), 2257-2261.  

659 



 

 

 

Kiani et al./Phys. Chem. Res., Vol. 12, No. 3, 647-661, September 2024. 

 

 

[40] Cheeseman, J. R.; Trucks, G. W.; Keith, T. A.; Frisch, 

M. J., A comparison of models for calculating nuclear 

magnetic resonance shielding tensors, J. Chem. Phys. 

1996, 104, 5497-5509. 

[41] Petersilka, M.; Gossman, U. J.; Gross, E. K. U., 

Excitation energies from timed-ependent density-

functional theory, Phys. Rev. Lett. 1966, 76, 1212-1215.  

[42] Runge, E.; Gross, E. K. U., Density functional theory 

for time-dependent systems, Phys. Rev. Lett. 1984, 52, 

997.  

[43] Denningten, R.; Keith, T.; Millam, J., GaussView 

Version 5.0.8 (Wallingford, CT: Gaussian, Inc, 2009, 

235. 

[44] Morris, G. M.; Huey, R.; Lindstrom, W.; Sanner, M. F.; 

Belew, R. K.; Goodsell, D. S.; Olson, A. J., AutoDock4 

and AutoDockTools4: Automated docking with 

selective receptor flexibility. J. Comput. Chem. 2009, 

30, 2785-2791, DOI: 10.1002/jcc.21256.  

[45] Wallace, A. C.; Laskowski, R. A.; Thornton, J. M., 

LIGPLOT: a program to generate schematic diagrams 

of protein-ligand interactions, Protein. Eng. 1995, 8, 

127-134, DOI: 10.1093/protein/8.2.127.  

[46] SPSS Inc. SPSS Base 10.0 for Windows User's Guide; 

SPSS Inc.: Chicago IL, 1999. 

[47] Hayman, S.; Kinoshita J. H., Isolation and properties of 

lens aldose reductase. J. Biol. Chem. 1965, 240 (2), 877-

882, DOI: 10.1016/S0021-9258(17)45256-2. 

[48] Aslan, H. E.; Beydemir, S., Phenolic compounds: the 

inhibition effect on polyol pathway enzymes. Chem. 

Biol. Interact. 2017, 266, 47-55, DOI: 10.1016/ 

j.cbi.2017.01.021. 

[49] Yildirim, A.; Mavi, A.; Oktay, M; Kara, A. A.; Algur, 

O. F.; Bilaloglu, V., Comparison of antioxidant and 

antimicrobial activities of Tilia (Tilia argentea Desf Ex 

DC), Sage (Savia triloba L.), and BlackTea (Camellia 

sinensis) extracts. J. Agric. Food. Chem. 2000, 48 (10), 

5030-5034, DOI: 10.1021/jf000590k. 

[50] Geetha, S.; Sai-Ram, M.; Mongia, S. S.; Singh, V.; 

Ilavazhagan, G.; Sawhney, R. C., Evaluation of 

antioxidant activity of leaf extract of Seabuckthorn 

(Hippophae rhamnoides L.) on chromium(VI)  induced 

oxidative stress in albino rats. J. Ethnopharmacol. 

2003, 87, 247-251, DOI: 10.1016/S0378-

8741(03)00154-5. 

 

 

[51] Shimoi, K.; Masuda, S.; Shen, B.; Furugori, M.; Kinze, 

N., Radioprotective effects of antioxidative plant 

flavonoids in mice. Mutat. Res. Fundam. Mol. Mech. 

Mutagen. 1996, 350 (1), 153-16, DOI: 10.1016/0027-

5107(95)00116-6.  

[52] Chaudhry, P. S.; Cabrera, J.; Juliani, H. R.; Varma, S. 

D., Inhibition of human lens aldose reductase by 

flavonoids, sulindac and indomethacin. Biochem. 

Pharmacol. 1983, 32 (13), 1995-1998, DOI: 10.1016/ 

0006-2952(83)90417-3. 

[53] Song, L.; Liu, H.; Wang, Y.; Wang, Y.; Liu, J.; Zhou, 

Z.; Chu, H.; Zhuang, P.; Zhang, Y., Application of 

G.C./MS-based metabonomic profiling in studying the 

therapeutic effects of Huangbai-Zhimu herb-pair (HZ) 

extract on streptozotocin-induced type 2 diabetes in 

mice. J. Chromatogr. B. Analyt. Technol. Biomed.               

Life. Sci. 2015, 997, 96-104, DOI: 10.1016/ 

j.jchromb.2015.05.003. 

[54] Kato, A.; Yasuko, H.; Goto, H.; Hollinshead, J.; Nash, 

R. J.; Adachi, I., Inhibitory effect of rhetsinine isolated 

from Evodia rutaecarpa on aldose reductase activity. 

Phytomedicine, 2009, 16 (2-3), 258-261, DOI: 10.1016/ 

j.phymed.2007.04.008. 

[55] Karasu, C.; Cumaog, lu A.; Gurpinar, A. R.; Kartal, M.; 

Kovacikova, L.; Milackova, I.; Stefek, M., Aldose 

reductase inhibitory activity and antioxidant capacity of 

pomegranate extracts. Interdiscip Toxicology. 2012, 5 

(1), 15-20, DOI: 10.2478%2Fv10102-012-0003-8. 

[56] Viswanatha, G. L. S.; Vaidya, S. K.; Ramesh, C.; 

Krishnadas, N.; Rangappa, S., Antioxidant and 

antimutagenic activities of bark extract of Terminalia 

arjuna. Asian. Pac. J. Trop. Med. 2010, 3 (12), 965-970, 

DOI: 10.1016/S1995-7645(11)60010-2. 

[57] Girija, K.; Lakshman, K.; Chandrika, U.; Ghosh, S. S.; 

Divya, T., Anti-diabetic and anti-cholesterolemic 

activity of methanol extracts of three species of 

Amaranthus. Asian. Pac. J. Trop. Biomed. 2011, 1 (2), 

133-138, DOI: 10.1016/S2221-1691(11)60011-7. 

[58] Meenatchi, P.; Purushothaman, A.; Maneemegalai, S., 

Antioxidant, antiglycation and insulinotrophic 

properties of Coccinia grandis (L.) in vitro: possible 

role in prevention of diabetic complications. J. Tradit. 

Complement. Med. 2017, 7(1), 54-64, DOI: 10.1016/ 

j.jtcme.2016.01.002.  

660 



 

 

 

Phytochemical Profiling, GC-MS Analysis/Phys. Chem. Res., Vol. 12, No. 3, 647-661, September 2024. 

 

 

[59] Gurnani, N.; Gupta, M.; Mehta, D.; Mehta, B. K., 

Chemical composition, total phenolic and flavonoid 

contents, and in vitro antimicrobial and antioxidant 

activities of crude extracts from red chilli seeds 

(Capsicum frutescens L.). J. Taibah Univ. Sci. 2016, 10 

(4), 462-470, DOI: 10.1016/j.jtusci.2015.06.011. 

[60] Ram Kumar, A.; Selvaraj, S.; Anthoniammal, P.; 

Ramalingam, R. J.; Ranjith, B.;  Jayaprakash, P.; 

Sheeja, G. P., Mol, Comparison of spectroscopic, 

structural, and molecular docking studies of 5-nitro-2-

fluoroaniline and 2-nitro-5-fluoroaniline: An attempt on 

fluoroaniline isomers, J. Fluor. Chem. 2023, 270, 

110167, DOI: 10.1016/j.jfluchem.2023.110167. 

[61] Ram Kumar, A.; Selvaraj, S.; Kanagathara, N., 

Spectroscopic, Structural and Molecular Docking 

Studies on N,N-Dimethyl-2-[6-methyl-2-(4-

methylphenyl) Imidazo [1,2-a] pyridin-3-yl] 

Acetamide, Phys. Chem. Res. 2024, 12, 95-107, DOI: 

10.22036/PCR.2023.387911.2306. 

[62] Dege, N.; Gökce, H.; Dogan, O. E.; Alpaslan, G.; Agar, 

T.; Muthu, S.; Sert, Y., Quantum computational, 

spectroscopic investigations on N-(2-((2-chloro-4,                     

5-dicyanophenyl) amino) ethyl)-4-methylbenzene-

sulfonamide by DFT/TD-DFT with different solvents, 

molecular docking and drug-likeness 

researches, Colloids Surf. A Physicochem.                           

Eng. Asp., 2022, 638, 128311, DOI: 10.1016/ 

j.colsurfa.2022.128311. 

[63] Karrouchi, K.; Brandán, S. A.; Sert, Y.; El-Marzouqi, 

H.; Radi, S.; Ferbinteanu, M.; Faouzi, M. E. A.; Garcia, 

Y., Synthesis, X-ray structure, vibrational spectroscopy, 

DFT, biological evaluation and molecular docking 

studies   of  (E)-N'-(4-(dimethylamino) benzylidene)-5- 

 

 

 

 

 

 

 

 

 

 

 

 

 

methyl-1H-pyrazole-3-carbohydrazide,  J. Mol. 

Struct. 2020, 1219, 128541, DOI: 10.1016/ 

j.molstruc.2020.128541. 

[64] Abdulridha, A. A.; Allah, M. A. A. H.; Makki, S. Q.; 

Sert, Y.; Salman, H. E.; Balakit, A. A., Corrosion 

inhibition of carbon steel in 1 M H2SO4 using new Azo 

Schiff compound: Electrochemical, gravimetric, 

adsorption, surface and DFT studies, J. Mol. Liq. 2020, 

315, 113690, DOI: 10.1016/j.molliq.2020.113690.  

[65] Gumus, M.; Babacan, S. N.; Demir, Y.; Sert, Y.; Koca, 

I.; Gulcin, I., Discovery of sulfadrug-pyrrole conjugates 

as carbonic anhydrase and acetylcholinesterase 

inhibitors. Arch. Pharm. 2022, 355 (1), 2100242, 

DOI:  10.1002/ardp.202100242. 

[66] Kansız, S.; Tolan, A.; Azam, M.; Dege, N.; Alam, M.; 

Sert, Y.; Al-Resayes, S. I.; Icbudak, H., Acesulfame 

based Co(II) complex: Synthesis, structural 

investigations, solvatochromism, Hirshfeld surface 

analysis and molecular docking 

studies, Polyhedron, 2022, 218, 115762, DOI: 10.1016/ 

j.poly.2022.115762.  

[67] Selvaraj, S.; Ram Kumar, A.; Ahilan, T.; Kesavan, M.; 

Gunasekaran, S.;  Kumaresan., S., Multi spectroscopic 

and computational investigations on the electronic 

structure of oxyclozanide, J. Indian. Chem. Soc. 2022, 

99 100676, DOI: 10.1016/j.jics.2022.100676. 

[68] Selvaraj, S.; Ram Kumar, A.; Ahilan, T.; Kesavan, M.; 

Serdaroglu, G.; Rajkumar, P.; Mani, M.;  Gunasekaran, 

S.; Kumaresan, S., Experimental and Theoretical 

Spectroscopic Studies of the Electronic Structure of 2-

Ethyl-2-phenylmalonamide Phys. Chem. Res. 2022, 10, 

333-344, DOI: 10.22036/PCR.2021.304087.1966. 

 

 

661 


