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SUMMARY
Research background. Coccinia grandis L. is traditionally used for the treatment of dia-

betes mellitus. Since the scientific evidence and mechanism of action have not yet been 
extensively investigated, this study aims to evaluate the antidiabetic and cytotoxic effects 
together with the optimisation and development of a scale-up process design for higher 
yields of bioactive phytocompounds from C. grandis. 

Experimental approach. The in silico study was conducted to predict the binding affin-
ity of phytocompounds of C. grandis for α-amylase and α-glucosidase enzymes involved 
in the pathophysiology of diabetes with pharmacokinetic assessment. Response surface 
methodology was used to determine the optimum total phenolic content (TPC), total fla-
vonoid content (TFC), total tannin content (TTC) and antioxidant activities (DPPH and 
FRAP) in 17 different experimental runs in which the parameters of microwave-assisted 
extraction such as temperature (50–70 °C), power (400–1000 W) and time (15–45 min) were 
varied. The phytocompounds were purified and identified using column chromatography, 
thin-layer chromatography (TLC), UV-visible spectroscopy, Fourier transform infrared spec-
troscopy (FTIR) and liquid chromatography-mass spectrometry (LC-MS). The in vitro anti-
diabetic activity was determined by α-amylase and α-glucosidase enzymatic inhibitory 
assays, while cytotoxic investigations were done by measuring haemolytic activity, 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) and chorioallantoic 
membrane (CAM) assays.

Results and conclusions. The reported major bioactive compounds have shown an ex-
cellent binding affinity for α-amylase and α-glucosidase enzymes in the range of −14.28 
to –36.12 kJ/mol with good pharmacokinetic properties and toxicities ranging from low 
to medium. The bioactive constituents such as total phenols, total flavonoids, total tan-
nins and antioxidant activities such as DPPH and FRAP were found to be high and depend-
ent on the optimised microwave-assisted extraction parameters such as temperature, time 
and power: 55 °C, 45 min and 763 W, respectively. Sixteen compounds were identified by 
FTIR and LC-MS spectra in the plant sample after preliminary identification, purification 
and TLC. The percentage of enzyme inhibition depended on the concentration of the ex-
tract (7.8–125.0 µg/mL) and was higher than that of acarbose. The haemolytic activity was 
in accordance with ISO standards and low toxicity was observed in the MTT and CAM as-
says in the range of 7.8−125.0 µg/mL, suggesting its potential use as an antidiabetic drug 
and for functional food development.

Novelty and scientific contribution. The results of the study open up new opportunities 
for researchers, scientists and entrepreneurs in the food and pharmaceutical sectors to 
develop antidiabetic foods and medicines that help diabetics to better control their con-
dition and maintain overall health. 

Keywords: diabetes mellitus; Coccinia grandis; phytochemicals; extraction optimisation; 
molecular docking; enzyme inhibition; cytotoxicity 

INTRODUCTION
Diabetes mellitus, a common medical condition, comprises a series of permanent met-

abolic disorders characterised by the presence of hyperglycaemia or increased glucose 
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levels in the blood. The above symptoms are the result of com-
promised insulin secretion, insulin action or a combination of 
both (1). Prolonged elevated blood glucose levels can lead to 
severe detrimental effects on various physiological systems, 
such as renal dysfunction, myocardial infarction, cerebrovas-
cular accidents, retinal damage and the formation of opacities 
in the lens of the eye (2). The global prevalence of diabetes is 
on an upward trend, which means that an increasing number 
of individuals worldwide are affected by this metabolic disor-
der. Based on the International Diabetes Federation (IDF) pro-
jections, it is estimated that the global population with diag-
nosed and undiagnosed diabetes will reach approx. 536.6 
million people in 2021. Furthermore, this number is expected 
to increase by 46 % over the next 24 years, reaching a stagger-
ing 783.2 million by 2045 (3). Enzyme inhibitors such as acar-
bose, miglitol and voglibose are used to treat postprandial 
hyperglycaemia (PPHG). However, both miglitol and voglibose 
only inhibit α-glucosidase, while acarbose effectively inhibits 
both α-amylase and α-glucosidase (4). Because of the adverse 
effects on the gastrointestinal tract that these inhibitors can 
cause, long-term medication is not recommended. Drugs of 
natural origin have enormous benefits in treating chronic dis-
orders with fewer or no side effects. They are compatible with 
human physiology and are widely accepted by the population 
(5,6). Therefore, researchers are focusing on both α-amylase 
and α-glucosidase inhibitors of natural origin, such as plants, 
microbes and marine animals.

The leaves and fruits of Coccinia grandis L. are used by var-
ious tribal populations as ethnomedicinal agents and food 
ingredients for the treatment of diabetes. Despite the widely 
recognised physiological effects of C. grandis and its involve-
ment in various health and disease processes, there has been 
a notable lack of research efforts addressing the formulation 
of therapeutic interventions using the phytoconstituents of 
this plant species. Previous studies have shown the potential 
advantages of C. grandis leaf extract for the treatment of di-
abetes (7). Nevertheless, there is a need for more scientific 
literature that can provide a comprehensive understanding 
of the exact mechanism underlying the antidiabetic effects 
and assessment of toxicity.

Given the above, the aim of this research is to investigate 
in silico, in vitro and ex vivo the potential of the phytocompo-
nents of C. grandis in the treatment of diabetes. This was 
achieved by investigating their ability to inhibit the enzymes 
α-amylase and α-glucosidase and by studying the absorption, 
distribution, metabolism and excretion (pharmacokinetics) 
of the drug and its potential to cause harm to cells (cytotox-
icity). The overall goal is to expand academic, scientific and 
industrial efforts related to the development of antidiabetic 
foods and drugs as well as their formulations. 

MATERIALS AND METHODS

In silico analysis

The software used in this study was AutoDock Tools, v. 
1.5.7 (8), Discovery Visual 2020 software (9) and Open Babel, 

specifically the Open Babel GUI (graphical user interface), v. 
2.4.1 (10). The online web server used in this study was AD-
METlab, v. 2.0 (11). 

 

Chemicals and reagents

Ethanol (99.9 % purity), methanol, sodium carbonate, al-
uminium chloride and iron(III) chloride (all 99 % purity), 37 % 
hydrochloric acid and sodium phosphate (96 % purity) were 
obtained from Merck, Mumbai, Maharashtra, India. Folin-Ci-
ocalteu reagent and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe-
nyl tetrazolium bromide (MTT) assay kit (both 98 % purity) 
were purchased from HiMedia, Thane, Maharashtra, India. 
Highly purified standards, namely quercetin, stigmasterol 
and kaempferol (all 95 % purity), were purchased from Sigma 
Lifesciences, Bangluru, Karnataka, India. Silica gel with a mesh 
size of 60–120 and a thin-layer chromatography (TLC) plate 
with an F254 coating were obtained from Merck, Darmstadt, 
Germany. Trolox (97 % purity) and soy lecithin (95 % purity) 
were obtained from Sigma-Aldrich, Merck, Bangaluru, Karna-
taka, India. Gallic acid (99 %), tannic acid (98 %), Trolox (97 %), 
2,4,6-tripyridyl-S-triazine (TPTZ, 99 %), porcine pancreatic 
α-amylase, α-glucosidase, dimethyl sulfoxide (DMSO, 99 %), 
acarbose (95 %), starch solution, 3,5-dinitrosalicylic acid 
(DNSA, 99 %) and p-nitrophenyl-β-d-galactopyranoside 
(p-NPG, 99 %) were purchased from SRL Chemicals, Mumbai, 
Maharashtra, India. Culture media such as Dulbecco’s modi-
fied Eagle medium (DMEM) were obtained from Gibco, Life 
Technologies Ltd., Paisly, UK and reagents of analytical grade 
were purchased from Merck, Mumbai, India.

 

Molecular docking studies

Based on previous scientific research and comprehensive 
databases, 19 prominent bioactive phytocompounds with 
both antidiabetic and antioxidant properties have been suc-
cessfully identified. Acarbose, a commonly used therapeutic 
agent, was acquired from PubChem (12) in sdf format and 
subsequently converted to pdb format using Open Babel 
software (10). The application of Lipinski’s rule of five in this 
context was facilitated by the advanced computational re-
sources accessible at the bioinformatics and computational 
biology supercomputing facilities at IIT Delhi, India. The crys-
tal structures of α-amylase and α-glucosidase enzymes were 
deposited in the protein database by Tan et al. (13) and Lodge 
et al. (14) at a resolution of 1.35 and 1.90 Å, respectively, and 
used for the analysis. Discovery Studio (9) was used for the 
removal of water molecules, heteroatoms and ligands. Auto-
Dock (8) was used to introduce gastgeiger charges to the cen-
tral grid. The central grid was configured to rejuvenate the 
active site pockets. The values for the central grids and the 
total number of points are shown in Table S1. To achieve max-
imum accuracy in the docking procedures, we maintained 
the exhaustiveness level at 100. First, a molecular docking 
procedure was used to investigate the interaction between 
acarbose and enzymes. Then, the phytochemical compounds 
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were introduced into the system. AutoDock Vina (8) per-
formed the docking process with its command mode, while 
the Discovery Studio (9) facilitated the visualisation of the mo-
lecular structure.

 

Pharmacokinetic analysis

The pharmacokinetic analysis showed different values for 
absorption, distribution, metabolism, excretion and toxicity. 
The water pollution and ecological imbalance were assessed 
using the LC50 (48-hour exposure of Tetrahymena pyriformis, 96 
h exposure of fathead minnow and 48 h exposure of Daphnia 
magna) as a means of testing the chemical concentration pres-
ent in water. The expected concentration of phytocompounds 
was predicted to be relatively low, suggesting that they may 
pose a lower risk to aquatic ecosystems (15,16). The bioconcen-
tration factor was used as a means of assessing potential haz-
ards to human health associated with the food chain.

 

Optimisation of MAE parameters

The leaf samples were taken and collected from plants of 
the agricultural land of the Agriculture and Food Engineering 
Department, Indian Institute of Technology Kharagpur, 
Kharagpur, India, at coordinates 22.31°N and 87.31°E. After 
authentication, the leaves were washed, air-dried for 45 days, 
sealed and preserved. Based on previous research, 80 % eth-
anol and the use of microwave-assisted extraction (MAE) 
were found to be the most effective solvent and extraction 
method for the extraction of phytocompounds such as 
polyphenols. The extraction efficiency during the MAE pro-
cess can be influenced by temperature, time, power and oth-
er factors to maximise the desired results.

 

Experimental design

As in the study conducted by Dahmoune et al. (17), a 
three-level Box Behnken design (BBD) with three factors was 
used to optimise the extraction variables. The independent 
variables in the study were temperature, power and time, 
which ranged from 50 to 70 °C, 400 to 100 W and 15 to 45 min, 
respectively. Preliminary experiments and previous research 
determined the limits of the variables involved. The sol-
vent-to-sample ratio was determined to be 8:1 and ethanol 
(80 %) was used as the solvent. Total phenolic content (TPC), 
total flavonoid content (TFC), total tannin content (TTC), 
2,2-diphenyl-1-picrylhydrazyl (DPPH) and Fe(III) reducing an-
tioxidant power (FRAP) were measured as the antioxidant ca-
pacities of the plant extracts. The Design Expert software, v. 
11.12.0 (18) and the BBD with five central points were used in 
this study. The response variables were modelled using a sec-
ond-order polynomial equation:

 Yi=β0+β1x1+β2x2 +β3x3+β11x1
2+β22x2

2+β33x3
2+  

 +β12x1x2+β23x2x3+β13x1x3 
/1/

where Yi represents the response variable, β0 denotes the 
constant term, β1, β2 and β3 are the regression coefficients for 

the linear terms, β11, β22 and β33 are the regression coefficients 
for the quadratic terms, while β12, β23 and β13 represent the 
regression coefficients for the interaction terms. The inde-
pendent variables x1, x2 and x3 correspond to temperature, 
power and time, respectively. Three experimental runs were 
carried out and the mean values were analysed. The appro-
priateness of the model was verified based on R2 value, p-val-
ue, CV-value and the lack of fit.

 

Determination of phytocompounds

Total phenolic content

The TPC in the leaf extract of C. grandis was determined 
using the method proposed by Do et al. (19), with some ad-
justments. The plant extracts and gallic acid solutions were 
prepared at different concentrations (100–500 μg/mL). These 
solutions were then used to construct a calibration curve 
based on a linear equation. A volume of 0.5 mL of crude ex-
tracts at a concentration of 0.1 mg/mL was added to a test 
tube. Subsequently, 0.5 mL of distilled water and 1 mL of the 
Folin-Ciocalteu reagent were mixed. After 3 min, a volume of 
2 mL of 20 % sodium carbonate solution was added to the 
mixture. The mixture was placed in the dark at 25 °C for 60 
min. The absorbance of the sample was then measured at 
λ=765 nm using a UV-Vis spectrophotometer (UV 1601; Shi-
madzu, Kyoto, Japan). The TPC was expressed in mg of gallic 
acid equivalents (GAE) per g of dry mass. The experiment was 
carried out in triplicate (N=3), and the mean values were cal-
culated together with the corresponding standard devia-
tions. 

 

Total flavonoid content

The TFC was determined using the aluminium chloride 
colorimetric method following the protocol proposed by Sen 
et al. (20) with minor modifications. First, 3 mL of distilled wa-
ter was mixed with 1 mL of each respective extract sample, 
then 0.2 mL of 10 % aluminium chloride solution was added. 
After a 10-minute incubation, 0.2 mL of 1 M potassium ace-
tate and 6 mL of distilled water were added. The solution was 
incubated for 30 min and then the absorbance at λ=415 nm 
was measuredusing a UV-Vis spectrophotometer (UV 1601; 
Shimadzu). Quercetin solutions (50–500 µg/mL) were pre-
pared and used to determine a standard calibration curve. 
The results were expressed in mg of quercetin equivalents 
(QE) per g of dry mass. The experiment was performed in trip-
licate (N=3), and the mean values were calculated together 
with the corresponding standard deviations. 

 

Total tannin content

The TTC assay was performed using the method pro-
posed by Kumar et al. (21), with some adjustments. First, a 
volume of 1 mL of the diluted extracts was added to a solu-
tion containing 0.5 mL of the Folin-Ciocalteu reagent. This 
mixture was then allowed to stand without mixing for 3 min. 
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A volume of 1 mL of 7.5 % sodium carbonate was added to 
the mixture and incubated for 30 min at 25 °C in the dark. 
Tannic acid was used as a reference standard and the stand-
ard calibration curve was determined in a concentration 
range of 100–500 μg/mL. The absorbance was measured at 
λ=593 nm using a UV-Vis spectrophotometer (UV 1601; Shi-
madzu). The tannin was determined as tannic acid equiva-
lents (TAE) in mg per g of dry mass. The experiment was done 
in triplicate (N=3), and the mean values were calculated to-
gether with the corresponding standard deviations. 

 

Determination of antioxidant activities

DPPH antioxidant activity

The method developed by Marinova and Batchvarov (22) 
was used with some modifications to determine the DPPH 
antioxidant activity of the solvent extract of C. grandis. A vol-
ume of 1 mL of the plant extract was diluted with 2 mL of 
methanol in a test tube and then 1 mL of 0.004 mM DPPH - 
-methanol solution was added. The mixture was then incu-
bated in the dark for 30 min. The absorbance was measured 
at λ=517 nm using a UV-Vis spectrophotometer (UV 1601; Shi-
madzu). The radical scavenging capacity of the sample was 
determined using the following formula: 

 Radical scavenging activity=(Acontrol-Asample/Acontrol)·100 /2/

The experiment was done in triplicate (N=3), and the 
mean values were calculated together with the correspond-
ing standard deviations.

 

FRAP antioxidant activity

The experiment was conducted to measure the reducing 
antioxidant power according to Benzie and Strain (23) with 
minor modifications. The FRAP reagent was prepared with 
150 mL of acetate buffer, 5 mM TPTZ dissolved in 20 mM HCl 
and 10 mM iron(III) chloride hexahydrate in a volume ratio of 
10:1:10. After adding 1 mL of the freshly prepared reagent to 
2 mL of each of the diluted plant extracts, the mixture was 
thoroughly homogenised. The mixture was then incubated 
at 37 °C for 30 min. The absorbance of resulting vibrant blue 
colour of solution was measured at λ=593 nm using a UV-Vis 
spectrophotometer (UV 1601; Shimadzu). A reagent blank 
consisting of 2 mL of FRAP reagent and 1 mL of deionized wa-
ter was used as a reference. A calibration curve was deter-
mined with Trolox at concentrations from 1 to 5 mg/mL and 
FRAP was expressed in mg of Trolox equivalents (TE) per g of 
dry mass of plant sample. The experiment was done in tripli-
cate (N=3), and the mean values were calculated together 
with the corresponding standard deviations. 

 

Preliminary phytochemical screening, purification and  
thin-layer chromatography of plant extracts

The phytochemical screening of bioactive compounds in 
plant extracts using appropriate reagents is one of the first 
detection methods for primary and secondary metabolites. 

Previous studies have confirmed the use of established meth-
ods to assess the phytochemical composition of plant leaf 
extracts (24–26). These methods were used for initial screen-
ing of phytocompounds. Column chromatography was used 
with some modifications to analyse the unprocessed leaf ex-
tracts as reported by Chandrappa et al. (27). A slurry was pre-
pared by combining silica gel with a mesh size ranging from 
230 to 400 with n-hexane. Again, the silica gel was densely 
packed with the slurry to prevent any sinking. The column 
was primed with a blank run and then flushed with n-hexane 
to optimise the solvent flow rate. A conical flask was placed 
at the base of the column in close proximity to the end point 
to collect the eluate. The material that was obtained was then 
deposited in the column and the mobile phase was selected 
by TLC with the specified combination of solvents. In the ex-
periment, toluene, ethyl acetate, methanol and formic acid 
were used as solvents in a volume ratio of 75:25:25:6. The mi-
gration of the desired compound was monitored using a sil-
ica gel plate. A total of seven fractions were obtained after 
using an isocratic mobile phase consisting of toluene, ethyl 
acetate, methanol and formic acid in a volume ratio of 
200:64:64:16. Each segment had a volumetric capacity of 56 
mL. The aliquots were collected, concentrated using a rotary 
evaporator (Stuart WW-16340-59; Cole-Parmer India, Mum-
bai, India) and then subjected to TLC analysis. A mobile phase 
consisting of toluene, ethyl acetate, methanol and formic acid 
in a volume ratio of 5:1.6:1.6:0.4 was used for chromatograph-
ic separation. The resulting spots were then compared with 
the reference standards of quercetin and kaempferol. Frac-
tions 2 and 3 were mixed, and the resulting mixture was sub-
jected to column chromatography again for comparison with 
the quercetin and kaempferol standards.

 

Identification and characterisation of bioactive  
phytocompounds

UV-visible spectroscopy

This study was conducted to analyse the UV-Vis spectrum 
of the plant extracts. A wavelength range of 200 to 700 nm 
was used for the study according to the methodology pro-
posed by Sharma et al. (28). The reference compounds, pure 
standard quercetin and kaempferol, were used for their re-
spective spectra. The spectra were obtained using a quartz 
cuvette with a path length of 10 mm and a UV-Vis spectro-
photometer (UV 1601; Shimadzu).

 

Fourier transform infrared spectroscopy

The identification of the functional groups and their cor-
responding vibrational frequencies in the leaf extract was 
performed using Fourier transform infrared spectroscopy 
(FTIR) (Nicolet 6700 spectrophotometer; Thermo Fisher  
Scientific, Waltham, MA, USA). The active functional groups 
of the components were categorised according to their re-
spective peak frequencies (29), as they are distinctive as 
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’fingerprint’ of an organic molecule (30). The sample was 
mixed with potassium bromide and analysed by FTIR. The 
observed absorbance band in the FTIR spectra of C. grandis 
corresponds to wavenumbers from 3500 to 400 cm–1. 

 

Liquid chromatography-mass spectrometry of plant extracts

The liquid chromatography-mass spectrometry (LC-MS) 
analysis of the C. grandis extract was performed according to 
Al-Madhagy et al. (31) with minor adjustments. After dilution 
of the extract by a 100-fold factor, the samples were analysed 
using an LC-MS system (Waters, Milford, MA, USA). The LC-MS 
system was equipped with a photodiode array detector op-
erating at a wavelength of 250 nm. The analytical C18 column 
(Waters) was used as the stationary phase. The device consists 
of a combined integrated and automated fraction collector. 
The Quattro microTM Application Programming Interface (API) 
in conjunction with the updated mass-Lynx 4.7 software was 
used to control the instrument and collect the data. A mobile 
phase consisting of an aqueous solution containing 0.1 % for-
mic acid (A) and methanol acidified with 0.1 % formic acid (B) 
was used for gradient elution at a flow rate of 0.5 mL/min. 
Gradient elution began with a mixture of 90 % solvent A and 
10 % solvent B, which was maintained from 0 to 45 min. The 
composition was then changed to 100 % solvent B from 45 to 
55 min. The eluent was then reverted to a mixture of 90 % 
solvent A and 10 % solvent B from 55 to 55.5 min, and this 
composition was maintained until 60 min. Mass spectra were 
recorded in the mass-to-charge ratio (m/z) range of 50–2000 
at 400 °C and a nebulising gas flow rate of 10 L/min. Both neg-
ative and positive ionization modes were used and a chroma-
togram was recorded at a wavelength of 350 nm. 

 

Determination of in vitro enzyme inhibitory potential

Inhibition of α-amylase 

The enzyme inhibition methods employed by Nair et al. 
(32) were used with slight modifications to assess the 
α-amylase inhibitory activity of a plant extract. Two test tubes 
were prepared using a 5 % DMSO solution. In one test tube, 
1 mL of the plant extract was combined with 1 mL of acar-
bose. The other test tube contained 1 mL of 20 mM sodium 
phosphate buffer (pH=6.8) with 40 µL of porcine pancreatic 
amylase (0.5 mg/mL). The plant extract and the acarbose mix-
ture were then added to the second test tube at various con-
centrations ranging from 7.8 to 125.0 µg/mL. After 15 min at 
25 °C, a 0.5 % starch solution was added to the solution. The 
resulting mixture was then incubated to a further 20 min. 
Then, 1 mL of DNSA solution was added to terminate the on-
going chemical reaction. The test tubes were then immersed 
in a temperature-controlled water bath for 5 min, followed 
by a cooling period. An aliquot of 5 mL of distilled water was 
then added to each test tube to achieve dilution. The absorb-
ance of the samples was measured at λ=540 nm using a UV-
Vis spectrophotometer (UV 1601; Shimadzu). The control 

solution consisted of starch, enzyme, DMSO and DNSA, while 
starch was used to prepare the blank sample. Acarbose was 
used as a reference compound and the percentage of inhibi-
tion of the α-amylase enzyme by the plant extract was deter-
mined using Eq. 2. The experiment was performed in tripli-
cate (N=3) and the mean values were calculated together 
with the corresponding standard deviations.

 

Inhibition of α-glucosidase 

In separate test tubes, a volume of 1 mL of plant extract 
and acarbose was diluted in a 5 % DMSO solution at different 
concentrations from 7.81 to 125 µg/mL. The method used to 
evaluate the inhibitory activity of the α-glucosidase enzyme 
was based on the approach described by Alqahtani et al. (33) 
with slight modifications. A solution containing 1 mL of 
α-glucosidase (1 mg/100 mL) in 100 mM phosphate buffer 
(pH=6.8) was added to both the extracts and acarbose. The 
resulting mixture was incubated at 37 °C for 15 min. The 
chemical process was then stopped by adding 2.5 mL of a 0.1 
M sodium carbonate solution to a mixture containing 500 µL 
of a 5 mM p-NPG prepared in a 100 mM phosphate buffer 
(pH=6.8). After 30 min at 37 °C, the absorbance at λ=415 nm 
was measured with UV-Vis spectrophotometer (UV 1601; Shi-
madzu). The inhibition percentage was calculated using Eq. 
2, with acarbose as the reference standard. The experiment 
was performed in triplicate (N=3), and the mean values were 
calculated together with the corresponding standard devia-
tions. 

 

Determination of in vitro and ex vivo toxicity

Haemocompatibility assay

The in vitro haemocompatibility tests evaluate the effects 
of medical devices or substances that come into contact with 
blood or its components. The methodology proposed by Su-
laiman and Gopalakrishnan (34) was used, with minor modi-
fications. Vacutainers containing a mixture of sodium citrate 
and heparin sodium in a volume ratio of 1:9 were used to col-
lect 5 mL of fresh human blood from a healthy individual. Af-
ter centrifuging the sample for 15 min at 1377×g using the 
centrifuge (model 5418; Eppendorf, Hamburg, Germany), the 
residue was found to consist predominantly of red blood 
cells. This method was used to effectively separate the plas-
ma from the sample. Phosphate-buffered saline (PBS) was 
used to rinse and dilute the concentrated red blood cell sus-
pension. A volume of 200 μL of the sample extract was added 
to 800 μL of red blood cell suspension in PBS to perform the 
tests. Positive and negative controls were prepared by com-
bining 0.2 mL of diluted blood with 0.8 mL of deionized water 
and PBS, respectively. After a 3-hour incubation at 37 °C, all 
tubes were centrifuged at 2152×g for 10 min (centrifuge mod-
el 5418; Eppendorf). The absorbance of the supernatant was 
measured at λ=545 nm using a UV-Vis spectrophotometer 
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(UV 1601; Shimadzu). The percentage of haemolysis was de-
termined using the following equation: 

 Haemolysis= [(As–Anc)/(Apc–Anc)]·100 /3/

where As is the absorbance of sample, Apc and Anc are the ab-
sorbance of the positive and the negative control, respective-
ly. The experiment was performed in triplicate (N=3) and the 
mean values were calculated together with the correspond-
ing standard deviations.

 

Cell viability assay

The MTT assay was used to evaluate the cytotoxicity of 
the samples and determine the cellular viability. The methods 
were adapted based on the research of Liu and Nair (35). The 
rabbit corneal L929 fibroblast cells were seeded at 4000 per 
well in 96-well plates for tissue culture at 37 °C. No cells were 
seeded in blank wells. After 24 h, C. grandis extract was add-
ed to the media at the concentrations of 7.8, 15.6, 31.2, 62.5 
and 125.0 µg/mL) in triplicate. After 4 h at 37 °C, the cells were 
washed with PBS. After 48 and 72 h, the medium was discard-
ed. Both the sample and control groups (cells without the 
sample) were then incubated in 0.5 mg/mL MTT solution. 
DMSO was added and stirred to dissolve the crystalline pur-
ple formazan. A microplate reader (Multiskan; Thermo Fisher 
Scientific) measured the absorbance at 595 nm and the per-
centage of cell viability was determined using the following 
equation: 

 Cell viability=[(Asample-Ablank)/(Acontrol-Ablank)·100] /4/

The experiment was performed in triplicate (N=3) and the 
mean values were calculated together with the correspond-
ing standard deviations.

 

Chorioallantoic membrane assay

The chorioallantoic membrane (CAM) assay is a simple 
and cost-effective ex vivo model for evaluating the toxicity of 
pharmacological samples. The toxicity assessment using the 
chick CAM model was performed using the methods de-
scribed by Schneider-Stock and Ribatti (36), with some mod-
ifications. The fertilised chicken eggs came from a govern-
ment poultry farm in Paschim Medinipur, India. Before 
incubation at 37 °C and a relative humidity of 80 %, all eggs 
were subjected to a mild sterilisation with ethanol (70 %). Af-
ter two days of incubation, the eggs were divided into six dif-
ferent experimental cohorts, which contained a positive con-
trol. Five dilutions were prepared from the original stock 
solution of plant extract, resulting in concentrations from 7.8 
µg/mL to 125.0 µg/mL. A precise opening of approx. 1 cm2 
was made on the eggshell, on the side opposite the rounded 
edge. The initial chorionic membrane was carefully excised 
and washed with a PBS (pH=7.4). Experimental groups 1 to 5 
were subjected to a treatment in which the extract was ad-
ministered in different concentrations from 7.8 to 125.0 µg/
mL. In contrast, the positive control group did not receive any 
form of treatment. The eggs were carefully sealed with 

paraffin tape and incubated at 37 °C and 80 % relative humid-
ity. Photographs of the eggs were taken at specific time in-
tervals of 48 and 72 h using a digital camera (Nikon D7500; 
Nikon Inc., Melville, NY, USA). The photographs were analysed 
using ImageJ software v. 1.54 (37).

 

Statistical analysis

The experimental results were presented as mean value 
and standard deviation of the triplicate measurements. Sta-
tistical analyses of the experimental data were performed us-
ing the analysis of variance (ANOVA) and SPSS software v. 20.0 
(38). A significant difference was found among all results at 
the p<0.05 and p<0.01 significance levels, as determined by 
Tukey’s HSD post hoc tests to measure significant differences 
in the data (39). 

RESULTS AND DISCUSSION

In silico studies and pharmacokinetic assessment of  
Coccinia grandis phytocompounds

The binding affinities of standard acarbose towards 
α-amylase and α-glucosidase were determined to be −21.86 
and −34.02 kJ/mol, respectively (data not shown). To predict 
potential interactions between the α-amylase and the phy-
tochemicals, a docking procedure was performed in which 
all 19 phytochemicals were positioned at the active site of the 
catalytic region of the enzyme. The results of the molecular 
docking analysis showed favourable affinities for the bind-
ing of the compounds to the α-amylase (Table 1). Quercetin 
showed a remarkable affinity as the average bond order 

Table 1. List of identified phytochemicals from Coccinia grandis leaf 
extract with inhibitory activity against α-amylase and α-glucosidase, 
and their respective binding affinities

Phytocompound
Binding affinity/(kJ/mol)

α-amylase α-glucosidase
Benzofuranone −22.26 −21.42
Campesterol −31.42 −36.12
Campocatechin −31.42 −35.7
Coniferyl alcohol −23.1 −21.42
Ethisterone −30.24 −31.92
Ferulic acid −24.36 −22.68
Furanone −15.96 −14.28
Isosteviol −32.76 −31.08
Kaempferol −30.24 −29.82
Luteolin −32.34 −31.92
Methyl caffeate −32.34 −31.92
p-coumaric acid −23.1 −23.1
Quercetin −32.76 −29.4
Listroside −32.34 −31.92
Lukianol −32.34 −33.6
Oleuropein −32.34 −31.92
Sinapic acid −23.52 −23.52
Stigmasterol −32.34 −35.28
Undecanol −17.22 −15.54
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ranged from 2.54 to 5.0 Å and the highest binding affinity of 
−32.76 kJ/mol was measured. Increased inhibitory activities 
were observed when stronger interactions, characterised by 
a decrease in bond order, occurred . This is primarily attribut-
ed to the presence of a larger number of Van der Waals inter-
actions, together with the involvement of two hydrogen 
bonds (Asp286 and Ser294) and one pi-alkyl interaction 
(Trp287) (Fig. S1). The phytochemical compounds obtained 
from Coccinia grandis showed significant inhibitory proper-
ties and strong affinities for α-glucosidase, with binding en-
ergies ranging from −14.28 to −36.12 kJ/mol. Campesterol 
showed the most favourable binding affinity as evidenced by 
its binding energy of −36.12 kJ/mol. It also showed a notable 
binding affinity across a wide range of interactions and dif-
ferent range of bond orders. Limited in silico molecular dock-
ing studies of C. grandis have been performed to elucidate its 
potential antidiabetic activity against enzymes such as 
α-amylase and α-glucosidase, which are responsible for the 
increased glucose levels in the blood that lead to diabetes. 
Begum et al. (40) reported that the phytocompounds found 
in C. grandis, such as β-amyrin acetate and β-cryptoxanthin, 
exhibited PPAR-γ agonistic properties and had binding affin-
ities of −17.51 and −23.1 kJ/mol, respectively. In a study con-
ducted by Prabhakar et al. (41), molecular docking was per-
formed on the dipeptidyl peptidase-4 (DPP4) enzyme. The 
researchers discovered that derivatives of phytosterols such 
as stigmasterol, which is found in C. grandis, have a binding 
affinity of -8.4 kcal/mol. Molecular docking thus proves to be 
a promising approach to identify potential compounds that 
could serve as primary therapeutics for the treatment of dia-
betes. 

The pharmacokinetic analysis of the 19 reported com-
pounds was conducted with the exception of isosteviol, lute-
olin, listroside, oleuropein and quercetin. All phytocom-
pounds showed a favourable potential for absorption by 
human intestinal tissue as indicated by the Caco-2 permea-
bility prediction, which is commonly performed on human 
colon cancer cell lines (42). Most phytocompounds showed 
limited ability to cross the blood-brain barrier, which is a crit-
ical requirement for medications targeting peripheral sys-
tems to mitigate potential negative effects on the central 
nervous system (15). The compound P-glycoprotein plays a 
key role in drug efflux, i.e. it helps to remove drugs from cells. 
Consequently, activation of P-glycoprotein would lead to an 
increase in drug efflux, resulting in lower drug concentrations 
than required. This could potentially lead to treatment failure. 
Compounds such as ethisterone, camptothecin, isosteviol, 
kaempferol, quercetin, lukianol, sinapic acid and undecanol 
have a substrate affinity for P-glycoprotein. On the other 
hand, benzofuranone, coniferyl alcohol, ferulic acid, fura-
none, methyl caffeate and p-coumaric acid are less likely to 
be inhibitors of P-glycoprotein, as indicated in Table S2. As 
described by Xiong et al. (43), a variety of physiological meth-
ods have been used to evaluate the toxicity of medicinal phy-
tocompounds. These techniques included the use of hERG 

blockers to assess cardiac safety, hepatotoxicity evaluation to 
examine potential liver damage, drug-induced liver injury 
(DILI) assessment, Ames toxicity test to determine mutagen-
ic potential, acute oral toxicity studies in rats, skin sensitisa-
tion tests, carcinogenicity assays, eye irritation and corrosion 
testing and respiratory toxicity analysis. All phytocompounds 
had a low likelihood of acting as hERG blockers, while p-cou-
maric acid, camptothecin, bezofuranone, isosteviol and fer-
ulic acid had a moderate to high likelihood of causing hepa-
totoxicity, and the bioactive phytocompounds had different 
degrees of hepatotoxicity, as shown in animal model tests. 
The Food and Drug Administration (FDA) has suggested that 
a moderate threshold for determining the harmful dose of 
chemicals to humans and low to moderate level of carcino-
genicity should be established based on their ability to dis-
rupt cellular metabolic processes or cause DNA damage (44). 
In the study, certain phytocompounds, namely campesterol, 
were found to have a rapid clearance rate from the body at 
15 mL/(min·kg). In contrast, other phytocompounds such as 
quercetin, benzafuranone, luteolin and ferulic acid showed a 
comparatively slower clearance rate, ranging from 5 to 15 mL/
(min·kg). The volume distribution was predicted to be in the 
medium range (between 0.3 and 0.9) and the majority of the 
phytocompounds had a moderate half-life and clearance rate 
(45). All compounds identified in the present study showed 
low to moderate toxicity to both biological organisms and 
the surrounding ecosystem, as indicated in the supplemen-
tary tables (Table S2, Table S3, Table S4, Table S5 and Table 
S6).

 

Optimisation of microwave-assisted extraction and the  
effect of different conditions on the recovery of  
phytocompounds from C. grandis

The microwave-assisted extraction (MAE) was carried out 
under different conditions (temperature, power and time), 
and the response surface plots showing the effect of these 
conditions on various biochemical parameters are shown in 
Fig. 1. The response variables are shown in Table 2. The data 
for the fitting of the model for the response variables are 
shown in Table 3. The results of the statistical model fit show 
that the quadratic model represents the data most accurate-
ly. This finding was supported by a significant regression 
p-value (p<0.05), suggesting a strong relationship between 
the variables. Additionally, the lack of fit is deemed insignifi-
cant (p>0.05), indicating that the quadratic model adequate-
ly represents the underlying patterns in the data. The mass 
fraction of TPC, expressed as GAE, increased from 54.45 to 
88.93 mg/g. The maximum TPC was obtained by MAE at 60 
°C and a power of 700 W for 30 min. The minimum value was 
achieved at 60 °C and 1000 W for 15 min.

A second-order regression model was applied to the data 
set for TPC and resulted in an R2 value of 0.92. This means that 
approx. 92 % of the variability in the data can be explained 
by the model. The regression analysis showed that the linear 
relationship between temperature and extraction time, and 
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the quadratic relationship between temperature and power 
level had a significant effect on TPC. However, none of the 
interaction terms proved to be statistically significant 

(p<0.05). The response surface methodology (RSM) plots  
illustrating the relationship between the TPC and the in-
dependent variables are shown in Fig. 1a. The RSM plots 

Fig. 1. Response surface plots of the effect of microwave-assisted extraction conditions on different biochemical parameters in Coccinia grandis 
extract: a) total phenolic content (TPC), b) total flavonoid content (TFC), c) total tannin content (TTC), d) 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging activity and e) Fe(III) reducing antioxidant power (FRAP)
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illustrate the relationship between MAE time and tempera-
ture and the extraction of TPC. With increasing extraction 
time and temperature, TPC extraction increased accordingly. 
On the other hand, when the power was increased, the TPC 
yield first increased, reached a maximum and then decreased. 
The experimental results showed that MAE at increased tem-
peratures led to improved extractability of phenolic com-
pounds. 

Quantitative analysis of the flavonoid content, expressed 
as QE, in the leaf extract of C. grandis was from 9.79 to 22.99 
mg/g. A quadratic regression model was applied to the data 
set and resulted in an R2 value of 0.93. This indicated a higher 
fit between the model and the observed data, suggesting a 
more accurate fit of the model. The study found a statistical-
ly significant positive correlation (p<0.05) between micro-
wave power and time, suggesting that an increase in these 

Table 2. Results of the study using the Box-Behnken design for the experimental setup and analysis of the response variables associated with the 
microwave-assisted extraction of Coccinia grandis leaves

Run Temperature/°C P/W t/min TPC as  
w(GAE)/(mg/g) 

TFC as  
w(QE)/(mg/g) 

TTC as  
w(TAE)/(mg/g) 

DPPH 
inhibition/% 

FRAP as  
w(TE)/(mg/g) 

1 60 700 30 88.93 14.13 33.36 83.96 100.10
2 60 700 30 81.28 13.84 33.97 78.59 95.15
3 60 700 30 81.73 13.91 36.51 83.85 101.99
4 60 400 45 76.98 10.09 29.69 63.75 80.13
5 50 700 45 73.73 22.93 32.83 86.39 106.87
6 70 400 30 68.24 9.88 25.31 66.63 79.95
7 60 700 30 80.73 18.8 37.57 82.10 100.55
8 70 1000 30 63.87 22.99 22.65 58.90 69.37
9 70 700 45 85.79 19.04 29.37 80.45 100.37

10 50 400 30 60.72 10.84 23.63 57.22 74.32
11 60 1000 45 68.95 24.16 30.24 72.85 73.95
12 60 1000 15 54.45 16.27 27.31 64.07 64.59
13 70 700 15 74.93 16.84 23.15 68.78 89.37
14 60 400 15 65.6? 9.79 26.10 55.66 59.08
15 60 700 30 80.87 17.47 35.55 82.43 99.56
16 50 1000 30 62.93 21.55 30.89 76.56 81.64
17 50 700 15 67.92 15.99 28.96 79.63 89.64

All experiments were done in triplicate and the average value of the response variables is given. TPC=total phenol content, TFC=total flavonoid 
content, TTC=total tannin content, GAE=gallic acid equivalents, QE=quercetin equivalents, TAE=tannic acid equivalents, TE=Trolox equivalnts 
are expressed on dry mass basis

Table 3. Analysis of variance (ANOVA) for assessing the statistical significance of the response variables and the regression coefficients of the 
second-order model fitted for the Coccinia grandis leaf extract 

Term TPC as w(GAE)/(mg/g) TFC as w(QE)/(mg/g) TTC as w(TAE)/(mg/g) DPPH inhibition/% FRAP as w(TE)/(mg/g)
Intercept
β0 82.71 15.63 35.39 82.19 99.47
Linear
β1 3.44* –0.3216 –1.98** –3.13** –1.68*

β2 –2.67 5.55** 0.7968 3.64** –0.4917
β3 5.32** 2.17* 2.08** 4.41** 7.33**

Quadratic
β11 –4.84* 2.15 –4.76** –1.31 1.99
β22 –13.93** –1.47 –5.01** –16.04** –25.14**

β33 –2.28 0.9146 –2.05* –2.06 –4.89**

Interaction
β12 –1.65 0.6000 –2.48* –6.77** –4.47325**

β13 1.26 –1.18 0.5902 1.23 –1.55575
β23 0.7780 1.90 –0.1665 0.1735 –2.92325*

CV/% 5.44 11.50 5.02 2.96 2.23
p-value (regression) 0.003** 0.002** 0.0006** <0.0001** <0.0001**

p-value (lack of fit) 0.31 0.18 0.38 0.96 0.97

TPC=total phenol content, TFC=total flavonoid content, TTC=total tannin content, GAE=gallic acid equivalents, QE=quercetin equivalents, 
TAE=tannic acid equivalents, TE=Trolox equivalents are expressed on dry mass basis. *Significant terms, **highly significant terms 
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factors led to an increase in the extraction of flavonoids. How-
ever, the study did not find any significant effects of other 
parameters on the extraction of flavonoids. The p-value for 
the regression analysis was found to be highly significant 
(p<0.01), indicating strong statistical evidence for the rela-
tionship between the variables. Conversely, the p-value for 
the lack of fit analysis was highly insignificant, suggesting 
that the model fit the data adequately. The RSM curve, shown 
in Fig. 1b, shows the influence of microwave power and ex-
traction time on TFC. It demonstrates that with increasing 
microwave power and extraction time, the yield of flavonoids 
increased accordingly. The observed increase in yield with 
longer extraction times can be attributed to an improved 
mass transport mechanism, which leads to improved extrac-
tability (17). The result of the experiment showed a negative 
correlation between temperature and flavonoid extraction 
efficiency. This indicates the thermosensitivity of C. grandis 
flavonoids. The highest mass fraction of TTC (expressed as 
TAE on dry mass basis 37.57 mg/g) was observed at a process-
ing temperature of 60 °C, a power of 700 W and the process-
ing time of 30 min. Conversely, the lowest TTC expressed as 
mass fraction of TAE on dry mass basis (22.65 mg/g) was ob-
tained when the microwave power was set to 1000 W and the 
processing temperature to 70 °C for 30 min. The regression 
analysis showed a higher degree of model accuracy, as indi-
cated by an R2 value of 0.95. In addition, the p-value of the 
regression was found to be statistically significant, suggest-
ing a strong relationship between the variables. Additionally, 
the lack of fit was found to be insignificant, as shown in Table 
3. The mathematical expression representing the model fit-
ted to the data set is shown in Table 4. Statistical analysis 
showed that the linear relationship between extraction time 
and temperature had a high level of significance (p<0.01). Sta-
tistical significance was found for the quadratic coefficients, 
indicating their influence on the outcome variable. Moreover, 
the interaction between temperature and power level was 
also found to be statistically significant, suggesting a com-
bined effect on the outcome variable. The use of RSM curves 
provides a better visual representation of the effect of inde-
pendent variables on the TTC. The TTC showed a positive cor-
relation with both temperature and power values. It peaked 
at intermediate values before decreasing thereafter (Fig. 1c). 

The evaluation of the antioxidant activity of C. grandis ex-
tract was carried out under different MAE conditions and the 
results are shown in Table 2. The DPPH inhibitory activity 
ranged from 57.22 to 86.39 %, indicating the ability of the 

tested samples to neutralise free radicals. On the other hand, 
FRAP values, expressed as TE on dm, ranged from 59.08 to 
101.99 mg/g, indicating the ability of the samples to reduce 
ferric ions. Regression analysis revealed a statistically signifi-
cant (p<0.01) linear relationship between all independent 
variables and DPPH activity. The quadratic relationship be-
tween microwave power and its effect and the significant in-
teraction between temperature and power were observed. 
In FRAP, the linear relationship between extraction time and 
temperature and the quadratic relationship between micro-
wave power and temperature were found to be statistically 
significant. The correlation between temperature and power 
showed a statistically significant negative influence (p<0.01), 
while the influence of power and time was statistically signif-
icant (p<0.05). The model showed a high degree of statistical 
significance, as shown by the p-value of the regression. Ad-
ditionally, the lack of fit was found to be non-significant, fur-
ther supporting the suitability of the model for assessing the 
DPPH and FRAP antioxidant activity. The R2 values for the 
DPPH and FRAP antioxidant activity were determined to be 
0.98 and 0.99, respectively. These high R2 values indicate that 
the quadratic models provide a better fit to the data. The RSM 
plots can be used to improve the understanding of the data, 
as can be seen in Fig. 1d and Fig. 1e. The observed increase 
in temperature generally had a detrimental effect on the 
DPPH and FRAP assays. This phenomenon could be attribut-
ed to a decrease in the antioxidant capacity of bioactive com-
pounds with the increase of temperature (21). The optimal 
conditions were determined based on a combined desirabil-
ity value of 0.862. The optimal solution, which gave the high-
est values for the desired variables, was achieved at a tem-
perature of 55 °C, a microwave power of 763 W and a 
processing time of 45 min. This indicates that the extractabil-
ity of C. grandis leaves was improved when a medium tem-
perature and power range with a longer processing time was 
used. The values of TPC expressed as GAE, TFC as QE, TTC as 
TAE, and antioxidant activities (DPPH and FRAP as TE) ob-
tained with optimal solution were determined to be 81.87 
mg/g, 21.25 mg/g, 35.25 mg/g, 85.84 %, and 102.27 mg/g, re-
spectively. The results were verified by performing experi-
ments covering a range of 10 % deviation from the optimal 
solution (Table S7). The response variables obtained in the 
optimal solution showed a high degree of agreement with 
the optimal solution obtained with predicted RSM values. 
This is demonstrated by the relative error falling comfortably 
within the 10 % threshold, proving the effectiveness of the 
RSM in the optimisation process.

Table 4. Response variables of biochemical parameters in Coccinia grandis leaf extract, based on regression equations and predictor variables

Response Model R2

TPC 82.71+3.44x1–2.67x2+5.32x3–4.84x1
2–13.93x2

2–2.28x3
2–1.65x12+1.26x13–0.77x23 0.92

TFC 15.63–0.32x1+5.55x2+2.17x3–2.15x1
2–1.47x2

2+0.91x3
2+0.60x12–1.18x13+1.90x23 0.93

TTC 35.39–1.98x1+0.79x2+2.08x3–4.76x1
2–5.01x2

2–2.05x3
2–2.48x12+0.59x13+0.16x23 0.95

DPPH inhibition 82.19–3.13x1+3.64x2+4.41x3–1.31x1
2–16.04x2

2–2.06x3
2–6.77x12+1.23x13+0.17x23 0.98

FRAP 99.47+1.68x1–0.49x2+7.3x3+1.99x1
2–25.14x2

2–4.89x3
2–4.47x12–1.55x13–2.92x23 0.99

TPC=total phenol content, TFC=total flavonoid content, TTC=total tannin content 
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Screening, purification, identification and characterisation  
of phytocompounds by chromatography and  
spectroscopic techniques

The phytocompounds were obtained by isolation from 
different fractions of extracts, which were then compared 
with the standard compounds quercetin and kaempferol. The 
spots were then detected and identified in the UV-Vis spec-
trum. A total of six different spots were detected on the TLC 
plate. It was expected that one of these spots would corre-
spond to kaempferol, as shown in Fig. S2. The results of this 
study confirm the findings of Mohanty et al. (46).

The presence of an aromatic ring, together with other 
rings, in phenolic and flavonoid compounds was responsible 
for the manifestation of two different absorption spectra. The 
absorption peak observed at a wavelength of 285 nm repre-
sents the π-π* transitions that occur within the aromatic sys-
tem. The absorption peak observed between 300 and 600 
nm corresponds to the transitions that occur within a differ-
ent ring structure. It is believed that the appearance of a sec-
ondary peak in the sample is a result of the superposition of 
ligand-to-metal charge transfer (LMCT) bands. Due to this 
feature, the UV-Vis spectroscopy effectively identified the 
chromophore moieties in the isolated molecules known from 
various botanical extracts. The plant extract was subjected 
to qualitative UV-Vis analysis to identify and characterise 
compounds containing σ-bonds, π-π* bonds, lone pairs of 
electrons, aromatic rings and chromophore groups. The ob-
tained results were compared with the UV-Vis profiles of 
quercetin and kaempferol. Both standards show two absorp-
tion peaks in the 400 nm wavelength range, indicating the 
presence of organic chromophores and suggesting the exist-
ence of phenols and flavonoids in the leaf extract (Fig. S3). 
These observations are in agreement with the conclusions of 
an earlier study by Nowak et al. (47).

The observed FTIR spectra of C. grandis leaves show the 
absorption frequencies and intensities associated with each 
band. The extract contains a significant amount of flavonoids 
and other phenolic compounds, most of which contain a hy-
droxyl group. This feature explains the observed broad ab-
sorption frequency of 3480 cm–1. The presence of methoxy, 
methylene and methyl functional groups resulted in the 
stretching of -CH bonds at a frequency of 2919 cm–1. Howev-
er, a slightly lower frequency of 2850 cm–1 was observed in 
the phytocompounds due to the presence of alkanes. The 
presence of -C=C functional groups in all compounds led to 
the observed peak at 1625 cm–1. On the other hand, the peaks 
at 1449 and 1301 cm–1 could possibly be due to deformations 
involving −NH3 and -CH3 as well as other compounds contain-
ing −NH and -CH3 groups, respectively. The analysis of phy-
tocompounds showed that the stretching of the C−O bond 
occurred at different peak positions: 1216, 1170, 1076 and 
1049 cm–1. Additionally, the bending of the C-C bond leads to 
vibrational peaks at 718 and 532 cm–1, as shown in Fig. 2. 
These results are in good agreement with the results of Shar-
ma et al. (28).

The results of LC-MS analysis show different peaks at dif-
ferent retention times, indicating the presence of different 
phytochemicals. These peaks were further characterised by 
their corresponding mass-to-charge ratio (m/z) values and 
prominent compounds were successfully identified based on 
their retention time. Compounds such as benzafuranone (m/
z=136.36), ethisterone (m/z=310.14), ferulic acid (m/z=194.63), 
luteolin (m/z=286.20), camptothecin (m/z=348.70) and coni-
fyryl alcohol (m/z=180.59) were detected and characterised 
at specific retention times of 5.6, 11.60, 12.63, 28.04 and 30.34 
min, respectively. Kaempferol (m/z=286.61) (Fig. 2b) and lu-
teolin (m/z=286.20), two prominent flavonoid compounds, 
were successfully characterised based on their retention 
times of 15.10 and 17.22 min, respectively. Table S8 contains 
a comprehensive list of compounds detected by LC-MS, to-
gether with their respective retention times and m/z values.

Preliminary screening, column chromatography and TLC 
analyses indicated the presence of alkaloids and phenols, 
which were identified as the major constituents. The results 
were additionally corroborated by UV-visible and FTIR spec-
troscopic analyses. These results are in agreement with pre-
vious studies by Prabhakar et al. (39,48). Subsequently, a total 
of 16 chemical compounds were detected and characterised 
by LC-MS. Among these compounds, phenolic compounds 
such as kaempferol and luteolin were found. The compounds 
detected by LC-MS analysis in the present study were in 
agreement with the findings of Al-Madhagy et al. (31). 

 

Evaluation of the inhibitory capacity of C. grandis leaf  
extract by in vitro assessment of the inhibition of  
α-amylase and α-glucosidase enzymes 

A significant inhibitory effect was observed when the in 
vitro α-amylase inhibitory capacity of the C. grandis leaf  
extract was tested. When acarbose and leaf extract were 
compared, it was observed that the inhibition of α-amylase 
by the leaf extract increased linearly but gradually when the 
concentration increased up to 31.2 µg/mL. Consequently,  
the concentration of the leaf extract showed an increasing 
trend in correlation with the suppression of α-amylase en-
zymes. The IC50 value of (52.4±2.7) µg/mL, which was higher 
than the inhibitory concentration of the standard acarbose,  
was determined as the maximum inhibitory concentration 
((70.8±1.2) %) at a concentration of 125.0 µg/mL (Table S9). In 
a study conducted by Pulbutr et al. (7), the aqueous leaf ex-
tract of C. grandis was observed to have a significant inhibi-
tory effect on the α-amylase enzyme, as evidenced by an  
IC50 value of (8.1±0.7) µg/mL. In another study, Putra et al. (49)  
observed that the plant sample showed the strongest inhibi-
tion of α-amylase activity, with the lowest half maximal inhib-
itory concentration (IC50=0.8±0.4 mg/mL). Packirisamy and 
Sivaprakasam (50) reported that the fruit extract of C. grandis 
showed significant inhibitory effect on α-amylase. The max-
imum inhibition, reaching (62.2±3.4) %, was observed at a 
concentration of 250 µg/mL and IC50 value of (117.6±4.5) µg/
mL. 
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The ethanolic extract of C. grandis showed no inhibitory 
effect up to a concentration of 15.62 µg/mL compared to 
acarbose. However, as the concentration increased at each 
data point, significant growth was observable. The maximum 
inhibition of (70.9±1.6) % was observed at a concentration of 
125.0 µg/mL, which exceeded the percentage of inhibition of 
the reference antidiabetic drug acarbose (Fig. S4a). The IC50 
value of the ethanolic extract of C. grandis leaves was deter-
mined to be (76.5±4.0) µg/mL, showing a lower inhibitory ef-
fect compared to acarbose (Fig. S4b). In addition, the IC50 val-
ues were determined at a lower concentration and exceeded 
the values observed in previous studies (7,48). In another 
study by Packirisamy and Sivaprakasam (50), the extract ob-
tained from C. grandis was shown to have an inhibitory effect 
on α-glucosidase at a concentration of 250 µg/mL. The max-
imum inhibition achieved was (67.6±2.8) %, while acarbose 
showed a higher inhibition rate of (87.3±4.6) %. The IC50 value 
of the C. grandis extract was (81.6±3.6) µg/mL, while 

α-glucosidase inhibitors such as acarbose had a lower IC50 
value of (44.5±2.3) µg/mL. Based on the existing literature 
and recent research, it can be concluded that the extract ob-
tained from C. grandis has α-glucosidase enzymatic activity. 
The presence of phytoconstituents in the extracts could be a 
reason for the observed ability to inhibit enzymes in vitro. 

 

Evaluation of the cytotoxicity of C. grandis leaf extract by  
in vitro and ex vivo toxicity tests

Different concentrations of C. grandis ethanolic extract, 
ranging from 7.8 to 125.0 µg/mL, were administered to L929 
fibroblast cells for 24 and 72 h. After 24 h of incubation, cell 
viability was significantly reduced at concentrations of 7.8 
and 15.6 µg/mL. However, at a concentration of 31.2 µg/mL, 
the cell viability was considerably higher. When the concen-
tration reached 62.5 µg/mL, it decreased, and at a concentra-
tion of 125.0 µg/mL, it was exceptionally low. The plant 

Fig. 2. Two different spectra of the leaf extract of Coccinia grandis obtained using: a) Fourier transform infrared (FTIR) spectroscopy and b) liquid 
chromatography-mass spectrometry (LC-MS) specifically show the presence of kaempferol 
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extract also showed the lowest cell viability at a concentration 
of 125.0 µg/mL after 72 h, suggesting that cytotoxic stress was 
present in the specimens at concentrations above 62.5 µg/mL 
(Fig. 3a). In the present study, the leaf extract of C. grandis 
showed the lowest cytotoxicity to the cell lines at concentra-
tions up to 62.5 µg/mL. The results suggest that the samples 
are cytocompatible within a specific concentration range, but 
the compounds extracted from them may be cytotoxic at 
higher concentrations (39,48). In a study by Bunkrongcheap 
et al. (51), it was reported that the application of stem and leaf 
extracts did not have any discernible effect on the differenti-
ation of 3T3-L1 adipocytes. The observed reduction in lipid 
levels at a concentration of 400 μg/mL of leaf extract and 800 
μg/mL of stem extract can be attributed to their cytotoxic ef-
fect, as shown by the results of the MTT assay. Based on the 
results of the MTT experiment, it was observed that pretreat-
ment with C. grandis extract led to a significant decrease in 
the detrimental effects of alloxan-induced RINm5F cell lysis 
(52). Compared to cells treated solely with alloxan, the appli-
cation of the extract resulted in a significant increase in cell 
viability, which reached (79.4±3.7) % at a concentration of 0.50 
mg/mL. To mitigate possible negative effects on cell viability, 
the concentration of the extract was limited to 0.50 mg/mL, 
as described by Meenatchi et al. (52). In the study by Varma 
and Bhaskar (53), the researchers determined the effective 
concentration of C. grandis extract by analysing the dose-re-
sponse curve and calculating the IC50 values. For this purpose, 
the researchers used different concentrations of the extract 
(2, 5, 10, 20, 40, 80, 100 and 200 µg/mL). The ethyl acetate frac-
tion obtained from C. grandis did not show significant cyto-
toxic effects, as determined by the percentage of cytotoxicity 
compared to the reference treated with the drug. 

The induction of interference with red blood cells is es-
sential for understanding the host immune response follow-
ing exposure to foreign substances in order to elicit immuno-
genic response. As shown in Fig. 3b, the haemocompatibility 
of C. grandis (at concentrations ranging from 7.8 to 125.0 μg/
mL) was detected with a maximum haemolysis rate of ~3.08 
%. The haemolysis assay is a valuable tool to evaluate the po-
tential link between cytotoxic activity and direct disruption 
of the cell membrane. The plant extract showed a significant-
ly low haemolytic activity of 3.8 % (54,55). This finding is a prof 
of strong compatibility with cell membranes and red blood 
cells. Zohra and Fawzia (54) performed haemolytic tests on a 
range of plant species and found that most plants did not 
have haemolytic activity. In another study, Majumder et al. 
(56) found that the concentration tests of C. grandis extract 
did not show any haemolytic activity against human eryth-
rocytes. When the concentration of crude extracts of C. gran-
dis was increased from 250 to 500 µg/mL, no observable 
changes in haemolytic activity on the membrane of blood 
erythrocytes were observed. At concentrations of 250 and 
500 µg/mL, the observed haemolytic activities were 0.23 and 
0.45 %, respectively. The CAM experiment showed that the 
use of the plant extract at concentrations from 7.8 to 125.0 
µg/mL did not exhibit any adverse effects on angiogenesis 

or embryonic growth in the avian model. At intervals of 0, 48 
and 72 h, as shown in Fig. 4, the blood capillaries were ob-
served to continuously expand with simultaneous thickening 
of the membrane walls. With increasing concentration of C. 
grandis leaf extract, there was no observable inhibition of 
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Fig. 3. Effect of different concentrations of Coccinia grandis  leaf 
extract on: a) cell viability at different concentrations of the  leaf 
extract compared to untreated control after 24 (blue) and 72 h (red) 
and b) haemolytic activity (~3.08 % haemolysis) of the  leaf extract. 
PC=positive control, NC=negative control

Fig. 4. The chorioallantoic membrane (CAM) test was performed with 
the leaf extracts of Coccinia grandis. An ethanol leaf extract was admin-
istered to the eggs at concentrations from 7.8 to 125.0 μg/mL over a pe-
riod of 0, 48 and 72 h. There was no evidence of suppression of vascu-
larisation in the sample at none of the concentrations up to 125.0 μg/
mL. The attenuation and degeneration of blood vessels, which were 
not observed at any concentration, are indicative of toxic effects

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/vascularization
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/vascularization
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angiogenesis in the CAM of the chicken embryo. In animal 
models conducted in vitro, it was observed that the aqueous 
extracts from leaves did not induce any pathological mor-
phological changes in the tissues. Moreover, these extracts 
did not show any detrimental effects on the function of vital 
organs such as liver, kidney or bone marrow, as shown by 
Sankarganesh et al. (57). 

CONCLUSIONS
The α-amylase and α-glucosidase inhibitors have been 

shown to effectively mitigate postprandial hyperglycaemia, 
making them valuable therapeutic drugs for the treatment 
of diabetes. The consumption of plant foods rich in polyphe-
nolic and flavonoid compounds has the potential to prevent 
up to 90 % of diabetes cases. In particular, the leaves of Coc-
cinia grandis have been identified as a valuable source of phe-
nolic compounds. The identification of α-amylase and 
α-glucosidase inhibitors of plant origin therefore represents 
a highly effective strategy to mitigate adverse reactions and 
reduce the financial burden. In the present study, we evalu-
ated the antidiabetic and cytocompatible phytochemicals 
found in the leaf extracts of C. grandis using in silico, in vitro 
and ex vivo approaches. The optimum conditions of 55 °C, 763 
W and 45 min had a significant effect on the total phenolic, 
total flavonoid and total tannin contents, percentage of DPPH 
inhibition and FRAP assays and resulted in a high recovery. 
The study showed that the phytocompounds obtained from 
C. grandis had a remarkable inhibitory effect on the activity 
of α-amylase and α-glucosidase. This inhibition was observed 
to depend on the concentration of the phytocompounds. 
The results of the MTT assay showed that the extracts were 
cytocompatible up to a concentration of 62.5 µg/mL. The low 
haemolytic activity observed further indicates the high cel-
lular biocompatibility of the substance. In addition, the CAM 
assay showed no signs of cytotoxicity in all measured con-
centration ranges of the plant extract. Therefore, the current 
study suggests the use of C. grandis leaves in the develop-
ment of antidiabetic drugs and functional food products as 
an effective therapeutic and nutraceutical approach for the 
treatment of diabetes mellitus. 
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