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	 Ethnobotanically, Premna serratifolia has been used in folk medicine to treat a number 
of aliments including diabetes. However, there is no data on its antiglycation activity. The 
present study evaluated the alpha-glucosidase inhibition potential, antiglycation, cell protective 
and antioxidant potential of crude total methanol and fractionated hexane, ethyl acetate and 
methanol extracts prepared from  leaves and stem bark of P. serratifolia. The stem ethyl 
acetate extract (S-EA) had the highest alpha-glucosidase inhibition potential, total phenolic and 
flavonoid content. The S-EA extract also displayed highest total antioxidant activity and highest 
reducing power. The total methanol extract of leaves (L-TM) displayed maximum free radical 
scavenging activity evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid (ABTS). All aqueous extracts of leaves and stem exerted 
noticeable antiglycation potential evaluated using multistage glycation markers (fructosamines, 
protein carbonyls, thiols and β aggregation) with reduction in carbonyl levels and increase in 
free thiol groups (R=0.890; p<0.05) well correlated. However, the S-EA extract was more efficient 
in protecting erythrocytes from oxidative damage induced by glycated albumin. LC-MS-based 
metabolomic profiling of the S-EA extract, combined with in silico molecular docking studies, 
identified six compounds—6-hydroxy salvinolone, 10-O-trans-p-coumaroylcatalpol (10OCC), 
10-O-trans-p-methoxycinnamoylcatalpol, Premnacorymboside B, 4-hydroxy-E-globularinin 
(B), and Premnaodoroside B—as putative novel inhibitors of a-glucosidase. These compounds 
warrant further purification and experimental validation to confirm their inhibitory activity.
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	 In diabetes, inhibition of alpha-glucosidase 
is a primary approach to control postprandial 
hyperglycemia. This enzyme in the gastrointerstinal 
tract catalyses the hydrolysis of alpha-glucosidic 
linkages of oligosaccharides to generate 
monosaccharides that are absorbed in the small 
intestine. Inhibition of alpha-glucosidase activity 

can reduce glucose formation from carbohydrates 
leading to reduction of postprandial hyperglycemia 
in diabetes. Undesirable gastrointestinal side 
effects, poor absorption from gut, excretion in 
stool and low bioavailability of currently used 
alpha-glucosidase inhibitors impede their long 
term application.1 Therefore, there is still a need to 
identify novel inhibitors with minimal side effects.
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	 The chronic hyperglycaemic conditions in 
diabetes leads to generation of ROS and glycation 
of structural and functional plasma proteins like 
albumin, fibrinogen, globulins and collagen.2 The 
oxidative stress triggered by ROS causes significant 
damage to cellular biomolecules while glycation 
of proteins leads to formation of AGEs (advanced 
glycation end products). In glycation, Schiff base 
is formed due to the reaction of sugars with lysine 
or arginine of proteins. This compound undergoes 
rearrangements to form amadori product which 
is broken down by oxidation, dehydration, and 
other chemical processes resulting in formation 
of AGEs.3 Many studies have proved that AGEs 
generate oxidative stress. Moreover, by interacting 
with receptors for AGEs (RAGE) they can 
cause vascular dysfunction and inflammation 
leading to diabetic complications.4 Free radicals 
derived from glycation cause fragmentation of 
proteins and oxidative damage of biomolecules.5 
Thus, AGEs are targets for the treatment of 
diabetic complications.4 Oxidative stress as 
well as AGEs contribute to the progression and 
complications associated with diabetes. Synthetic 
antioxidants (butylhydroxyanisole (BHA) and 
butylhydroxytoluene (BHT) pose health risks 
and toxicity.6 Chemically synthesized drugs with 
antiglycation activity also cannot be used in 
long term because of adverse reactions.3 Hence, 
natural compounds from medicinal plants that can 
release oxidative stress and target specific steps 
of glycation cascade have attracted increasing 
attention as lead compounds for drug development 
because of their minimal toxic effects. 7 
	 Premna serratifolia L. (Verbenaceae, 
synonym P. integrifolia) is a small medicinal tree 
commonly found across the tropical and subtropical 
regions of Asia. It is used for treating cardiovascular 
disorder, cough, diabetes, inflammation, stomach 
disorders and rheumatism.8 Literature survey 
has revealed many pharmacological studies 
that confirmed the ethno medicinal use of  P. 
serratifolia as an anti-diabetic plant.9,10 The plant 
is known to contain bioactive molecules with 
antihyperglycemic,11-13 anti-inflammatory,14, 15 and 
antioxidant activities.16-17

	 Increasing research has proved that one 
mechanism by which P. serratifolia  exerts its 
antidiabetic activity is by inhibiting carbohydrate 
digesting enzymes and reducing postprandial 

blood glucose rise in diabetes.18-20 However, 
pharmacological profiling of P. serratifolia  to 
identify bioactive molecules with potent alpha-
glucosidase inhibition potential has been 
restricted to the identification of only few 
flavonoids, phenylethanoid glycosides (PhGs) 
and sesquiterpenoids from leaves.20 Although, 
flavonoids showed strong inhibition of alpha-
glucosidase in vitro, most of them showed less 
or no in vivo actions due to poor water solubility 
and low GI absorption. 1 Moreover, no systematic 
study has investigated the protective role of P. 
serratifolia in glucose-induced albumin glycation 
and glycated albumin mediated toxicity to 
erythrocytes. Being an antidiabetic plant with 
high antioxidant potential, we hypothesized that P. 
serratifolia might contain unique phytochemistry 
to attenuate glycation. The objectives were (1) 
to evaluate the role of various extracts prepared 
from leaves and stem of P. serratifolia for alpha-
glucosidase inhibition potential and antiglycation 
activity (2) to assess the extracts capacity to shield 
erythrocytes against glycated albumin-induced 
oxidative damage (3) to correlated the antioxidant 
potential and content of phenolics, and flavonoids 
with the protective properties of  extracts (4) to 
identify potential bioactive metabolites in the 
extract with most promising alpha-glucosidase 
inhibition, antiglycation and cell protective 
potential using LC-MS (5) molecular docking of 
identified compounds with maltase-glucoamylase 
and isomaltase to understand their in silico 
molecular interactions and affinity. 

Materials and Methods

Collection and authentication of P. serratifolia
	 P. serratifolia was collected from Western 
Ghats in flowering and fruiting period which 
occurs between October to December. The leaves 
and stem wood were separated from flowers and 
fruits and shade dried separately. Flowering and 
fruiting twigs were kept in blotters under pressure 
for drying. The blotters were changed every 24 to 
48 hours to avoid any type of microbial infection 
till complete drying of the specimens. Later, the 
dried specimens were poisoned using the solution 
of HgCl2, formaldehyde, alcohol and water. After 
complete drying, the specimens were mounted 
on standard herbarium sheet. The identification 
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process was conducted in collaboration with 
established taxonomists from Naroji Godrej 
Centre for Plant Research (NGCPR) ensuring 
accuracy and reliability. The herbarium sample 
(NGCPR09908) was formally submitted to the 
NGCPR, Shindewadi, Shriwal, Maharashtra, India 
for archival and reference purpose.
Preparation of Plant extracts
	 A dry grinder was used to grind the stem 
wood and shade-dried leaves into a fine powder. 
Ten grams of powder (stem and leaf) was extracted 
with methanol (100 ml) for 16 hours using Soxhlet. 
To get the crude total methanolic extract (TM) of 
the leaves and stem (L-TM and S-TM), rotary 
evaporator was used to evaporate methanol under 
reduced pressure. To prepare fractionated extracts, 
25 grams of powder (stem and leaf) was extracted 
with hexane (H), ethyl acetate (EA) and methanol 
(M) for 16 hours. The crude H, EA and M extracts 
were concentrated and dried.  For in vitro assays, 
the dried crude TM, H, EA and M extracts of leaves 
(L-TM, L-H, L-EA and L-M) and stem (S-TM, 
S-H, S-EA and S-M) were dissolved in water and 
methanol to prepare aqueous and methanol extract 
respectively (100 mg/ml).
Inhibition of alpha-glucosidase
	 The ability of aqueous extracts to 
inhibit enzyme alpha-glucosidase was carried 
out according to the method of Gaonkar and 
Dangi.3 Positive control was Acarbose. Percentage 
inhibition was determined as described by Gaonkar 
and Dangi.3 Using Microsoft Excel IC50 was 
recorded graphically. 
Total phenolic contents (TPC)
	 TPC of leaves (L-TM, L-H, L-EA and 
L-M) and stem (S-TM, S-H, S-EA and S-M) 
extracts was done using the Folin-Ciocalteau 
reagent with minor modifications. 3 Plant extract 
(500 µl, 100 mg/ml) was mixed with 500 µl of 
diluted (10-fold dilution with deionised water) 
Folin-Ciocalteau reagent and 500 µl of 1 M 
Na2CO3. After an incubation (15 minutes, dark, 
25° C), absorbance was recorded at 765 nm for all 
samples. Gallic acid (10 to 100 µg/ml, Y =0.0155x 
+ 0.1119; R2 =0.9995) was used as standard. 
Findings were articulated as mg GAE/g DE by 
computing it with standard calibration curve.
Total flavonoid contents (TFC)
	 TFC of leaves (L-TM, L-H, L-EA and 
L-M) and stem (S-TM, S-H, S-EA and S-M) 

extracts was performed using spectrophotometric 
method described previously.3 Plant extract (0.4 – 4 
mg/ml, 100 µl), methanol (400 µl), AlCl3 (10%, 100 
µl) and CH3CO2K (1M, 100 µl) were mixed and 
incubated (30 minutes, dark, 25 °C). Absorbance 
was noted at 415 nm. Quercetin was the standard 
(10 to 100 µg/ml, Y =0.0093x + 0.148; R2 =0.9993). 
Results was expressed as mg QE/g DE.
Radical scavenging by DPPH
	 The scavenging action of methanolic 
extracts of leaves (L-TM, L-H, L-EA, and L-M) 
and stems (S-TM, S-H, S-EA, and S-M) towards 
DPPH was ascertained using ascorbic acid as 
standard (Y = 2.5533x + 3.7306; R2 = 0.9441).21 
The reaction mixture containing 300 µl of DPPH 
(0.1 M) and 100 µl of extracts (5.0 – 60 µg/ml) was 
incubated (30 minutes, dark, 37° C). Absorbance 
at 517 nm was used to calculate DPPH scavenging 
activity and IC50 as described by Gaonkar and 
Dangi.3

Radical scavenging by ABTS
	 The assay was performed as reported by 
Re et al. 22 Stocks used were 2.4 mM potassium 
persulfate and 7 mM ABTS solutions in water. 500 
µL of ABTS and 5.0 µL of potassium persulfate 
were combined to create the working solution. 
The working solution was left to incubate at 25° 
C for 12 to 16 hours in dark. Distilled water was 
added to dilute the solution until at 734 nm it had 
an absorbance of 0.70 ± 0.02. 50 µl of methanolic 
plant extracts at different concentrations (0.5 to 
25 µg/mL) and 250 µl of the freshly made ABTS 
solution were mixed, vortexed, and incubated (25° 
C, dark) for precisely six minutes. Gallic acid 
with concentrations of 0.2 to 1 µg/ ml was used 
as standard. Standard graph was obtained for Y 
=61.26x + 7.8909; R² =0.9972. The percentage 
scavenging activity and IC50 of each extract on 
ABTS was calculated using the formula stated 
above.
Total antioxidant activity (TAA) 
	 TAA expressed as mg AAE/g DE 
of methanolic extracts was estimated using 
phosphomolybdenum method described by 
Gaonkar and Dangi 3 using ascorbic acid as 
standard (10 – 100 µg/ml, Y = 0.0371x+0.1773, 
R2 = 0.9976). All leaf and stem extracts (1 mg/
ml) mixed with 1000 µl of reagent (0.6 M, H2SO4; 
28 mM, Na3PO4 and 4 mM, (NH4)2MoO4) were 
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incubated at 95° C for 90 min. Absorbance was 
measured at 695 nm against blank. 
Ferric Reducing Antioxidant Power Assay 
(FRAP Assay) 
	 FRAP assay was performed following 
the standard method.23 Phosphate buffer (0.2 M, 
pH 6.6, 2.5 ml), plant extracts (0.1 to 3 mg/ml), 
and potassium ferricyanide (1%, 2.5 ml) were 
mixed and incubated (50°C, 20 min). After cooling, 
trichloroacetic acid (10%, 2.5 ml) was added and 
the mixture was centrifuged at 3000 rpm for 10 
min. Upper layer (2.5 ml) was mixed with distilled 
water (2.5 ml) and freshly prepared ferric chloride 
solution (0.1%, 0.5 ml). Absorbance was recorded 
at 700 nm. Ascorbic acid (50 to 300 µg/ml) was 
used as standard. RP was expressed as mg AAE/g 
DE.
Antiglycation Potential
	 Glycated samples (BSA + Glucose + 
sodium azide), glycated samples co-incubated 
with plant extracts (BSA + Glucose + sodium 
azide + 150 µg/ml aqueous plant extract) and 
positive control (BSA + Glucose + sodium azide 
+ Quercetin final concentration 10 µg/ml) were 
prepared as described by Goankar and Dangi.3 
Antiglycation activity was assessed by determining 
Fructosamines, 24 Protein carbonyls, 25 Protein 
thiols, 26 and amyloid b aggregation (Congo Red 
absorbance) as described previously.3 
Impact of plant extracts on toxicity to 
erythrocytes by glycated albumin
Erythrocyte cell suspension
	 Fresh sheep blood was drawn into a 
heparin-containing tube, centrifuged for 15 minutes 
at 3000 rpm to separate plasma and washed three 
times with a 0.15M sodium chloride solution. A 
4% cell suspension was created by suspending the 
pellet in PBS (pH 7.3).
Erythrocytes treated with glycated albumin 
samples
	 Erythrocyte suspension was incubated 
with equal amount of glycated albumin, glycated 
albumin samples co-incubated with extracts and 
quercetin along with controls (PBS containing 
1% BSA and PBS containing 1% Triton X-100 
(v/v)) for 4 h at 37 °C with intermittent shaking. 
In the treated erythrocytes, hemolysis, LPO (Lipid 
peroxidation) and GSH (reduced glutathione) were 
measured. 
Erythrocytes hemolysis

	 After incubation 0.5 ml of the treated 
erythrocytes were centrifuged (3000 rpm, 15 
minutes). The absorbance of supernatant was noted 
at 540 nm.27 The following formula was used to 
calculate the hemolysis percentage:

[ASample -AControl]/ [ATritonX100 – AControl] ×100

Where ASample, AControl and ATritonX100 represents the 
results of glycated samples, PBS control and 
positive control respectively
LPO
	 Oxidative damage to lipids was determined 
by measuring Malondialdehyde (MDA), the 
end product of LPO as reported by Placer et al. 
with minor modifications.28 To 200 µl of treated 
erythrocytes, 0.8 ml of Tris Maleate buffer (0.2M, 
pH 6.0) was added. For deproteinization, 200 µl 
of solution was mixed with 1 ml of TCA (10%). 
The mixture was centrifuged at 3000 rpm for 10 
minutes and to 1 ml of the supernatant, 2 ml of 
Thiobarbutaric acid (0.67% in 0.25 M HCL) was 
added in a separate tube. Tubes were incubated in a 
boiling water bath for 25 minutes. After incubation, 
the cooled tubes were centrifugation. The content 
of MDA (as nM of MDA per mg of protein) was 
recorded at 532 nm. 
GSH
	 Ellman modified approach was used 
to estimate reduced GSH.26 50 µl of treated 
erythrocytes were mixed with precipitating solution 
(125 µl, 5% TCA in 1 mM EDTA). Samples were 
centrifuged (10 minutes, 2000 rpm) following 
protein precipitation. Phosphate buffer (625 µl, 
0.1 M, pH 8.0) and 25 µl of DTNB (0.01% in 
PBS) were combined with the supernatant (25 µl). 
The absorbance at 412 nm was measured after 10 
minutes of incubation and compared to a blank 
sample that was cell-free. Using a molar extinction 
coefficient value of 14,150 M-¹ cm-¹, the GSH 
concentration (nM of GSH per mg of protein) was 
determined. 
Liquid Chromatography-Mass Spectrometry 
(LC-MS) studies
	 The tentative phyto compounds in 
the S-EA extract were analysed using LC-MS 
(Instrument: Agilent Q-ToF G6540B connected to 
Agilent 1260 Infinity II HPLC, Column: Agilent 
Eclipse XDB-C18, 3X150 mm, 3.5 micron). Full-
scan mode from m/z 100 to 1700 was performed 
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with a source temperature of 40°C. Solvents A 
(0.10% formic acid in water) and B (0.10% formic 
acid in acetonitrile) made up the mobile phase 
(gradient mode). The gradient flow was 0–2 minutes 
(5% B), 2–25 minutes (5% B), 25–28 minutes (95% 
B), and 28–30 minutes (5% B). 0.3 mL/min was 
the flow rate. Both positive and negative ion modes 
were used for the mass spectrometry analysis. With 
a gas flow rate of 11 L/min and a surrounding 
sheath gas temperature of 350 °C, the nebulizer 
pressure was adjusted at 35 psi. A flow rate of 8 L/
min and a drying gas temperature of 300 °C were 
established. The voltage gradient for the nozzle, 
skimmer, capillary (VCap), and fragmentor was 
set to 1000 V, 65 V, and 175 V, respectively, using 
the default parameters. Using a MassHunter 6200 
series TOF/6500 series Q-TOF B.05.01, LC-MS 
data was recorded. To enable column conditioning 
and assess repeatability, three replicate injections 
were used for MS acquisition. To process mass 
spectra, the METLIN Metabolited AM PCDI 
was utilized. The precise m/z and the molecular 
formula generation software (Agilent MassHunder 
Qualitative Analysis) were used to generate the 
right elemental composition for presumptive 
chemical identification along with a database of 
reported compounds from P. serratifolia.
Molecular docking
	 To identify novel inhibitors of Maltase-
Glucoamylase, Isomaltase and RAGE from the 
extract of P. serratifolia, molecular docking of 
phyto compounds identified with the help of 
LC-MS and literature was performed. PubChem 
database (https://pubchem.ncbi.nlm.nih.gov/ 
(accessed on 3 April 2025)) was used to download 
the chemical structures of ligands identified by 
LC-MS. Crystal structures of human Maltase-
Glucoamylase having Acarbose binding site at 
N-terminal (PDB ID: 2QMJ) and at C-terminal 
(PDB ID: 3TOP) were taken from protein data bank 
20. Similarly, crystal structure of Isomaltase (PDB 
ID: 3A4A) belonging to Saccharomyces cerevisiae 
was also selected for molecular docking studies.20 
All crystal structures were prepared for molecular 
docking by removing non-protein molecules (such 
as ligands, ions) followed by addition of missing 
hydrogen’s and Kollman charges in AutoDock 
tool. All the ligands in dataset were prepared for 
docking by adding Gasteiger charges. Grid for 
molecular docking was prepared by keeping co-

crystal ligand (Acarbose) at the centre for N- and 
C-terminal of human maltase crystal structures, 
and for Isomaltase grid was prepared by keeping 
Maltose (co-crystal ligand) at the centre. Grid size 
was 40 x 40 x 40 Å considering variable size of 
ligands in dataset. Molecular docking performed 
using AutoDock Vina.29 Protein-ligand interactions 
were recorded using PyMOL and Desmond’s 
Maestro interface.30 
ADMET studies
	 The pharmacokinetic properties of 
newly docked metabolites were calculated using 
admetSAR servers (https://lmmd.ecust.edu.cn/
admetsar2).31 The ADMET properties studied for 
the selected putative alpha-glucosidase inhibitor 
metabolites include solubility, carcinogenicity, 
human intestinal absorption (HIA), toxicity and 
blood-brain barrier penetration. The obtained 
results were saved in tabular form.
Statistical analysis
	 All assays were done thrice (n= 3) and 
results were documented as mean and standard 
deviations. Pearson correlation coefficient ‘R’, 
ANOVA and post hoc analysis (Bonferroni test, 
p< 0.05) was done using Microsoft Excel

Results

Alpha-glucosidase inhibitory activity
	 Aqueous extracts prepared from crude 
leaf (L-TM, L-H, L-EA and L-M) and stem (S-
TM, S-H, S-EA and S-M) extracts were tested for 
alpha-glucosidase inhibition. The standard graph 
of acarbose (5-60 µg/ml, Y= 0.397 + 27.06, R2 
= 0.9733) showed alpha-glucosidase inhibitory 
activity with an IC50 value of 49.325 ± 5.83 µg/ml. 
All aqueous extracts inhibited alpha-glycosidase 
activity in concentration ranging from 10 to 50 
µg/ml. A comparable level of inhibition of alpha-
glycosidase was observed in L-H and S-H extracts. 
Significant difference was found in the TM, EA 
and M extracts of leaves and stem for inhibition 
of alpha-glucosidase enzyme (Table 1). Comparing 
the IC50 values, the L-TM, L-EA and L-M extracts 
were less effective than acarbose in inhibiting 
alpha-glucosidase enzyme. The S-TM, S-EA and 
S-M extracts had stronger inhibitory activity  as 
compared to the extracts prepared from leaves 
(Table 1). The inhibition potencies of S-TM, S-H, 
S-EA and S-M extracts was also much stronger than 
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Table 1. Alpha-glucosidase inhibition by extracts of P. serratifolia

Extract	 IC50 values of extracts 	 IC50 values of 
	 prepared from leaves 	 extracts prepared 
	 (µg/ml) 	 from stem (µg/ml)

Acarbose	 49.325 ± 5.838	
Total methanol (TM)	 77.340 ± 2.310a	 7.165 ± 1.175b

Hexane (H)	 6.615 ± 0.025c	 4.685 ± 0.965c

Ethyl acetate (EA)	 78.03 ± 1.22d	 1.245 ± 0.165e

Methanol (M)	 66.665 ± 1.965f	 8.505 ± 0.005g

Means (n=3, mean ± standard error) in a row with different small case letters 
are significantly different (P< 0.05).

Fig. 1. TFC and TPC of tested extracts. TM, H, EA and M represent total methanol and fractionated hexane, ethyl 
acetate and methanol extracts prepared from stem (S) and leaves (L) respectively

the inhibitory effect obtained from acarbose. The 
S-EA extract showed the best enzyme inhibition 
activity (IC50= 1.941 ± 0.12 µg/ml).
	 The variation in TPC and TFC of all tested 
extracts is shown in Fig. 1. The S-EA extract has 
the highest TPC (576.666 ± 1.862 mg GAE/g DE) 
and TFC (87.2631 ± 4.184 mg QE/g DE). The 
fractionated H extract from both leaves and stem 
has the lowest values for TPC (49.275 ± 1.303 and 
10.354 ± 2.234 mg GAE/g DE) and TFC (24.881 ± 
2.581 and 22.436 ± 1.61 mg QE/g DE) respectively. 
A very good correlation was observed in TPC and 
TFC for extracts prepared from stem (R=0.995, 
p<0.01) as well as leaves (R= 0.968, p<0.05).
Antioxidant activity by DPPH and ABTS assays
	 The comparative evaluation of ABTS and 

DPPH radical scavenging activities in stem and leaf 
extracts as evidenced by their respective IC 50 values 
is displayed in Fig. 2 a & b respectively. All the 
extracts displayed concentration dependent DPPH 
and ABTS free radical scavenging activity. In both, 
DPPH and ABTS assays, the extracts prepared from 
leaves had a better radical scavenging activity as 
compared to extracts prepared from stem (Fig. 2a 
& b). In DPPH assay, the L-TM had the highest 
radical scavenging activity (IC50= 11.3044 ± 
5.267 µg/ml) which was better than the standard 
(IC50= 17.32 ± 0.803 µg/ml). For the remaining 
extracts, the IC50 values were higher than that of 
standard. In agreement to DPPH assay, the L-TM 
had the highest ABTS radical scavenging activity 
(0.624 ± 0.02 µg/ml) which was again better than 
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Fig. 2. a: Bar graph showing the IC50 value of ABTS and DPPH free radical scavenging activity of total methanol 
(TM) and fractionated hexane (H), ethyl acetate (EA) and methanol (M) extracts prepared from stem (S). b: Bar 
graph showing the IC50 value of ABTS and DPPH free radical scavenging activity of total methanol (TM) and 

fractionated hexane (H), ethyl acetate (EA) and methanol (M) extracts prepared from leaves (L). 

the standard gallic acid (IC 50= 0.704 ± 0.103 µg/
ml). For the remaining extracts the IC50 values 
were higher than that of standard (Fig. 2a & b). 
Antioxidant activity tested by DPPH and ABTS 
were significantly correlated (R=0.61, p<0.001). 
These results imply that all extracts made from 
stems and leaves have a consistent correlation 
between the antioxidant potential measured by 
DPPH and ABTS assays.
TAA and RP
	 The plant part and solvent type displaced 

a noticeable variation in the antioxidant activity 
determined by phosphomolybdenum method 
(TAA) and FRAP assay (RP). The TM, H, EA and 
M extracts prepared from stem had higher TAA 
and RP when compared with TM, H, EA and M 
extracts prepared from leaves respectively (Fig. 
3). Among the stem extracts, the S-EA extract had 
highest TAA (97.4582 ± 0.7242 mg AAE/g DE) and 
RP (1254.17 ± 3.009 mg AAE/g DE). Similarly, 
among the extracts prepared from leaves, the L-EA 
extract had the highest TAA (88.832 ± 1.753 mg 
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Fig. 3. RP and TAA of total methanol (TM) and fractionated hexane (H), ethyl acetate (EA) and methanol (M) 
extracts prepared from stem (S) and leaves (L). Results expressed as AAE (mg of Ascorbic acid equivalence). 

AAE/g DE) and RP (948.3 ± 4.2 mg AAE/g DE).
Antiglycation activity
	 Extracts had inhibitory effects ranging 
from 36.885% to 55.17% on the production of 
fructosamines, an early glycation product (Fig. 
4a). The S-EA extract exhibited the highest level 
of inhibition among the stem extracts. Likewise, 
the L-EA extract exhibited the highest level of 
inhibition among the leaf extracts. The levels of 
protein carbonyl were assessed after 28 days in 
order to determine the protein oxidation caused 
by the glycation process, as illustrated in Fig. 4b. 
Comparative analysis of aqueous extracts prepared 
from the crude TM, H, EA and M extracts of 
leaves and stem showed almost similar level of 
inhibition of reactive carbonyl compounds. Among 
the extracts tested, the EA and TM extracts from 
both leaves and stem were most potent inhibitors 
of carbonyl compounds. As shown in Fig. 4c, the 
DTNB reagent was used to evaluate the free thiol 
groups in BSA following glycation. Glycated 
samples co-incubation with standard quercetin as 
well as plant extracts notably elevated free thiol 
groups. The EA and TM extracts from stem as 
well as leaves showed higher percent protection 
of free thiol groups. In albumin, the degree of 
β-amyloid formation was estimated utilizing the 

amyloid-specific Congo red dye known for its 
specific affinity towards fibrous structures. Results 
from the present study are presented as percentage 
inhibition of amyloid aggregate formation and 
illustrated in Fig. 4d. Among the stem extracts the 
S-TM showed the highest decrease of inhibition 
of β-amyloid aggregation. Similarly, among the 
leaf extracts, the L-TM extract was a more potent 
inhibitor of β-amyloid aggregation. There was a 
strong positive correlation between decrease in 
carbonyl content and increase in free thiol groups 
in extracts prepared from leaves (R=0.991, p<0.05) 
as well as stem (R=0.940, p<0.05). The TM 
extracts from leaves as well as stem outperformed 
all extracts in inhibiting β-amyloid aggregation. 
Based on their additive ability to inhibit formation 
of fructosamines, carbonyl compounds, β-amyloid 
aggregation and protection of thiol group, the TM 
and EA extract from leaves and stem displayed a 
higher overall antiglycation potential (Fig. 4e). 
Toxicity of glycated albumin to erythrocytes
	 The stem extracts (S-TM, S-H, S-EA and 
S-M) were analysed for their protective effect in 
preventing erythrocyte hemolysis and maintaining 
antioxidant status (Table 2). Glycated albumin 
sample (positive control) showed 86% hemolysis 
indicating significant cellular oxidative damage 
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Fig. 4. Anti glycation activity of plant extracts and standard (quercetin). a: Percent Fructosamine inhibition b. 
Percent carbonyl inhibition c: Percent thiol protection d: Percent β-aggregation inhibition e: Total antiglycation 

potential. 
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Table 2. The effect of plant extracts on erythrocytes toxicity measured during albumin glycation

Sample 	 Haemolysis 	 Lipid peroxidation 	 Reduced glutathione 
	 (%)	 (nM MDA/mg protein)	 (nM/mg protein)
			 
BSA(negative control) 	 1 ± 0.004***	 37.06 ± 0.77 *	 40.34 ± 0*
Glycated sample 	 86 ±0.01	 51.35 ± 0.84	 20.64 ± 0.32
(Positive control)
Quercetin (Standard)	 38 ± 0.005**	 38.83 ± 1.03*	 33.77 ± 0.14*
S-TM	 67 ± 0.005*	 41.48 ± 0.19*	 22.06 ± 0.19 ns

S-H	 72 ± 0.01*	 48.54 ± 0.00 ns	 27.26 ± 0.29*
S-EA	 36 ± 0.15**	 38.15 ± 0.55*	 30.96 ± 0.44*
S-M	 55 ± 00*	 37.06 ± 0.5 *	 27.19 ± 0.38*

Mean (n=3, mean ± standard deviation) significantly different: *p<0.05, **p<0.01, ***p<0.001, ns: non-
significant.

to erythrocytes by glycated albumin as compared 
to BSA (negative control) alone. Erythrocyte 
hemolysis was reduced in the range of 36% to 
72% in presence of stem extracts (Table 2). The 
S-EA extract showed maximum attenuation 
with a percentage inhibition of 36  % which 
was comparable to that obtained by standard 
(quercetin).
Erythrocytes antioxidant status
	 Lipid peroxidation (LPO measured in 
terms of MDA levels) and reduced glutathione 
(GSH) was measured to assess oxidative damage 
to erythrocytes by glycated albumin (Table 2). 
Damage to erythrocytes with glycated sample 
(positive control, 51.35 ± 0.84 nM MDA/mg 
protein) was significantly higher as compared 
to BSA alone (negative control 37.06 ± 0.77 
nM MDA/mg protein). The presence of S-TM, 
S-EA and S-M extracts during glycation showed 
suppression in erythrocyte LPO. The S-H extract 
did not demonstrate any considerable effect on 
LPO levels. Treated erythrocytes incubated in the 
presence of glycated albumin (positive control) 
showed a significant reduction in GSH (20.64 ± 
0.32 nM/mg protein) as compared with BSA alone 
(40.34 ± 0.51 nM/mg protein negative control 
table 1). Glycated samples co incubated with 
S-TM, S-H, S-EA and S-M showed higher GSH 
levels as compared to positive control with the 
S-EA extract displaying the highest GSH levels. 
Cumulatively, as compared to S-TM (with similar 
total antiglycation potential), the S-EA extract was 
most promising in protecting erythrocytes from 
glycated albumin induced erythrocytes dysfunction 

measured in terms of % hemolysis, LPO, and GSH 
level of erythrocytes. 
LC-MS data and molecular docking
	 In order to explore compounds responsible 
for enzyme inhibition, antioxidant and antiglycation 
activity of S-EA extract, LC-MS was performed. 
Only high intensity peaks were annotated for 
m/z values. A tentative identification of twenty-
four substances was made using the molecular 
formula and precise m/z (Table 3). Major peaks 
in the negative ion mode represented compounds 
that could also could be detected and analysed in 
the positive ion mode. The tentatively identified 
compounds were categorized into 7 groups as 
phenolics, alkaloids, flavonoids, phenylethanoid 
glycosides iridoid glycosides and terpenes (Table 
3). These were studied by molecular docking for 
their possible role as alpha-glucosidase inhibitors. 
Acarbose, a well-known inhibitor of Maltase-
Glucoamylase and Isomaltase was used to compare 
the binding free energy and molecular interactions 
of phyto compounds under investigation. Putative 
alpha-glucosidase inhibitory metabolites not 
reported previously and displaying better binding 
affinity than acarbose are presented in Table 4. 
To identify the interacting amino acid residues 
and predict the binding modes of the compounds 
with  alpha-glucosidase, 3D and 2D interaction 
diagrams generated are shown in Supplementary 
Fig. 1. 
Pharmacokinetic properties of selected hits
	 The solubility values for the putative 
alpha-glucosidase inhibitory metabolites identified 
in the present study was within the acceptable range 
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Table 5. ADMET properties of selected putative lead compounds

Ligand	 Solubility	 HIA	 BBB	 Carcinogenicity	 Acute oral 
					     Toxicity 
					     category

6-hydroxy salvinolone	 -4.1426	 +	 -	 -	 III
10-O-trans-p-coumaroylcatalpol	 -2.276	 +	 +	 -	 III
4-hydroxy-E-globularinin	 -2.021	 +	 +	 -	 III
10-O-trans-p-methoxycinamoylcatalpol	 -2.188	 +	 -	 -	 III
Premnaodoroside B	 -3.960	 -	 +	 -	 I
Premnacorymbo-side B	 -2.284	 +	 -	 -	 III

HI: human intestinal absorption, BBB: blood brain barrier

of 6.0 to 0.5 indicating good aqueous solubility 
property (Table 5). All the compounds displayed 
human intestinal absorption (HIA) and are not 
carcinogenic. The calculated oral toxicity for all 
compounds except Premnaodoroside B fell in 
category III of acute oral toxicity (LD50 = >500 mg/
kg to <5000 mg/kg), indicating that the compounds 
are non-toxic. 6-hydroxy salvinolone, 10-O-trans-
p-methoxycinamoylcatalpol and Premnacorymbo-
side B could not penetrate blood brain barrier 
(BBB) whereas 10-O-trans-p-coumaroylcatalpol, 
4-hydroxy-E-globularinin and Premnaodoroside 
B could penetrate BBB.

Discussion

	 In recent years, nutritional intervention 
using dietary plants which are free from adverse 
side effects are gaining increasing importance 
in controlling diabetes and its consequences. 
Hence, antidiabetic herbs used in traditional 
medicines are being evaluated for their antidiabetic 
(hypoglycemic, antioxidant, anti-inflammatory, 
antiglycation and protection from glycation induced 
cellar damage) potential. Many in vivo as well as 
in vitro studies have proved the effectiveness of 
P. serratifolia, an important nutraceutical food 
used in Indian Ayurveda, as an antidiabetic plant. 
17 The present study, to the best of our knowledge, 
additionally provides the first scientific evidence 
of its antiglycation and cell protective potential. 
Further, we also report the plant metabolites which 
need further studies to assess their protective role 
against glycation and glycation induced cellular 
dysfunction.
	 Although few reports have demonstrated 

that leaf extracts of P. serratifolia showed 
inhibitory effect on alpha-glucosidase no study 
has comparatively reported this activity from the 
stem.18-20 Results of in vitro assays showed that 
the hexane extract prepared from leaves (L-H) 
and stem (S-H) exhibited a stronger inhibition of 
alpha-glucosidase as compared to the standard 
acarbose. Recently, GC/MS analysis of hexane leaf 
extract of P. serratifolia identified 9-octadecenoic 
acid, palmitic acid, phytol and stearic acid as major 
volatile organic compounds.32 Of these, stearic 
acid, palmitic acid and 9-octadecenoic acid, and are 
known potent inhibitors of alpha-glucosidase.33-35 
The presence of these compounds in hexane 
extract may have been responsible for the observed 
activity. In agreement to previous reports, in the 
present study also extracts prepared from leaves 
of P. serratifolia (L-TM, L-EA and L-M) had a 
lesser inhibitory effect on alpha-glucosidase as 
compared to acarbose.19 However, the extracts 
prepared from stem had a more potent alpha-
glucosidase inhibitory potential with the S-EA 
extract more potent than acarbose in inhibiting 
alpha-glucosidase.
	 In the present study, results indicate 
that in P. serratifolia, TPC and TFC differ 
significantly with the solvent and plant part used 
for extraction. The fractionated S-EA extract had 
a the highest TPC and TFC. Results agree with 
previous studies which have reported that in some 
medicinal plants like Amphimas pterocarpoides 
and Phyllanthus emblica extracts prepared from 
stem contained higher TPC and TFC as compared 
to those prepared from leaves. 36, 37

	 Phenolic and flavonoid are phyto 
compounds in which the aromatic ring bears at 
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least one hydroxyl group responsible for free 
radical scavenging. Phenolics and flavonoids with 
more than one hydroxyl group on the aromatic ring 
are more active antioxidants than those with fewer 
hydroxyl groups. With both leaves and stem, the 
EA extracts had highest TAA and RP than TM, H 
and M extracts. Among the stem extracts, S-EA 
with highest TPC and TFC displayed the highest 
TAA and RP. Among the leaf extracts tested, the 
L-TM had the highest TPC and TFC but L-EA 
extract showed the highest TAA and RP. This 
indicates that although the L-EA extract had lesser 
TPC and TFC, it possibly contained phenolics and 
flavonoids with higher antioxidant potential. Thus, 
in P. serratifolia, ethyl acetate appears to be a more 
suitable solvent to recover potent antioxidants from 
leaves as well as stem wood. Previous studies have 
reported variation in TAA and RP with plant part 
and solvent used for extraction. 38

	 In biological cells, ROS are produced 
continuously. Antioxidant system of the cell 
can neutralize these free radicals. However, 
in many chronic disorders including diabetes 
mellitus the generation of antioxidants in cell is 
decreased leading to increase in ROS and resulting 
oxidative injury to biomolecules. 39 Natural dietary 
antioxidants found in medicinal plants have the 
ability to prevent or reduce the interaction of 
biological molecules with ROS. The DPPH and 
ABTS represent methods for assessing antioxidant 
activity of plant extracts based on the scavenging 
activity toward stable free radicals. These chemical 
assays are based on mixed tests and involve 
reactions which can be a hydrogen atom transfer 
(HAT) or a single electron transfer (SET). On the 
other hand, in vitro analytical methods like RP and 
TAA are SET based and relay on the capacity of the 
antioxidant to reduce compounds by transferring 
an electron.39 A high correlation (R=0.61, p<0.001) 
found between DPPH and ABTS in the present 
study is not surprising as both rely on the same 
mechanism, the mixed test.  Interestingly, with 
both DPPH and ABTS, the extracts prepared 
from leaves (Fig. 2 a & b) were more potent in 
scavenging free radicals as compared to extracts 
prepared from stem which displayed higher TAA 
and RP (Fig. 3). The L-TM extract was the most 
potent with an IC50 value less than standard in 
both DPPH and ABTS. Results indicate that the 
S-EA extract (displaying highest TAA and RP) 

from P. serratiofolia was more suited to extract 
natural antioxidants that could reduce molecules 
by SET while the L-TM extract with obviously 
more phytochemicals contained antioxidants that 
acted using both HAT and SET. Many studies have 
reported variation in antioxidant activity values 
quantified through DPPH, RP, ABTS and FRAP 
depending on extraction solvent.40

	 Structural and functional modifications 
of proteins by glycation leads to diabetic 
complications. Increasing research has reported 
that plant metabolites with potent antioxidant 
potential exhibit strong antiglycating activity.3 
Hence, in the present study antioxidant potential 
was tested by multiple assays. All the extracts 
prepared from leaves and stem exerted a noticeable 
total antiglycation potential (Fig. 4e). Interestingly, 
the EA extract from leaves as well as stem 
with higher TAA and RP were most potent in 
inhibition of fructosamine, reducing carbonyl 
levels and increasing free thiol groups. Results 
are in agreement to previous studies reporting RP 
(compared to DPPH, ABTS) as the assay with 
highest sensitivity to assess antioxidant potential 
of extracts.40 The highest inhibition of β-amyloid 
aggregations belonged to TM extracts of leaf and 
stem. Thus, the bioactive metabolites present in 
EA extract were more effective in attenuating 
glycation by blocking the early glycation product 
(fructosamine) with subsequent reduction in the 
generation of reactive carbonyl or dicarbonyl 
and restoring oxidatively modified amino acids. 
However, the TM demonstrated a strong prevention 
of β-amyloid aggregation, suggesting that it has a 
greater capacity to stop albumin structural changes 
during glycation. 
	 Diabetes has been linked to glycated 
albumin-mediated erythrocyte dysfunction. The 
present study evaluated the protective effect of 
stem extracts from P. serratifolia in glycated 
albumin induced erythrocytes dysfunction. In 
the presence of glycated sample, erythrocytes 
exhibited increased haemolysis (86 ±0.001%) and 
oxidative damage (increased LPO and decrease in 
GSH levels) when compared to negative control 
(BSA, Table 2). During glycation in the presence 
of plant extracts, the toxicity as well as oxidative 
damage of glycated albumin to erythrocyte was 
reduced. The EA extract was most effective in 
reducing glycated albumin induced erythrocyte 
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haemolysis Further, the EA extract was also 
effective in preventing erythrocyte oxidative 
damage measured in terms of reduction in LPO 
and concomitant increase in GSH levels (Table 2). 
Recently, Singh et al. 41 reported that EA extracts 
of P. serratifolia could significantly attenuated 
oxidative stress and antioxidant markers (LPO, 
GSH, catalase and superoxide dismutase enzymes). 
Although the TM and EA extracts were equally 
effective in attenuating glycation, the EA extract 
displayed a higher potential in improving viability 
and antioxidant status of erythrocytes damaged by 
glycated albumin. This may be attributed to its high 
antioxidant potential measured by TAA and RP as 
well as its highest TPC and TFC. 
	 LC-MS based metabolomics of S-EA 
extract responsible for most promising alpha-
glucosidase inhibition, antiglycation and cell 
protective activity from stem of P. serratifolia 
identified flavonoids, iridoid glycosides and terpenes 
as major metabolites in agreement to previous 
reports (Table 3).17  From in silico study, 6-hydroxy 
salvinolone and iridoid glycosides 10-O-trans-
p-coumaroylcatalpol (10OCC), 10-O-trans-p-
methoxycinamoylcatalpol, 6-O-(3-O-trans-p-
coumaroyl)-alpha-Lrhamnopyranosylcatalpol 
(Premnacorymbo-side B),  4-hydroxy-E-
globularinin (B), Premnaodoroside B, known to 
be present in stem bark of P. serraatifolia but not 
previously docked with Maltose-Glucoamylase 
and Isomaltase have been highlighted. 42-44 The 
complexes of C-terminal- and N-terminal Maltose-
Glucoamylase with 6-hydroxy salvinolone had 
the best binding affinity. This anti-inflammatory 
and immunomodulatory compound isolated from 
roots of P. serratifolia and P. obtusifolia has been 
postulated as a lead molecule for the development 
of COX-LOX dual inhibitors.43 It also exhibits 
cytotoxic activities against cancerous cell line. 
No previous reports have predicted the possible 
role of 6-hydroxy salvinolone as an inhibitor of 
alpha-glucosidase by molecular docking. Based 
on binding energy, hydrogen bonds, hydrobhobic 
and Pi interactions, iridoid glycosides had 
more potential as alpha-glucosidase inhibitors 
compared to the control ligand (Table 4 and 
Supplementary Fig. 1). These compounds warrant 
further purification and experimental validation to 
confirm their inhibitory activity.

Conclusion

	 Traditionally, infusion or decoction 
in water prepared from P. serratifolia is used 
as antidiabetic food or drink additive. The 
possible presence of polar metabolites with 
alpha-glucosidase inhibitory potential identified 
in the present study supports the traditional use 
of P. serratifolia as an antibiabetic food. Further 
investigations involving the purification of 
observed metabolites, especially the polar iridoid 
glycosides, to test their ability in ameliorating 
the oxidative status, glycation and inhibit alpha-
glucosidase are imperative and underway.
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