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ABSTRACT

Objective: Ocimum sanctum is known to be beneficial in the management of diabetes, however, its mechanism remains unexplored. This study was 
aimed to gain insite into the mechanisms through which it may counter diabetes and its complications.

Methods: Hydroalcoholic whole plant extract of O. sanctum was screened for its antidiabetic potential and ability to counter oxidative and 
inflammatory stress through various in-vitro assays. Further, bioactive compounds that may be responsible for its antidiabetic activity were predicted 
through molecular-docking studies.

Results: Crude extractive yield of 35.43% was obtained from Soxhlet extraction which mainly showed the presence of flavonoids, alkaloids, glycosides, 
and saponins. Plant extract showed good potential to scavenge 2,2-diphenyl-1-picrylhydrazyl free radical (40.95-68.71%) which may be attributed 
to its high phenolic (0.366 mg gallic acid equivalent/g) and flavonoid (0.113 mg quercetin equivalent/g) contents. Plant showed exceptional anti-
inflammatory activity which was evaluated through inhibition of protein denaturation (47.61-82.37%) and red blood cell membrane stabilization 
assay (43.66-78.28%). Further, extract treatment greatly inhibited α-glucosidase enzyme (34.17-71.45%) but failed to produce noticeable inhibition 
of α-amylase activity (1.94-14.88%). Docking studies predicted that rosmarinic acid, stigmasterol, linalool, bieugenol, and aesculin may be responsible 
for antidiabetic activity possessed by the plant through their interaction with the insulin receptor.

Conclusion: These findings conclude that O. sanctum may be beneficial in managing diabetes and its associated complications through inhibiting 
α-glucosidase activity, reducing oxidative and inflammatory stress.
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INTRODUCTION

Rapid socioeconomic development in last decades has shown rapid 
rise in the lifestyle disorders among which diabetes mellitus (DM) is 
growing rapidly and has become epidemic in many parts of the world. 
In 2015, DM and its associated complications affected 415 million 
people globally and resulted in 5 million deaths [1]. Regardless of the 
rapid and continues advancing health-care technology, it is predicted 
that DM cases will rise 642 million by the year 2040 [1]. DM is generally 
associated with several other complications, among which neuropathy, 
nephropathy, cardiovascular complications, and retinopathy are most 
pronounced and are predominantly accountable for the morbidity 
and mortality associated with DM [2]. During DM, excessive glucose is 
available for metabolism through hexosamine, protein kinase-C, poly 
(adenosine diphosphate-ribose) polymerase, and nitric oxide pathways 
which generates a high level of reactive oxygen and nitrogen species. 
Excessive free radicals saturate antioxidant enzymes of our body, viz., 
catalase, glutathione, and superoxide dismutase and interact with 
different cellular biomolecules, compromising their normal function 
and physiology, which results in various diabetic complications  [3]. 
Diabetic complications are further extravagated by persistent 
inflammatory stress which is inflicted as a result of hyperglycemia-
induced chronic elevation in pro-inflammatory molecules such 
as cytokines and chemokines [4]. Further, interplay between 
inflammatory and oxidative stress is known to play an important part 
in the development of insulin resistance [5]. These complications and 
morbidity associated with diabetes are reported even after continuous 
treatment with commercially available drugs which act primarily by 
disposing excessive glucose from the blood [6], therefore, providing 
only temporary and symptomatic relief from DM. These medications 
have to be taken throughout the life besides having several side effects. 
Therefore, need of the day is to boost up search for certain alternative 

therapeutic strategies or novel molecules that can not only prevent 
diabetes and associated complications but also reverse the damage 
already done.

Nature has provided us with a variety of plants which have been used 
by human civilization for the prevention and cure of several ailments 
since time immemorial. A  rich heritage of this traditional medicinal 
knowledge of nature can be reflected form the ancient scholastic 
work illustrated in the ancient texts such as Atharvaveda (Indian 
sacred text) and Ayurveda (Indian traditional system of medicine) [7]. 
Ocimum sanctum L. (Tulsi) is an ethnomedicinal herb found throughout 
Indian subcontinent which is consumed as a part of food and have 
been traditionally used for thousands of years for the treatment of 
ailments such as cancer, diabetes, fungal and microbial infection, 
cardiovascular disorders, bronchitis, bronchial asthma, malaria, 
diarrhea, dysentery, skin diseases, and arthritis [8], but identification of 
bioactive components and their role in particular ailment is yet to done. 
It has been used traditionally for the management of diabetes  [9,10] 
and various experimentation conducted in diabetic rodents 
demonstrates that different extracts of O. sanctum reduce blood glucose 
level  [11-14], stimulate insulin secretion from pancreas [15], restore 
normal lipid profile [14,16], and help in the management of diabetic 
complications [17]. None of the experimental work fully demonstrates 
the mechanism which is exploited by O. sanctum to manage diabetes 
and associated complications. Further, not much work has been focused 
to identify exactly which constituent/s present in this plant aids in 
benefiting diabetic condition. Looking on the traditional medicinal value 
of this plant and continuously increasing demand for better treatment 
strategies and novel antidiabetic molecules, this plant may prove to be 
useful in the management of diabetes and its associated complications. 
Further, docking screening of various constituents present in this plant 
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on antidiabetic targets may provide us with new novel antidiabetic 
molecule/s which can be screened further as potential antidiabetics.

The aim of this study was to gain preliminary insite into the 
mechanism through which it can aid in controlling diabetes and its 
complications through in-vitro and in-silico tools. We evaluated the 
potential of hydroalcoholic extract of O. sanctum (HEOS) to neutralize 
oxidative and inflammatory stress which plays a decisive role in the 
development and progression of diabetic complications. Further, 
potential antidiabetic mechanism of this plant was experimentally 
demonstrated through in-vitro assays and bioactive constituents 
which may be responsible for its antidiabetic property were predicted 
from in-silico docking studies.

MATERIALS AND METHODS

Materials
All the chemicals used in this study were procured from Sigma-Aldrich, 
Loba Chemie, Merck, SD Fine-Chem, Himedia, and Spectrochem.

Plant collection, extraction, and phytochemical screening
Whole plant of O. sanctum (RHD 238) was procured from Natural 
Remedies, Bengaluru, India. 100  g dried leaves were subjected to 
hydroalcoholic (ethanol:  water; 30:70) extraction using Soxhlet 
apparatus at the temperature of 60°C for 72 hrs. The extract was 
filtered while hot, concentrated to semisolid mass under reduced 
pressure using rotary evaporator (Heidolph 4011, USA) and 
lyophilized to obtain completely dry power. Powdered extract was 
stored at 4°C until used further. HEOS was then subjected to the 
preliminary phytochemical screening as per the previously defined 
and widely used methods [18].

In-vitro evaluation of antioxidant activity
Determination of total phenolic content
Total phenolic content of the HEOS was determined using a simple, 
rapid, widely used, and well-established model using Folin-Ciocalteu 
reagent as described previously [19]. Briefly, reaction mixture was 
prepared by mixing together 40  ml acetone, 40  ml methanol, 20  ml 
water, and 0.1 ml acetic acid. 200 mg/ml concentration of extract was 
prepared in double distilled water and vortexed with equal volume of 
the prepared reagent till extract get completely solubilized. Reaction 
mixture was then incubated over water bath at 60°C for 1 hrs followed 
by cooling under tap water. 400 µL of this reaction mixture was 
transferred to the test tube having 1.6  ml sodium carbonate (7.5%) 
and 2 ml of Folin-Ciocalteu reagent (0.1%). All the samples were then 
incubated in dark at room temperature for 1 hrs, and absorbance 
was recorded at 525  nm using a UV spectrophotometer (Go Scan 
Microplate Reader, Thermo Scientific, USA). Entire procedure was 
performed in triplicate. Standard curve of gallic acid was prepared 
spectrophotometrically using the same procedure. Total phenolic 
content present in the HEOS was expressed in mg gallic acid equivalent 
(GAE)/g dried extract using the linear regression equation obtained 
from the standard curve of gallic acid.

Determination of total flavonoid content
Total flavonoids present in the extract were determined using simple 
and previously well-established spectrophotometric method [20] by 
taking quercetin as a standard compound. 0.5 ml of 200 mg/ml extract 
was transferred to the test tube containing 75 µL of 5% NaNO2 solution. 
Mixture was allowed to stand for 10 minutes after which 150 µL of a 
10% AlCl3.6H2O solution was added to the reaction tube. A  reaction 
mixture was allowed to stand for 5 more minutes after which 0.5 ml 
NaOH (1 M) and 2.5 ml of distilled water were added to it. Absorbance 
was then measured at 510 nm using the UV spectrophotometer. Entire 
procedure was performed in triplicate. Standard curve of quercetin was 
prepared using the same procedure. Total flavonoid content present 
in the HEOS was expressed as mg querctine equivalent (QE)/g dried 
extract using the linear regression equation obtained from the standard 
curve of quercetin.

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
DPPH radical scavenging was used to determine the free radical 
scavenging potential of the HEOS according to the previously defined 
method [21], with slight modifications. Briefly, 0.4 mM solution 
of DPPH was prepared 95% methanol. Different concentrations 
(250-1000  µg/ml) of extract and ascorbic acid (standard) were also 
prepared in 95% methanol and 10 ml of sample was then transferred 
into the reaction test tubes. 3 ml of DPPH solution was added to each 
tube and mixed vigorously followed by 30 minutes incubation in dark 
at 37°C. For the purpose of control reaction, equivalent volume of 95% 
methanol in DPPH was used. Absorbance of all the samples was recorded 
in triplicate at 517 nm using the UV spectrophotometer. % DPPH radical 
scavenging activity was calculated using following equation.

DPPH radical scavenging activity 

Absorbance of contro
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In-vitro evaluation of anti-inflammatory activity
Inhibition of protein denaturation
Anti-inflammatory activity of the natural or synthetic samples has been 
widely screened by employing inhibition of protein denaturation model 
in recent past. In the present study, we evaluated the potential of HEOS 
to inhibit albumin denaturation in accordance with method previously 
described by Ullah et  al. [22], with slight modifications. Reaction 
mixture consisted of 1  ml of different concentrations of plant extract 
or diclofenac sodium (250-1000 µg/ml) or distilled water (blank) and 
1  ml of 1% aqueous bovine serum albumin prepared in phosphate 
buffered saline (PBS; pH 6.4). Reaction mixtures were then incubated at 
37°C for 30 minutes followed by incubation at denaturing temperature 
of 57°C for 5 minutes. Each tube was cooled under running tap water, 
and the respective absorbance was recorded spectrophotometrically 
at 660  nm. Entire experimentation was performed in triplicate and 
percent inhibition of protein denaturation was determined using the 
following equation.

%Inhibitionof albumin denaturation= 1
Abstest
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−
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Red blood cell (RBC) membrane stabilization assay
Potential of the plant extract to stabilize cellular membrane of RBCs 
was evaluated according to protocol previously described by Asanuma 
et al., Sadique et al. and Shinde et al. [23-25]; with slight modification. 
Sufficient amount of goat blood was obtained from slaughterhouse in 
the glass tubes having 1.8 mg/ml 5% ethylenediaminetetraacetic acid 
solution and mixed gently. Blood was centrifuged at 5000  rpm for 
15  minutes and washed thrice with equal volumes of saline. Further, 
10% v/v suspension of RBC was prepared in normal saline; which was 
stored at 4°C and used within 6 hrs of preparation. Reaction mixture was 
prepared by mixing 1 ml of 10% RBCs suspension and 1 ml of different 
concentrations (250-1000 µg/ml) of HEOS, diclofenac sodium, or 
distilled water (blank) in the test tubes. All the samples were incubated 
at 57°C for 30 minutes over water bath and were immediately cooling 
under running tap water. Samples were centrifuged at 2500  rpm 
for 5  minutes, and absorbance of the supernatant was measured 
spectrophotometrically at 560  nm. Entire experimentation was 
performed in triplicate, and percent inhibition of RBC membrane was 
determined using the following equation.

% Membrane stabilization = (
Abs Abs

Abs

control sample

control

−
))×100

In-vitro evaluation of antidiabetic activity
Inhibition of α-glucosidase activity
Method of Elya et  al. [26] was used to determine the α-glucosidase 
inhibitory activity of plant extract and acarbose was used as the 
standard drug. Briefly, reaction mixture consisted of 490 µL phosphate 
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buffer (pH  6.8), 250 µL of 5 mM p-nitrophenyl α-D-glucopyranoside, 
and 10 µL of different concentrations (250-1000 µg/ml) of plant 
extract, acarbose, or distilled water (blank). Reaction mixture was 
incubated at 37°C for 5 minutes, and then, 250 µL α-glucosidase (0.15 
unit/ml) was added to each tube and the tubes were then incubated at 
37°C for 15  minutes. The reaction was terminated by the addition of 
200 µL Na2CO3 (200 mM). α-Glucosidase inhibitory activity of the HEOS 
and acarbose was determined spectrophotometrically at 400 nm. Entire 
experimentation was performed in triplicate and percent inhibition 
of α-glucosidase enzyme activity was determined using the following 
equation.

% glucosidase inhibition = (
Abs Abs

Abs
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)×100

Inhibition of α-amylase activity
We evaluated the potential of HEOS to inhibit α-amylase enzymatic 
activity according to method previously described by Zengin et al. [27], 
with some modifications. Briefly, 30 µL of different concentrations of 
plant extract (250-1000 µg/ml) were mixed with 60 µL of α-amylase 
(1 U/ml PBS; pH 6.9) in a 96-well microplate. Plate was incubated at 
37°C for 10  minutes and the reaction was initiated by adding 60 µL 
starch solution (0.05% w/v in PBS; pH 6.9) to each well. Plate was then 
again incubation for 10  minutes at 37°C. For the purpose of control 
reaction, equal volume of distilled water was added in place of plant 
extract. Further, 30 µL HCl (1M) and 120 µL IKI were added to each 
well to terminate the reaction after which the absorbance of each well 
was spectrophotometrically recorded at 630 nm. Entire procedure was 
repeated in triplicate, and percent inhibition of α-amylase activity was 
calculated using following equation.

% ) amylase inhibition = (
Abs Abs
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×1100

In-silico docking studies
To predict, the active constituent present in O. sanctum that may actually 
be responsible for the antidiabetic activity possessed by this plant, we 
screened all the compounds that were previously reported to be present 
in the plant through in-silico docking studies on insulin receptor protein 
(PDB: 1IR3) using Molegro Virtual Docker (MVD) software. Three-
dimensional structure of all the molecular structure was prepared 
using Marvin sketch software. The crystal structure of insulin receptors 
was obtained from the protein data bank (www.rcsb.org). Solid surface 
of insulin receptor protein was created, and five different binding 
cavities were selected on it. Energies of both ligand and protein were 
set to minimum and docking process was initiated. Result of the best 
run was taken as the final observation (having minimum ligand-protein 
binding energy in kcal/mol), and ligand-receptor interaction image was 
generated using MVD [28-30].

RESULTS AND DISCUSSION

Extractive yield and phytochemical screening
Hydroalcoholic Soxhlet extraction of O. sanctum resulted in the crude 
extractive yield of 35.43%. Lyophilized crude extract mainly showed 

the presence of alkaloids, glycosides, flavonoids, carbohydrates, acidic 
compounds, and saponins the extract. Tests for volatile oil, proteins, 
amino acids, and lignin did not show positive results.

Antioxidant activity
Total phenolic content present in the extract was determined in term of 
GAE from the standard curve of gallic acid (Fig. 1a). A high correlation 
(r2=0.9976) between concentration and corresponding absorbance was 
observed from the calibration curve of gallic acid which showed linear 
regression equation of y=1.0988x−0.0984. Total phenolic content in the 
HEOS was calculated to be 0.366 mg GAE/g crude extract. Total flavonoid 
content of the crude extract was determined in term of QE from the 
standard curve of quercetin (Fig.  1b). Linear regression equation of 
y=0.1174x+0.0052 and high degree of correlation (r2=0.9983) between 
concentration and corresponding absorbance was observed from 
the calibration curve. High levels of total flavonoids (0.113  mg QE/g 
crude extract) were observed to be present in the HEOS. Antioxidant 
properties possessed by the plant or extract are generally attributed to 
the presence of total phenolics and flavonoids in it [31].

We demonstrated that HEOS possessed high levels of phenolic and 
flavonoid compounds, which may be responsible for the high potential 
of HEOS to scavenger DPPH free radicle. DPPH radical scavenging assay 
is a well-established assay to determine the antioxidant potential of 
the herbal extracts with high reliability and accuracy [21]. DPPH assay 
is based on the spectrophotometric measurement of the absorbance 
of colored free radical that DPPH forms in the methanolic solution at 
517 nm. DPPH is converted to more stable and colorless molecule after 
it gains electrons from the antioxidant substance. Therefore, stronger 
the antioxidant potential of plant extract, more discoloration of DPPH 
solution it will produce; which is recorded spectrophotometrically  [21]. 
In the present study, hydroalcoholic extract was subjected to DPPH 
radicle scavenging assay at different concentrations and radicle 
scavenging activity was compared to ascorbic acid. Concentration 
depended scavenging activity was observed for both standard and plant 
(Fig. 2). Hydroalcoholic extract resulted in 68.71±2.98% DPPH radicle 
scavenging activity at the highest concentration while ascorbic acid 
demonstrated 98.72±0.95% inhibition at the same concentration.

It has now become evident that oxidative stress is primarily involved 
in the development and progression of diabetic complications and 
intervention which lower oxidative stress or elevate antioxidant defense 
enzymes in the body are known to be beneficial during diabetes [32]. 
In the present study, HEOS demonstrated good potential to scavenge 
DPPH free radical which can be attributed to the presence of high levels 
of phenolic and flavonoids in the plant extract. Therefore, O. sanctum 
can prove beneficial in the management of diabetic complications via 
reducing oxidative stress.

Anti-inflammatory activity
Proteins possess well-defined and specific functions within the living 
system which is somewhat guided by the complex structure. In response 
to several external or internal stressors, proteins may lose their well-
organized structure and thereby render them non-functional. Protein 
denaturation causes inflammation and several researches depict 

Fig. 1: Standard curve of gallic acid (a) and quercetin (b)

a b
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that non-steroidal anti-inflammatory drugs have exceptional ability 
to inhibit protein denaturation [31]. On this ground, we evaluated 
anti-inflammatory potential of HEOS in term of its ability to inhibit 
denaturation of albumin and results are depicted in Fig. 3a. Inhibition 
of protein denaturation is the simple and rapid method used to screen 
synthetic or natural compounds/extract for their anti-inflammatory 
property [33]. Plant extract showed concentration-dependent 
prevention of albumin denaturation with maximum inhibition of 
82.370±3.42% at 1000 µg/ml, which was comparable to standard drug, 
diclofenac sodium (83.78±4.34%).

Cellular membrane initiates an inflammatory response by generating 
arachidonic acid from membrane phospholipids which generate various 
inflammatory mediators through cyclooxygenase and lipoxygenase 
pathway. Therefore, it can be assumed that drugs that are capable of 
stabilizing cellular membrane will reduce the generation of inflammatory 
mediators and thus suppress inflammation [34]. RBC membrane 
resembles lysosomal membrane structurally as well as functionally, and 
therefore, is used for in-vitro anti-inflammatory assays. Various anti-
inflammatory drugs are known to exert their anti-inflammatory action 
by stabilizing lysosome cellular membrane and thereby preventing 
the release of hydrolytic enzymes which induces inflammation [35]. 
Results of the HEOS on RBC membrane stabilization were compared 
to diclofenac sodium and are depicted in Fig.  3b. Consistent dose-
dependent increase in the membrane stabilization was observed for 
extract treatment from 250 to 1000 µg/ml concentration. Maximum 
stabilization of cellular membrane was observed to be 78.28±6.63%, 
which was comparable to diclofenac sodium (88.96±5.44).

These results indicate that HEOS is an efficient anti-inflammatory 
intervention, and this activity can be attributed to its high potential 
to prevent denaturation of proteins and stabilizes cellular membrane. 
During hyperglycemia, inflammatory mediators are generated 

excessively which induce cellular damage and thus contributes in the 
development and progression of diabetes-mediated complications [36]. 
Therefore, O. sanctum can be beneficial in the management of 
complications by controlling inflammatory stress during diabetes.

Inhibition of α-glucosidase activity
α-Glucosidase is involved in the conversion of unabsorbable dietary 
polysaccharides into monomer, especially D-glucose, in the gut 
which is then absorbed from gastrointestinal tract (GIT) and reached 
blood circulation thereby elevating blood glucose level. Inhibition 
of this enzyme reduces dietary inflow of glucose and thereby 
hyperglycemia  [37]. In the present study, we screened HEOS for its 
potential to inhibit α-glucosidase activity and results are depicted in 
Fig. 4. Extract treatment produced concentration-dependent inhibition 
of α-glucosidase activity which was observed to be in the range of 
34.17-71.45%. These results were comparable to acarbose, which 
showed much higher inhibitory activity in the range of 43.06-97.10%. 
From these results, it can be concluded that plant extract possesses 
appreciable potential to inhibit α-glucosidase, and therefore, may 
reduce the dietary inflow of glucose and blood glucose levels during 
diabetes.

Inhibition of α-amylase activity
α-Amylase is another enzyme involved in the digestion of carbohydrates 
within the GIT. α-amylase, along with α-glucosidase, reduces blood 
glucose level by lowering dietary inflow of glucose. Inhibition of 
α-amylase is another quick, well-established, and extensively used 
in-vitro model to screen antidiabetic drugs. Potential of HEOS to 
inhibit activity of this enzyme was evaluated and results are depicted 
in Fig.  5. Unlike α-glucosidase inhibition, extract treatment did not 
show any appreciable inhibition of α-amylase. Very low concentration-
dependent inhibition was observed in the range of 1.94-14.88% at the 
concentration range of 250-1000 µg/ml. On the other hand, quercetin, 
taken as reference compound, appreciably inhibited enzymatic activity 
13.51-59.92±4.78% at similar concentrations. These results indicate 
that HEOS is not capable of inhibiting α-amylase activity and may not 
be able to control dietary inflow of glucose through this mechanism.

In-silico docking studies
Molecular docking is a computational tool used to predict molecules 
with specific activity by their in-silico interaction with the target protein. 
Docking outcome provides us with the ligand-protein interaction energy 
(kcal/mol), number of interactions, and amino acids involved in it, based 
on which protein specific activity of a compound is predicted [37,38]. 
We screened compounds present in O. sanctum against insulin receptor 
(PDB: 1IR3) using MVD and results are depicted in Table 1. Compounds 
showing maximum interactions with the receptor and having minimum 
ligand-receptor binding energy were predicted to be most effective. 
From our study, rosmarinic acid, stigmasterol, linalool, bieugenol, and 
aesculin showed the best interaction with 1IR3 in terms of interaction 
energy, bond length, and number of interactions and were predicted to 
be most effective molecules. Fig. 6 depicts the images of ligand-protein 
interaction. These molecules showed exceptionally good interaction 

Fig. 2: % 2,2-diphenyl-1-picrylhydrazyl free radical scavenging 
activity of the hydroalcoholic extract of Ocimum sanctum. Data 

are expressed as means±standard deviation (n=3). Different 
letters above the error bar of histograms indicate significant 

different at p<0.05 by Duncan’s multiple range test

Fig. 3: % inhibition of protein denaturation (a) and % red blood cell membrane stabilization (b) activity of hydroalcoholic extract of 
Ocimum sanctum. Data are expressed as means±standard deviation (n=3). Different letters above the error bar of histograms indicate 

significant different at p<0.05 by Duncan’s multiple range test

a b
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be attributed to its strong inhibitory effect on α-glucosidase enzyme 
and presence of rosmarinic acid, stigmasterol, linalool, bieugenol, and 
aesculin, which were predicted to be potentially antidiabetic moieties 
of this plant.
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