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Ocimum sanctum and Piper nigrum are medici-
nal plants traditionally used in Ayurveda and oth-
er ancient therapeutic systems. Till today people 

of their everyday life. This study revealed the 
O. sanctum and P. nigrum 

(1:1) against diabetic-related enzymes in a cell-
free system and breast cancer cell line (MCF-7). 
The HPLC analysis revealed that Eugenol and 
Piperine are the major phytocompounds in O. 
sanctum and P. nigrum, respectively. Digestive 

-

Piperine and eugenol with enzymes involved in 
diabetes, the in silico molecular docking anal-
ysis was performed. The plant extracts alone 
and in combination, were checked for their cy-
totoxicity and reactive oxygen species levels in 
MCF-7 cells. 

Ocimum sanctum; Piper nigrum; 
HPLC; antidiabetic; Docking analysis; antican-
cer. 

Diabetes is a metabolic disorder caused due to 
an imbalance in the body’s blood glucose lev-
el. Type 2 diabetes is commonly diagnosed in 
people between the age of 20-79. The primary 

symptom of type 2 diabetes is hyperglycemia 
(increased blood sugar level). Mostly dysfunc-
tion of functional pancreatic cells and inade-
quate secretion of glucagon leads to type 2 dia-
betes. The likelihood of type 2 diabetes patients 
acquiring cardiovascular disease is very high 
[1, 2]. WHO (World Health Organization) report 

diabetes in 40 years. In 2013, individuals with 
diabetes were increased to 382 billion [3]. Inter-
national Diabetes Federation (IDF) determines, 
by 2035, the rate of diabetes patients might in-
crease to 591.5 million [4].     

among women around the world. According to 
WHO, in India, breast cancer accounts for 14% 
cancer incidence and 11.1% mortality rates. 

cancer based on estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal 
growth factor 2 (HER2): (i) ER/PR +ve /HER2 
-ve, (ii) HER2 +ve, and (iii) triple-negative. 
The primary treatments are chemotherapy, ra-
diotherapy, and surgery. For centuries, herbal 
plants were used for the prevention of various 
diseases. Two such plants are the Ocimum 
sanctum and Piper nigrum. 

  Ocimum sanctum is one of the medici-
nal herbs which belong to the family Lamiaceae. 
It is commonly known as Tulsi or Holy Basil in 
English. It is the holistic herb that is worshipped 
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-
ious medicinal properties. Hence roots, leaves, 
and seeds were traditionally used in ayurvedic 
and other ancient medicines [5]. O. sanctum has 
various medicinal properties including analge-

-
ity, antidiabetic activity, antioxidant, anti-stress, 
anti-ulcer activity, anti-fertility agent. It is also 
used to treat arthritis, heart diseases, malaria, 
and skin diseases [6, 7]. The primary phenolic 
component present in the O. sanctum plant is 
eugenol, one of the bioactive compounds with 
therapeutic and pharmaceutical activity [8]. 
Eugenol can also act as a biomarker in some 
cases and is utilized in the food industry and as 

Piper nigrum, commonly 
known as ‘Pepper,’ is another medicinally im-
portant plant belonging to the Piperaceae fami-
ly. Generally, it is considered the “king of spices” 
as it is frequently used as spices in many dish-
es. It has many medicinal properties, including 
anti-tumor activity, anti-depressant, anti-diar-
rhea, and analgesic activities [10]. P. nigrum 
is abundant with glutathione peroxidase and 
glucose 6 phosphate dehydrogenase enzymes 
[11]. Piperine is one of the alkaloids present in 
P. nigrum. Piperine is the bioactive agent found 
in black pepper. Piperine is responsible for the 
antioxidant property of pepper [12]. It is used to 
treat cough, bronchitis, asthma, etc. [13].

 In the present study, O. sanctum, and 
P. nigrum alone and in combination were test-
ed against -
dase) related to antidiabetic activity. and cyto-
toxic activity in breast cancer cell lines (MCF-7).

Preparation of extracts and characterization: 
The plant extracts (12.5g) were taken in 200 ml 
distilled water and decocted till it was reduced to 
four folds (50ml) [14]. The decoction was centri-

-
ing supernatant was collected in the tubes and 
preserved at -80°C. The extracts were freeze-
dried and used for further analysis. 

Quantitative estimation of eugenol and Piper-

ine present in O. sanctum and P. nigrum, re-
spectively, was performed using HPLC. The 
analysis was conducted in Shimadzu modular 
HPLC (Kyoto, Japan, Model: CBM-20A) cou-
pled with a diode array detector (SPD-20A) and 
pumps (LC-20AT) linked to an injection valve 
(20 μl volume). The system is incorporated of 
C18 reverse-phase column (Phenomenex Luna, 
250X4.6 mm, 5 μm). For eugenol, the mobile 
phase used is the solution containing Metha-
nol, Acetonitrile, and Water (10:50:40), respec-
tively. Isocratic solvents are employed for this 
purpose, and the wavelength chosen for O. 
sanctum is 280 nm [15]. The mobile phase for 
Piperine is Acetonitrile, Water, and Acetic acid 
(60:39.5:0.5), which was employed for P. nigrum 
at 340 nm wavelength [16]. 1mg/ml is the con-
centration used for both standards as well as 
extracts.

In vitro 
tems

Alpha-amylase assay: -
tions of the standard drug acarbose and plant 
extracts alone and in combination (1:1) (10, 50, 
100, 150, 200 μg/ml) were prepared by meth-
anol. From each tube, 10μl of standard and 
extracts were aliquoted into the 96 wells micro-
plate reader. To each well-containing extract, 

(0.02M) and incubated at 25°C for 10 minutes. 
Then 1% of starch was introduced to the plate 
and again kept at 25ºC for 10 minutes. Further 
to the solution 20μl DNSA was added and kept 
for 5 min at 90ºC. 200μl of distilled water is add-
ed after incubation. The absorbance was taken 
at 540 nm using microplate reader analysis [17]. 

by using the formula.

 

Alpha-glucosidase assay: Various concentra-
tions of acarbose and plant extracts (10, 50, 100, 
150, 200 μg/ml) were made using methanol. For 

((Absorbance of control- Absorbance of sample))
(( Absorbance of control))  ×100
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every 50μl of the extract and standard solution, 
-

plate was kept for incubation at 25ºC for 10 min-
-

copyranoside, the plate was again incubated at 
25ºC for 5 minutes. Microplate reader analysis 
was carried out for measuring absorbance at 

-
hibition is calculated by using the formula men-
tioned below. 

In vitro

Cytotoxicity assay: The MCF-7 cell line was 
procured from NCCS, Pune. The cytotoxicity 
of extracts to the MCF-7 cells were measured 
by MTT (3-(4,5-dimethylthiazol-2-yl)2,5diphen-
yltetrazolium bromide) assay. The cells were 
kept in 5% CO2 at 37°C incubator. The MCF-7 

-
tions (10, 50, 100, and 200 μg/mL) of O. sanctum 
and P. nigrum alone and in combination (1:1) for 
24 h. Addition of 20 μL of MTT at 2.5 mg/mL 
concentration was introduced to the wells after 
24 hours of treatment. MTT was removed after 
4 hours from the wells, and the DMSO was used 
to dissolve the formazan crystals to measure 
metabolically active cells at 570 nm wavelength. 
Cell morphology after treatment was observed 
using an inverted phase-contrast microscope. 

Molecular docking analysis: The required 

(5NN3) were retrieved from the Protein Data-
bank (PDB). Then the heteroatoms were re-

such as Piperine and eugenol were taken from 
the PubChem database. Autodock 4 was used 

-
teraction among protein and ligand. The better 

the lowest binding energy and viewed by pymol. 
Absorption, Distribution, Metabolism, Excretion, 
and Toxicity (ADMET) of eugenol and Piperine 

were predicted by pkCSM software [18].

-
try: The levels of ROS were evaluated by the 

-
trations of O. sanctum and P. nigrum alone and 
in combination (1:1) were added to MCF-7 cells. 
The cells were trypsinized after 24 hours and 
incubated with 20 M DCFH-DA in darkness for 

-

analyzed using the software cytexpert (CytoF-
LEX, Beckman Coulter, USA).

Characterization of O. sanctum and P. ni-
grum by HPLC analysis: The presence of the 
primary therapeutic constituents eugenol (4 μg/
mg) in O. sanctum and Piperine (267 μg/mg) in 
P. nigrum were carried out using HPLC analy-
sis (Figure 1). Eugenol was reported to prevent 
type 2 diabetes by enhancing glucose uptake in 
skeletal muscle and increased insulin sensitivity 
in rat models [19]. Eugenol exhibited anticancer 
activity in breast cancer cell lines and mice mod-
els [20]. It was also reported to induce apoptosis 
in the MCF-7 cell line [21] and anti-metastatic 
activity in MDA-MB-231 (triple-negative) and 
SK-BR-3 (HER2 positive) cell lines [22]. Pip-
erine exhibited antidiabetic activity by reducing 
blood glucose levels and increasing insulin sen-
sitivity [23]. Piperine also showed anti-prolifera-

control- Absorbance of sample))
(( Absorbance of control))×100
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Figure 1: HPLC analysis of (A) Standard Eu-
genol, (B) Standard Piperine, (C) Eugenol in O. 
sanctum, and (D) Piperine in P. nigrum.

Antidiabetic activities in the cell-free sys-
tem: 
major enzymes present in the pancreas and 
small intestine, respectively. These enzymes 
role is to break down insoluble starch into sim-
ple compounds, which increases the blood glu-
cose levels. Certain medicinal plants can pro-

that are accountable for inhibiting the activity of 
these enzymes. Therefore plays a crucial role 

-
ylase can be administered as an oral drug to 
treat type 2 diabetes [26]. O. sanctum can lower 
the sugar level in diabetes patients [27]. Piper-
ine also has the hypoglycemic property. Hence, 
P. nigrum can minimize the glucose level in the 
blood [28].

-
zyme activity. 

Figure 3: Visualization of docked complexes 

-

Canonical smiles, molecular weight, 
and ADMET properties of Eugenol and Piperine

Ligands Eugenol Piperine
Canonical 
Smiles

- C1CCN(CC1)
-
-

OCO3
Mol. 
Weight (g/
mol)

164.2 285.34

Absorp-
tion-In-
testinal 
absorption 
(human) %

92.014 94.444

Distribu-
tion BBB 
Permea-
bility (log 
BB)

0.374 -0.102
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was presented to be 57.3 μg/mL, 122 μg/mL, 
125.18 μg/mL, and 109.70 μg/mL, respectively. 
The inhibition of both the enzymes was noted to 
be high in combination when compared to indi-
vidual extracts. It showed the synergistic activity 
of O. sanctum and P. nigrum.

 The in silico molecular interaction be-
tween major phytoconstituents of O. sanc-
tum (eugenol) and P. nigrum (Piperine) with 

 and glucosidase enzymes showed 
high binding energies (Table 2). The bioavail-
ability and ADMET properties of eugenol and 
Piperine were noted (Table 1). The molecular in-
teractions and the hydrogen bonds were viewed 
using pymol (Figure 3). 

Cytotoxicity and apoptosis in MCF-7 cell 
line: The combination of O. sanctum and P. ni-
grum
The cytotoxicity of O. sanctum and P. nigrum 
alone and in combination (1:1) with various con-
centrations in the MCF-7 cell line was estimat-
ed (Figure 4). As seen, all the extracts showed 
dose-dependent cytotoxicity, whereas O. sanc-
tum + P. nigrum showed high cytotoxicity than 
individual extracts. The IC50 values of O. sanc-
tum, P. nigrum and O. sanctum + P. nigrum was 
presented to be 206.83 μg/mL, 109.27 μg/mL, 
and 78.61 μg/mL respectively. The obtained 
data showed the combination has a synergis-

cancer cells. Incubation of O. sanctum and P. 
nigrum alone and in combination (1:1) with IC50 
concentrations showed increased cell death, 
chromatin condensation, and shrunken cyto-
plasm observed in phase-contrast microscopy 
(Figure 5). Additionally, the combined extract 
showed apoptotic bodies. The treatments were 
compared with control cells, which showed in-
tact morphology with a normal polygonal shape. 

The intracellular ROS levels were measured us-

6). The increased ROS levels were observed 

Control cells showed 22.87% ROS levels, 
whereas O. sanctum, P. nigrum, and O. sanc-

 Docking scores and molecular interac-
tions between proteins and ligands.

gand
Eug Pip Eug Pip

Energy 
-4.06 -5.89 -4.87 -5.44

2 2 1 0

Active 
site in

ing

ALA-
50 and 
TYR-52

GLN-
63 and 
TYR-52

SER-88 -

( : amylase | glu:  glucosidase | Eug: 
Eugenol | Pip: Piperine)

 O. sanctum and P. nigrum alone and 
in combination were evaluated for their in vitro 

studies (Figure 2A-2B). The standard drug acar-
bose exhibited the highest inhibitory activities 
on both enzymes. The concentration-depen-
dent inhibition against enzymes was observed 
in all the extracts. The IC50 values of acarbose, 
O. sanctum, P. nigrum, and O. sanctum + P. ni-
grum to inhibit  enzyme was present-
ed to be 32.41 μg/mL, 40.77 μg/mL, 130.60 μg/
mL and 32.32 μg/mL respectively. The IC50 of 
acarbose, O. sanctum, P. nigrum, and O. sanc-
tum + P. nigrum to inhibit glucosidase enzyme 

Metabo-
lism

CYP1A2 inhib-
itor

CYP3A4 and 
CYP2C19 
inhibitor

Excre-
tion- Total 
clearance 
(log ml/
min/kg)

0.282 0.232

Toxici-
ty-AMES/ 
Hepatotox-
icity

Yes/No No/Yes
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tum + P. nigrum showed 38.47%, 32.36% and 
49.07% ROS levels, respectively. As observed, 
O. sanctum + P. nigrum showed high ROS lev-
els than individual extracts. The results showed 
the combined O. sanctum + P. nigrum has high 
cytotoxicity and apoptosis in MCF-7 cell line. 
There are previous reports on O. sanctum and 
P. nigrum individually against type 2 diabetes 

O. sanctum and P. ni-
grum against type 2 diabetes and breast can-
cer. Additional studies are required to state the 
mechanism of action clearly. 

Figure 4: Cytotoxicity analysis of O. sanctum, 
P. nigrum and O. sanctum +P. nigrum in MCF-7 
cell line.   

Figure 5: Morphological analysis using 
phase-contrast microscope in MCF-7 cell line. 
(A) Control cells without treatment, (B) Cells 
treated with IC50 concentration of O. sanctum 
(C) Cells treated with IC50 concentration of P. 
nigrum, and (D) Cells treated with IC50 concen-
tration of O. sanctum +P. nigrum.

Figure 6: Flow cytometry analysis to measure 
intracellular ROS levels. (A) Control cells with-
out treatment, (B) Cells treated with IC50 con-
centration of O. sanctum (C) Cells treated with 
IC50 concentration of P. nigrum, and (D) Cells 
treated with IC50 concentration of O. sanctum 
+P. nigrum. 
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