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Ghai et al.: Anti-Osteoporotic Effects of Piper nigrum and Linum usitatissimum Extracts in Ovariectomized Rats

Ovariectomy induced osteoporosis in rats is similar to oestrogen depleted postmenopausal osteoporosis in 
females. Osteoporosis after menopause is a serious global health issue in elderly populations that have shown 
minimal consideration until lately. Anti-resorptive medicines such as oestrogen, calcitonin, bisphosphonates 
and others are used in traditional treatments for postmenopausal osteoporosis. These have various negative 
effects and do not modify bone mass or replace bone that has already been lost. The goal of this study was to 
see if a herbal extract combination (Piper nigrum and Linum usitatissimum) might prevent ovariectomized 
rats from osteoporosis. 10-12 w of age female rats are randomized into 6 groups of 6 rats each. The sham 
operated group, the control group and four other ovariectomized groups, ovariectomized with standard 
(calcium carbonate 250 mg/kg); ovariectomized with black pepper extract (500 mg/kg), and ovariectomized 
with flaxseed extract (600 mg/kg) are treated for 14 d by oral dosing. The in silico study revealed that lignan 
has a direct interaction with gene interleukin-6 and an indirect connection with CYP4F2 and piperine 
indirectly inhibit tumor necrosis factor gene. The present study reveals that a combination of Piper nigrum 
and Linum usitatissimum extracts has given significant results when compared to these extracts if given 
alone in the estimation of various bone turnover markers alkaline phosphatase, calcium, phosphorus, total 
protein content and histopathology of the right leg femur bone. To summing up, Piper nigrum and Linum 
usitatissimum extract has a definite anti-osteoporotic activity and could be used as an analogous treatment 
for postmenopausal osteoporosis.
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A skeletal condition called osteoporosis is 
associated with low Bone Mineral Density (BMD), 
bone matrix degradation, softening of the bone, and 
an elevated risk of bone fracture. This is a frequent 
reason for bone fractures in the older population as 
well as in menopausal women. The (World Health 
Organization) WHO defines osteoporosis as a 
Bone Mineral Density Test BMD T-score that is 
lower than -2.5 as determined by Dual-emission 
X-ray Absorptiometry (DXA)[1]. Approximately 
1 in 5 males and 1 in 3 women, or 200 million 
people globally, may have pain and fracture over 
their lifetime. Osteoporosis in post-menopausal 
women is due to the low level of oestrogen, which 
results in an increase in the number of osteoclasts 
and a reduction in bone resorption. Low amount of 
oestrogen induces low levels of Osteoprogenitor 
cells (OPG), which raises Receptor Activator of 

Nuclear factor Kappa-Beta (β) Ligand (RANKL), 
resulting in osteoporosis[2]. Hormone Replacement 
Therapy (HRT) is one of the most popular and 
efficient methods for preventing bone loss. On 
the other hand, HRT increases the risk of vaginal 
bleeding, thromboembolic events, endometrial 
cancer, breast cancer, and ovarian cancer[3]. Modern 
osteoporosis medication like immunosuppressants, 
corticosteroids, and 5-aminosalicylates has various 
side effects including illness, hypertension, 
diarrhea, and renal problems[4]. Flaxseed (Linum 
usitatissimum L.), among the world's oldest crops 
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grown, is a Linaceae family plant that includes 
lignans and a cyclic peptide that have been 
found to prevent osteoclast development[5]. Anti-
osteoclastogenic properties through disrupting 
p38/c-Fos/NFATc1 signalling and inhibition of 
osteoclast activity by disrupting cytoskeletal 
reorganization have been observed during the 
usage of Piper nigrum (black pepper)[6]. 
Network pharmacology is a method to study multi-
path interaction and to analyze the multitargeted 
drug. Through network pharmacology, efforts 
are being made to determine the proteins that 
piperine and lignan target to treat post-menopausal 
osteoporosis. In the present investigation, post-
menopausal osteoporosis targets were obtained 
from DisGeNET and string database, followed 
by network construction through cytoscape[7]. 
Nodes (node-link diagrams) are commonly used 
to represent pathways, signalling pathways, 
Protein-Protein Interaction (PPI), as well as other 
physiological links in pharmacology networking. 
The problem with this depiction is that it makes 
these links look static, despite biological networks 
being known to change and evolve in response to 
cell proliferation, environmental influences, and 
evolutionary growth over time. There are several 
tools available, some of which are professional and 
others are free source (the bulk of which are online 
in silico tools). Freely available resources include 
web services such as pkCSM, SwissADME, Swiss 
target prediction, DisGeNET, String database and 
Cytoscape[8]. 

MATERIALS AND METHODS
Chemicals:

Alkaline phosphatase (ALP), calcium, phosphorus, 
and total protein reagents for biochemical analysis 
and di-potassium hydrogen, formaldehyde 
solution, and monobasic potassium phosphate for 

histopathology were obtained from Central drug 
house, New Delhi. All other chemicals used in the 
study are purchased from local suppliers.

Experimental design:

Rats weighing 120-150 g, aged 10-12 w were 
divided into 5 groups of 6 at random. To conduct the 
experiment, rats were obtained from the National 
Institute of Biological Sciences, Greater Noida, 
and were housed in polypropylene cages. Prior to 
the initiation of the trial, the rats were acclimatized 
in light and dark conditions and provided with 
pellet food and water without restriction. Our 
institution's Animal Ethics Committee guidelines 
as well as the Ministry of Social Justice and 
Empowerment regulations were followed during 
this research (IAEC No. IAEC/KSOP/2021/03).
All animals were weighed at the beginning of the 
treatment period, and blood samples were obtained 
at the end of treatment with flaxseed and black 
pepper extract from rats of all groups through 
retro-orbital technique to analyze biochemical 
parameters. The animals were subsequently 
killed with an overdose of isoflurane. The right 
femur was collected and weighed immediately 
afterwards. Then, it was fixed in formalin solution 
and the bone was subjected to histopathological 
studies. Animals were divided into six groups (6 
rats/group) as follows: Group I (control) included 
Sham-operated (Sham) rats, group II (induction) 
consisted of vehicle-treated Ovariectomized 
(OVX) rats, group III (co-treatment) received 
calcium carbonate (250 mg/animal/d), group IV 
received an oral dose of black pepper extract (500 
mg/kg)[9], group V received an oral dose of flaxseed 
extract (600 mg/kg)[10], and group VI received an 
oral dose of a combination of flaxseed (600 mg/
kg) and black pepper (500 mg/kg) (Table 1).

Group Serum ALP (IU/L) Serum calcium (mg/dl) Serum phosphorus (mg/dl) Serum total protein (g/dl)

G1 (Sham) 148.95±8.31 10.06±0.12 5.98±0.14 6.84±0.05

G2 (OVX) 352.55±11.30 7.60±0.26 4.04±0.19 4.22±0.15

G3 (calcium carbobate) 184.47±11.83 10.47±0.30 5.13±0.22 6.57±0.14

G4 Piper nigrum 
(ethanolic extract) 172.80±11.14 10.26±0.19 5.11±0.16 6.77± 0.08

G5 Linum sitatissimum 
(methanolic extract) 172.27±13.51 10.52±0.16 5.08±0.22 6.50±0.12

G6 Piper nigrum+Linum 
usitatissimum 147.35±9.72 11.81±0.91 6.32±0.12 6.95±0.30

TABLE 1: BIOCHEMICAL PARAMETERS (MEAN±SEM)
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Surgical procedure for ovariectomy:

A transverse peritoneal slit on the central section 
of the lower abdomen, rightwards with a sterile 
scalpel blade. The adipose tissue was moved out 
from the right uterine lining that was surrounded 
by fat. To avoid detachment of a narrow section of 
the ovary, the periovarian fat with the ovary was 
gently pushed away from the incision site. Once 
ovary was identified and uterine horn, the ovaries 
were excluded and a braided silk suture (3/0) was 
used around the region of the uterine horns that 
was sectioned later. The ovaries were removed, 
and the uterine horn was released. With sterile 
sutures, the incision is sealed in 2 layers firstly 
absorbable suture was used to sew the muscle 
layers, and then non-absorbable suture was used to 
connect the skin[11]. 

Collection of blood and preparation of serum:

The blood was taken on the final date of the 
research study. Blood was collected using a retro-
orbital method. For blood collection, the animals 
were anaesthetized with inhalation of isoflurane. 
In the centrifuge tubes, around 2 ml of blood 
sample was taken. After the blood was drawn, the 
samples were allowed to clot and then centrifuged 
to extract the serum. The 2 ml eppendorf tubes 
were spun for 15 min at 1300 RMP using a remi 
cooling centrifuge apparatus after the formation of 
the blood clot. The serum was then collected into 1 
ml eppendorf tubes and analyzed for biochemical 
characteristics[12].

Histopathological evaluation:

The femur bone was removed from the right leg 
after sacrificing rats. The rat bone was fixed in 10 
% formaldehyde, processed and then sections were 
cut in a 3 mm thickness after embedding in paraffin 
wax, and then stained with hematoxylin and eosin. 
The Nikon Eclipse E-200 photomicrographic 
system was used to examine the sections[13].

In silico procedure for determination of the 
biological pathway of black pepper (piperine) and 
flaxseed (lignan):

Target proteins of piperine and lignan: Using the 
reduced molecular input line entry specification, 
piperine data were further entered into the 
Similarity Ensemble Approach (SEA) (https://sea.
bkslab.org/) (SMILES). It uses a similar technique 
to partition a collection of ligands into hundreds of 

sets based on their carbon skeletons, quantitatively 
correlating their annotated targets to one another. 
Only human-targeted genes were discovered, and 
information on these genes was obtained.
Potential targets in post-menopausal 
osteoporosis: DisGeNET (http://www.disgenet.
org) and the Search Tool for the Retrieval of 
Interaction Genes (STRING) database (https://
string-db.org/) supplied all of the proteins 
associated with post-menopausal osteoporosis. 
This method yields 78 proteins after merging the 
genes from the two data sets. A group of 1793 
proteins has been discovered as a potential target 
for controlling postmenopausal osteoporosis 
molecular features.
PPI data: The STRING database, which provides 
details on predicted and investigated protein 
correlations, was used to collect the PPI data. The 
STRING database also specifies.
Network construction: The piperine targets 
network was constructed by linking piperine 
to its targets in the SEA Database. Proteins that 
interact with other proteins were linked using PPI 
information from the STRING and DisGeNET 
databases to generate PPI network targets for 
postmenopausal osteoporosis. The piperine-
targets-postmenopausal osteoporosis network 
was built by combining the proteins that mediate 
piperine in the two previous networks with the 
help of Cytoscape. (http://cytoscape.org).
In the same way, by linking lignan to its targets in 
the SEA Database, the lignan-targets network was 
created. Proteins that interact with other proteins 
were linked using PPI information from the 
STRING and DisGeNET databases to generate PPI 
network targets for postmenopausal osteoporosis. 
The lignan-targets-postmenopausal osteoporosis 
network was built by keeping the proteins that 
mediate lignan in the previous two networks with 
the help of Cytoscape.

RESULTS AND DISCUSSION

Mild body weight loss has been observed in the 
treatment group (G3) animals during the treatment 
period. However, that wasn’t statistically 
significant as compared to control group (G1). 
There was a notable rise in mean body weight values 
in ovariectomy-induced osteoporosis treated group 
(G3, G4 and G5) as compared to a normal control 
group (G1). On treating the animals orally with an 
extract of Linum usitatissimum and Piper nigrum 
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CaCO3 group.

In the present study, we conducted a bone histological 
analysis using Hematoxylin and Eosin staining 
(H&E) staining to evaluate both the femoral cortical 
and trabecular bone microarchitecture. The (G2 
group) OVX female rats developed osteoporosis 
and increased trabecular bone breaking, as seen 
in (fig. 1). Comparing the OVX model group to 
the Sham group, ovariectomy caused a reduction 
in the area of trabecular bone. The bones in the 
model calcium carbonate standard groups have 
shown an increase in bone cells compared to Sham 
group. Rats that had undergone ovariectomy and 
were given Linum usitatissimum and Piper nigrum 
showed increased trabecular bone area. 96 proteins 
have been identified as piperine's targets, as shown 
in (fig. 2) and 128 proteins forlignan by using the 
SEA. The collection of targets from the database 
would be referred to as the cluster of proteins 
that are piperine-targeted. By searching the 
DisGeNET and STRING database, 189 proteins 
were documented as the disease-specific targets 
of osteosarcoma. These 189 proteins are defined 
as post-menopausal osteoporosis-related proteins 
and the interaction between these proteins was 
demonstrated in (fig. 3). Among these 189 proteins, 
13 proteins, including Arrestin β 2 (ARRB2), 
Dual Specificity protein Phosphatase 1 (DUSP1), 
Mitogen-Activated Protein kinase 1 (MAP2K1), 
Growth factor Receptor-Bound protein 2 (GRB2), 
Interleukin (IL) 17A, IL-6, Tumor Necrosis Factor 
(TNF), Mediator complex subunit 1 (MED1), Tumor 
Necrosis Factor Receptor Superfamily member 1 
(TNFRSF1) and Jun proto-oncogene (JUN) were 
reported to participate in the pathological process 
of post-menopausal osteoporosis directly.

given to ovariectomy-induced osteoporosis rats 
for 14 d with the dose of 600 mg/kg and 500 mg/
kg showed a significant change in body weight 
respectively with the value of shown below. The 
methanolic extract Linum usitatissimum 600 mg/
kg/bodyweight indicated a lower reduction in 
body weight. Standard calcium carbonate, when 
given orally, resulted in a notable increase in body 
weight to normal levels, as shown in the table 
below (Table 2).

The results of serum ALP level in the OVX rats 
(G2) was higher as compared with the Sham group 
(G1), the (Linum usitatissimum (G5) and Piper 
nigrum (G4) treatment groups lowered ALP levels 
in comparison to the OVX model group (G2), and 
combination of Linum usitatissimum and Piper 
nigrum (G6) has shown a more significant decrease 
in ALP level as compare to OVX rats (G2) group. 
The results of serum calcium and phosphorus 
level were lowered in OVX rats (G2) as compared 
with the Sham group (G1). The administration 
of (Linum usitatissimum (G5) and Piper nigrum 
(G4) alone has raised the level of Calcium (Ca) 
and Phosphorus (P) and the combination of both 
extract groups (G6) have shown more significant 
results which indicated that the combination of 
both extracts has shown better effect in treatment 
group as well as CaCO3 group (G3).

The results of total protein level in the OVX rats 
(G2) is lower as compared with the Sham group 
(G1), the (Linum usitatissimum (G5) and Piper 
nigrum (G4) treatment groups, increased the total 
protein level compared to OVX model group (G2), 
and combination of Linum usitatissimum and 
Piper nigrum (G6) has shown more increase in 
total protein level. A combination of both extracts 
has shown effect in treatment group as well as the 

Group
WEEK

1st d 7th d 14th d

G1 (SHAM) 261.53±5.18 260.44±4.22 268.29±4.26

G2 (OVX) 284.30±10.53 309.61±13.04 306.23±8.22

G3 (calcium carbobate) 323.2±13.36 321.65±13.47 332.04±15.00

G4 Piper nigrum (ethanolic extract) 326.2±19.13 332.87±16.77 357.96±11.33

G5 Linum usitatissimum (methanolic extract) 272.00±9.22 278.57±8.76 311.71±8.56

G6 Piper nigrum+Linum usitatissimum 264.72±7.75 285.6±27.96 312.12±6.50

TABLE 2: BODY WEIGHT (MEAN±SEM)
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Fig. 1: Histopatological analysis on morphometry of right femur bones at magnification 100X

Fig. 2: Target network of piperine

Fig. 3: Compound network for post-menopausal osteoporosis
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As shown in (fig. 4) the drug-gene network 
represents, that piperine indirectly inhibits the 
TNF gene, which helps in the reduction of bone 
reabsorption by reducing RANKL. For lignan the 
drug-gene network represents, that lignan has a 
direct interaction with gene IL-6 and an indirect 
connection with CYP4F2 (fig. 5 and fig. 6). 
For improvement of osteoporosis, the CYP4F2 
influence the catabolism of menaquinone-4 (MK4) 
which increase the mitochondrial transport through 
Steroid and Xenobiotic Receptor (SXR) ligand for 
nuclear receptor leading to an increase in calcium 
level by regulating vitamin K. Lignan also inhibit 
IL-6 which causes a decrease in TRAF6 gene 
causes a decrease in osteoclast formation.

In terms of understanding the mechanism of 
action of piperine and lignan in post-menopausal 
osteoporosis conditions, the target proteins of 
the disease are linked with the target proteins 
of both drugs (piperine and lignan). Firstly, 10 
proteins were selected as key targets of lignan and 
piperine that act on post-menopausal osteoporosis. 
These proteins are (Mitogen-Activated Protein 
Kinase 3 (MAPK3), IL-6, Estrogen Receptor 2 
(ESR2), ESR1, TNF, Parathyroid Hormone (PTH), 
Nuclear Receptor Interacting Protein 1 (NRIP1), 
Cannabinoid Receptor 2 (CNR2) and Microtubule-
Associated Protein 9 (MAP9)). Then Cytoscape 
software was used to integrate key targets of lignan 
and piperine with targets of post-menopausal 
osteoporosis which construct the PPI network for 
both drugs separately.

Fig. 4: The figure for the PPI network of Black pepper (Piperine -Targets-Postmenopausal osteoporosis network) The Drug-Gene 
interaction network. Drug is indicated by the light blue node, genes by the blue node, and targeted genes by the yellow node.

Fig. 5: The target for lignan
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CONCLUSION

With the help of different test methods such as 
calcium, phosphorus, total protein content, and 
alkaline phosphatase serum levels, we summarized 
that the combination of Linum usitatissimum 
(methanolic extract) and Piper nigrum (ethanolic 
extract) in G6 has shown significant results 
compared to Linum usitatissimum (methanolic 
extract) in G5 and Piper nigrum (ethanolic extract) 
in G4 alone[14]. For piperine, the drug-gene network 
indicates that piperine indirectly inhibits the TNF 
gene, which helps in reducing bone resorption by 
lowering RANKL levels. For lignan, the drug-gene 
network shows that lignan has a direct interaction 
with the IL-6 gene and an indirect connection with 
CYP4F2. For the improvement of osteoporosis, 
CYP4F2 influences the catabolism of MK-4, which 
increases mitochondrial transport through the SXR 
ligand for the nuclear receptor. This leads to an 
increase in calcium levels by regulating vitamin 
K. Lignan also inhibit IL-6 which causes decrease 
in TRAF6 gene causes decrease in osteoclast 
formation.
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