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ABSTRACT

Introduction: Osteoporosis is characterized by decreased bone density, increasing the risk of fractures.
Hormone therapy for post-menopausal osteoporosis has side effects, prompting the development of
Nigella sativa (black cumin) as an alternative treatment. Objective: This study aims to determine the
effect of administering Nigella sativa and conjugated estrogen as osteoporosis therapy in rats treated
with bilateral oophorectomy, which have been verified as having osteoporosis based on bone biomarkers.
Materials and Methods: This study involved 72 female Wistar rats divided into six groups: K+ (positive
control), K- (negative control), P1 (receiving conjugated estrogen), P2 (receiving 100 mg/kg BW of Nigella
sativa), P3 (receiving 200 mg/kg BW of Nigella sativa, and P4 (receiving 400 mg/kg BW of Nigella sativa.
After inducing post-menopausal osteoporosis through bilateral oophorectomy, the treatment groups
received therapy for 28 days. Bone biomarkers such as bone-specific alkaline phosphatase (bALP),
procollagen type 1 n-terminal propeptide (P1NP), carboxy-terminal crosslinked telopeptide of type 1
collagen (CTX-1), and osteoprotegerin (OPG) were measured using ELISA. Results: The 400 mg/kg BW
administration of Nigella sativa significantly increased bALP and P1NP levels, indicating higher osteoblast
activity. At the same dose, Nigella sativa also increased OPG levels, suppressing osteoclastogenesis
in bone resorption. However, 100-400 mg/kg BW/day of Nigella sativa did not reduce CTX-1 levels, nor
did it inhibit osteoclasts in bone resorption. Estrogen conjugation also increased OPG levels but did
not significantly affect bALP and P1NP levels. Conclusion: Nigella sativa at a dose of 400 mg/kg BW
significantly increases osteoblast activity and OPG levels. Estrogen conjugation increases OPG levels but
does not affect bALP and P1NP. Nigella sativa can potentially serve as an effective alternative therapy for
osteoporosis through a mechanism different from conjugated estrogen.

Keywords: Nigella sativa, Estrogen conjugation, B-ALP, Bone biomarkers, Osteoporosis rats.

INTRODUCTION

Osteoporosis is a condition characterized by
decreased bone density, leading to an elevated risk
of bone fragility and fractures.” This condition is
primarily caused by an imbalance between bone
production and resorption, resulting in millions
of fractures annually.’ Osteoporotic fractures, such
as those in the hip, vertebrae, and wrist, are the
most severe clinical consequences of osteoporosis
and occur more frequently in women than in men.
The incidence of osteoporosis rises sharply with
age and affects areas with a high percentage of
trabecular bone.*

Several studies have indicated that hormone
replacement therapy (HRT) can address post-
menopausal issues in women through the
administration of estrogen and progesterone.’
However, during conjugated estrogen therapy,
liver metabolism is approximately 4-5 times higher
than peripheral metabolism. Long-term use of
estrogen can affect hepatocyte cells, leading to
coagulation disorders due to metabolism in the
hepato-portal system. This impacts the production

of proteins involved in clotting and fibrinolysis,
such as increasing factor VII, prothrombin
fragments I and II, MMP II, and IX, raising the
risk of congestive heart disease and thrombosis.
Additionally, prolonged estrogen use increases the
risk of venous thromboembolism due to resistant
C-reactive protein and elevated production of fats
and liver enzymes.® Consequently, recent years have
seen intensive development of alternative therapies
for osteoporosis caused by menopause, one of which
is the use of Nigella sativa.

The natural plant Nigella sativa, a member of the
Ranunculaceae family, has long been used as a
remedy for various acute and chronic diseases. It
is commonly known as habbatus sauda or black
cumin. The active component in this plant, found in
its seeds, is known as thymoquinone (TQ).”

Nigella sativa is an alternative source of essential fatty
acids in addition to vegetable oils and contributes
significantly to the diet. Additionally, this seed is a
source of fat, protein, and several essential minerals
that positively impact human health in quantity and
quality. Research indicates that Nigella sativa offers
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numerous therapeutic benefits, including anti-cancer, antioxidant,
antibacterial, antifungal, antiparasitic, and anti-asthma properties.
Furthermore, previous studies on Nigella sativa and its main active
component, thymoquinone, have demonstrated effectiveness in
treating bone and joint disorders.'

In this study, the dosage of Nigella sativa was determined based on in
vivo toxicity studies, which was 470 mg/kg body weight (BW). Thus, we
used 400 mg/kg BW and, for comparative purposes, 25% of this dose
(100 mg/kg BW) and 50% of this dose (200 mg/kg BW).!!

Using bone biomarkers for early detection of osteoporosis provides
a highly sensitive and specific indicator of the osteoporosis process.'?
In this study, several biomarkers were used to assess bone condition,
including serum calcium, bone-specific alkaline phosphatase (bALP),
procollagen type 1 N-terminal propeptide (PINP), carboxy-terminal
crosslinked telopeptide of type 1 collagen (CTX-1), and osteoprotegerin
(OPG). This study aims to determine the effect of administering Nigella
sativa (black cumin) and conjugated estrogen as osteoporosis therapy
in rats treated with bilateral oophorectomy, which have been verified as
having osteoporosis based on bone biomarkers.

MATERIALS AND METHODS
Study Design and Subject Recruitment

This experimental study was conducted in the laboratory of the Faculty
of Veterinary Medicine, Universitas Airlangga. The test subjects were
3-month-old female Wistar white rats (Rattus norvegicus) weighing
approximately 150 grams. The rats were provided with animal feed
according to standard operating procedures. Nigella sativa (black
cumin) was sourced from PT. Asimas Agricus Sido Makmur Sentosa
(Malang).

A total of 72 rats were acclimatized for seven days before undergoing
the ovariectomy procedure to standardize hormonal cycle conditions.
Subsequently, bilateral ovariectomy was performed on the test animals
to induce post-menopausal osteoporosis. After 21 days, the hormonal
status was re-examined to confirm the success of the ovariectomy
through vaginal swabs and estrogen level measurements. Following the
procedure, the rats were divided into six groups: K- (rats that underwent
bilateral ovariectomy 21 days prior and received no treatment), K+
(rats that underwent bilateral ovariectomy 49 days prior and received
no treatment), P1 (rats that underwent bilateral ovariectomy and
received 10 pg/kg BW of conjugated estrogen, specifically 0.625 mg
of Esthero preparation dissolved in MDA), P2 (rats that underwent
bilateral ovariectomy and received 100 mg/kg BW of Nigella sativa), P3
(rats that underwent bilateral ovariectomy and received 200 mg/kg BW
of Nigella sativa), and P4 (rats that underwent bilateral ovariectomy
and received 400 mg/kg BW of Nigella sativa). For a total of 28 days,
treatments were given once a day to the treatment groups.

Protein Quantification (ELISA)

Blood samples were collected 24 hours after the last treatment.
Protein levels were analyzed using ELISA kits: bone-specific alkaline
phosphatase (bALP) (Reed Biotech, RE3152R), carboxy-terminal
crosslinked telopeptide of type 1 collagen (CTX-1) (Reed Biotech,
RE1463R), Procollagen type 1 N-Terminal propeptide (P1NP) (Reed
Biotech, RE2875R), and osteoprotegerin (OPG) (Reed Biotech,
RE1765R), according to the manufacturer's protocol.

Statistical Analysis

Data were analyzed using the SPSS version 25 program. A descriptive
analysis of the average research parameters in each group of
experimental animals was conducted, followed by tests for normality
and homogeneity of the data. Data normality was assessed using
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the Shapiro-Wilk Test (data were considered normally distributed
if p-value > 0.05), while homogeneity was evaluated using Levene's
Test (data were considered homogeneous if p-value > 0.05). One-way
ANOVA was used to analyze normally distributed and homogeneous
data. For data that did not meet normality criteria, the Kruskal-Wallis
test was employed. Statistical significance was indicated as * p-value <
0.05, ** p-value < 0.005, *** p-value < 0.001.

RESULTS

In this study, we measured the levels of several bone biomarkers,
including bALP, PINP, CTX-1, and OPG, to detect early osteoporosis.

bALP Level Test

The levels of bALP, an osteoblast enzyme involved in bone formation,
were measured using ELISA (Figure 1). Our results indicated that
bALP levels in the K+ group (0.465 + 0.080) significantly increased
compared to the K- group (0.429 + 0.009). The bALP levels in groups
P1 (0.427 £ 0.061) and P2 (0.553 + 0.229), which received 100 mg/
kg BW of conjugated estrogen and Nigella sativa, respectively, did
not demonstrate significant differences compared to the K+ group.
In contrast, groups P3 and P4, which were given 200 mg/kg BW and
400 mg/kg BW Nigella sativa, respectively, demonstrated a significant
increase in bALP levels (0.603 + 0.163 and 1.444 + 0.217) compared to
the K+ group.

P1NP Level Test

The levels of PINP, a bone remodeling biomarker, were measured
using ELISA in serum (Figure 2). PINP levels significantly increased in
the K+ group (2623.00 + 439.753) compared to the K- group (2316.08 +
305.506). A significant increase in PINP levels was also observed in the
P4 group (5480.08 + 1890.159), which received 400 mg/kg BW of Nigella
sativa in comparison to the K+ group. No substantial differences in
P1NP levels were found in groups P1 (2243.58 + 441.895), P2 (2778.93
+ 515.461), and P3 (3045.11 + 422.640), which received conjugated
estrogen treatment, 100 mg/kg BW of Nigella sativa, and 200 mg/kg
BW of Nigella sativa, respectively, compared to the K+ group.

CTX1 Level Test

The levels of CTXI1, a bone resorption biomarker, were assessed using
ELISA in serum (Figure 3). Our measurements indicated no substantial
differences in CTX1 levels between the K- (0.1705 + 0.0021) and K+
(0.1709 + 0.0034) groups. Similarly, no significant differences were
found between the P1 (0.1714 + 0.0027), P2 (0.1721 + 0.0031), P3
(0.1723 + 0.0033), and P4 (0.1711 + 0.0008) groups compared to the
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Figure 1. bALP levels. * p-value < 0.05, *** p-value < 0.001.
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Figure 2. P1NP levels. * p-value < 0.05, *** p-value < 0.001.
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Figure 4. OPG levels. * p-value < 0.05, ** p-value < 0.005.

K+ group. Thus, neither the administration of conjugated estrogen
nor 100, 200, and 400 mg/kg BW of Nigella sativa significantly affected
CTXI1 levels.

OPG Level Test

The levels of OPG, an inhibitor of osteoclast activation, were measured
via ELISA in blood serum (Figure 4). The ELISA results revealed that
OPG levels in the K+ group (45,091 + 15,913) significantly decreased
compared to the K- group (46,577 + 9,723). Conjugated estrogen
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treatment in the P1 group (47,593 + 35,830) significantly increased
OPG levels in comparison to the K+ group. A substantial elevation
in OPG levels was also observed in the P4 group (120,812 + 88,673),
which received 400 mg/kg BW of Nigella sativa in comparison to the
K+ group. In contrast, groups P2 (48,878 + 19,419) and P3 (56,627 +
48,374), which were given 100 mg/kg BW and 200 mg/kg BW of Nigella
sativa, respectively, had no discernible impact on OPG levels when
compared with the K+ group.

DISCUSSION

This study utilized 2-month-old female Wistar white rats (Rattus
norvegicus) as a model for osteoporosis due to their bone structure's
resemblance to that of humans. The study evaluated the effects of
various doses of Nigella sativa compared with conjugated estrogen on
direct markers of bone resorption and formation.

Bone-Specific Alkaline Phosphatase Levels

Bone-specific alkaline phosphatase (bALP) is a tetrameric enzyme
attached to the osteoblast cell membrane via a glycosyl-phosphatidyl-
inositol group.” Although its specific function has not been fully
understood, bALP contributes to the mineralization and formation
of osteoid." This enzyme is found in various tissues, including the
liver, bone, and placenta, with bone and liver isoforms being the most
dominant (90%). bALP level measurement is used to assess osteoblastic
activity, particularly in managing osteoporosis in premenopausal and
post-menopausal women.

The study demonstrated that administering 10 ug/kg BW/day of
conjugated estrogen to the P1 group reduced bALP levels in comparison
to the control group, although this decline lacked statistical significance
(p > 0.05). This decrease reflects a reduction in osteoblast activity in
response to a decrease in osteoclast activity in osteoporosis.'®

In contrast, the group receiving Nigella sativa therapy demonstrated
increased bALP levels, indicating increased osteoblast activity. Nigella
sativa does not function through a feedback mechanism involving bone
resorption by osteoclasts but by enhancing osteoblast proliferation and
survival.'® In vitro studies indicate that thymoquinone, a component of
Nigella sativa, stimulates osteoblast proliferation, differentiation, and
mineralization through the ERK pathway."”

Research on osteoporosis rat models found more osteoblasts in rats
given Nigella sativa compared to controls.”® A dose of 400 mg/kg BW/
day provided the most significant results in increasing bALP levels (p
< 0.005). Thus, conjugated estrogen and Nigella sativa work through
different mechanisms to inhibit the osteoporosis process.

Procollagen Type 1 N-Terminal Propeptide (PTNP) Levels

PINP is an important parameter in examining osteoblast activity,
especially because type I collagen is the main product of osteoblast
synthesis. The amino-terminal propeptide (P1NP) is expressed from
type I collagen deposits in the bone formation matrix during the bone
remodeling process, making it an ideal bone formation marker."

PINP levels increased considerably in the K+ group relative to the
K-group (p < 0.005), indicating osteoporosis. PINP levels were lower
in the treatment groups after conjugated estrogen therapy at a dose of
10 ug/kg BW in comparison to the K- and K+ groups, suggesting a
decrease in osteoclast activity in osteoporosis, although this decline
lacked statistical significance. In contrast, the group receiving Nigella
sativa treatment demonstrated increased PINP levels across various
doses, indicating higher osteoblast activity. Nigella sativa induces
osteoblast proliferation and osteogenic differentiation of stem cells.'®
» Additionally, Nigella sativa increases osteoblast activity through the
ERK pathway."” From these results, we can conclude that PINP cannot
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be used as a direct comparison between the groups receiving Nigella
sativa and conjugated estrogen due to their different mechanisms of
action in suppressing the occurrence of osteoporosis.

Carboxy-Terminal Crosslinked Telopeptide of Type 1
Collagen (CTX1) Levels

The telopeptides of type 1 collagen, including CTX-1 and NTX-1, are
widely used biomarkers of bone resorption. CTX-1 is released during
collagen degradation and measured by ELISA using a monoclonal
antibody that targets the octapeptide sequence in the a-1(I) chain of the
B-isoform. CTX-1 is a sensitive and specific bone resorption biomarker
and demonstrates a rapid response to bisphosphonate therapy in post-
menopausal osteoporosis.?! Nevertheless, blood must be collected in a
fasting state since food consumption affects serum CTX-1 levels.”

CTX-1 levels in this study were found to be greater in the K+ group
than in the K-group, although the difference was not statistically
significant (p > 0.05). There were no statistically significant differences
in all treatment groups (P1 to P4), indicating that neither conjugated
estrogen nor Nigella sativa was strong enough to suppress osteoclast
activity. Groups P1 and P4 had almost the same mean CTX-1 levels,
indicating that 400 mg/kg BW of Nigella sativa had similar effectiveness
to conjugated estrogen in reducing bone matrix degradation by
osteoclasts. The slight increase in CTX-1 in P2 and P3 may be due
to the stimulation of osteoblasts in the formation of osteoclasts, but
this is still controlled by Nigella sativa as a phytoestrogen through the
formation of OPG by osteoblasts.” ** Nigella sativa extract contains
various active components, such as thymoquinone, dithymoquinone,
thymohydroquinone, and thymol, which are proven to be powerful
antioxidants.'

Osteoprotegerin (OPG) Levels

Among various tissues and cell types, including osteoblasts, OPG is
known for its secretion and production as a soluble receptor. It serves
to inhibit osteoclastogenesis by acting as a decoy receptor for RANKL.?
According to studies on rats, OPG overexpression in transgenic rat
models and OPG therapy in normal rats promotes osteopetrosis,
whereas OPG knockout rats have severe osteoporosis.” Recent studies
have found that increased plasma OPG levels in post-menopausal
women strengthen bone mass.

This study revealed an increase in OPG levels in the groups receiving
10 pg/kg BW/day of conjugated estrogen and various doses of Nigella
sativa compared to the K+ and K- groups. Administering 100-
200 mg/kg BW of Nigella sativa increased OPG levels, although the
difference was insignificant (p > 0.005). A substantial elevation in OPG
levels occurred in the groups receiving 400 mg/kg BW of conjugated
estrogen and Nigella sativa. This increase is attributed to the phenolic
and flavonoid content of Nigella sativa, which are phytoestrogens.?”
The estrogenic effect of Nigella sativa was confirmed through uterine
histopathology, examination of vaginal cells, and measurement of
blood estrogen levels.” The rise in OPG levels is considered to be
primarily caused by the phytoestrogen component of Nigella sativa.*

CONCLUSION

Nigella sativa at a dose of 400 mg/kg BW substantially increases
osteoblast activity and OPG levels, demonstrating its potential as an
effective alternative therapy for osteoporosis. Low and medium doses
of Nigella sativa did not show significant effects. Conjugated estrogen
increased OPG levels but did not significantly affect bALP and PINP
levels. Nigella sativa inhibits osteoporosis differently from conjugated
estrogen, potentially offering a safer and more effective therapeutic
option.

Pharmacognosy Journal, Vol 16, Issue 5, Sep-Oct, 2024

ACKNOWLEDGMENT

We appreciate the assistance and support provided by Universitas
Airlangga.

ETHICAL CONSIDERATION

The protocol of the study was approved by the Research Ethics
Committee of Airlangga Academic Hospital (No. 2/KEH/140.09.2023).

FUNDING SOURCES

This research received no external funding.

CONFLICTS OF INTEREST

There is no conflict of interest in this study.

AUTHOR CONTRIBUTIONS

All authors contributed to article preparation and paper revision and
have collectively assumed responsibility for all aspects of this study.

REFERENCES

1. XiL, SongY, WuW, Qu Z, Wen J, Liao B, et al. Investigation of bone
matrix composition, architecture and mechanical properties reflect
structure-function relationship of cortical bone in glucocorticoid
induced osteoporosis. Bone. 2020;136:115334.

2. Putra MA, Alwi |, Soetisna TW, Sandora N, Busro PW, Fitria NA,
et al. Remodeling in early myocardial infarction: alteration of
extracellular matrix; Collagen-1, Collagen-3, a-SMA, and «-Actinin
in Porcine heart model. Bali Medical Journal. 2023;12:2721-2728.

3. Pouresmaeili F, Kamalidehghan B, Kamarehei M, Goh YM. A
comprehensive overview on osteoporosis and its risk factors. Ther.
Clin. Risk Manag. 2018;14:2029-2049.

4. Holroyd C, Cooper C, Dennison E. Epidemiology of osteoporosis.
Best Pract. Res. Clin. Endocrinol. Metab. 2008;22:671-685.

5. Roomruangwong C, Carvalho AF, Comhaire F, Maes M. Lowered
Plasma Steady-State Levels of Progesterone Combined With
Declining Progesterone Levels During the Luteal Phase Predict
Peri-Menstrual Syndrome and Its Major Subdomains. Front.
Psychol. 2019;10:2446.

6. Blokhin IO, Lentz SR. Mechanisms of thrombosis in obesity. Curr.
Opin. Hematol. 2013;20:437-444.

7. Seif AA. Nigella Sativa reverses osteoporosis in ovariectomized
rats. BMC Complement. Altern. Med. 2014;14:22.

8.  Salim H, Ariawati K, Suryawan IWB, Arimbawa IM. Osteoporosis
in a seventh year old boy with acute lymphoblastic leukemia (case
report). Bali Medical Journal. 2013;2:117-120.

9. Shuid AN, Mohamed N, Mohamed IN, Othman F, Suhaimi F, Mohd
Ramli ES, et al. Nigella sativa: A Potential Antiosteoporotic Agent.
Evid. Based Complement. Alternat. Med. 2012;2012:696230.

10. Sana S, Saeed M, Umair H. Effect of Nigella Sativa on Oxidative
Stress in Post-Menopausal Females. Journal of Islamabad Medical
& Dental College. 2019;8:88-91.

11.  Holland-Letz T, Kopp-Schneider A. Optimal experimental designs
for dose-response studies with continuous endpoints. Arch Toxicol.
2015,89:2059-2068.

12. Handoko E, Dyah I, Utomo SP, Apriannisa A. Correlation between
Otic Capsule Density and Serum 25 (OH) D with hearing threshold
in chronic kidney disease. Bali Medical Journal. 2017;6:436-439.

13.  Stinson RA, Hamilton BA. Human liver plasma membranes contain
an enzyme activity that removes membrane anchor from alkaline
phosphatase and converts it to a plasma-like form. Clin. Biochem.
1994,27:49-55.

1084



Susetyo HD, et al. The Effects of Increasing Doses of Nigella Sativa and Conjugated Estrogen on Bone-Specific Alkaline Phosphatase (B-ALP), Procollagen Type 1
N-Terminal Propeptide (P1NP), Carboxy Terminal Crosslinked Telopeptide of Type 1 Collagen (CTX-1), and Osteoprotegerin (OPG) in an Osteoporosis Rat Model

14.

15.

20.

21.

22.

Harris H. The human alkaline phosphatases: what we know and
what we don't know. Clin. Chim. Acta. 1990;186:133-150.

Hajiyev A, Azizova G, Efendiyev A. The molecular mechanisms of
secondary osteoporosis: a literature review. Bali Medical Journal.
2020,9:562.

Prasetyaningtyas WE, Romadhon DP, Susana F, Djuwita |,
Mohamad K. Black seed (Nigella sativa) extract induce in vitro
proliferation and differentiation of rat pancreatic and bone cells.
2016.

Wirries A, Schubert AK, Zimmermann R, Jabari S, Ruchholtz S, El-
Najjar N. Thymoquinone accelerates osteoblast differentiation and
activates bone morphogenetic protein-2 and ERK pathway. Int.
Immunopharmacol. 2013;15:381-386.

Ezirganli S, Kazancioglu HO, Ozdemir H, Inan DS, Tek M. The Effects
of Nigella Sativa Seed Extract on Bone Healing in an Experimental
Model. J. Craniofac. Surg. 2016;27:1905-1909.

Calvo MS, Eyre DR, Gundberg CM. Molecular basis and clinical
application of biological markers of bone turnover. Endocr. Rev.
1996;17:333-368.

Mendi A. Nigella sativa oil could induce osteogenic differentiation of
dental pulp mesenchymal stem cells: Clinical nutrition for dentistry.
Food and health. 2018;4:19-24.

Baim S, Miller PD. Assessing the clinical utility of serum CTX in
post-menopausal osteoporosis and its use in predicting risk of
osteonecrosis of the jaw. J Bone Miner Res. 2009;24:561-574.

Christgau S. Circadian variation in serum CrosslLaps concentration
is reduced in fasting individuals. Clin. Chem. 2000;46:431.

23.

24.

25.

26.

27

28.

29.

30.

Baron R, Rawadi G, Roman-Roman S. Wnt signaling: a key regulator
of bone mass. Curr Top Dev Biol. 2006;76:103-127.

Theoleyre S, Wittrant Y, Tat SK, Fortun Y, Redini F, Heymann
D. The molecular triad OPG/RANK/RANKL: involvement in the
orchestration of pathophysiological bone remodeling. Cytokine
Growth Factor Rev. 2004;15:457-475.

Yasuda H, Shima N, Nakagawa N, Yamaguchi K, Kinosaki M,
Mochizuki S, et al. Osteoclast differentiation factor is a ligand for
osteoprotegerin/osteoclastogenesis-inhibitory factor and is identical
to TRANCE/RANKL. Proc Natl Acad Sci U S A. 1998;95:3597-3602.

Rogers A, Eastell R. Circulating osteoprotegerin and receptor
activator for nuclear factor kappaB ligand: clinical utility in metabolic
bone disease assessment. J Clin Endocrinol Metab. 2005;90:6323-
6331.

Mahmood RI. Physiological and histological effects of alcoholic and
aqueous extract of Nigella sativa seed on fertility potential in male
mice. J Genet Environ Resour Conserv. 2015;3:138-144.

Widiadnyani NKE, Astawa INM, Yasa IWPS, Sukrama IDM.
Phytochemical test and identification of active compounds with LC-
MS/MS in green meniran leaf (Phyllanthus niruri Linn). Bali Medical
Journal. 2021;10:132-136.

Latiff LA, Parhizkar S, Dollah MA, Hassan ST. Alternative
supplement for enhancement of reproductive health and metabolic
profile among perimenopausal women: a novel role of Nigella
sativa. Iran J Basic Med Sci. 2014;17:980-985.

Alta'ee AH, Ewadh MJ, Zaidan HK. Hormonal contents of two
types of black seed (nigella sativa) oil: comparative study. Med. J.
Babylon. 2006;3:17-21.

Cite this article: Susetyo HD, Dwiningsih SR, Widjiati, Arsana IW. The Effects of Increasing Doses of Nigella Sativa and Conjugated
Estrogen on Bone-Specific Alkaline Phosphatase (B-ALP), Procollagen Type 1 N-Terminal Propeptide (P1NP), Carboxy Terminal
Crosslinked Telopeptide of Type 1 Collagen (CTX-1), and Osteoprotegerin (OPG) in an Osteoporosis Rat Model. Pharmacogn J.
2024;16(5): 1081-1085.

1085

Pharmacognosy Journal, Vol 16, Issue 5, Sep-Oct, 2024



	Title
	Abstract

