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ABSTRACT

Objective: to investigate the effect of Nigella sativa oil on Dexa induced osteoporosis in Wister
albino rats’ mandible.

Material and Methods: Thirty Wister albino rats were divided into five groups. C group served
as control group. D group; rats received injections with Dexa at a dose of 5 mg/kg I.P. for two
weeks. ND group; the rats received injections with Dexa 5 mg/kg I.P for two weeks and intraoral
Nigella sativa oil (5 ml/kg). N group; the rats received 5 ml/kg intraoral Nigella sativa oil for
two weeks. NDD group; rats receiving I.P injections of Dexa 5 mg/kg for 4 weeks, the rats were
given intraoral doses of Nigella sativa oil 5 ml/kg every day in the last 2 weeks. Blood levels of
parathyroid hormone and calcium were assessed. Rats were euthanized by cervical dislocation then
dissection each rats’ mandible, Hematoxylin and eosin (H&E) stain and special stains with Alizarin
red and Von-Kossa.

Results: N group showed the strongest positive reaction for both Von-kossa and Alizarin red
stains. One-way ANOVA test, detected the significant differences between five groups Meanwhile,
the highest mean value was found in the N group. On the other hand, the lowest mean value was
found in the D group. By one-way ANOVA test, the highest value of calcium was existed in N group
(10.44+0.56) and while the lowest value was found in D group

Conclusion: The results of this study demonstrated that NS oil was beneficial for preventing
and treating mandibular osteoporosis induced by Dexa.
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INTRODUCTION

Dexamethasone (Dexa) is a non-selective
(GC) that
inflammatory, allergic, and immunological diseases

glucocorticoid drug manages
that is done by activating nuclear GC receptors '!l],
On the other hand, long-term high doses of Dexa
had many side effects such as insulin resistance
hyperglycemia, and hyperlipidemia as a result of
great changes in metabolism associated with Dexa

administration .

Prolonged use of Dexa may also lead to secondary
osteoporosis and sometimes to osteonecrosis which
leads to bone fracture !*!. However, Denet. al.,2011
state that more than 30% of patients who take Dexa
for a long time suffer from different degrees of bone
fracture 1°!. as our knowledge goes, osteoblasts play
an important role in bone regulation and formation
M1, However, GCs had a target to inhibition of
osteoblast proliferation and change in its activity
and that is known as GC-induced osteoporosis &1

Nigella sativa (NS), is one of the herbal seeds
that contain high increments of minerals such as
Ca, P, Fe and Zn, Mg, Ma, Mn, and copper in lesser
amounts "', NS is considered one of the medical
plants that can aid in osteoporosis treatment 2,
However, NS had a great pharmacological effect
as an antidiabetic, anticancer, analgesic, anti-
inflammatory, and antioxidant ability 34131 So,
when using NS extract with a bone graft to fill a
bone defect it can improve bone healing and bone
regeneration ", Thymoquinone (TQ), is the extract
of NS that has most of the therapeutic effect of
these seeds. TQ is also found to be the most active
chemical ingredient of the essential oil. However,
NS acts as a food flavoring agent which had a very
low level of toxicity "],

The aim of this study is to investigate the effect of
NS oil on Dexa-induced osteoporosis using Special
stains; Alizarin red and Von-kossa to differentiate
between mineralized and unmineralized bone in
different groups and blood analysis to assess the
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level of Calcium and parathyroid PTH in various
groups.

MATERIAL AND METHODS

The experimental processes were performed
under the protocols of the Ethics Committee
of Faculty of Oral and Dental Medicine, Delta
University (FaDMRC-2023-00101)

Study design: thirty male Wister albino rats,
three months old, weighing between 190 and 220
grams, were obtained from the Experimental
Research Center at Mansoura University Egypt
(MERC). At MERC, they were placed in separate
cages. They were fed a regular food, given water,
and kept in a 12-hour light/12-hour dark cycle. Five
groups of six rats each were randomly selected.

I) Group I (G1, C group): the rats were kept in
the same housing and fed as test rats served as a
negative control.

II) Group II (G2, D group): the rats received
daily injections of 5 mg/kg I.P. Dexa for two weeks
(AMRIYA for Pharmaceutical Industries Alexandria
- Egypt).

IIT) Group III (G3, ND group): the rats received
intraoral Nigella sativa oil (5 ml/kg) for two weeks
parallel with injections of Dexa 5 mg/kg L.P. (to

investigate the role of NS oil in preventing the
osteoporosis induced by Dexa)

IV) Group 1V (G4, N group); the rats received
5 ml/kg intraoral Nigella sativa oil for two weeks,

V) Group V (G5, NDD group): The rats received
I. P injections of Dexa 5 mg/kg I.P for 4 weeks and
they were given intraoral doses of Nigella sativa oil
(5 ml/kg) for the final two weeks (to investigate the
role of NS oil in the treatment of the osteoporosis
induced by Dexa). After two weeks from starting
the study; blood samples were obtained in order to
measure the levels of parathyroid hormone (PTH)
and calcium (Ca), except for the fifth group, after
four weeks. All of the rats were euthanized via
cervical dislocation under anesthesia. All the rats’
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mandibles were dissected, and the soft tissues
were removed. Dissected bone was Fixed in a
solution of 10% formalin; Ethylene diamine tetra-
acetic acid solution (EDTA) (Microdec edta-based,
diapath S.p. A, Martineengo BG, Italy) was used
for decalcification. The specimens were processed
into paraffin blocks at the Pathology Department,
Faculty of Medicine, Mansoura University. They
were prepared for histological examination using
hematoxylin and eosin (H&E) stain (Sigma
Aldrich) for routine examination. Special stains
such as Alizarin red and Von-kossa stains (Sigma-
Aldrich Co.) were used to identify mineralized from
unmineralized bone.

Staining techniques for Alizarin Red and
Von-Kossa; deparaffinized tissue slides were first
rinsed in distilled water and stained with alizarin
red solution for 30 seconds to 5 minutes, dehydrated
in acetone, 20 dips and in Acetone-Xylene (1:1)
solution, 20 dips. Slides were cleared in xylene
and mounted. Positive reaction appeared as red-
orange or brown discoloration"®. For Von-Kossa
deparaffinized tissue slides were first rinsed in
distilled water then slides were Incubated in silver
nitrate solution (5%) for 60 minutes, rinsed with
distilled water, incubated in Sodium Thiosulfate
Solution (5%) for 5 minutes. Slides were rinsed
(2 minutes in running tap water) dehydrated, cleared
and mounted. Positive reaction areas appeared as a
dark brown or black coloration!'?.

Statistical analysis and data interpretation

Collected data regarding surface area reaction
of mineralized bone and staining intensity (strong-
weak) were accomplished using image analysis as
well as blood analysis were fed to the computer
and analyzed using GraphPad Prism 8 (GraphPad
Software). Data were analyzed for normality
by using test of normality (Shapiro-Wilk test).
Laboratory results data showed normal (parametric)
distribution. Data were presented as mean, and
standard deviation (SD) values. The One-way
ANOVA followed by post hoc Tukey’s multiple
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comparison test were used to compare between the
groups. The significance of the obtained results was
judged at the (0.05) level.

RESULTS

Alizarin red stain

Positive surface area (mineralized bone) was
measured as well as staining intensity, we found that,
D group had the weakest reaction in comparison
with other groups. On the other hand, the N group
had the strongest reaction in all groups. In one-way
ANOVA detect the significant differences between
five groups (F ratio = 22.08 and P value =< 0.0001).
Meanwhile, the highest mean value was found
in the N group (72.90 +4.94). On the other hand,
the lowest mean value was found in the D group
(46.86 £8.27). The mean value of the control group
is (65.03 +6.33), while the mean value of the ND
group is (58.90 £6.86), and finally, the NDD group’s
mean value is (61.31< +5.03). Tukey’s multiple
comparisons post hoc test revealed significant
differences between the D group and the other
four groups (P < 0.05). Also, there is a significant
difference detected between the N group ND group,
and NDD group (P < 0.05). Meanwhile, there are
insignificant differences between the control group
and the other three groups N, ND, and NDD (Table
1,2 and 3) (Fig. 1) (Diagram I).

Von Kossa special stain

N group revealed the strongest positive reaction
to the stain while the D group showed the weakest
reaction to the stain. All other groups had a
positive reaction to the Von Kossa stain. One-way
ANOVA test was used in this stain by calculating
the surface area percentage (mineralized bone), the
highest value is for the N group (60.62+5.19) and
the lowest value is for the D group (37.92+6.73).
The other group’s values for C, ND, and NDD
groups were (57.86+7.31), (51.31+7.55) and
(50.60+8.23) respectively. However, there are
significant differences between each other’s (F ratio
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= 1541 and P value =< 0.0001). Tukey’s multiple
comparisons post hoc test revealed significant
differences between the D group and the other
four groups (P < 0.05). Also, there is a significant
difference detected between the N group ND group,
and NDD group (P < 0.05). Meanwhile, there are
no significant differences between the control group
and N, ND, and NDD groups (Table 4.,5) (Fig. 2)
and 6) (Diagram II).

Blood test for calcium level and parathyroid hormone

By one-way ANOVA test, the highest value in

calcium and parathyroid hormone analysis was
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for N group (10.44+0.56) and (4.02+0.15) while
the lowest value was for D group (7.51+0.41) and
(2.25+0.30) respectively in row. The other group’s
values for C,ND, and NDD groups were (9.01+0.89)
and (3.88+0.17), (8.90+0.50) and (3.20+0.38), and
(8.8120.58) and (3.40+0.20) respectively. However,
there are significant differences between each
other’s (F ratio = 17.41 for Ca, 44.59 for PTH and
P value =< 0.0001). Tukey’s multiple comparisons
post hoc test for calcium level revealed significant
differences between D group N group and C group
(P <0.05) (Table. 7).

TABLE (1) Surface area percentage of Alizarin red staining expression represented by mean and standard

deviation.
Alizarinred  Control ~ Dexamethasone (D) Nigella sativa (N) N+D N+D+D F ratio P value
Surface areas percentage

Mean 65.03 46.86 72.90 58.90 61.31
22.08 <0.0001*

SD +6.33 +8.27 +4.94 +6.86 +5.03

Mean gray value

Mean 155.64 189.44 149.22 161.49 159.94
47.06 <0.0001*

SD +7.79 +7.19 +7.00 +7.57 +5.90

Data is presented as Mean and + Standard Deviation (SD) Used test: One-Way ANOVA

*: Significant at P < 0.05

TABLE (2) Post-hoc Tukey’s multiple comparisons
test statistical results for the different
groups Alizarin red staining.

TABLE (3) Post-hoc Tukey’s multiple comparisons test
statistical results for the different groups
Alizarin red staining Mean gray value.

Compared groups P value Compared groups P value
Control vs. Dexamethasone <0.0001* Control vs. Dexamethasone <0.0001*
Control vs. Nigella sativa 0.0626 Control vs. Nigella sativa 0.2749

Control vs. N+D 0.2211 Control vs. N+D 0.3652

Control vs. N+D+D 0.6934 Control vs. N+D+D 0.6623
Dexamethasone vs. Nigella sativa <0.0001* Dexamethasone vs. Nigella sativa <0.0001*
Dexamethasone vs. N+D 0.0011%* Dexamethasone vs. N+D <0.0001%*
Dexamethasone vs. N+D+D <0.0001* Dexamethasone vs. N+D+D <0.0001*
Nigella sativa vs. N+D 0.0001* Nigella sativa vs. N+D 0.0032*
Nigella sativa vs. N+D+D 0.0018* Nigella sativa vs. N+D+D 0.0129*

N+D vs. N+D+D 0.9158 N+D vs. N+D+D 0.988

*: Significant at P < 0.05 *: Significant at P < 0.05
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Diagram I: Alizarine red positive surface area % and mean value.

TABLE (4) Surface area percentage of Von Kossa staining expression represented by mean and standard

deviation.
Von Kossa  Control ~ Dexamethasone (D)  Nigella sativa (N) N+D N+D+D F ratio P value
Surface areas percentage

Mean 57.86 3792 60.62 5131 50.60
<0.0001*

SD +7.31 +6.73 +5.19 +7.55 +8.23

Mean gray value

Mean 132.82 174.99 128.00 150.00 156.63
<0.0001*

SD +19.94 +12.66 +11.65 +9.86 +11.80

Data is presented as Mean and + Standard Deviation (SD)

*: Significant at P < 0.05

TABLE (5) Post-hoc Tukey’s multiple comparisons
test statistical results for the different
groups Von Kossa staining surface area

Used test: One-Way ANOVA

TABLE (6) Post-hoc Tukey’s multiple comparisons
test statistical results for the different
groups Von Kossa staining Mean gray

percentage. value.
Compared groups P value Compared groups P value
Control vs. Dexamethasone <0.0001* Control vs. Dexamethasone <0.0001*
Control vs. Nigella sativa 0.9052 Control vs. Nigella sativa 0.9321
Control vs. N+D 0.2512 Control vs. N+D 0.0531
Control vs. N+D+D 0.1654 Control vs. N+D+D 0.0028*
Dexamethasone vs. Nigella sativa <0.0001* Dexamethasone vs. Nigella sativa <0.0001*
Dexamethasone vs. N+D 0.001* Dexamethasone vs. N+D 0.0016*
Dexamethasone vs. N+D+D 0.002* Dexamethasone vs. N+D+D 0.0331*
Nigella sativa vs. N+D 0.0391* Nigella sativa vs. N+D 0.0066*
Nigella sativa vs. N+D+D 0.022%* Nigella sativa vs. N+D+D 0.0002*
N+D vs. N+D+D 0.9994 N+D vs. N+D+D 0.8122

*: Significant at P < 0.05

*: Significant at P < 0.05
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Diagram II: Von Kossa positive surface area % and mean value.

TABLE (7) Ca and PTH mean and slandered deviation:

Control Dexamethasone Nigella sativa N+D N+D+D Fratio  Pvalue
Ca (mg/dl) 9.01+0.89 7.51+0.4'a 10.44+0.5%b 8.90+0.5%c  8.81+0.5% 1741  <0.0001
PTH (pg/mL) 3.88+0.17 2.25+0.3% 4.02+0.1°b 3.20+0.3%°c  3.40+0.2%c 4459  <0.0001

Values expressed as mean + SD.
Used test: One way ANOVA followed by post hoc Tukey’s multiple comparison test.

a: Significance Vs. Control, b: Significance Vs. Dexamethasone, c: Significance Vs. Nigella sativa at p < 0.05.

Ca (mg/dl) Red column
PTH (pg/mL) Blue column

Diagram III: Ca and PTH level
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Fig. (1) Decalcified section of rat mandible showing the intensity of Alizarine red special stain, the strongest reaction for the N
group (G3) and the weakest reaction for the D group (G2),(G1) control, ND (G4) and NDD (GS) groups showed strong

reaction to alizarin red, Alizarin red special stain 1.00x.

Fig. (2) Decalcified section of rat”s mandible showing strong positive reaction of N group (G3) to Von Kossa special stain, positive
reaction to control (G1), ND (G4) and NDD (G2) groups, and weak reaction of D group (G2), Von Kossa special stain 100x.

DISCUSSION

For thousands of years, plants had been used
for health and medicinal purposes. It is difficult to
determine the exact date of the first plant medicine
use, since carbon dating from ancient Babylon
(Iraq) revealed that plants were cultivated 60 000
years ago . Plants have been used much more

in the last decade for grain conservation as well as

for the prevention and treatment of animal health
issues. The development of organic livestock
production systems, drug resistance, high input
costs, and concerns about toxic residues in food are
causing problems. Other reasons are also found in
the side effects of traditional drugs 1. The World
Health Organization (WHO) has recently identified
traditional medicine (including herbal drugs) as a
collection of therapeutic practices that have existed
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for a long time %, thus, the main objective of this
research is to evaluate whether or not NS works to
protect and reverse osteoporosis caused by Dexa.

In this study, we have used Dexa to induce os-
teoporosis in rats by reducing bone formation and
increase of bone resorption® This was in agree-
ment with several studies, Liping et al stated that,
Dexa had the ability to alter the microarchitecture
of bone with long-term use causing osteoporosis by
decreasing the bone formation due to the inhibition
of osteoblasts proliferation and promoting of their
apoptosis !, Elsyade et al observed in dexa treated
rat model numerous bone cavities, increased the
number of apparent enlarged empty osteocyte lacu-
nae. In addition, an uneven endosteum was found,
along with an erosion cavity harboring several
multinucleated osteoclasts. Also, there were lightly
stained collagen fibers by MT staining indicating a
decrease in the bone density **!. Also, Sivaguruna-
than et al demonstrated that the administration of
corticosteroids causes bone fragility and osteoporo-
sis due to lowering protein in the bone matrix and
increased osteoclast formation !, Liu et. al. (2014),
who used Dexa, methotrexate, and celecoxib, they
found that Dexa had severe side effects on the me-
tabolism of bone . Another study demonstrated
the side effect of Dexa on bone metabolism found
that rats suffered from a reduction in total alkaline
phosphatase enzyme (~600 IU/L) in addition to hy-
perglycemia and reduction in serum lipid 7.

Forunderstanding the effect of NS on osteoporosis
we used Alizarin red and Von Kossa special stains.
Alizarin red special stain has a strong affinity for
calcium ions and can aid in the visualization of bone
and the illustration of its mineral composition 1%,
However, Von Kossa special stain acts by replacing
tissue calcium bound to phosphate with silver ions.
So, silver ions were visualized after hydroquinone
was reduced to metallic silver %,

In our study results, we examined the bone of
rats’ mandible. There is a similarity in the result
between Alizarin red and Von Kossa special stain.
the D group, revealed the weakest reaction to the
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stain in comparison to the N group which showed
the strongest reaction, this could explain low
calcification due to osteoporosis induced by Dexa
in D group. The other three groups control, ND, and
NDD had strong reactions to both stains in this study.
Several studies investigated the influence of NS and
reported its positive benefits on osteoporosis and
bone repair and agreed with our results, Ezirganli
et. al. (2016) as they used NS extract for calvaria
bone defect in female rats after ovariectomized.
They found histologically that NS extract aids in
bone healing in comparison to the control group
161 Also, seif (2014) used NS for 4 weeks then did
ovariectomy and reused NS for another 8 weeks. he
found that NS can overcome osteoporosis happen
due to ovariectomy %,

Other studies by, Elsyade et al, demonstrated
that NS improved the altered bone structure, and NS
group showed well-distinct cement lines indicating
bone remodeling and improvement of bone
strength 2%, Also, Musa et al., stated that, NS protect
against progressive osteoblast apoptosis and can be
used therapeutically to reduce anti-inflammatory
and antioxidant effects while enhancing the

detoxification proces® B!,

Similar results on NS’s impact on OP reported
that NS can either have an antioxidant effect by
scavenging free radicals and/or by inhibiting lipid
peroxidation, which both help to mitigate the bone
damage brought on by diabetes **. Numerous
earlier studies concluded that NS can be used to
treat postmenopausal OP, and diabetes-induced OP,
and to promote fracture repair %31,

Our results revealed serum calcium level in N
group within normal as control group, this was in
acceptance with, Elsyade et al who, demonstrated
that rats received NS showed more improvement
in serum Ca and vitamin D and they clarified
that by the following: first, NS enclose valuable
amounts of calcium, so, it is considered a natural
source of calcium intake for kids, the elderly,
pregnant women, and breastfeeding mothers®*.
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Another clarification was highlighted by Winkler
who reported the biochemical, pharmacological,
immunological, and anti-inflammatory effects of
NS, According to Al-Mutheffer’s study in rabbits,
applying NS oil extract as a percutaneous therapy
improves bone repair by promoting cell migration
and differentiation processes and concluded,
NS increases the production of the extracellular
matrix and organizes its calcification P7. Also, TQ
decreased osteoclast number and raised osteoblastic
activity 8. However, Valizadeh et al studies were
unsuccessful in displaying the valuable influences
of short-time intake of NS extract on bone turnover,
so they did not advise it for remedial use in OP

Based on the current results we can conclude that
NS oil had a good effect on osteoporosis induced by
Dexa in Wister rat’s mandible and that confirmed
by Von-kossa, Alizarin red special stains and blood
calcium level. Thus, it is recommended to use NS
oil for the protection and treatment of Dexa-induced
0Steoporosis.
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