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ABSTRACT

Background: Fosamax, an oral bisphosphonate, is the most commonly prescribed drug for the treatment of various bones
diseases. However, Fosamax therapy is associated with gastrointestinal toxicity that influences the treatment compliance.
Nigella sativa (N sativa) is an annual herbaceous plant and have been safely used as a natural remedy in Egypt. It has a wide
range of pharmacological activities and a proposed role in combating many gastrointestinal disorders.

Aim: This work aimed to study the effect of Fosamax on the histological structure of the duodenal mucosa of albino rats and
to evaluate the possible protective role of nigella sativa oil.

Materials and methods: Forty adult male albino rats were divided into four equal groups: the control group, the N sativa
oil-treated group (2.5 ml/kg), the Fosamax-treated group (0.05mg/kg), and both Fosamax and N sativa oil -treated group.
Treatments were given orally once weekly for 13 weeks. Specimens from the duodenum were processed for light microscopy.
Immunohistochemical study was carried out using antibodies against nuclear factor-kB (NF-«B), cyclooxygenase-2
(COX-2), B-cell lymphoma 2 (Bcl-2), Bel-2-associated X protein (Bax) and Ki67 protein.

Results: Specimens from Fosamax-treated rats showed a statistically significant decrease in the duodenal mucosal thickness.
The lining epithelium showed nuclear alteration and vacuolated cytoplasm and there was mononuclear cellular infiltration.
The immunohistochemical study of Fosamax-treated group showed a significant increase in NF-kB, COX-2 and Bax
immunoreaction and a significant decrease in Bcl-2 and Ki67 expression. In contrast, minimal changes were observed in rats
treated concomitantly with both Fosamax and N sativa oil with non-significant changes in the immunoreactions compared
with the control group.

Conclusion: Fosamax induced structural changes in the duodenal mucosa of adult albino rats, which could be ameliorated by
concomitant treatment with nigella sativa oil.
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INTRODUCTION

Bisphosphonates are the first-line therapy to prevent
fractures in various diseases that are associated with bone
resorption such as postmenopausal osteoporosis and Paget’s
disease of bone. They are classified into non-nitrogen
containing bisphosphonates as etidronate and the more
potent nitrogen containing bisphosphonates as alendronate.
Fosamax is one of the nitrogen containing bisphosphonates
that is composed mainly of alendronate. The exact
mechanism of action has been revealed for both types.
The non-nitrogen containing bisphosphonates produce
cytotoxic ATP analogues which prevents the mitochondria
from functioning properly inducing osteoclast apoptosis.
In contrast, the nitrogen containing bisphosphonates
inhibit the enzymes regulating the mevalonic acid pathway
interfering with small GTPases needed for bone resorption
by osteoclasts!"?.
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The most commonly reported adverse effects due
to the oral intake of bisphosphonates are dyspepsia,
dysphagia, nausea, vomiting, upper abdominal pain and
discomfortl!. Fosamax intake may be associated also with
gastrointestinal events as erosive esophagitis, gastritis,
duodenitis, ulceration, stricture and gastrointestinal
perforation. Moreover, hemorrhage due to esophageal,
gastric, duodenal or peptic ulcers may occurt>¢7,

It has been reported that bisphosphonates differ in their
potential to damage the mucosa, alendronate having a
higher potential for such effect. It was reported that the rate
of'acute mucosal injury due to alendronate was comparable
with that observed with non-steroidal anti-inflammatory
drugs. The gastrointestinal side effects were attributed to
high local concentrations of the drug in patients who did
not follow the recommended proper dose. Although the
adverse effects of bisphosphonates on the gastrointestinal
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system have been demonstrated in many experimental
and clinical studies, the exact mechanisms underlying this
mucosal damage are not clear yet® *1%11],

In recent years, there is a growing interest in the use
of natural products, especially those derived from plants.
Nigella sativa Linn (N sativa) is an annual herb commonly
known as black seed or black cumin from the botanical
family of Ranunculaceae. It contains more than 30%
of fixed oil and 0.4-0.45% of volatile oil that contains
18.4-24% thymoquinone. The oil extracted from N sativa
is mostly consisted of linoleic acid, oleic, dihomolinoleic
acid, palmitic acid, stearic acid, myristic acid, stroles and
eicodadienoic acid. It plays an important role in prevention
of many diseases due to its anti-cancer, hepatoprotective,
anti-bacterial,  anti-inflammatory  and  antioxidant
activities!'>'?,

Previous studies illustrated the protective and
therapeutic role of N sativa oil in various gastrointestinal
disorders involving mucosal injury and cancers!!!516],
Subsequently, the present research aimed to study the effect
of Fosamax on the histological structure of the duodenal
mucosa in adult male albino rats and to evaluate the
possible protective role of nigella sativa oil using different
histological and immunohistochemical techniques.

MATERIALS AND METHODS

Chemicals

1. Fosamax® tablets. It contains alendronate sodium
which is the active ingredient of Fosamax.
Each tablet contains 91.37 mg of alendronate
(Merck and Co. Inc., USA; Reg. No. 195/2014).

2. Nigella sativa oil: a glass bottle (30 ml)
manufactured by El Captain Company for
extracting natural oils, plants and cosmetics
(Cap Pharm, Egypt).

Study design

The procedures of this study were approved by the
Local Ethics Committee of Faculty of Medicine, Tanta
University, Egypt (Approval code: 32666/10/18). Forty
adult male albino rats were used in this study; each of them
weighs from 200-240 grams. All animals were kept in clean
properly ventilated cages with free access to a balanced
laboratory diet and water. They were acclimatized for 2
weeks before the experiment.

The animals were divided into four equal groups
(ten animals each)

Group I (control group): It was subdivided into two
equal subgroups; subgroup la received no treatment.
Subgroup Ib received 0.5 ml of normal saline solution (the
vehicle for Fosamax) orally once weekly for 13 weeks.

Group II (N sativa oil-treated group): Rats of this group
were administered 2.5 ml/kg of N sativa oil orally once
weekly for 13 weeks!'7.

Group IIT (Fosamax-treated group): Rats of this group
were administered 0.05mg/kg of Fosamax dissolved in 0.5
ml of normal saline solution orally by a gastric tube once
weekly for 13 weeks. The Fosamax dose was calculated
according to the usual human dosel'®.

Group IV (Fosamax and N sativa oil-treated group):
Rats of this group were administered N sativa oil one
hour before Fosamx administration (at the same doses and
duration as in groups II andIIl, respectively).

At the end of the experiment, the rats were anaesthetized
by an intraperitoneal injection of pentobarbital in a dose
of 50 mg/kg!"’). A midline incision was done through the
anterior abdominal wall. The duodenum of each rat was
carefully removed and was flushed with normal saline to
clean its interior.

For histological study, the samples were fixed in 10%
neutral buffered formalin for routine histological paraffin
embedding. Sections of Sum thickness were stained with
the routine hematoxylin and eosin (HandE)?", and Periodic
Acid Schiff (PAS) reaction®! and examined by the light
microscope.

For immunohistochemistry, 5Sum-thick duodenal
sections were deparaffinized, rehydrated, and washed
in phosphate buffered saline (PBS). Then, the sections
were incubated overnight at 4°C in a humid chamber
with the following primary antibodies; (rabbit polyclonal
anti-rat antibody against the P65 subunit of NF-kB, 1:20
dilution, ab86299, Abcam), (rabbit polyclonal antibody
against COX-2, 1:100 dilution, ab15191, Abcam), (rabbit
polyclonal antibody against Bcl-2, 1:100 dilution, ab59348,
Abcam), (rabbit polyclonal antibody against Bax, 1:50
dilution, ab53154, Abcam) and (rabbit polyclonal anti-rat
antibody against Ki67, 1:1000 dilution, ab15580, Abcam,
Cambridge, Massachusetts, USA) in PBS. Thereafter, it was
washed in PBS buffer and co-incubated with biotinylated
secondary antibody for an hour at the room temperature.
Streptavidin peroxidase was added for ten minutes
and rinsed three times in PBS. The immunoreactivity
was visualized using 3, 3’diaminobenzidine (DAB)-
hydrogen peroxide as a chromogen. Sections were
counterstained with Mayer's haematoxylin. The negative
control sections were prepared without using the primary
antibodies®?. Positive controls were breast carcinoma,
lung adenocarcinoma and ovarian carcinoma for NF-
kB; mouse brain, rat hippocampus and human breast
carcinoma tissue for COX-2; human colon carcinoma
tissue for Bel-2; human lung carcinoma tissue and human
gallbladder tissue for Bax; mouse and human spleen tissue
for Ki67. NF-kB-immunostained duodenal sections were
considered positive upon expressing clear evident brown
nuclear and/or perinuclear cytoplasmic coloration. The
Bcl-2-immunostained duodenal sections were considered
positive upon expressing clear evident brown cytoplasmic
coloration. The COX-2 and Bax-immunostained duodenal
sections were considered positive upon expressing clear
evident brown cytoplasmic and/or nuclear coloration. The
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Ki67 immunostained duodenal sections were considered
positive upon expressing clear evident brown nuclear
coloration.

Morphometric study

Image analysis system (Leica Qwin 500 C Image
analyzer computer system, Leica Imaging System LTD.,
Cambridge, England) at Central Research Lab, Faculty of
Medicine, Tanta University, Egypt was used to measure:

1. The thickness of the duodenal mucosal layer at
four different sites in each HandE-stained section
at a magnification of 200 and the average was
taken. Furthermore, four well-aligned villi and
their corresponding crypts were measured for villi
height and crypt depth.

2. Gobletcell number in the duodenal mucosa (in PAS-
stained sections): four different non-overlapping
randomly-selected fields at magnification of 400
were examined for each slide.

3. Areapercentage for PAS positive reaction (in PAS-
stained slides): Four different non-overlapping
randomly-selected fields at magnification of 400
were examined for each slide.

4. Area percentages (area %) for NF-kB, COX-2 and
Bcl-2 positive immunoreaction (in DAB-stained
slides). Four different non-overlapping randomly-
selected fields at magnification of 400 were
examined for each slide.

5. Epithelial cell apoptotic index (AI) and
proliferative index (PI): The number of Bax and
Ki-67-positive epithelial cells was counted in Bax
and Ki67-immunostained sections respectively at a
magnification of 1000. The results were expressed
as a percentage of the total number of cells counted
in the epithelium (number of labeled cellsx100/
total cell number).

Statistical analysis

Data analysis was carried out by one-way analysis of
variance (ANOVA )followed by Tukey’s test for comparison
between the groups using statistical package for social
sciences statistical analysis software (version 11.5; SPSS
Inc., Chicago, Illinois, USA). The mean value + standard
deviation (Mean = SD) was determined. Differences were
regarded as significant if probability value p< 0.052%,

RESULTS

No animal deaths were reported throughout the
experiment.

Histological results
1- HandE-staining

Group I (control group): All control subgroups showed
the same histological findings. HandE-stained sections of
this group showed the characteristic histological structure

of the duodenum that was formed of four organized layers;
mucosa, submucosa, musculosa and serosa. The mucosa
was formed of epithelium, lamina propria and muscularis
mucosa. The mucosa showed numerous elongated villi
with a core of connective tissue of the lamina propria
with crypts between their bases. The epithelium covering
the villi was simple columnar with goblet cells and was
continuous with that of the crypts. The lamina propria
was composed of loose connective tissue underlying
the epithelium and contained the crypts. The muscularis
mucosa was formed of smooth muscle fibers that separated
the mucosa from the underlying Brunner’s glands of the
submucosa (Figures la and 1b).

Group II (N sativa oil-treated group): The duodenal
specimens of this group showed the same histo—logical
structure of the control group.

Group IIl (Fosamax-treated group): Examination of
HandE-stained sections of Fosamax-treated rats showed
multifocal structural changes in the duodenal mucosa.
Focal areas showed an apparent decrease in the villi
length and crypt depth (Figure 2a). Other areas showed
marked destruction and loss of some intestinal villi as
well as crypts with sloughing of their epithelial cells
(Figures 2b and 2c¢). Many epithelial cells showed
cytoplasmic vacuolation and deeply stained pyknotic
nuclei (Figure 2d). The lamina propria showed marked
infiltration with numerous mononuclear inflammatory
cells and severe congestion of the blood vessels
(Figures 2e and 2f).

Group IV (Fosamax and N sativa oil-treated group):
HandE-stained sections of this group showed intact
mucosal layer with well oriented villi and crypts, almost
similar to that of the control group. Nevertheless, a few
epithelial cells still showed vacuolated cytoplasm and
pyknotic nuclei. Moreover, mild congestion of blood
vessels and a few mononuclear cells were detected in the
lamina propria (Figures 3a and 3b).

2- PAS-staining

PAS-stained duodenal sections from the control group
I as well as N sativa oil-treated group II showed an intense
positive reaction in the apical part of numerous goblet cells
and the brush border over the villi. Sections from Fosamax-
treated group showed a weak PAS-positive reaction in
many goblet cells and the brush border, whereas sections
from the Fosamax and N sativa oil-treated group revealed
a moderate reaction in some goblet cells and the brush
border (Figures 4, 5 and 6).

Immunohistochemical results

Nuclear factor kB antigen immunostaining: In the
NF-kB-immunostained duodenal sections of the control
group (group I) as well as N sativa oil-treated group II,
a few epithelial cells of the mucosa exhibited a weak
positive brown nuclear and/or perinuclear cytoplasmic
immunoreaction for NF-kB (Figure 7). In the Fosamax-
treated group (group III), many epithelial cells expressed
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a strong positive nuclear and/or perinuclear cytoplasmic
immunoreaction for NF-«B (Figure 8), whereas the
Fosamax and N sativa oil-treated group (group IV) showed
amoderate positive nuclear and/or perinuclear cytoplasmic
immunoreaction for NF-kB only in some epithelial cells
(Figure 9).

COX-2 immunostaining: COX-2-immunostained
duodenal sections of group I (control group) as well as
N sativa oil-treated group II showed a weak positive
brown cytoplasmic immunoreaction in a few epithelial
cells of the mucosa (Figure 10). In the Fosamax-treated
group (group III), a strong positive cytoplasmic and/or
nuclear immunoreaction for COX-2 was observed in many
epithelial cells (Figure 11), whereas in the Fosamax and
N sativa oil-treated group (group IV), a moderate positive
cytoplasmic and/or nuclear immunoreaction for COX-2
was detected only in some epithelial cells of the mucosa
(Figure 12).

Bcl2 antigen immunostaining: Bcl2-immunostained
duodenal sections of the control group (group I) as well
as N sativa oil-treated group II showed a strong positive
cytoplasmic immunoreaction for Bcl2 in many epithelial
cells of the mucosa (Figure 13). Fosamax-treated group
(group III) showed that many epithelial cells expressed
a weak positive cytoplasmic immunoreaction for
Bcl2 (Figure 14), while the Fosamax and N sativa oil-
treated group (group IV) expressed a moderate positive
cytoplasmic immunoreaction for Bel2 in some epithelial
cells of the mucosa (Figure 15).

Bax antigen immunostaining: Bax-immunostained
duodenal sections of the control group (group I) as well as
N sativa oil-treated group II showed a weak positive brown
cytoplasmic and/or nuclear reaction in a few epithelial
cells of the mucosa (Figure 16). In Fosamax-treated group
(group III), a strong positive cytoplasmic and/or nuclear
reaction for Bax was observed in many epithelial cells
(Figure 17), while in the Fosamax and N sativa oil-treated
group (group IV), a moderate positive cytoplasmic and/
or nuclear reaction for Bax was detected only in some
epithelial cells (Figure 18).

Ki67 antigen immunostaining: In the Ki67-
immunostained duodenal sections of the control group
(group 1) as well as N sativa oil-treated group II, numerous
epithelial cells in the crypts exhibited a strong positive
brown nuclear immunoreaction for Ki67 (Figure 19). In
the Fosamax-treated group (group III), many epithelial
cells expressed a weak positive nuclear immunoreaction
for Ki67 (Figure 20), whereas the Fosamax and N sativa
oil-treated group (group IV) showed a moderate positive
nuclear immunoreaction for Ki67 only in some epithelial
cells of the crypts (Figure 21).

Morphometric and statistical results

The mean duodenal mucosal thickness, villi height,
crypt depth and goblet cell number showed a statistically

significant decrease in the Fosamax-treated group
(Group III) compared to the control group. Moreover,
Fosamax and N sativa oil-treated group (group IV)
showed a non-significant decrease compared to the control
(Table 1).

The mean area percentage of PAS positive reaction in
the Fosamax-treated group (Group III) showed a significant
decrease compared to the control group, while Fosamax
and N sativa oil-treated group (group IV) showed a non-
significant decrease compared to control group (Table 2).

The mean area percentage of NF-kB and COX-2-
positive immunoreaction in Fosamax-treated group
(Group IIT) showed a statistically significant increase
compared with the control group. Moreover, the Fosamax
and N sativa oil-treated group ([group IV) showed a non-
significant increase compared with the control (Table 2).

The mean area percentage of Bcl2-positive
immunoreaction in the Fosamax-treated  group
(Group III) showed a statistically significant decrease
compared to the control group, whereas the Fosamax
and N sativa oil-treated group (group IV) showed a non-
significant decrease compared with the control (Table 2).

The mean apoptotic index (AI) showed a statistically
significant increase in the Fosamax-treated group
(group IIT) compared to the control group. Moreover, the
Fosamax and N sativa oil-treated group (group IV) showed
a non-significant increase compared to the control group
(Table 2).

The mean proliferative index (PI) showed a statistically
significant decrease in the Fosamax-treated group
(group III) compared to the control group. Moreover, the
Fosamax and N sativa oil-treated group (group IV) showed
a non-significant decrease compared to the control group
(Table 2).

Fig. 1a: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the control group showing numerous elongated
villi (arrow) having a core of connective tissue of the lamina propria (*)
with crypts (arrow head) between their bases. The inset shows a higher
magnification of the epithelium (e) of the villi (simple columnar with
goblet cells). (HandE X400, Inset X1000; Scale bar = 50pum).
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Fig. 1b: A photomicrograph of a section in the duodenum of an adult albino rat from the control group showing the muscularis mucosa (arrow) separating the
crypts (arrow head) of the mucosa from the underlying Brunner’s glands (curved arrow) of the submucosa. (HandE X400; Scale bar = 50um).

Fig. 2a, 2band2c: Photomicrographs of a section in the duodenal mucosa of an adult albino rat from the Fosamax-treated group (group III) showing an apparent
decrease in the villi length (arrow) and crypt depth (arrow head) (a), marked destruction and loss of some intestinal villi (b) and crypts (c) with sloughing of
their epithelial cells (arrow). (HandE X400; Scale bar = 50um).
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Fig. 2d, 2eand2f: Photomicrographs of a section in the duodenal mucosa of an adult albino rat from the Fosamax-treated group (group I1I) showing cytoplasmic
vacuolation and deeply stained pyknotic nuclei (arrow) of many epithelial cells (d), marked infiltration (*) with mononuclear inflammatory cells (e) and severe
congestion (arrow) of the blood vessels (f). The inset shows a higher magnification of the vacuolated epithelial cells (d). (HandE X400, Inset X1000; Scale
bar = 50um).

Fig. 3a: A photomicrograph of a section in the duodenal mucosa of an Fig. 3b: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax and N sativa oil-treated group (group adult albino rat from the Fosamax and N sativa oil-treated group (group
1V) showing well oriented villi (arrow) and a few vacuolated epithelial 1V) showing crypts (arrow head) in the lamina propria with a few
cells with pyknotic nuclei (arrow head). The inset shows a higher mononuclear cells (*) and mild congestion of the blood vessels (arrow) in
magnification of the vacuolated epithelial cells. (HandE X400, Inset between. (HandE X400; Scale bar = 50um).

X1000; Scale bar = 50um).
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Fig. 4: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the control group showing an intense PAS positive

reaction in the apical part of many goblet cells (arrow) and the brush
border over the villi (arrow head) . (PAS X400; Scale bar = 50pm)
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Fig. 5: A photomicrograph of a section in the duodenal mucosa of an adult
albino rat from the Fosamax-treated group (group III) showing a weak

PAS positive reaction in the apical part of many goblet cells (arrow) and
the brush border (arrow head). (PAS X400; Scale bar = 50pum)

Fig. 6: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax and N sativa oil-treated group (group
1V) showing a moderate PAS positive reaction in the apical part of some
goblet cells (arrow) and the brush border (arrow head). (PAS X400; Scale
bar = 50um)

Fig. 7: A photomicrograph of a section in the duodenal mucosa of an adult
albino rat from the control group showing a weak positive brown nuclear
and/or perinuclear immunoreaction for nuclear factor kB (NF-xB) in a
few epithelial cells (arrow). (NF-kB immunostaining, X 400; Scale bar
=50pum)
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Fig. 8: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax-treated group (group III) showing a
strong positive brown nuclear and/or perinuclear immunoreaction for
nuclear factor kB (NF-kB) in many epithelial cells (arrow). (NF-xB
immunostaining, X 400; Scale bar = 50um)
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Fig. 9: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax and N sativa oil-treated group (group
IV) showing a moderate positive brown nuclear and/or perinuclear
immunoreaction for nuclear factor kB (NF-kB) in some epithelial cells
(arrow). (NF-kB immunostaining, X 400; Scale bar = 50um)
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Fig. 10: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the control group showing a weak positive brown
cytoplasmic COX-2 immunoexpression in a few epithelial cells (arrow).
(COX-2 immunostaining, x400; scale bar=50 pm)
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Fig. 13: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the control group showing a strong positive brown
cytoplasmic Bcel-2 immunoexpression in the epithelial cells (arrow). (Bcl-
2 immunostaining, x400; scale bar=50 pm)

Fig. 11: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax-treated group (group III) showing a
strong positive brown cytoplasmic and/or nuclear immunoreaction for
COX-2 in many epithelial cells (arrow). (COX-2 immunostaining, x400;
scale bar=50 um)

adult albino rat from the Fosamax and N sativa oil-treated group (group
IV) showing a moderate positive brown cytoplasmic and/or nuclear
immunoreaction for COX-2 in some epithelial cells (arrow). (COX-2
immunostaining, x400; scale bar=50 pm)

Fig. 14: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax-treated group (group III) showing a
weak positive brown cytoplasmic Bcl-2 immunoexpression in many
epithelial cells (arrow). (COX-2 immunostaining, X400; scale bar=50 pm)

Fig. 15: A photomicrograph of a section in the duodenal mucosa of an adult
albino rat from the Fosamax and N sativa oil-treated group (group 1V)
showing a moderate positive brown cytoplasmic Bcl-2 immunoexpression
in some epithelial cells (arrow). (Bcl-2 immunostaining, x400; scale
bar=50 um)
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Fig. 16: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the control group showing a weak positive brown
cytoplasmic and/or nuclear immunoreaction for Bax in a few epithelial
cells (arrow). (Bax immunostaining, x400; scale bar=50 um)

Fig. 17: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax-treated group (group III) showing a
strong positive brown cytoplasmic and/or nuclear immunoreaction for
Bax in many epithelial cells (arrow). (Bax immunostaining, x400; scale
bar=50 um)

Fig. 18: A photomicrograph of a section in the duodenal mucosa of
an adult albino rat from the Fosamax and N sativa oil-treated group
(group 1V) showing a moderate positive brown cytoplasmic and/or
nuclear immunoreaction for Bax in some epithelial cells (arrow). (Bax
immunostaining, x400; scale bar=50 pm)

Fig. 19: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the control group showing a strong positive nuclear
immunoreaction for Ki67 in the epithelial cell of the crypts (arrow). (Ki67
immunostaining, X 400; Scale bar = 50um)

Fig. 20: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax-treated group (group III) showing
a weak positive nuclear immunoreaction for Ki67 in many crypt cells
(arrow). (Ki67 immunostaining, X 400; Scale bar = 50um)
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Fig. 21: A photomicrograph of a section in the duodenal mucosa of an
adult albino rat from the Fosamax and N sativa oil-treated group (group
IV) showing a moderate positive nuclear immunoreaction for Ki67 in
some crypt cells (arrow). (Ki67 immunostaining, X 400; Scale bar =

50pum)
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Table 1: summarizes the mean thickness of the duodenal mucosa, villi height, crypt depth (um) and goblet cell number in different groups.

Data were expressed as mean + SD

Groups

Parameters Group | Group II Group III Group IV
Mean duodenal mucosal thickness (pm) 933.5+36.9 926.6+27.6 646.4+87.3" 896.2+54
Mean villi height (um) 622.3+£24.6 617.8+18.4 431.0+£58.2" 597.4+36
Mean crypt depth (um) 211.2+12.3 208.88+9.19 121.14£26.9 199.3+17.2
Mean goblet cell number 69.1£2.77 69.3£2.16 49.3+4.42" 66.6+2.55

*P <0.05 is significant versus control (group I).

Table 2: summarizes the mean area % of NF-kB, COX-2 and Bc¢l2 immunoreaction; the mean Al and PI; and the mean area percentage of

PAS positive reaction for all groups. Data were expressed as mean + SD

Parameters Groups Group I Group II Group III Group IV
Mean area percentage of PAS positive reaction 15.218+0.702 15.436+0.714 10.559+0.735" 14.639+0.510
Mean area % of NF-xB 6.216+0.705 6.12+0.805 20.17+1.27° 6.807+0.484
Mean area % of COX-2 13.932+0.492 13.928+0.634 29.737+0.968" 14.412+0.563
Mean area % of Bcl2 16.73+0.815 16.887+0.851 15.032+0.754" 16.043+0.639
Mean apoptotic index (%) 12+1.49 11.9+1.37 30.1+2.33" 13.1+0.738
Mean proliferative index (%) 76+3.77 76.58+3.77 59+2.52" 73.82+1.47

*P < 0.05 is significant versus control (group I).

DISCUSSION

Fosamax is one of the most widely used antiosteolytic
drugsinthetreatmentofmanybonedisordersasosteoporosis.
Despite its broad effectiveness, its gastrointestinal toxicity
has been reported in many studies**).This has drawn
attention towards new possible pathomechanisms that
might be involved in the development of gastrointestinal
toxicity, where targeting them could be promising for
prevention of such toxicity.

Many studies have reported the anti-inflammatory and
antioxidant effects of N sativa oil. Moreover, it is essential
for the treatment of many gastrointestinal disorders
involving the mucosa"*'¥.  Accordingly, this research
aimed to study the effect of Fosamax on the histological
structure of the duodenal mucosa in adult male albino rats
and to evaluate the possible protective role of nigella sativa
oil using different histological and immunohistochemical
techniques.

After reviewing the light microscopic results of
this study, it could be demonstrated that treatment with
Fosamax has altered the histological structure of the
duodenal mucosa and caused marked destruction of some
intestinal villi and crypts with sloughing of their epithelial
cells. The remaining epithelial cells were vacuolated and
degenerated having pyknotic nuclei. In addition, there
was mucosal atrophy with reduced goblet cell number as
demonstrated by the morphometric results of the present
study which revealed a statistically significant decrease
in the duodenal mucosal thickness, villi length and crypt
depth. These results were consistent with the clinical
results of some authors*’?! who reported many cases

having gastrointestinal adverse effects associated with
bisphosphonate treatment. Moreover, such duodenal
mucosal structural changes were consistent with the
findings of other researchers who attributed these changes
to local irritation due to prolonged local mucosal exposure
to alendronate which is the active ingredient of Fosamax
leading to erosive or ulcerative mucosal damage with
inflammation!®2>2¢1,

The mechanism of alendronate-induced mucosal
damage is by a direct oxidative damage, or by an indirect
oxidative damage through induction of neutrophil
infiltration. The activated and migrating neutrophils
induced by alendronate are a potential source of oxygen
metabolites that can induce mucosal injury. Previous data
revealed that the toxic metabolites that participate in the
alendronate-induced mucosal damage are mainly H,O,,
OH+, peroxynitrite, hypochlorite and lipid peroxyl radicals,
which can severely disrupt cell membrane function leading
to DNA damage and cell death in the gastrointestinal
mucosa. Moreover, alendronate induces glutathione) an
important intracellular antioxidant) depletion in the mucosa
due to mitochondrial damage. Lipid peroxidation induced
by reactive oxygen metabolites and glutathione depletion
is believed to be an important cause of gastrointestinal
mucosal damage. It has been reported that at pH<2,
alendronate is converted to alendronic acid, which is more
irritating to mucosa than the alendronate®?”). Since in the
present work, Fosamax was administered orally in fasted
rats, it seems likely that the mucosal damage is due to the
direct irritating effect of alendronate in its acid form.

In addition, alendronate induces TNF-a and IL-18
response and pro-inflammatory cytokines in the mucosa
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resulting in inflammation, subepithelial edema and
sloughing of the epithelium or ulcer formation. Moreover,
when alendronate is applied to the mucosa, it decreases
trans-mucosal potential difference which is suggestive of a
direct disruption of the surface epithelial cells?™.

In the present study, marked depletion of mucus
secretion in the duodenal mucosa of Fosamax-treated
group occurred, as evidenced by marked depletion of
PAS-positive material. This was attributed to the massive
mucosal damage and exfoliation of the epithelial cells. This
finding was in accordance with other authors who reported
that the inhibitory effect of alendronate on mucosal mucus
secretion may be one of the important factors in the
mucosal injury®?”,

Upon immunohistochemical examination of NF-
kB and COX-2 expression, a significant increase was
detected in the duodenal mucosa of Fosamax-treated
group in comparison with the control group, thus strongly
suggesting the involvement of the NF-xB signaling
pathway in the injurious action of Fosamax. This comes
in accordance with the work of others documenting the
up-regulation of NF-kB and the proinflammatory factor
COX-2 in the gastric mucosa of alendronate-treated
rats leading to mucosal inflammation®?”*. NF-xB is a
nucleoprotein that is normally found in an inactive form in
the cytoplasm. Following activation, it quickly translocates
from the cytoplasm to the nucleus to bind to their specific
kB sites, allowing various target gene expressions to be
induced with subsequent pro-inflammatory consequences
leading to cell and tissue damage. Cyclooxygenase-2
(COX-2)is induced predominantly during inflammation.
COX-2 mRNA and protein in inflamed tissues are mainly
located in the inflammatory cells but are also expressed
in endothelial cells, fibroblast-like cells, and epithelial
cells. It is generally expressed in the cytoplasm. However,
it may be accumulated in the nucleus as a transcriptional
factor to regulate gene expression. The induction of
COX-2 is thought to be due to activating NF-xB and its
translocation to the nucleus where it can then bind on the
COX-2 gene inducing its synthesis. COX-2 is considered
as a main mediator of inflammation as it catalyzes the
synthesis of pro-inflammatory prostaglandins, in particular
prostaglandin E2123),

The results of the present work could demonstrate
that Fosamax induced apoptosis in the epithelium as
demonstrated by the histological results that showed
pyknotic nuclei of the epithelial cells that were interpreted
as apoptosis by some authors®!. In addition, the
immunohistochemical results of the present work could
reveal that Fosamax induced apoptosis in the epithelium
through reduced Bcl-2 expression and increased Bax
expression in Fosamax-treated group as compared to
control group. These immunohistochemical findings
were consistent with the findings of previous study which
reported that apoptosis was involved in alendronate-
induced cytotoxicity through increased expression of the
pro-apoptotic protein, Bax and decreased expression of the

anti-apoptotic protein, Bcl-202. Additionally, other studies
supported that bisphosphonates decrease cell viability,
migration ability, and increase apoptosis rate in the oral

mucosal33343536]

Bcl2 is an anti-apoptotic protein that belongs to Bel-2
family. Overexpression of Bcl-2 enhances cell survival and
differentiation and suppresses apoptosis. In cells subjected
to apoptosis-inducing stimuli, Bcl2 protein expression is
significantly reduced and is associated with increased level
of the pro-apoptotic protein, Bax. The increased Bax/Bcl2
ratio results in cytochrome-c release from mitochondria
triggering cell death by apoptosis®”. Moreover, the intense
nuclear localization of Bax can influence the ion channels
across the nuclear membrane leading to apoptosisi®l.
Bisphosphonates were accepted as potential toxins and
extrinsic stimuli for apoptosis?*l.

The present results could demonstrate that Fosamax
decreased the epithelial cells proliferation as demonstrated
by the immunohistochemical results that showed a
statistically significant decrease in Ki67 expression (Ki67
proliferative index) in the duodenal mucosa of Fosamax-
treated group compared to control group. This finding
was consistent with the finding of other researchers who
reported that alendronate inhibits proliferation of human
gingival fibroblasts in a dose- and time dependent manner.
The authors reported that alendronate has cytotoxic effects
which causes significant changes in the proliferative
index of their in vitro study?*. It is well known that the
mesenchymal stem cells (MSCs) play important roles in
postnatal tissue development, tissue repair, and disease
modification. Alendronate may have a negative impact
on these roles of stem cells. The reduced cell proliferation
by alendronate was accompanied with increased sub-G1
phase as an apoptosis indicator in the normal cell cycle*2.

At the protective level, N sativa oil was introduced
to examine its probable role in alleviating the duodenal
mucosal structural changes induced by Fosamax. Results
from this study clearly demonstrated that N sativa oil
offered an evident improvement in the duodenal mucosal
structural changes. Similar results were reported in other
studies which demonstrated the protective effect of N
sativa oil against gastric mucosal injury, improvement in
the mucosal structure with decreased epithelial damage and
improvement of the mucous secretion'*3%. These results
were also in accordance with another study in which N
sativa oil exerted a potent protective effect against jejunal
mucosal injury in ratst %,

This could be attributed to the antioxidant capacity of N
sativa oil as many studies established that N sativa oil enhanced
the antioxidant defense mechanisms and reduced the oxidative
stress, in addition to its free-radical scavenger capacity.
This antioxidant capacity of the N sativa oil was attributed
to its thymoquinone constituent which could antagonize the
increased lipid peroxidation and in turn stabilize the integrity of
the cellular membranes. Moreover, it could inhibit glutathione
depletion; normalize the activity of antioxidant enzymes and
improve the mitochondrial function!.
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In this study, treatment with N sativa oil decreased
the inflammatory cellular infiltration. N sativa oil has
a modulatory effect on the inflammatory responsel’
by reducing the cellular infiltration and secretion
of inflammatory cytokine and improving intestinal
barrier  function!#.This  anti-inflammatory  effect
has been attributed to its inhibitory effect on the NF-
kB and cyclooxygenase-2 (COX-2) pathway and the
proinflammatory mediators such as - IL-1p, IL-6, TNF-q,
IFN-y, and PGE2M,

In addition, N sativa oil was found to be beneficial in
ameliorating the degree of apoptotic cell death. Its anti-
apoptotic effect could be probably mediated through the
upregulation of Bcl-2 protein and suppression of Bax protein
expression as observed from the immunohistochemical
results of the current work. Though, other investigators
explained the anti-apoptotic activity of N sativa oil to be
through down regulation of caspase-3 expression!**l.

In addition, the present study revealed improved Ki67
proliferative index of the epithelium in Fosamax and N
sativa oil-treated group. Similar results were reported in a
previous study which revealed that N sativa oil stimulates
the proliferation of beta cells of the pancreas in diabetes
mellitus™. Another study reported that N sativa oil
enhanced the therapeutic potential of MSCs and triggered
MSCs homing to the damaged site. It was observed that
combined N sativa oil /MSCs therapy provided more
beneficial tissue repair comparable to MSCs alone!*!. Also,
N sativa oil has an anabolic effect on MSCs to stimulate
their differentiation*®l. So, it could help in the repair of
the damaged duodenal mucosal tissue by stimulating the
proliferation of the intestinal stem cells.

In conclusion, Fosamax induced structural changes
in the duodenal mucosa of albino rats. It induced
mucosal inflammation in addition to its apoptotic
and anti-proliferative effect on the epithelium. The
present work suggests the possible participation of the
NF-kB/COX-2 signaling pathway in the Fosamax-induced
duodenal mucosal damage and subsequently the promising
protective effect of N sativa oil that could be exerted by
intercepting that particular pathway resulting in a strong
anti-inflammatory response in addition to its potent anti-
oxidative and anti-apoptotic properties. Therefore, N
sativa oil may be a useful therapeutic agent for the patient
undergoing treatment with Fosamax to minimize the
duodenal mucosal injury.
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