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ABSTRACT

Background: Osteoporosis is a major health problem. Teriparatide is a recombinant parathyroid hormone used as anti-
osteoporotic therapy. Lepidium sativum (LS) is widely used as a traditional herbal therapy for hypertension, diabetes and
renal disorders. The LS seeds are widely known as a good traditional alternative medication for fracture healing.
Objectives: Current research focused on evaluation of the Lepidium sativum versus teriparatide effect on glucocorticoid-
induced osteoporosis

Materials and Methods: 60 adult male guinea pigs were randomly divided into six equal groups: control groupl (distilled
water); LS treated group (300 mg/kg suspended in distilled water orally by gastric tube), teriparatide treated group (4 mcg/
kg subcutaneously twice weekly), glucocorticoid treated group (3.5 mg/kg subcutaneously), teriparatide and glucocorticoids
treated group and glucocorticoids and lepidium sativum treated group as pervious groups. At the end of the study, animals
were anaesthetized and sacrificed. Femur bones of each animal were excised for histological and immunohistochemical
studies (caspase-3 and osteoponotin).

Results: Glucocorticoids induced bone resorption manifested as resorption cavities, thickened periosteum associated with
decreased and irregular cortical and trabecular bone thickness. Marked reduced irregular collagen fibers were detected by
trichrome staining.

Immunohistochemically, this group showed positive immunoreactivity for caspase-3 in osteocytes and decrease in osteopontin
deposits in bone matrix. Moreover, there was significant increase in number of osteoclasts associated with decrease in number
of osteoblasts. Significant decrease in serum calcium level and increase in serum alkaline phosphatase were detected.
Administration of either teriparatide or Lipidium sativum with glucocorticoids improved biochemical, histological and
morphometric bone changes. They reduced osteocytes apoptosis and osteoclasts increase. Lipidium sativum was more
effective improving changes induced by glucocorticoids.

Conclusions: Glucocorticoids induced bone resorption. Despite the high cost of teriparatide, it did not achieve the desired
protective effect. LS is cheap, available and its protective effect is promising with no adverse effects.
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INTRODUCTION Glucocorticoids are one of the most prominent
causes of secondary osteoporosis. Researchers proved
that glucocorticoids (GCs) escalate the possibility of
fracture and bone depletion®®!. Glucocorticoids (GCs)
negatively affect bone through multiple pathways;
proinflammatory cytokines induce bone resorption and
reduce bone formation™**. Glucocorticoids also cause
osteoblastic dysfunction by shortening the period in
which the osteoblasts work actively to form the bone

Osteoporosis is a bone disorder distinguished by
compromised bone strength leading to an increased risk
of fracture. According to the World Health Organization
(WHO) standard, osteoporosis is described as a low bone
mineral density (BMD) that sets 2.5 standard deviation
(SD) or more below the standard for juvenile healthy
women as evaluated by dual energy x-ray absorptiometry

1

(DEXAY™. matrix[®, Kasem et al.!” stated that the principal action of

Osteoporosis can be subdivided into primary glucocorticoids is repression of osteogenesis by affection
osteoporosis which results from bone depletion due to of differentiation and activity of many cell types. GCs
hypo gonadal function related to aging, and Secondary modify the transcription of many of the genes bonded
osteoporosis which may be caused by chronic systemic for the constitution of matrix components released by
diseases, endocrine and metabolic disorders, medication osteoblasts mainly type 1 collagen and osteocalcin (OC).
(glucocorticoids) and nutritional disorders. They inhibit production of prostaglandins such as PGE2
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which normally stimulate collagen and non-collagenous
protein synthesis.

Teriparatide is a recombinant protein of parathyroid
hormone (PTH), consisting of 34 amino acids with
N-terminal end, which is the part of the hormone. It is a
potent promoting bone genesis agent. Intermittent use
of teripratide stimulates osteoblast activity rather than
osteoclasts, which resulted in intensifying bone formation!®.
Teriparatide enhances bone formation and subsequently
bone resorption. It increase cortical bone thickness as well
as trabecular bearing and interlink®!. Wang et a/.®) explained
that teriparatide can diminish the level of the cellular
ROS and stimulate osteocytes growth via triggering the
protein kinase B (PKB) pathway Meantime, the activated
PKB can suppress caspase-3 proteolytic enzyme and stop
the activation of apoptosis cascade. Teriparatide control
the function of osteoblast via activation of the pathways
signaling of cyclic AMP—dependent protein kinase A and
calcium-dependent protein kinase C. It also triggers the
MAP kinase and phospholipase A and D pathways!'?.

Herbal medicine has frequently been utilized instead of
chemical drugs due to its little adverse effects. Lepidium
sativum 1is cultivated widely in the Middle East. It is
mainly advised by ethno medicine for treatment of
hypertension, diabetes management, renal disorders and
phytotherapy. Lepidium sativum seeds are popular as
a conventional medication for fracture healing!'!!. The
constructive influence of LS on bone density is probably
due to its potentiality to raise liver and serum alpha
linolenic acid (ALA), docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA)!'?, which have been proved
to possess useful consequences on bone!'¥, Several
researchers have evaluated the effects of LS seeds!'!, as
well as roots!' on bone strength and their pronounced
impact on fracture healing.

Though, there is a lack of data related to the influence
of Lepidium sativum on bone metamorphosis.

The formerly described advantages of LS seeds have
aroused our attention to evaluate its capacity to manage
osteoporosis. As teriparatide is a bone anabolic agent used
for the treatment of osteoporosis, consequently, we focused
on estimation of the protective roles of Lepidium sativum
versus teriparatide on glucocorticoid-induced osteoporosis
in adult male guinea pigs.

MATERIALS AND METHODS

Animals

Sixty adult male guinea pigs of average weight 450-500
gm/each were used in the present study. Strict safekeeping
and sanitation were maintained to keep them in normal
and wellbeing conditions. Food and water were given ad-
libitum. Experimental guidelines were set by the Ethical
Committee of Menoufia University.

Chemicals

Corticosteroids: was provided by Epico pharmaceutical
Co., Egypt, as methyl prednisolone (Depo-Medrol) 40 mg/
mL suspension for injection.

Teriparatide: was provided by Lilly pharmaceutical
Co., Egypt as Forteo 20 mcg/3ml solution for injection.

Lepidium sativum: obtained from local grocery in
Menoufia.

3 gm Lepidium sativum seeds powder was suspended
in 10 ml distilled water. Seeds were administered orally
through a gastric tube sleeved to a syringe!'” at a dose 300
mg/kgl'd!

Experimental Protocol

The animals were randomly diverged into six groups
included 10 animals for each as follows:

Group I (control group): control group was given
distilled water orally for 4 weeks.

Group II (Iepidium sativum-treated group): Animals
were administrated lepidium sativum orally [15] at a dose
300 mg/kg for 4 weeks!'®. Each animal received 0.5ml
lipidium sativum suspension.

Group III (teriparatide treated group): They were
injected subcutaneously with teriparatide at a dose of 4
mcg/kg subcutaneously twice weekly for 4 weeks!!”. Each
animal received 0.3 ml of Forteo.

Group IV (glucocorticoids treated group): They were
administered methyl prednisolone 3.5 mg/kg per day for 4
weeks subcutaneously. Each ampule of methylprednisolone
was diluted in 6ml saline. Each animal received 0.3 ml!'s,

Group V (glucocorticoids and triparatide treated-
group): They were injected subcutaneously (s.c.) with
methylprednisolone 3.5 mg/kg per day for 4 weeks and
teriparatide at a dose of 4 mcg/kg subcutaneously twice
weekly for 4 weeks!”,

Group VI (glucocorticoids and lepidium sativum-
treated group): They were injected subcutaneously
daily for 4 weeks!'®], concomitant with lepidium sativum
orally!'s16],

At the end of the study (4 weeks), blood specimens
were withdrawn  from the heart under anesthesia.
Serum was used to measure serum calcium and alkaline
phosphatase using spectrophotometer at Menoufia clinical
pathology laboratory. Animals were then anaesthetized
and sacrificed. Femur bones of each animal were excised.
Half of the specimens of each group were fixed in 1%
glutaraldehyde in phosphate buffer for scanning electron
microscopic Study (SEM), and the other half were fixed
in 10% formal saline then decalcified in EDTA (ethylene
diamine tetra-acetic acid). After complete decalcification,
specimens were processed for histological study.
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Histological and Histochemical Study

Paraffin sections of five um thickness were cut and
processed for Haematoxyline and eosin (H. &E.) stain!'!
for standard histological investigation and with Mallory
trichrome” stain for distinguishing of collagen fibers.
Samples were processed for histological assessment at
Histology Department, Menoufyia University.

Immunohistochemical Study

Samples were processed for histological assessment at
Histology Department, Menoufyia University.

Caspase- 3

Apoptosis in bone cells was examined by caspase-3
immunostaining. Inspection of active caspase-3 was done
applying a monoclonal antibody raised against human
caspase-3 (anti-human/goat caspase-3 Active AF835;
R&D Systems, Minneapolis, MN). Antigen exposing was
carried out by heating tissue sections in sodium citrate. Left
to cool down, then, tissue sections were handled with 3%
H202, washed in phosphate-buffered saline) PBS), and
then incubated with primary antibody for 18 hours at 4°C.
After washing, the slides were incubated with biotinylated
secondary antibody rabbit polyclonal antibody IgG
(Cell signaling Technology, Ipswich, MA) then washed
again. Fixation of the primary antibody—biotinylated,
second antibody complex was accomplished using a
diaminobenzidine (DAB) reaction. To allow imaging of
the tissue structure, specimens were gently counterstained
with hematoxylin before cover-slipping. Normal lymphatic
tissue was utilized as positive control. Negative control
was executed by excluding primary antibody step so no
immune- reaction was found®!l.

Osteopontin>

Presence and distribution of the extracellular
osteopontin protein expression in the bone matrix
was detected. Osteopontin is important to cell-matrix
interaction. Five pm paraffin sections were incubated
with the diluted primary Antibody- Goat Anti-Rabbit IgG
(NCL-O-PONTIN) (Novocastra) using the avidin biotin
peroxidase method. Rabbit polyclonal antibody was used
as 2ry antibody. Gastric carcinoma was used as positive
Control. Negative control was executed by excluding
primary antibody step so no immune- reaction was found.

Scanning Electron Microscopic Study™!

The samples of left femurs were submerged in 2.5%
glutaraldehyde, cleaned five times with 0.1 M phosphate
buffer solution and moved out for 12 hours. Samples were
put in osmium tetroxide in 1% phosphate buffer solution
0.1 M for 60 minutes at 4°C. Femur were cleansed three
times in bi-distillated water and dipped in 1 % tannic acid
solution at 4°C. Samples were dehydrated with ethanol in
ascending concentrations. Then the samples were dried in
SPI supplies, critical point drying machine using liquid
CO,. The samples were launched on aluminum stumps,

coated by gold in a SPI-ModuleTM Vac / splutter®*.
Then specimens were imaged using JEOL, JSM-52500
LV scanning electron microscope, Japan at Faculty of
Medicine, Tanta University, Tanta, Egypt

The histomorphometric parameters were carried out
by Image Analyzer (Leica Q 500 MC program; Leica
GMBH Germany) in the Histology Department, Faculty of
Medicine, Menoufia University measuring Cortical bone
thickness, Osteoblast number and Osteoclast number. 10
high power fields (HPF) in each specimen were assessed.

Statistical Analysis

Data have been configurated applying descriptive
statistics. These were dispensed as mean + standard
deviation and being discrepant using Student’s t-test.
Significance was set at P value of less than 0.05 for all
contrasts. All statistical analyses were discharged with the
aid of SPSS 15 (Chicago, Illinois, USA) statistical analysis
software.

RESULTS

The animals of all groups were in good general
condition and had normal activity and apatite compared
to control group except the glucocorticoids treated group
(IV) showed decreased activity. No mortality was detected
in animals.

Histological and Histochemical Results
Group I (control group)

Haematoxylin and Eosin stained sections of the femur
of control group displayed cortical bone covered by an
outer fibrous periosteal layer (Figure 1). An inner layer
of osteogenic cells called endosteum was lining the inner
surface of the bone and the bone marrow cavity, formed of
osteoblasts (Figure 2). Under the periosteum there were the
outer circumferential lamellae (Figure 1) and around the
endosteum there were the inner circumferential lamellae
(Figure 2). Haversian system was formed of central canal
(haversian canal) surrounded by concentric lamellae.
Lacunae containing osteocytes could be distinguished
between lamellae (Figures 1,2). Interstitial lamellae
consisting of irregularly arranged lamellae and osteocytes
were also seen (Figure 3). Normal trabecular bone
architecture of interconnected bony trabuculae surrounding
bone marrow cavities was observed (Figure 4).

Mallory trichrome stain showed closely packed
regularly arranged bundles of collagen fibers within the
bone matrix, and normal periosteal thickness. Lacunae
containing osteocytes were of normal size and distribution
(Figure 5)

Caspase -3 stained section showed a negative reaction
to caspase -3 (Figure 6).

Osteopontin stain revealed showed normal osteopontin
protein expression in the bone matrix around the lacunae
(Figure 7).
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Electron Microscopic Results

Scanning electron micrographs of longitudinal sections
of the femur of control group showed apparently normal
cortical bone thickness formed of solid compact bone
covered by outer fibrous periosteum with Sharpey's fibers.
Haversian canals surrounded by osteocyte lacunae were
also observed (Figure 8). Branching and anastomosing
bone trabeculae of apparently uniform thickness and bone
marrow cavities were also noticed (Figure 9).

Group 11 (lepidium sativum-treated group)

Light and scanning electron microscopic evaluation of
group II declared no visible dissimilarity from the control

group.
Group IlI (teriparatide treated- group)

Light and scanning electron microscopic evaluation
of group III declared no detectable dissimilarity from the
control group.

Group 1V (glucocorticoids treated group)

Haematoxylin and Eosin sections of the shaft of the
femur of glucocorticoids treated group showed thickened
outer fibrous periosteum with apparently decreased and
irregular cortical bone thickness (Figure 10). Irregular
basophilic areas were seen inside acidophilic bone matrix.
Large bony tunnels as well as osteoporotic cavities were
observed within cortical bone (Figure 11). Osteoclasts
with multiple nuclei and acidophilic cytoplasm were
noticed laying on the bone surface within Howships
lacunae with marked irregularity of the surface of the bone
(Figure 12). Trabecular bone appeared as thin and
discontinuous bony ossicles. Bone matrix appeared non
homogenous with basophilic areas inside the acidophilic
matrix. Areas devoid of osteocytes were also noticed
(Figure 13).

Mallory trichrome staining showed apparently few
irregularly arranged collagen fibers within the bone matrix
and multiple osteoporotic cavities (Figure 14).

Caspase -3 staining demonstrated strong positive
reaction to caspase 3 in the cytoplasm of osteocytes
(Figure 15).

Osteopontin- staining demonstrated an apparent
marked decrease in osteopontin expression in the bone
matrix in this group (Figure 16).

Electron microscopic results revealed thinning in the
cortical bone compared to control group with appearance
of multiple osteoporotic cavities and marked irregularity
of the outer cortical surface (Figure 17). Bone trabeculae
were also thin, irregular or fractured (Figure 18).

Group V (glucocorticoids and teriparatide treated-
group)

Haematoxylin and Eosin showed thickened fibrous
periosteum with underlying irregular bone surface,

sub-periosteal bone deposition and irregular basophilic
cement line (Figure 19). Osteoclast was seen in Howships
lacuna having multiple nuclei and acidophilic cytoplasm.
Osteoblasts were also noticed lining the bone surface
(Figure 19). Basophilic lines were observed indicating
new bone formation with irregularly arranged lamellae
(Figure 20). Increase in trabecular area compared to
glucocorticoids treated group and faintly stained areas in
bone trabeculae were also noticed (Figure 21).

Mallory trichrome stain showed newly formed
irregularly arranged bone lamellae with irregularly arranged
collagen fibers .Thickened periosteum and irregular bony
surface were also noticed (Figure 22). Collagen fibers were
apparently increased within the bone matrix with eakly
stained faint blue areas. Still there were erosion cavities
(Figure 22).

Caspase -3 showed negative immune raction to
caspase -3, with areas of positive reaction in inner cellular
periosteal layer (Figure 23).

Osteopontin showed positive osteopontin protein
expression in the bone matrix (Figure 24).

Electron microscopic results revealed cortical compact
bone with some extending bone trabeculae. Irregular
cortical bone thickness with more or less regular and
continuous bone trabeculae were observed (Figure 25).

GroupVI (glucocorticoids and lepidium sativum-
treated group)

Haematoxylin and Eosin stain of this group showed
normal cortical bone covered by normal periosteum, with
underlying regularly arranged external circumferential
lamellae and basophilic cement line (Figure 26).

Plenty of osteoblasts were seen lining the bone marrow
cavities. Osteocytes in their lacunae were of normal shape
and distribution. Normal bone trabeculae with normal bone
marrow cavities were observed (Figure 27).

Mallory trichrome stain showed regularly arranged
densely packed collagen fibers. The periosteal thickness
appeared normal (Figure 28).

Caspase -3 were similar to control group and showed a
negative immune reaction to caspase -3 (Figure 29).

Osteopontin showed strong positive osteopontin
protein expression in the bone matrix (Figure 30).

Electron microscopic results revealed apparently
normal cortical and periosteal thickness containing
osteocyte lacunae and haversian canals (Figure 31).
Regular continuous bone trabeculae of normal thickness
were also observed (Figure 32). Bone marrow cavities
were seen.

Biochemical Results

Serum Calcium Level

Statistical analysis indicated a significant decrease
in serum calcium level in glucocorticoids treated group
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(group V) compared to control group. While there was no
notable change in teriparatide and glucocorticoids treated
group (group V) and glucocorticoids and lepidium sativum
treated group (group VI) compared to control group. No
significant difference was pronounced between group V
and VI. All the above statistical data were summarized in
(Table 1, Diagram 1)

Serum alkaline Phosphatase Level

Glucocorticoids treated group (group IV) as well
as glucocorticoids and teriparatide treated group
(group V) showed highly significant increase
(p value <0.01) compared with control group. While
glucocorticoids and lepidium sativum group (group VI) did
not exhibit any significant change compared to the control
group. All the above statistical data were summarized in
(Table 2 and Diagram 2).

Quantitative Study
Cortical Thickness

The glucocorticoids treated group (group IV)
showed highly significant decrease in cortical thickness
(p value < 0.01). In glucocorticoids and teriparatide
treated group (group V) the P value was < 0.05 indicating
a significant decrease in cortical thickness in this group
compared to control group. In contrast, the mean cortical
thickness of glucocorticoids and lepidium sativum group
(group VI) showed non- remarkable change with the
control group (p value > 0.05). Comparing glucocorticoids
and teriparatide treated group (group V) to glucocorticoids
and lepidium sativum treated group (group VI) p value
was <0.05 indicating a significant increase in the group
VI. All the above statistical data were summarized in
(Table 3, Diagram 3)

Cortical Bone Osteoblast Number

Compared to the control (group I) animals, the mean
number of osteoblast revealed a highly significant decrease
in osteoblast number in glucocorticoids treated group
(group 1V) and a significant decrease in glucocorticoids
and teriparatide treated group (group V). Glucocorticoids
and lepidium sativum treated group (group VI) showed
non-significant change. Comparing glucocorticoids and
teriparatide treated group (group V) with glucocorticoids
and lepidium sativum treated group (group VI) P value
was <0.05 indicating a significant increase in osteoblast
number in group VI animals. All the above statistical data
were summarized in (Table 4 , Diagram 4 )

Osteoclast Number

The mean osteoclast number in glucocorticoids treated
group (group IV) was significantly increased compared
to control group. Noticeable significant reduction in the
number of osteoclasts in glucocorticoids and lepidium
sativum treated group (group VI) compared with
glucocorticoids and teriparatide treated group (group
V). All the above statistical data were summarized in
(Table 5, Diagram 5)

Fig. 1: Longitudinal section of shaft of guinea pig femur of control group
showing periosteum (p) covering the external surface of the bone, beneath
it there are external circumferential lamellae (arrows) running parallel to
the outer circumference of the bone. Osteocytes (OS) in lacunae could be

noticed in the bone matrix. (H&E*200)

Fig. 2: Longitudinal section of shaft of guinea pig femur of control
group showing osteoblasts (Ob) forming endosteal layer, surrounded by
regularly arranged internal circumferential lamellae (arrows). Osteocytes

(OS) in lacunae could be noticed in the bone matrix. (H&E*200)

Fig. 3: Ttransverse section of shaft of guinea pig femur of control
group showing haversian system (osteon) consisting of haversian canals
(HC) surrounded by concentric lamellae. In between lamellae, normal
osteocytes (OS) appear within their lacunae. Basophilic cement line is
seen in few osteons (CL). Notice the presence of interstitial lamellae in-

between the osteons (arrow head). (H&E*400)

935



LEPIDIUM SATIVUM VERSUS TERIPARATIDE ON BONE

Fig. 4: Long.itudinal section Of the head of guinea pig femur of control Fig. 7: Longitudinal section of shaft of guinea pig femur of control group
group showing normal architecture of trabf:cular bone formeq .Of showing normal expression of osteopontin protein in the bone matrix
interconnected bony trabeculae (BT) surrounding bone marrow cavities around the lacunae (arrows) (PAP1000)

(BM) lined by endosteum (E). (H&Ex200)

Fig. 8: A scanning electron micrograph of a longitudinal section of
guinea pig femur of control group showing apparently normal thickness
cortical bone (C), covered by outer fibrous periosteum (P) . There are also
haversian canals (HC) surrounded by osteocyte launea (L). Notice the

Fig. 5: Longitudinal section of shaft of guinea pig femur of control group
showing closely packed regularly arranged bundles of collagen fibers
(blue color) within the reddish bone matrix, and apparently normal
periosteal thickness (P). Lacunae containing osteocytes (L) are of normal presence of sharpy fibers (arrow)

shape and distribution. (Mallory trichromex 200)

Fig. 9: A scanning electron micrograph of a longitudinal section of guinea
pig femur of control group showing branching and anastomosing bone

Fig. 6: Longitudinal section of shaft of guinea pig femur of control group trabeculac of uniform apparently normal thickness (BT) ,with presence

demonstrated negative immune response to caspase-3. (PAP>200) of bone marrow in-between (BM)
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Fig. 10: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids treated group revealed apparent decrease in the thickness
of the cortical bone (C) with appearance of osteoporotic cavities(*) . The

fibrous periosteum is markedly thickened (P). (H&Ex200)

Fig. 11: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids treated group showing irregular thickness of cortical
bone (C) with appearance of large bony tunnel (arrow) and multiple
osteoporotic cavities (*). Irregular basophilic areas (arrow head) inside

acidophilic bone matrix are notice (H&Ex100)

Fig. 12: Longitudinal section of the shaft
glucocorticoids treated group showing osteoclasts (OC) with multiple
nuclei and acidophilic cytoplasm laying on the bone surface within
howships lacunae . Notice the presence of osteoporotic cavities (*) and

marked irregularity of the surface of the bone (arrow). (H&Ex400)

of guinea pig femur of

Fig. 13: Longitudinal section of the head of guinea pig femur of
glucocorticoids treated group showing loss of continuity of the bone
trabeculae appearing as discontinuous bony ossicles (BT) with bone
marrow in-between (BM) .Bone matrix appears non homogenous with
basophilic areas (arrow) inside the acidophilic matrix. There are also

areas devoid of osteocytes (arrow head). (H&Ex200)

Fig. 14: Longitudinal section of the shaft
glucocorticoids treated group showing irregularly arranged apparently
few collagen fibers (Blue color), within the bone matrix (red color), There

of guinea pig femur of

are also multiple osteoporotic cavities (*). (Mallory trichromex 200)

S i -t -
Fig. 15: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids treated group showing strong positive cytoplasmic
reaction of the osteocytes to caspase-3(arrow). Notice the presence of

osteoporotic cavities (*) (PAP*200)
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Fig. 16: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids treated group showing an apparent marked decrease
in osteopontin expression in the bone matrix. Notice the presence of

osteoporotic cavities (*) (PAPx1000)

Fig. 17: A scanning electron micrograph of a longitudinal section of
guinea pig femur of glucocorticoids treated group showing thinning
in the cortical bone compared to control group (C) with appearance of
multiple osteoporotic cavities (*) and marked irregularity of the outer
cortical surface (arrow). Bone trabeculae are also thin and discontinuous

(BT). Bone marrow is seen in cavities (BM).

Fig. 18: A scanning electron micrograph of a longitudinal section of
guinea pig femur of glucocorticoids treated group showing apparently
thin irregular bone trabeculae (BT) ,one of them is fractured (arrow).

Bone marrow is seen in cavities (BM).

Fig. 19: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and teriparatide - treated group thickened fibrous
periosteum (P) with underlying irregular bone surface (arrow) and sub
periosteal bone deposition with irregular basophilic cement line (CL).
Areas of bone matrix that devoid of osteocytes are still noticed (arrow

head). (H&Ex200)

By = S e N

Fig. 20: Transverse section of the shaft of guinea pig femur of
glucocorticoids and teriparatide - treated group showing basophilic lines
indicating new bone formation with irregularly arranged bone lamellae
(arrows). (H&Ex200)

Fig. 21: Longitudinal section of the head of guinea pig femur of
glucocorticoids and teriparatide - treated group showing noticeable
increase in trabecular area (BT) compared to glucocorticoids treated
group. Faintly stained areas are noticed within the bone trabeculae

(arrow). (H&E*200)
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Fig. 22: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and teriparatide - treated group showing increase in
collagen fibers within the matrix (blue color) with weakly stained faint
blue areas ( arrow ). Still there are erosion cavities in the matrix (*).

(Mallory trichromex 200)

Fig. 23: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and teriparatide - treated group showing negative immune
rection to caspase-3. Notice the apparently thickened periosteum (P).
Inner cellular layer of periosteum shows small areas of positive reaction

(arrow) (PAP*400)

Fig. 24: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and teriparatide - treated group showing positive

osteopontin protein expression in the bone matrix (arrow). ( PAP x1000)

Fig. 25: A scanning electron micrograph of a longitudinal section of
guinea pig femur of glucocorticoids and teriparatide- treated group
showing cortex (C) formed of solid compact bone with some extending
bone trabeculae. Irregular cortical bone thickness, bone trabeculae (BT)

are also noticed. Bone marrow is seen in cavities (BM)

Fig. 26: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and lepidium sativam - treated group showing
apparently normal periosteal thickness (P) with underlying regularly
arranged external circumferential lamellae (arrow) and basophilic cement
line (CL). Notice ,osteocytes are of normal shape and distribution (OS).

(H&Ex200)

Fig. 27: Longitudinal section of the head of guinea pig femur
of glucocorticoids and lepidium sativum treated group showing
inteconnected bone trabeculae (BT) surrounding bone marrow cavities

(BM), osteocytes (OS) in their lacunae are of normal shape and
distribution. (H&Ex200)
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Fig. 28: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and lepidium sativum - treated group showing regularly
arranged densely packed collagen fibers (blue color). The periosteal

thickness appears apparently normal (P). (Mallory trichromex 200)

i ‘4 ¥ 1
Fig. 29: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and lepidium sativum - treated group showing negative

immune rection to caspase-3. (PAPx400)

Fig. 30: Longitudinal section of the shaft of guinea pig femur of
glucocorticoids and lepidium sativum - treated group showing strong
positive osteopontin protein expression in the bone matrix (arrow). (PAP

X1000)

Fig. 31: A scanning electron micrograph of a longitudinal section of
guinea pig femur of glucocorticoids and lepidium sativum- treated group
showing apparently normal cortical ( C) and periosteal (P) thickness
compared to control group, the cortex contains osteocyte lacunae (L).
Haversian canal is also noticed (HC). Bone marrow is seen in cavities

(BM)

Fig. 32: A scanning electron micrograph of a longitudinal section of
guinea pig femur of glucocorticoids and lepidium sativum treated- group
showing regular continuous normal thickness bone trabeculac (BT)

compared to control group. Bone marrow is seen in cavities (BM)

940



EL-Haroun et. al.,

Table 1: Mean serum calcium level (mg/dl) in control and treated
groups and P value between different groups

Mean + SD t-test p value
group I 9.51+£0.74  —emeeeeee-
group II 9.28+£0.8 2.5 >0.05
group III 10.19 +0.59 0.45 >0.05
group IV 8.48£1.15 2.63 <0.05
group V 10.08 + 0.49 2.25 >0.05
group VI 9.46 +£0.72 0.17 >0.05
group V-VI  —memeeeee 2.49 >0.05

P value > 0.05 non-significant
P value < 0.05 significant
P value < 0.01 highly significant

Table 2: The mean serum alkaline phosphatase level (U/l) in
control and treated groups and P value between different groups

Mean = SD t-test p value
group I 49.92+13.14 -
group II 62.17 +17.86 1.76 >0.05
group III 46.08 + 13.49 0.7 >0.05
group IV 145.83 +32.46 7.49 <0.01
group V 85+16.56 5.75 <0.01
group VI 57.5+11.12 1.53 >0.05
group V-VI  ceeeee 4.78 <0.01

P value > 0.05 non-significant
P value < 0.05 significant
P value < 0.01 highly significant

Table 3: Mean cortical thickness (micrometer) in control and
treated groups

Mean £+ SD t-test p value
group | 680.4+41.28 -
group II 643 £32.15 1.21 >0.05
group III 697 +32.37 0.49 >0.05
group IV 192 £25.07 13.8 <0.01
group V 584.4£22.98 3.8 <0.05
group VI 643.6 + 15.81 13 >0.05
group V-Vl ceeme 4.75 <0.05

P value > 0.05 non-significant
P value < 0.05 significant
P value < 0.01 highly significant

Table 4: Mean osteoblast number in control and treated groups

Mean + SD t-test p value
group | 192+192 -
group II 18.8+£1.92 0.33 >0.05
group III 19.8+2.11 0.37 >0.05
group IV 11.8+1.3 7.12 <0.01
group V 17+0.7 2.4 <0.05
group VI 188+1.3 0.39 >0.05
group V-VI - 2.7 <0.05

P value > 0.05 non-significant
P value < 0.05 significant
P value <0.01 highly significant

Table 5: Mean osteoclast number in control and treated groups
and P value between different groups

Mean + SD p value
group I 02+0.4
group II 0.00 £ 0.00 >0.05
group III 1.1+£0.7 <0.05
group IV 23+0.78 <0.01
group V 1.7+0.45 <0.01
group VI 0.00 +0.00 >0.05
group V-VI e <0.05

P value > 0.05 non-significant
P value < 0.05 significant
P value < 0.01 highly significant
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Diagram 5: Mean osteoclast number

DISCUSSION

Osteoporosis is described as a major health problem
and generally specified by decrease in bone mass with
greatly increased fracture risk?’!. The bone is going through
continuous metamorphosis, with continual sequences of
bone resorption by osteoclasts followed by formation of
new bone by osteoblasts. This process secures rebuilding
of recurrent fractures and restores the bony architecture2®!,
Osteoporosis take place when bone depletion overreaches
bone synthesis ending in lowering bone mass, declined
bone microarchitecture and enhance risk of fracture?’2%.

In this study Glucocorticoids were used as osteoporotic
inducing drug (3.5mg/kg/day for 4 weeks) according to
Hulley et al.'®. Previous researches designated those GCs
induced-osteoporosis (GIO) to take place due to instant
and continual decreased in bone genesis and a fast and
impermanent increase in bone resorption®’..

Teriparatide is a part and a recombinant form of the
parathyroid hormone®”. Usage of teriparatide was selected
for the current study as it has been confirmed to stimulate
bone genesis through motivation of osteoblasts function
and formation®!#), In animals, the periodic dispensing of

teriparatide has a growth-promoting effect on spongy and
cortical bone thus; improve bone strength®®*,

Herbal remedy has been broadly used as an alternative
of chemical drugs owing to its minor adverse effects.
Lepidium sativum is cultivated widely in the Middle
East. It is mainly advised by ethnomedicine for treatment
of hypertension, diabetes management, renal disorders
and phytotherapy. Lepidium sativum seeds are popular
as a conventional remedy for fracture!'l. Previous
characteristics have aroused our attention to evaluate its
capacity to manage osteoporosis. Lepidium Sativum (LS)
in the present study was administrated in a dose of a dose
300 mg/kg daily!®.

Researchers have evaluated the good impact of L
sativum seeds!'!! and roots!'¥ on bone strength. Despite that,
there is a lack of data on the effect of Lepidium sativum
on bone metabolism. Therefore, we were aiming to assess
the impacts of lepidium sativum versus teriparatide on
glucocorticoid-induced osteoporosis (GIO) in adult male
guinea pigs.

In the current study, glucocorticoids treated group
revealed thickened outer fibrous periosteum with apparently
decreased and irregular cortical bone thickness, Irregular
basophilic areas and bony tunnels within cortical bone.
Multiple osteoclasts, marked irregularity of the surface
of the bone, multiple osteoporotic cavities, and disturbed
architecture of trabecular bone and decreases collagen
fibers. Similar findings were reported by Shady and
NoohP¥. Saad et al.B¥ proved that this pathological finding
added to the confirmation of osteoporotic bone dystrophic
changes induced by GC. Our results were in harmony
with Derakhshanian et al.*®! who reported a decrease in
trabecular as well as cortical thickness coincided with
marked decline in osteoblasts number in rats treated with
glucocorticoids. Prednisolone administration was found
to induce apoptosis of osteoblasts and osteocytes leading
to repression of bone formation and low BMDE7#I,
Regarding cortical thickness there was a highly significant
decrease in the glucocorticoids treated group compared
to control group. The previous data were in concurrence
with Kozai et al.,’) who stated that steroid treatment
significantly reduced the bone mineral constituents and
density. Regarding the mean osteoblastic number there
was a highly significant decrease in group IV animals,
while the mean number of osteoclast was significantly
increased compared to control group.

Walsh*?! demonstrated that glucocorticoid induced
osteoporosis. [tincreases resorption by increasing osteoclast
lifespan inducing osteoblast and osteocyte apoptosis that
explain the decrease in the mean osteoblastic number and
presence of some empty lacunae. In addition, Feng et al.l*!
confirmed our results stated that glucocorticoid inhibits
the differentiation of mesenchymal precursor cells into
osteoblasts

Faintly stained areas with irregularly arranged collagen
fibers of bone matrix were also noticed in mallory trichrome
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stained sections denoting defect in mineralization and lack
of collagen in these areas. Lane et al.*” confirmed our
results that glucocorticoid treatment results in generation
of areas of hypo mineralized bone.

Examination of caspase-3 stained sections obtained
from the femur of this group revealed strong positive
reaction of osteocytes to caspase-3 which indicated
osteocytes apoptosis as reported by othersP’*® who found
that prednisolone administration induces apoptosis of
osteocytes.

In this study glucocorticoid treated group showed
a sharp obvious drop in osteopontin (OPN) protein
expression. This result was in agreement with Shady and
NoohP*4. Osteopontin is an extracellular protein synthesized
by many cell types including fibroblasts, preosteoblasts,
osteoblasts and osteocytes*l. OPN expression may show
bone genesis or resorption. Its role is related to the function
of the cells linked to the particle matrix. Still, this double
action of OPN is uncertain®. The finding indicated
decreased osteogenesis as osteopontin is a versatile protein
considered to play a vital role in bone genesis*.

Glucocorticoids (GCs) negatively affect bone through
multiple pathways; proinflammatory cytokines induce
bone resorption, reduce bone formation and induce muscle
dissipation™’l. Glucocorticoids also cause osteoblastic
dysfunction by shortening the period in which the osteoblasts
work actively to form the bone matrix®. Kasem et al.l”)
stated that the chief role of glucocorticoids is inhibition of
bone formation by alteration of differentiation and action
of many cells types, modification of transcription of many
of the genes organize the synthesis of matrix components
by osteoblasts, such as type 1 collagen and osteocalcin
(OC) and inhibition of the production of prostaglandins
such as PGE2 which normally stimulate collagen and non-
collagenous protein synthesis.

In the present study, the main serum calcium level
in glucocorticoids treated group was significantly
decreased in comparison to control group; this was in
harmony with a study conducted by Abdel-Kader et a/l*%!
who stated that glucocorticoids reduced Ca level in the
serum of osteoporotic animals. Banji et al.*” added that
glucocorticoids had damaged Ca and P balance. The
reduction in Ca serum level was rendered to increased renal
discharge and changing in their transport through the brush
border membrane. Glucocorticoids act also on calcium and
bone metabolism by disturbing vitamin D metabolism.
They reduce 1, 25-dihydroxyvitamin D receptors in bone
leading to osteoporosis*®! or they decreased intestinal
calcium absorption*,

The present finding showed that glucocorticoids
significantly increased the level of ALP in the serum
compared to control groups. Increasing bone damage
and fracture risk was displayed by increase in ALP serum
level™ as well as in osteoporosis®™. However, Elshal
et al.’" found that glucocorticoids reduced serum ALP by
16% short term treated rats while increase serum ALP in
long-term treated rats due to bone turnover.

Regarding glucocorticoids and teriparatide treated-
group, irregular basophilic cement lines and irregularly
arranged lamellae formed of irregularly arranged collagen
fibers were observed by H and E and mallory trichrome
stains, similar findings were noticed by Afifi®?. These
irregular cement lines and irregular basophilic areas were
attributed to increase the rate of bone resorption over that
of bone formation!>.

We found that osteoclast number in glucocorticoids
and teriparatide was none significantly lower than
that of glucocorticoids treated group. Section of the
glucocorticoids and teriparatide- treated group showed
negative immune raction to caspase-3. Hodsman et al.’¥
stated that terparatide inhibit bone resorption by diminishing
the number, function, and life span of osteoclasts. Wang
et al.”? confirmed that teriparatide can diminish the level
of the cellular ROS and stimulate osteocytes growth via
triggering the protein kinase B (PKB) pathway. Meantime,
the activated PKB can suppress caspase-3 proteolytic
enzyme and stop the activation of apoptosis cascade.

Glucocorticoids and teriparatide- treated group showed
positive osteopontin expression in bone matrix. Asou
et al.® stated that osteopontin was reported to be produced
by osteoblast when they form bone matrix. Consequently,
it was proved to accumulate in the mineralized matrix
binding strongly to hydroxyapatite and possibly explaining
its presence in the bone matrix of the newly formed bone.
OPN expression may display bone formation related to
cells linked to the particle matrix[¥,

Regarding the mean serum calcium level, there was a
significant increase in Glucocorticoids and teriparatide-
treated group compared to control group. Similarly,
Bodenner et al.5% reported that teriparatide injections do
have some effect on serum calcium levels but the increase
was mild. Hodsman et al.’* stated that low percentage was
recorded with high calcium serum level during teriparatide
adminstration.

Regarding the mean alkaline phosphatase level, there
was a highly significant increase in glucocorticoids and
teriparatide- treated group in comparison to control group.
Canalis et al'” demonstrated that teriparatide treatment
induced raise in biochemical bone markers as alkaline
phosphatase during bone formation. Others also showed
that teriparatide was linked with significant increase
in ALP AS biochemical markers of bone formation in
longstanding treatment!®”).

In the present study, Co-administration of LS
with glucocorticoids induced a marked histological,
morphometrical and biochemical improvement in the bone
sections. Similarly, Abdel-Kader et al.*9 stated that oral
administration of L. sativum significantly reduced the bone
resorption in the femurs of glucocorticoids treated rats.
Phytosterols and phytoestrogens found in lipidium sativum
proved to be beneficial for treatment of osteoporosisP®,
also seeds were demonstrated to help in fracture healing®”
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The constructive role of lipidium sativum on bone
density is most likely due to its high content of calcium!®,
its potential to raise serum and liver alpha linolenic acid,
docosahexaenoic acid and eicosapentaenoic acid!'?,
which has been proved to possess useful consequences
on bone!’®l. These properties are in line with formerly
revealed advantages of LS seeds on fracture healing!'!. It
was strongly recommended to be used by high risk people
to develop osteoporosis, including patients on GCs therapy
and postmenopausal women®!l.

In this study, L. sativum ameliorated serum ALP level.
It stimulated osteoblast proliferation and bone formation;
meantime, it suppressed osteoclast activity and bone
damagel. L. sativum is effective in protection against
glucocorticoids induced hypocalcaemial*,

In addition to the previous histological, morphometrical
and biochemical findings, the high cost of triparatide was
proved®, while the LS seeds were cheap and available.
The seeds are low-priced and incomparable with other
medical treatment for fracturet'!).

From the foregoing, it is concluded that Glucocorticoids
(GCs) negatively affect the bone. Despite the high cost of
teriparatide, it did not achieve the desired protective effect
.Whereas LS is cheap, available and its protective effect
is promising with no adverse effects. So we recommend
the use of LS seeds in high risk patients of osteoporosis,
especially patients on GCs therapy.
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