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SUMMARY

Cadmium is a widespread environmental pollu-
tant. Low-level environmental cadmium exposure
induced osteoporosis especially in postmenopau-
sal women. Ginger is a strong antioxidant that
may play an important role in bone formation.
The purpose of the present study was to assess
the effects of cadmium chloride and ginger on
osteoporosis induced by bilateral ovariectomy in
adult albino rats. Seventy-two adult albino rat
females were used in the present study. They
were divided into non-operated groups and oper-
ated groups. Cadmium chloride was received at a
dose of 3.5 mg/kg daily by subcutaneous injec-
tion for 8 weeks, and ginger was fed on a diet
containing 5% ginger for 8 weeks. Rats were sac-
rificed; femurs were dissected out, fixed and de-
calcified. Serial transverse and longitudinal sec-
tions from the diaphysis and metaphysis of fe-
murs were stained by haematoxylin and eosin
(H&E) and Masson trichrome stainings and ex-
amined using light microscopy. Femurs of Cd-
treated, ovariectomized non-treated, and ovariec-
tomized +Cd-treated groups showed histological
and morphometric osteoporotic changes that
were marked and exaggerated in the ovariecto-
mized +Cd-treated group. Whereas Cd+ginger,
ovariectomized +Cd+ginger and ovariecto-
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mized+ginger treated groups showed less bone
resorption, more bone formation, and improve-
ment in bone structure and morphometric param-
eters compared to other groups. Cadmium chlo-
ride exposure is a risk factor for osteoporosis,
especially in postmenopausal women. Ginger
effectively ameliorated cadmium and ovariectomy
-induced osteoporosis in rats, and is a promising
candidate for the prevention and treatment of
postmenopausal osteoporosis.
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INTRODUCTION

Cadmium (Cd) is a widespread environmental
pollutant, which can be absorbed into biological
systems through direct uptake and by accumula-
tion in food chains. It has an extremely long half-
life (20-30 years), and acts as a cumulative poi-
son causing disorders in the respiratory, renal,
skeletal, and vascular systems (Lin et al., 1995;
Warren et al., 2000). Cadmium is widely used in
paints, electrolysis industry (Prozialeck et al.,
2006), fertilizers and battery manufacturing
(ATSDR, 1989). Human acute and chronic Cd
exposures occur through food, air, water, industri-
al products, and smoking and occupational expo-
sure (Duruibe et al., 2007). It has been demon-
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strated that Cd stimulates free radical production,
resulting in oxidative deterioration of lipids, pro-
teins and DNA, and initiating various pathological
conditions in humans and animals (Waisberg et
al., 2003). Low-level environmental cadmium ex-
posure induced osteoporosis and leads to a high-
er risk of fractures, especially in postmenopausal
women (Staessen et al., 1999). Women are at
greater risk of developing cadmium toxicity than
men (Choudhury et al., 2001). Animal and in vitro
studies suggest that cadmium might have direct
toxic effects on bone (Wang et al., 1994; Regun-
athanet al., 2003). Ginger had been used as a
spice for over a thousand years (Bartley and Ja-
cobs, 2000). Its roots contain polyphenol com-
pounds (6-gingerol and shogaols), which have a
high antioxidant activity (Stoilova et al., 2007).
The strong antioxidant action of ginger was one
of the major possible mechanisms for the protec-
tive actions against toxicity and lethality of radia-
tion (Jagetia et al., 2003; Haksar et al., 2006).
Ginger contains Mg, Ca, and Po, which play im-
portant roles in bone formation (Srivastava and
Mustafa, 1992). Osteoporosis is a skeletal dis-
ease characterized by low bone mass and micro-
architectural deterioration of bone tissue, leading
to enhance bone fragility and a consequent in-
crease in fracture risk (Turner, 2002). Hormonal
factors strongly determine the rate of bone re-
sorption. Lack of estrogen as a result of meno-
pause increased bone resorption, as well as de-
crease the deposition of new bone that normally
takes place in weight-bearing bones (Raisz,
2005). The ovariectomized rat was considered as
a reliable animal model of postmenopausal oste-
oporosis which is the commonest type of osteo-
porosis (Frost and Jee, 1992). Free radical may
play a role in postmenopausal osteoporosis path-
ogenesis by increasing bone resorption through
the activation of oxidative stress responsive nu-
clear factor NF-kB, which has been proved to be
associated with osteoclastogenesis (Basu et al.,
2001). So the aim of the present study was to
assess the effects of cadmium chloride and gin-
ger on osteoporosis induced by bilateral ovariec-
tomy in adult albino rats.

MATERIALS AND METHODS

Ginger powder was obtained from a natural
herb market in Ismailia City, Egypt. It was mixed
with normal rat pellets at 5: 95 wt. /wt. ratios.
Cadmium chloride was obtained from the chemi-
cal store of the Faculty of Medicine at Suez Canal
University, and dissolved in distilled water.

Animals

Seventy-two adult albino rat females weighing
200-250 g. were purchased from the animal

house of the Faculty of Veterinary at Zagazeg
University, and were used throughout this study.
They were housed in wire mesh cages at room
temperature under daylight in good hygienic con-
ditions, and they received water and rodent pel-
lets ad libitum. Rats were randomly divided into
two main groups: |. Non-operated group and Il.
Operated group. Each group was subdivided into
subgroups (8 rats in each) as follows:

I. Non-operated group: (A) Control group re-
ceived 0.5 ml saline subcutaneously. (B) Cadmi-
um-treated group (Cd-treated) received cadmium
chloride (3.5 mg/kg body weight daily by subcuta-
neous injection for 8 weeks) and fed on rodent
pellets. (C) Cadmium- and ginger-treated group
(Cd+g treated) received the Cd (3.5 mg/kg body
weight daily by subcutaneous injection) (Kara et
al., 2005) and fed on a diet containing 5% ginger
for 8 weeks. (D) Ginger-treated group (G treated)
fed on a diet containing 5% ginger for 8 weeks.

Il. Operated group: (1) Sham-operated control
group (S-O control): fed on rodent pellets and
received 0.5 ml saline subcutaneously after sham
operation. (2) Ovariectomized non-treated group
(OVX): fed on rodent pellets after bilateral ovari-
ectomy. (3) Ovariectomized cadmium-treated,
group (OVX+Cd treated) received the Cd (3.5
mg/kg body weight daily by subcutaneous injec-
tion for 8 weeks) and fed on rodent pellets after
bilateral ovariectomy. (4) Ovariectomized cadmi-
um- and ginger-treated group (OVX+Cd+G treat-
ed) received Cd (3.5 mg/kg body weight daily by
subcutaneous injection) and fed on a diet con-
taining 5% ginger for 8 weeks after bilateral ovar-
iectomy. (5) Ovariectomized ginger-treated group
(OVX+G treated) fed on a diet containing 5%
ginger for 8 weeks after bilateral ovariectomy.

Operation: Bilateral ovariectomy and sham oper-
ations (in group 1) were performed under ether
anesthesia. The fur of the abdomen was shaved
and the skin was sterilized using 70% alcohol
and Providence iodine solution. A midline longitu-
dinal incision was made inferior to the costal mar-
gin, the uterine tubes were ligated and the peri-
ovarian fatty tissue was identified and exterior-
ized. The ovaries were dissected and excised by
cutting above the clamped area, while the uterine
horn, other blood vessels were ligated and intra
peritoneal injection of crystalline penicillin (3ml/
kg) was done to avoid postoperative infection.
Muscles and skin were stitched separately. Steri-
lization and bandages were performed. Sham
operation was performed in a group (1) using the
same procedure, without removing the ovaries.

Experimental procedures

All experiments were carried out in accordance
with the guidelines of the Institutional Animals
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Ethics Committee. Rats were observed for water
intake and physical signs of toxicity following
treatment. Rats of all groups were weighed daily,
and were observed for signs of postoperative
infection. They were sacrificed at the end of the 8
weeks of experiment by ether overdose.

Histological examination of bone

Rat femurs were dissected out, fixed in 10%
neutral buffered formaldehyde for 2 days and
decalcified in EDTA solution during 4 weeks
(Hermizi et al., 2007). The decalcified specimens
were dehydrated and processed to form paraffin
blocks. Serial transverse and longitudinal sec-
tions (5 pm thick) from the diaphysis and metaph-
ysis of femurs were prepared and stained by hae-
matoxylin and eosin (H&E) and Masson trichrome
stainings (Bancroft, 1994). All sections were ex-
amined using light microscope.

Morphometric analysis

The morphometric parameters were measured
in transverse and longitudinal sections according
to the report by the American Society for Bone

250

and Mineral Research Committee (Parfitt et al.,
1987). Cortical bone thickness or width (um)
were determined at five levels (0.5mm apart),
starting 0.2 mm below the lowest point of the
growth plate (Surve et al., 2001) and number of
osteoclasts /10 HPF. All parameters were meas-
ured in 10 fields/ slide from 5 slides for each rat
by the image analyzer (Leica Q 500 MC pro-
gram) in the Histology Department, Faculty of
Medicine, El Azhar University.

Statistical analysis

The chi-square and One-way analysis of vari-
ance (ANOVA) tests were used to evaluate sta-
tistically the results obtained from all groups. Dif-
ferences among groups were considered signifi-
cant when P value < 0.05.

RESULTS

Body weight changes

Rats of Cd-treated and OVX+Cd-treated groups
showed significant loss of body weight when
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Fig. 1. Effects of cadmium chloride and ginger on body weight of adult albino rats in non-operated subgroups.
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Fig. 2. Effects of cadmium chloride and ginger on body weight of adult albino rats in operated subgroups.
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compared with other studied groups. All rats of
operating group (Il) showed weight loss during
the 1% post-operative week. Sham-operated con-
trol group showed weight gain starting from the
second week until the end of the 8" week of the
experiment, whereas the OVX-non-treated,
OVX+Cd+G-treated and OVX+G-treated groups
showed weight loss during the 2" week, followed
by weight gain until the end of the experiment
(Figs. 1 and 2).

Histology

Control and Sham-operated control groups (Figs.
3-5): Examination of femur metaphysis sections
in control and S-O control groups showed an out-
er periosteum, shell of cortical (compact) bone
and inner cancellous bone. The inner cancellous
bone consisted of a network of bony trabeculae
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Fig. 3. Longitudinal section of the femur metaphysis of
the control group showed normal bone architecture:
compact bone (CB), trabecular bone (TB), periosteum
(P), marrow cavities (M) and blood vessel (BV). H&E
staining. x 100.

Fig. 5. Longitudinal section of femur diaphysis compact
bone of the control group showed normal collagen fiber
staining of bone lamellae. Masson’s trichrome stain. x
400.

separated by interconnecting spaces containing
bone marrow. The bone marrow was formed of
hematopoietic tissue and scattered adipocytes.
The bone trabeculae consisted of irregular bone
lamellae and osteocytes within their lacunae in
between bone lamellae. The endosteal surface of
trabeculae was lined by osteoprogenitor cells,
osteoblasts and osteoclasts in Howship’s lacu-
nae. Femur diaphysis sections revealed an outer
periosteum, shell of cortical bone, endosteum and
bone marrow. The periosteum was composed of
a thick outer fibrous layer and inner osteogenic
layer. The endosteal surface of the cortical bone
appeared smooth and lined with osteoprogenitor
cells and osteoblasts. The cortical bone was
formed of compact bone consisting of outer, in-
ner, and interstitial bone lamellae containing oste-
ocytes inside their lacunae with densely stained

oval nuclei. The cortical bone showed sub-
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Fig. 4. Cross section of femur diaphysis compact bone
of the control group showed osteocytes inside their
lacunae (OCY), osteoproginator cells (OP) and distinct
bone deposition lines (arrows). H&E staining. x 1000.

CD TREATED

Fig. 6. Longitudinal section of femur metaphysis can-
cellous bone of Cd-treated group showed widely sepa-
rated bone trabeculae (TB) and areas of bone erosion
(1). H&E staining. x 400.
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periosteal bone deposition appearing as a distinct
dark line demarcating the border between newly
added bone matrix and the older bone. Masson’s
trichrome stained metaphysis and diaphysis sec-
tions showed collagen fibers stained homoge-
nously with light green.

Cadmium-treated group (Figs. 6-8): Femur met-
aphysis sections in Cd-treated rats revealed loss
of normal architectures of trabecular bone, sur-
face erosion and irregularities, widening of bone
marrow spaces and increased inter-trabecular
distances. Trabecular bone showed bone resorp-
tion, cavitation with the presence of osteoclasts
inside bone cavities. The number, size, and den-
sity of trabeculae decreased with the appearance
of widely separated bony spicules compared to
control and sham-operated control groups. Fe-
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Fig. 7. Longitudinal section of femur diaphysis com-
pact bone of Cd-treated group showed bone resorp-
tion, osteoclast cells (OCT) located in an area of bone
resorption (1), osteoproginator cell (OP) and osteocyte
inside its lacuna (OCY). H&E staining. x 1000.
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Fig. 9. Cross section of femur diaphysis compact bone
of Cd +G-treated group showed smooth periosteal
surface (arrowhead) and small area of bone resorption
(arrow) surrounded with dark lines of bone deposition.
H&E staining. x 400.

mur diaphysis, compact bone sections revealed
resorption, cavitation erosion and irregularities in
the endosteal and periosteal surfaces of the corti-
cal bone, few distinct lines of sub-periosteal bone
deposition. Also decreased collagen fibers stain-
ing intensity (Masson’s trichrome stained) was
observed compared to control and sham-
operated control groups.

Cadmium- and ginger-treated group (Figs. 9-11):
Femur metaphysis sections in Cd+G-treated
group revealed normal trabecular bone architec-
tures and density. Few sites of bone resorption
observed in the trabecular bone surrounded by
areas of bone deposition by the presence of oste-
oclasts and osteoblasts on the site of bone cavi-
ties. Femur diaphysis sections revealed less re-
sorption and cavitation of compact bone, with the
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Fig. 8. Cross section of femur diaphysis compact bone
of Cd-treated group showed areas of bone resorption
and decreased collagen fiber staining of bone lamel-
lae. Masson’s trichrome staining. x 400.
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Fig. 10. Cross section of femur diaphysis compact
bone of Cd +G-treated group showed osteoclast cell
(OCT) inside a small area of bone resorption (arrow)
surrounded with dark lines of bone deposition and
osteocyte cells inside their lacunae (OCY). H&E stain-
ing. x 1000.
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presence of distinct lines of sub-periosteal bone
deposition compared to Cd-treated group. The
periosteal and endosteal surfaces appeared
smooth with few sites of erosion, which lined with
osteoprogenitor cells and osteoblasts with few
numbers of osteoclasts. Masson's trichrome
stained showed normal collagen fibers staining
intensity with the appearance of decreased stain-
ing intensity in sites near resorption areas com-
pared to control, sham-operated control and other
treated groups.

Ginger-treated group (Figs. 12-14): Femur diaph-
ysis and metaphysis sections of ginger-treated
group resembled those of the control and sham-
operated control groups.

Ovariectomized non-treated group (Figs. 15-17):
Femur metaphysis and diaphysis sections in OVX
-non-treated rats revealed loss of normal trabecu-

Fig. 11. Longitudinal section of femur dlaphysis com-
pact bone of Cd+G-treated group showed decreased
collagen fiber staining of bone lamellae. Masson’s
trichrome staining. x 400.
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Fig. 13. Cross section of femur diaphysis compact
bone of G-treated group showed osteoproginator cells
on the periosteal surface (OP), dark lines of bone dep-
osition (short arrows) and scattered osteocytes(OCY).
H&E staining. x 1000.

lar architecture, increased inter-trabecular dis-
tances, surface erosion and irregularities, widen-
ing of bone marrow spaces, trabecular and com-
pact bone resorption and cavitation with the pres-
ence of osteoclasts inside the sites of bone cavi-
ties, decreased bone density and collagen fiber
staining intensity compared to control and sham-
operated control groups.

Ovariectomized cadmium-chloride-treated group
(Figs. 18-21): metaphysis and diaphysis sections
in OVX+Cd-treated rats revealed marked trabec-
ular, compact bone resorption, cavitation with the
presence of osteoclasts inside bone cavities, loss
of normal architectures of trabecular bone,
marked widening of bone marrow spaces,
marked increase in inter-trabecular distances,
erosion and irregularities in the endosteal, perios-
teal surfaces and decreased sub-periosteal bone
deposition compared to control, sham-operated,

Fig. 12. Cross section of femur metaphysis of G-
treated group showed compact bone (CB), normal
architecture of trabecular bone (TB), marrow cavities
(M) and smooth periosteal surface (P). H&E staining. x
100.

G TREATED

Fig. 14. Longitudinal section of femur diaphysis com-
pact bone of G-treated group showed normal collagen
fiber staining of bone lamellae. Masson’s trichrome
staining. x 400.
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cellous bone of ovariectomized non-treated group
showed widely separated bone trabeculae (Tb), areas
of trabecular erosion (arrow head), faintly stained are-
as of bone matrix (arrows) and wide marrow spaces
(M).H&E staining. x 100.
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Fig. 17. Longitudinal section of femur diaphysis com-
pact bone of ovariectomized non-treated group
showed bone resorption and decreased collagen fiber
staining of bone lamellae. Masson’s trichrome staining.
x 400.
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Fig. 19. Longitudinal section of femur metaphysis tra-
becular bone of ovariectomized Cd-treated group
showed osteoblast (OB), osteoproginator (OP) and
osteoclast cells (OCT) housed in the resorption area.
H&E staining. x 1000.

Fig. 16.- Cross section of femur diaphysis compact
bone of ovariectomized non-treated group showed
osteocyte (OCY), osteoproginator cell (OP), osteoblast
(OB), osteoclast cell (OCT) located in an area of bone
resorption. H&E staining. x 1000.
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Fig. 18. Longitudinal section of femur metaphysis can-
cellous bone of ovariectomized Cd-treated group
showed faintly stained bone trabeculae (arrows) that
appeared as widely separated bony ossicles in wid-
ened bone marrow spaces and increased marrow adi-
pocytes (A). H&E staining. x 400.

Fig. 20. Longitudinal section of femur diaphysis com-
pact bone of ovariectomized Cd-treated group showed
decreased collagen fiber staining of bone lamellae and
areas of bone resorption. Masson’s trichrome staining.
x 400.
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Fig. 22. Longitudinal section on femur metaphysis of
ovariectomized Cd +G-treated group showed compact
bone (CB), trabecular bone (TB), marrow cavities (M)
and the dark line of bone deposition (arrow). H&E

Fig. 21. Longitudinal section of femur metaphysis can-
cellous bone of ovariectomized Cd-treated group
showed areas of bone resorption and decreased colla-
gen fiber staining of bone lamellae. Masson'’s trichrome

staining. x 400.
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Fig. 23. Longitudinal section of femur metaphysis
compact bone of ovariectomized Cd +G-treated group
showed an area of bone resorption with osteoclast cell
inside (OCT) and osteoblast cells around (OB), scat-
tered osteocytes (OCY) and dark lines of bone deposi-
tion (arrows).H&E staining. x 400.
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Fig. 25. Cross section of femur diaphysis compact
bone of ovariectomized Cd + G-treated group showed
an area normally stained and areas of decreased colla-
gen fiber of bone lamellae and endosteal surface ero-
sion. Masson’s trichrome staining. x 400.

staining. x 100.
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Fig. 24. Cross section of femur diaphysis compact
bone of ovariectomized Cd +G-treated group showed
an area of bone resorption with osteoclast cell inside
(OCT), osteoproginators (OP) and osteoblast (OB)
and scattered osteocytes (OCY). H&E staining. X
1000.
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Fig. 26. Cross section of femur diaphysis compact
bone of ovariectomized G-treated group showed
smooth periosteal surface (P), normal compact bone
matrix (CB) and scattered osteocytes (OCY). H&E
staining. x 400.
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Cd-treated, Cd+g-treated, and OVX-non-treated
groups. There was a decreased number, size and
density of trabeculae, with the appearance of is-
lands of bony spicules inside wide bone marrow
spaces. Masson’s trichrome-stained showed de-
creased collagen fibers staining intensity with
alteration in staining pattern in some areas com-
pared to other groups.

Ovariectomized cadmium-chloride- + ginger-
treated group (Figs. 22-25): Femur metaphysis
sections in OVX+Cd +G-treated group revealed
normal trabecular bone architectures and density.
Few sites of bone resorption were observed in
the trabecular bone surrounded by areas of bone
deposition by the presence of osteoclasts and
osteoblasts on the site of bone cavities. Femur
diaphysis sections revealed less resorption and
cavitation of compact bone, with the presence of
distinct lines of sub-periosteal bone deposition
compared to Cd-treated and OVX+Cd-groups.
The periosteal and endosteal surfaces appeared

'MJ-G TREATED
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Fig. 27. Longitudinal section of femur metaphysis can-
cellous bone of ovariectomized G-treated group
showed normal architecture of trabecular bone (TB),
marrow cavities (M) and dark lines of bone deposition
(arrow). H&E staining. x 400.
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Fig. 28.- Cross section of femur metaphysis cancel-
lous bone of ovariectomized G-treated group showed
marrow spaces (M) between bone trabeculae and
scattered osteocytes (OCY).H&E staining. x 1000.

smooth with few sites of erosion, lined with oste-
oprogenitor cells and osteoblasts with the pres-
ence of fewer numbers of osteoclasts. Masson’s
trichrome-stained showed decreased collagen
fibers staining intensity compared to control,
sham-operated control, OVX-non-treated, Cd-
treated and ginger-treated.

Ovariectomized ginger-treated group (Figs. 26-
29): Femur diaphysis and metaphysis sections of
the OVX+G-treated group were near those of the
control group.

Morphometry

Table 1 showed that compact bone thickness
(CBT) was significantly decreased and the num-
ber of osteoclast cells was significantly increased
in Cd-, Cd+g-, OVX-non-treated, OVX+Cd-,

Table 1. Compact bone thickness (CBT) and number
of osteoclast cells (Oct No.) in femoral bones of the
different studied groups.

Oct No./10HPF

Group CBT (pm) MeantSD

Mean+SD
Control 658 + 31.6 2+0.2
Sham-operated 650 + 47.02 3+0.43
control
Cd-treated 302+ 29.69 P 14+0.33 *P
Cd+G-treated 444.4 + 26.3>P° 840,52 D¢
G-treated 630 + 12.41 3+0.39
OVX-nontreated 365.56 + 26.0 *° 13+0.72 &P
OVX+Cd-treated 170+ 41.5 P ¢df 17+0.2 2 >-cdT
OVX+Cd+G-treated 287.5+20.2%>%¢" 13+0.6%0¢"
OVX+G-treated 476+ 26.92 "¢ 7+0.36 > ¢

ANOVA test: a) P<0.001 as compared to control and sham-operated
control groups; b) P<0.001 as compared to G-treated group; c)
P<0.001 as compared to Cd-treated group; d) P<0.001 as compared to
OVX-non-treated group; €) P<0.001 as compared to OVX+Cd treated-
group; f) P<0.001 as compared to OVX+G-treated group.
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Fig. 29. Longitudinal section of femur diaphysis com-
pact bone of ovariectomized G-treated group showed
an area of bone resorption and normal collagen fiber
staining of bone lamellae. Masson'’s trichrome staining.
x 400.
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OVX+Cd+G- and OVX+G- treated groups com-
pared to the control, sham-operated control and
ginger-treated groups. OVX+Cd treated group
showed the lowest CBT value followed by
OVX+Cd+G-treated group. Number of osteocytes
was markedly increased in OVX+Cd-treated
group compared to other groups.

DISCUSSION

The present study revealed a significant de-
crease in body weight in Cd-treated and OVX+Cd
-treated groups compared to other studied
groups. These agreed with another study which
reported that cadmium chloride produced a signif-
icant decrease in body weight in rats of Cd-
treated group compared with the other groups
(Gaurav et al., 2010), whereas another study re-
ported that a single intra-peritoneal administration
of Cadmium chloride had no significant effect on
the body weight (Martiniakova et al., 2011).

Cadmium is a risk factor for the development of
osteoporosis even at low doses by altering miner-
al metabolism before the occurrence of kidney
lesions (Noélet al., 2004). A single intra-
peritoneal administration of cadmium chloride
induced significant bone osteoporotic changes
(Martiniakova et al., 2011). Changes in bone os-
teopenia, osteoporosis, and osteomalacia, with
increased bone fragility and pathological fractures
in humans and experimental animals, were no-
ticed as a result of exposure to Cd
(Bhattacharyya, 2009; Brzoska et al., 2010). This
agreed with the results of Cd-treated group in this
study, which revealed compact and trabecular
bone resorption, surface erosion, decreased
bone deposition, loss of normal trabecular archi-
tecture, wide bone marrow spaces, increased
inter-trabecular distances, decreased collagen
fiber staining intensity, decreased compact bone
thickness (CBT), and increased the number of
osteoclast cells compared to control. These find-
ings are considered osteoporotic changes and
micro-architectural deterioration of bone struc-
ture.

Decreasing concentration of both Ca and Zn in
the femur of rats after a single injection of cadmi-
um chloride was reported (Bonner et al., 1981).
Ovariectomized rats showed a reduction in corti-
cal bone thickness and intra-cortical resorption
cavities (Weber et al., 2004). Ovariectomy in rats
resulted in an impaired calcium balance and sig-
nificant hypocalcaemia. Calcium metabolism
plays a significant role in bone turnover in post-
menopausal osteoporosis, as deficiency of calci-
um leads to impair bone deposition (Mattix et al.,
2003). Estrogen deficiency caused acceleration
of bone remodeling where osteoclastic bone re-
sorption outpaced the anabolic activity of osteo-

blasts (Goss et al., 2004; Grassi et al., 2006; Or-
lice et al., 2007). The distal femur metaphysis of
OVX-non-treated rats revealed significant de-
crease in the mean trabecular bone volume,
causing widening of the bone marrow spaces
and increased inter-trabecular distances. Moreo-
ver, loss of normal architecture thinned some
trabeculae, which appeared as islands of widely
separated specules (Kostandy, 2011). There was
evidence that there is a biochemical link between
increased oxidative stress and reduced bone
density in postmenopausal women (Maggio et
al., 2003). Reactive oxygen species (ROS) were
considered to be responsible for the aging pro-
cess and osteoporosis (Isomura et al., 2004).
Loss of estrogens also accelerates the effects of
aging on bone by decreasing defense mecha-
nisms against oxidative stress. Both aging and
loss of sex steroids has adverse effects on skele-
tal homeostasis (Almeida et al., 2007). This
agreed with and explained the results of the OVX
-non-treated group in this study, which showed
osteoporotic changes in femur diaphysis and
metaphysis, decreased CBT and increased the
number of osteoclast cells in overctomised
groups compared to control and sham-operated
control.

Bone strength, bio-mechanic parameters and
bone histology were more affected after Cadmi-
um exposures in osteoporotic than normal rats
(Comelekoglu et al., 2007). This agreed with the
results of this study, which revealed thatovariec-
tomized Cd treated group showed marked osteo-
porotic changes in compact and trabecular bones
with decreased bone formation and CBT and in-
creased osteoclasts compared to control, sham-
operated control and OVX-non-treated groups.

Bone strength depends on bone mineral densi-
ty (BMD) and bone quality (Ferretti et al., 2001).
Stiffness, strain, stress, and toughness were also
important biomechanical parameters for bone
strength. The mineral component confers
strength and stiffness to the tissues. Stress,
strain and toughness contribute to bone collagen
integrity (Burr, 2002). Cd influences collagen
content and its solubility in the femoral bone of 3-
week-old female rats (Galicka et al., 2004). Bone
stress, strain and toughness were reduced in the
OVX+Cd group. This may be related to defor-
mation of collagen integrity (Orlic et al., 2007).
This was in agreement with present study which
revealed that collagen fiber staining was de-
creased in Cd- and OVX+Cd- groups. However,
this reduction was more in the OVX+Cd-group
than in the Cd-group.

Cadmium + ginger-treated, group in the present
study revealed less compact and trabecular bone
resorption few sites of erosion, with the presence
of fewer numbers of osteoclasts and more bone
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formation compared to Cd-treated, OVX-non-
treated and OVX+ Cd-treated groups. CBT was
increased and the number of osteoclast cells
was, decrease compared to Cd treated, OVX-non
-treated and OVX+ Cd-treated groups.
OVX+Cd+G-treated group, revealed less osteo-
porotic changes with more bone formation than
OVX+Cd-treated, group. So ginger administra-
tions caused improvements in bone microarchi-
tectures and structure, and decreased the osteo-
porotic changes in femur diaphysis and metaphy-
sis caused by cadmium chloride and bilateral
ovariectomy in our study.

Long-term exposure to cadmium leads to an
increase in lipid peroxidation and inhibition of su-
peroxide dismutase (SOD) activity, showing oxi-
dative damage in different body tissues (El-
Missiry and Shalaby, 2000). The increase in lipid
peroxidation may be attributed to alterations in
the antioxidant defense system (AOS). This de-
fense system includes the enzymes, glutathione
peroxidase (GPx) and SOD, which normally pro-
tect against free radical toxicity (Rana and Ver-
ma, 1996). It was known that chelators and anti-
oxidants protect against potentially damaging
effects of reactive oxygen and lipid peroxides
(Gupta et al., 2005).

Ginger has been listed in "Generally Recog-
nized as Safe" (GRAS) document of the US FDA
(Langner et al., 1998). Ginger was known as
strong antioxidant having a strong antioxidant
defense mechanism against toxicity and lethality
of radiation (Jagetia et al., 2003; Haksar et al.,
2006). Its antioxidant activity might be due to pol-
yphenol compounds (6-gingerol and shogaols)
from its roots (Stoilva et al., 2007). Ginger also
contains acid resins, vitamin C compounds, gin-
gerol, vitamins B3 and B6, volatile oils, and bio-
trace which play important roles in bone for-
mation (Srivastava and Mustafa, 1992). It was
reported that ginger had both prophylactic and
therapeutic Cd de-toxicities effects, and ginger
therapy was more effective as more Cd intake
was avoided (Egwurugwu et al., 2007). So one
mechanism that may explain the improvement in
bone structure in the Cd+g-treated group in this
study was the antioxidant effect of ginger, as well
as its bone protection against oxidative damage
induced by cadmium.

Many authors suggested that Cd caused osteo-
porosis through alteration of several essential
metal metabolism involved in the formation of
bone matrix and mineralization, and acted as co-
factor for specific bone enzymes besides its ef-
fect on calcium metabolism. The most strikingly
decreased metals were iron, zinc, copper, and
magnesium, which contributed to collagen matu-
ration (Brzoska and Monuszko 2001; Medeiros et
al., 2002).

Concerning the ginger-treated group in the pre-
sent study, the histological and morphometric
examinations of compact and trabecular bones
showed a normal bone architecture and struc-
ture, resembling those of the control and sham-
operated control group. Also OVX+G-treated
group showed improvement in the collagen fiber
staining intensity compared to OVX-non-treated
group. Estrogen exerts beneficial actions through
suppression of reactive oxygen species (ROS).
ROS stimulate osteoclasts, thus, estrogen might
prevent bone loss by enhancing oxidant defens-
es in bone. Estrogen deficiency after ovariectomy
caused bone loss by lowering thiol antioxidants in
osteoclasts, thus promoting osteoclastic bone
resorption (Lean et al.,, 2003). Recently, it was
observed that other antioxidants such as a-lipoic
acid (ALA) improved the imbalance between os-
teoclastic bone resorption and osteoplastic bone
formation and ameliorated the osteoporotic
changes that accompanied ovariectomy
(Kostandy, 2011). As far as the results of the pre-
sent study are concerned, cadmium chloride is
toxic to bone and causes osteoporotic changes,
which were more marked and exaggerated in
bilateral ovariectomized rats. Ginger ameliorated
the osteoporotic effect of bilateral ovariectomy
and cadmium chloride through its composition
and strong antioxidant properties.

So we concluded that Cadmium chloride expo-
sure is a risk factor of osteoporosis especially in
postmenopausal women. Ginger represents a
promising therapeutic option for the prevention
and treatment of postmenopausal osteoporosis.
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