
 
 
 
 

 

1 

Zagazig Veterinary Journal, ©Faculty of Veterinary Medicine, 

Zagazig University, 44511, Egypt. 

Volume 48, Number 1, p. 1-11, March, 2020 

DOI: 10.21608/zvjz.2019.13746.1049  

 

 

 

 

 

 

 

* Corresponding author e-mail: (reham_attar2013@yahoo.com), Pharmacology Department, 

Zagazig University. Zagazig, Egypt. 

 

RESEARCH ARTICLE 

Corticosteroid-Induced Osteoporosis and Osteonecrosis: The Role of Oxidative Stress 

Reham H. Alattar
1*

, Abdel Alim F. Abdel Alim
2
, Sabry M.A. Abdelmetal

2
 and 

Sayed A. Abdel Aziz
2
 

1
Zagazig University student's Hospital, Zagazig University, Egypt 

2
Pharmacology Department, Faculty of Veterinary Medicine, Zagazig University, Zagazig, 

Egypt, 44511 
 

Article History: Received: 22/06/2019    Received in revised form: 18/07/2019      Accepted: 23/07 /2019 

Abstract 

Glucocorticoids (GCs) are mainly used in different chemotherapeutic protocols and play a major 
 role in the normal tuning of bone remodeling. But, the use of GCs for long time associated 
oxidative injury have a crucial role in the development of osteoporosis (OP), osteonecrosis (ON) 
and apoptosis. This study intended to investigate the effects of ginseng as a natural, novel free 
radical scavenger that may help in alleviating the osteoporetic changes. Forty mature male New 
Zealand white rabbits were divided equally into control (C), steroid-administered (S) and 
ginseng-administered (G) and group of steroid with ginseng (S+ G). Two separate experiments 
were conducted, one for acute model receiving 20 mg/kg.BW injected in upper gluteal muscle 
once for one week and ginseng orally daily by dose 14 mg/kg.BW. The second (chronic model) 
where animals received 4 mg/kg.BW injection in upper gluteal muscle once weekly for six 
weeks and ginseng orally daily by dose 14 mg/kg.bw for six weeks. Oxidant (MDA)/antioxidant 
(GSH) status was determined in steroid-induced OP & ON in an acute and chronic model. The 
presence or absence of ON, OP and intravascular thrombi were examined histopathologically 
and immunohistochemically using calcitonin, caspase 3 and nuclear factor kappa–B cells (NF- 
κB) markers.. The biochemical study revealed a significant increase in the plasma GSH level and 
significant decrease in the MDA with the use of ginseng compared with steroid groups in acute 
and chronic experiment. The (G+S) treated group maintained their morphology compared to 
corticosteroid treated group, which showed marked osteoporotic changes. In conclusion, 
ginseng, as a natural, free radical scavenger could significantly suppress the development of 
osteoporetic changes.   
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Introduction 

Glucocorticoids (GC) either natural or 
synthetic remain at the spearhead of 
immunosuppressive and anti- inflammatory 
therapies. They are excessively used to treat 
both chronic and acute inflammations. 
Including multiple sclerosis, inflammatory 
bowel disease, rheumatoid arthritis, psoriasis 
as well as being used in treatment of certain 
leukemia's and in immunosuppressive regimes 
following organ transplant [1]. However, the 
use of oral glucocorticoids for long time is 
conjoined with serious side effects embracing 
osteoporosis. Dexamethasone (Dex), as an 

example for synthetic GC hormone, may 
inhibit the synthesis of both collagen and 
fibronectin, it also stimulates collagenase 
synthesis [2]. GCs encourage apoptosis in both 
bone and cartilage, leading to excessive or 
premature loss of osteoblast precursors, 
osteocytes, and articular and growth plate 
chondrocytes [3]. The way of GC inducing 
apoptotic cell death is not clear until now. In 
addition, in adult mice the use of prednisone 
increases the rate of apoptosis in both 
osteocytes and osteoblasts [4]. Gohel et al. [5] 
demonstrated that using corticosterone in rats 
leads to apoptosis. 
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Protracted usage may lead to metabolic 
diseases and increased risk of cardiovascular 
diseases, the consensus is that acute toxicity 
with large dose of corticosteroids could be laid 
to oxidative stress [6]. Since a long time, 
ginseng (Panax ginseng Meyer) has been 
considered as the most important herbal 
medicine traditionally in East Asia. These 
days, ginseng is one of the extensively used 
botanical products all over the world [7]. It 
also has anticancer, antioxidant, 
antiadipogenic and antidiabetic, activities [8]. 
Some studies have reported that ginseng has 
antiosteoporotic activity [9]. Ginseng and its 
extracts have different pharmacological 
activities, which help in treatment of different 
human diseases, such as cardiovascular 
diseases, wounds, hypertension, cerebral 
ischemia, liver regeneration, diabetes mellitus, 
rheumatoid arthritis and antiangiogenesis [10]. 
The aim of this study was to investigate the 
oxidative stress role in the pathogenesis of 
corticosteroid-induced osteonecrosis (ON) and 
osteoporosis (OP) using rabbits as an 
experimental animal model and studying the 
possibility of using a natural antioxidant, 
ginseng, as a novel free radical scavenger to 
help in the management of OP and ON. 

Materials and Methods 

Chemicals 

Depo-Medrol® (Methylprednisolone 
acetate suspension; 40 mg/ml) for injection 
(Pfizer: Pharmaceutical, Shanghai, China). 
Ginseng (Gensana capsule that commercially 
known as; panax ginseng) is an extract of roots 
of the genuine (100 mg), was obtained from 
EIPICO (Egyptian International 
Pharmaceutical Industries Company. A.R.E).  
Animals and experimental design 

Two separate experiments were 
conducted, one for acute model and the second 
for chronic model. Forty adult white male New 
Zealand rabbits of 2-3 months old and 
weighing about 1.5-2 kg were used (n=20) for  
each experiment. In each model experiment 
animals were divided into four equal groups, 
(n=5) and were kept in separate disinfected 
metal cages in a well-ventilated, well lighted 
and disinfected room. Rabbits received 
commercial pelleted ration with clean water 
ad-libitum, and were under observation all 

over the period of experiments. For both 
experiments; Group (C) referred to control 
group where rabbits were kept without any 
medications. For the acute experiment, the 
duration was only one week. Group (S): 
(Steroid group) were injected intramuscularly 
once into the right gluteal muscle with 20 
mg/Kg. BW of methyl prednisolone. Ginseng 
was given daily, orally (200 mg/kg BW 
(human dose)) [11], which was converted to 
rabbit dose according to Paget and Barned to 
(14 mg/kg BW) [12]. Group (S+G): (Steroid 
with Ginseng group) were treated with both 
methylprednisolone once a week and Ginseng 
given orally, daily. Group (G): (Ginseng 
group) rabbits in this group were given 
Ginseng alone orally once daily. In the chronic 
experiment; the duration extended for a period 
of 6 weeks. The steroidal drug was given I.M. 
only once per week in a dose of 4 mg/kg. 
Ginseng was given orally daily for the period 
of 6 weeks (14 mg/kg BW). Group (S): 
(Steroid group) were injected intramuscularly 
once weekly into the right gluteal muscle with 
4 mg/Kg. BW of methyl prednisolone. Group 
(S+G): (Steroid with Ginseng group) were 
treated with both methylprednisolone once a 
week and Ginseng given orally, daily for 6 
successive weeks. Group (G): (Ginseng Only 
group) were given Ginseng alone orally for 6 
weeks. The experimental procedures were 
conducted according to the guidelines of 
Institutional Animal Care and Use Committee 
of Zagazig University (ZU-IACUC) under the 
approval number of ZU-IACUC/2/F/88/2018 

Biochemical examination 

Under general anesthesia with sodium 
pentobarbital, Virbac, blood samples were 
drawn from the ear vein 3, 5, 7 days after 
steroid administration in the acute experiment. 
In the chronic experiment, blood samples were 
drawn after six weeks.  For examination of two 
important oxidative stress markers, reduce 
glutathione (GSH) that was determined 
according to Beutler et al. [13] and 
malondialdehyde MDA concentration was 
determined according to the method described 
by Ohkawa et al. [14]. 

Histopathological examination  

Tissue specimens were collected from 
femur shaft and fixed in 10% buffered neutral 
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formalin and decalcified. Paraffin sections of 5 
micron thick were prepared and stained with 
hematoxylin and eosin stain [15] and 
examined microscopically.  

Immunohistochemical study 

The standard immunohistochemical 
methods were adopted [16], the tissue sections 
were routinely microwave-treated to 
unmistaken the epitopes of antigen [17]. The 
demonstration of antigen in tissues by 
immunostaining is a two-step process. The 
first step is binding of the primary antibody to 
the related antigen       the used primary 
antibody for calcitonine is rabbit polyclonal 
anticalcitonine antibody Ab11042, The 
primary antibody for caspase3 is anticaspase3 
antibody AAb4051, and the primary antibody 
for NF- KB is rabbit monoclonal{E379} 
antiNF-KB65 antibody {Ab32536}, Abcam, 
Cambridge CB40FL,UK, followed by 
visualization of this reaction by a secondary or 
link antibody to which they are attached to 
different enzyme systems, collectively known 
as the universal. The primary antibody 
determines the specificity of the reaction; 
whereas, the secondary antibody, with its 
linked enzyme, causes amplification of the 
reaction, hence, increases the sensitivity of the 
test. The Biotin-Streptavidin (BSA) system 
was used to visualize the markers [18]. 
Diaminobenzidine (DAB) was used as 
chromogen since it allows a permanent 
preparation. Hematoxylin counterstain was 
done for detection of examined calcitonin 
marker, Caspase 3 marker and (NF- ΚB) 
marker 

Statistical analysis  

Statistical analysis was carried out by 
SPSS 16 (SPSS, Chicago, III) program for 
windows. Data are expressed as mean ± SD. In 

the acute model, the effect of 
methylprednisolone (20 mg/kg) and/or 
supplemented with ginseng on level of MDA 
and GSH  for 3, 5 & 7 days was tested by two 
way repeated measure ANOVA (P value < 
0.01). The differences between means were 
determined by Duncan’s Multiple Range Test. 
In the chronic experiment, the data were 
analyzed by One Way ANOVA, the 
differences between means were determined 
by Duncan’s Multiple Range Test and the 
differences were considered significant at 
P<0.01.  

Results 

Biochemical Findings  

In the acute model, the steroid exposed 
rabbits at group (S) showed non-significant 
changes at their oxidant and antioxidant status 
at 3

rd
 day post treatments when compared by 

control group, but they showed a significant 
increase in serum MDA with significant 
decrease in GSH at the 5

th
 and 7

th
 days (Table 

1). These changes reached the peak at the day 
7

th
 after dosing. Rabbits of group (G+ S) 

showed significant improvement but not reach 
the normal values at the control group. Control 
group and ginseng showed no oxidative stress. 
However, in the chronic experiment steroid 
exposed rabbits at group (S) showed 
significant increase in serum MDA 
(20.28±1.44) and significant decrease in serum 
GSH (0.69 ±0.03) when compared with 
control group (11.26 ±0.57) and (1.22 ±0.03) 
respectively. In-group (S+G) showed 
significant decrease in MDA level (15.5 
±2.37) when compared by control but not 
reach the normal value and GSH level showed 
slightly improvement (0.95±0.03), group (G) 
showed no oxidative status.  

 

Table (1): Effect of methylprednisolone (20 mg/kg) and/or ginseng on oxidative stress (Malondialdehyde, 

MDA) and antioxidant (Reduced glutathione, GSH) in rabbits (acute trial) 

Different letters in the same column indicate significant changes (P <0.01). (S+G): Steroid + Ginseng group                 

Groups 

3
rd

 day 5
th

 day 7
th

 day 

MDA 

(nmol/ml) 

GSH 

(mmol/L) 

MDA 

(nmol/ml) 

GSH 

(mmol/L) 

MDA 

(nmol/ml) 

GSH 

(mmol/L) 

Control  11.32±1.3
d
 1.23±0.031

e
 10.826±0.97

d
 1.36±0.04

e
 11.21±0.48

d
 1.336±0.08

e
 

Steroid 24.53±6.76
b
 0.71±0.041

e
 39.775±1.72

a
 0.369±0.036

e
 40.01±1.81

a
 0.373±0.04

e
 

S + G 18±2.64
c
 0.973±0.05

e
 19.85±1.52

c
 0.578±0.066

e
 20.37±1.12

c
 0.57±0.06

e
 

Ginseng 10.98±1.62
d
 1.27±0.09

e
 11.1±1.192

d
 1.36±0.103

e
 11.37±0.94

d
 1.345±0.08

e
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Histopathological Findings 
In the acute experiment, group (S) showed 

osteodystrophic changes, dilatation of 
Haversian canals and early osteoporotic 
reactions, osteocytes apoptosis  and necrosis 
and matrix resorption, these changes have 
been significantly  improved in group (S+G) . 
Figure (1; A-H). 

 However, In the chronic experiment, 
group (S) showed sever marked osteoporotic 

lesions beside bone demineralization and 
increase the hyaluronic matrix, the bone 
marrow showed marked hypocellularity with 
apoptotic changes and these changes have 
been significantly  improved in group (S+G) 
as showed in Figure (1 ; I-T). 
Immunohistochemical  

Calcitonin, Caspase 3 and (NF- κB) were 
investigated in collected bone tissues of 
different rabbit groups under experimentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Histopathological effects of methylprednisolone and/or gensing in rabbits; Photomicrograph of bone 

tissue (femur) in acute treated rabbits: A and B; control group showing normal lameller structures and normal 

osteocytes (arrow head), normal haversion canals (open arrow) and apparently normal bone marrow (B), in steroid 

treated group (C, D)  increase activity of the osteoclasts (blue arrows) especially around the necrotic areas. Some 

sections showing multifocal osteoporotic lesions with bone rarefaction and cavities formation with reactive 

osteoclasts (blue arrows) at the affected areas, in steroid ginseng treated group (E&F) showing proliferative reaction, 

multifocal osteoperotic changes (curved arrows) with degenerated (open arrow) or necrotic osteocytes (star). Other 

sections showing early osteoporosis in different parts of the shaft with presence reactive osteoclasts (blue arrow) in 

addition to osteodystrophic changes (closed arrow). Ginseng group (G) showing healthy bony structures of the 

femur shaft with preserved nuclear and lacunar parts of the osteocytes (arrow heads), good lameller formation, 

normal canals and endo-osteocytic lining of the haversion canals (open arrows) beside apparently normal bone 

marrow (H). H&E X 400. Chronic experiment;(I:T) in control group (I &J) showing healthy lameller bony 

structures , osteocytes (arrow heads)  and haversion canals (open arrows), in steroid group(K,L,M and N) necrotic 

and osteoporotic changes with activation of the endosteal osteoblasts (blue arrows) and demineralization with 

increase in the hyaluoronic matrix which appeared deep bluish (red arrows). The bone marrow showing 

hypocellularity (yellow  stars)  with apoptotic changes (red arrow heads) in the hemopiotic series and dilated 

marrow sinusoids (closed arrows), steroid and ginseng group (O,P,Q and R) The intercortical marrow spaces  

showing moderately dilated sinusoids (yellow stars) with hypocellular marrow cells (red star) with presence of 

apoptotic hemopiotic cells specially  megakaryocytes  series (closed arrow).  Bone tissue of some sections showing  

osteonecrotic and osteoporotic changes with osteoclastic activity (blue arrow) and thinning of the bone trabeculae 

(brown arrow), ginseng group  (S &T) showing healthy lameller bone structures , osteocytes and haversion canals 

beside  apparently normal bone marrow sometime with active dilated sinusoids and capillaries.H&EX400. 
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Calcitonin  

In the group exposed to glucocorticoide 

(S) group in the acute experiment showed 

mild activated calcitonin with few bone 

marrow reactive cells Figure (2; Cand D). 

However, GC and ginseng (G+S), in both 

acute and chronic models; a few calcitonin 

positive cells with slightly resorbed bone 

matrix were observed Figure 2;Gand H, also 

(S) group in chronic showed many reactive 

calcitonin positive osteoclasts cells and a 

few positive osteoblasts (Figure 2; E and F). 

As in control and ginseng treated group 

revealed negative reactivity to the 

osteoclastic binding calcitonin showed in 

Figure (2; I and J). 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure .2: Detection of calcitonin in acute and chronic methylprednisolone of  and /or treatment with gensing in rabbits: 

Photomicrograph from shaft of long bone (femur) (A) and bone marrow (B) of normal control group showing, negative 

reactivity to the osteoclastic–binding calcitonin marker (A black arrows, B orange arrow). Shaft of long bone (femur) (C) 

and bone marrow (D) of steroid-treated rabbits(acute toxicity) showing mild osteoporotic changes, rimmed by some 

activated  positively stained osteoblasts and osteoclast- looking cells  for calcitonin The bone marrow shows  a few 

reactive cells (orange arrows), shaft of long bone (femur) (E) bone marrow (F) of steroid-treated rabbits (chronic toxicity) 

showing, many reactive calcitonin positive  osteoclasts cells and a few positive osteoblasts. The bone marrow shows mild 

to moderate hypocellularity with many reactive hemopiotic stem cell, immature and mature series, some of them showing 

reactive positive stainability to calcitonin, in particular megakaryocytes, lymphocytes, monocytes and plasma cells. (E 

black arrow and F orange  arrows), shaft of long bone (femur) (G)  and bone marrow (H), of steroid -ginseng treated 

rabbits showing a few calcitonin positive cells , located at the margin of a slightly dilated haversian canal , with a 

surrounding slightly resorbed bone matrix. The bone marrow shows some of the actively cellular marrow cells, mainly 

monocytes and lymphocytes, positively stained for calcitonin. (Orange arrow). shaft of long bone (femur) (I)  and bone 

marrow (J), of ginseing treated group showing negative reactivity to the osteoclastic –binding calcitonin marker( I black 

arrows and J orange arrow) X 400. 
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Apoptotic Marker Caspase 3 

Group (S+G) in acute experiment showed 
mild osteoporotic reactions and few apoptotic 
changes Figure (3; E and F). The chronic 
experiment showed moderate number of 
osteocytes and positive apoptotic signals 
Figure (3; G&H). While group (S) in acute 

experiment revealed moderately up regulation 
apoptotic changes (Figure 3-B), and in chronic 
experiment the osteoporotic reactions were 
severe (Figure 3-D). In control and ginseng 
groups, revealed normal structures free from 
the apoptotic marker caspase 3 ( Figure 3-A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Demonstration of casepase acute and chronic in methylprednisolone of and /or treatment with gensing in rabbits: 

Photomicrograph from shaft of long bone (femur) (A), showing apparently normal structures free from the apoptotic marker 

caspase 3 stainability. (B) shaft of long bone (femur) of steroid -treated rabbits (acute toxicity), showing apoptotic changes in 

a variable number of cells as seen by the positively stained osteocytes and bone marrow cells. (white arrows), long bone 

(femur)(C)  and bone marrow (D) of steroid -treated rabbits (chronic toxicity)  showing outstanding apoptotic caspase 3 

reactivity in many of the bone cells of the lamallae and marrow cells respectively. (Orange arrows), shaft of long bone 

(femur) (E) and bone marrow (F) OF Steroid-Ginseng treated group. (Acute toxicity) showing, a few apoptotic changes in the 

bone lamellae as seen by the apoptotic marker caspase 3. Similarly, the bone marrow appeared highly reactive, normal 

cellular with presence of a few apoptotic cells. (Black arrows), shaft of long bone (femur) (G) and bone marrow (H)of 

Steroid-Ginseng treated group. (Chronic – toxicity) showing, moderate number of the osteocytes of the lamellar bone with a 

positive apoptotic signals as demarcated by the apoptotic marker caspase 3. The bone marrow appears either mildly or 

moderately hypocellular with an increased number of apoptotic cells. (Orange arrows).in Ginseng treated group, Lesions in 

this group are comparable to the control free one with normal lamellar bone and the corresponding bone marrow with 

apparently normal structures free from  any  apoptotic marker caspase 3 stainability. X 400. 
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Nuclear Factor Kappa –Light-Chain –
Enhancer Of Activated B Cells (NF- κB) 

 In (S+G) treated group of acute 
experiment a few to moderate positive nuclear 
and cytoplasmic reactivates to the NF- κB 9 
(Figure 4; G-H). While in (S+ G) group of 
chronic experiment revealed large number of 
cells of both bone and bone marrow with 
positive nuclear and cytoplasmic reactivates to 

NF- κB (Figure 4; I-J). The (S) group in acute 
experiment revealed strong positive reactivates 
(Figure 4; C-D). While in chronic experiment 
bone tissue revealed very strong positive 
reactions of both bone and bone marrow 
(Figure 4; E-F). The control and ginseng 
groups revealed normal structures free from 
the pro-inflammatory marker NF- κB (Figure 
4; K-L). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: NF-κB  (acute and chronic) Photomicrograph from cortical bone of (femur) (A)  and bone marrow (B) of 

normal control rabbits showing apparently normal structures free from the pro-inflammatory bio-marker - NF-κB 

cytoplasmic and or nuclear  satiability. Photomicrograph from lamellar bone (C) and bone marrow (D) of steroid -

treated rabbits (acute toxicity) large number of cells showing positive nuclear and cytoplasmic reactivates to the pro-

inflammatory marker NF-κB(C, D yellow arrows). Positive osteoclasts are seen (C, blue circle and red arrows), 

Photomicrograph from lamellar and trabecular bone (E, F) and  bone marrow (E,F ) of steroid -treated rabbits 

(chronic  toxicity). large number of cells showing very positive nuclear and cytoplasmic reactivates to the pro-

inflammatory marker NF-κB (E, F lamellar and trabecular bone,  yellow arrows) and bone marrow cells (E, F red 

arrows). Photomicrograph from cortical bone (G) and  bone marrow (H) of steroid -ginseng treated rabbits (acute 

toxicity) showing few  to moderate  number of cells showing positive nuclear and cytoplasmic reactivates to the pro-

inflammatory marker NF-κB (G,H, yellow and red arrows). Photomicrograph from cortical bone (I) and bone 

marrow (J) of steroid -ginseng treated rabbits (chronic toxicity) large number of cells showing positive nuclear and 

cytoplasmic reactivates to the pro-inflammatory marker NF-κB (I,J, black, red and blue arrows). Photomicrograph 

from bone marrow (K,L) of ginseng- treated rabbits showing apparently normal structures free from the pro-

inflammatory bio-marker - NF-κB cytoplasmic and or nuclear  stain ability except for a few cells with non specific 

brownish reactivities ( red arrows).X 400. 
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Discussion 

 It is extremely intriguing to mention that 
corticosteroids associated oxidative stress have 
a very important role in the development of  
osteoporosis, osteonecrosis and apoptosis  [19] 
soon after administration of steroid ROS 
generation that make dysregulation of many 
physiological process [20] resulting in 
endothelial dysfunction and cardiovascular 
senescence [21]. Osteoporosis; rapid outset of 
fragility fractures and bone loss, is a frequent 
and severe complication of systemic 
glucocorticoid's therapy [22]. In the current 
study, a  significant inhibition  of   GSH with a 
marked elevation of MDA, in response to 
methylprednisolone given at a single dose of 
20 mg/kg and chronically administered for six 
weeks once a week  of methylprednisolone 
4mg/kg. In the acute experiment, group (S), 
which showed osteodystrophic changes, 
dilatation of Haversian canals and early 
osteoporotic reactions, osteocytes apoptosis  
and necrosis and matrix resorption, these 
changes have significantly  improved in group 
(S+G) . 

In Chronic experiment, group (S) showed 
sever marked osteoporotic lesions beside bone 
demineralization and increase the hyaluronic 
matrix, the bone marrow showed marked 
hypocellularity with apoptotic changes and 
these changes have significantly  improved in 
group (S+G). It has been found that 
corticosteroid therapy decreased the cellular 
antioxidant capacity by suppressing nuclear 
factor erythroid 2 - related factor 2 which 
regulates the antioxidant defense system by 
inducing expression of antioxidant response 
element-dependent genes [23]. In (S+G) group 
in acute toxicity showed a few to moderate 
positive nuclear and cytoplasmic reactivates to 
the NF- κB, while in chronic toxicity revealed 
large number of cells of both bone and bone 
marrow with positive nuclear and cytoplasmic 
reactivates to NF- κB. In (S) group in acute 
toxicity, revealed strong positive reactivates 
while in chronic toxicity revealed very strong 
positive reactivates of both bone and bone 
marrow. The control and ginseng groups 
revealed normal structures free from the pro-
inflammatory marker NF- κB. 

 

Glucocorticoid- mediated gene activation 
is obviously an essential component of the 
apoptotic pathway; the downstream steps are a 
matter of debate. In this process there are  two 
classical apoptotic pathways, Bcl-2 and 
caspases are involved [24]. This cell death is 
accompanied with mitochondrial 
depolarization, cleavage of nuclear chromatin, 
cytochrome C extraction and activation of 
caspase 9. Inhibitors of caspase activity 
blocked apoptotic cell death [25]. 

It is now hold that oxidants may be vital 
biochemical intermediates in the progression 
of many forms of apoptosis induced by 
different stimuli-oxidative stress induced 
apoptosis is a result of alterations of various 
metabolic pathways ending in the loss of ATP 
and calcium hemostasis, DNA damage and 
structural as well as functional modification of 
some proteins.  This kind of apoptosis involves 
of interplay of some genes such as Bcl2, p53 
and c-mye that regulate oxidative stress 
induced apoptosis [26]. In the current study, it 
has been unequivocally revealed that 
administration of methylprednisolone causes 
mild osteoporotic reactions and moderately up 
regulation apoptotic changes as seen by the 
apoptotic marker caspase 3. As well as the 
bone marrow appeared highly reactive with 
presence of apoptotic cells. The (S+G) group 
showed marked improvement.  

For six weeks (chronic) remarkable 
changes are seen  as the osteoporotic reaction 
were severe, denoted by the empty bone 
cavities and the thinner bone lamellae and the 
apoptotic caspase 3 reactivity and the (S+G) 
treated group showed marked improvement. 
Reactive oxygen or nitrogen species 
(ROS/RNS) can evoke cell death by necrosis 
or apoptosis through a mechanism that lead to 
or regulate apoptosis including caspase 
activation, receptor activation, Bcl-2 family 
proteins and mitochondrial dysfunction. 
Various protein kinases activities, including 
mitogen activated protein kinases; protein 
kinases B/C and inhibitor of 1- Kappa B 
kinases regulate the apoptotic program. In 
recent years, lipid derived mediators have 
protrude as potential intermediates in the 
pathway of apoptosis initiated by oxidants 
[27]. 
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Glucocorticoids have direct and indirect 
effects on bone remodeling. Bone loss results 
from increase in expression of receptor 
activation of nucleic factor-κβ ligand, which 
leads to increase in the number of bone 
resorbing osteoclasts. Osteocyte apoptosis 
induce oestolysis, which results in an early 
bone loss [28].  

Glucocorticoids induce passionate effects 
on bone cell function, replication, and 
differentiation. The steroids enhance bone 
resorption throw stimulation of 
osteoclastogenesis by increasing the 
expression of RANK ligand and decreasing the 
expression of its decay receptor- 
ostotoprotegerin. Glucocorticoids also 
encourage the expression of collagenase 3 by 
posttranscriptional mechanisms. The reduce in 
osteoblast number is secondary to a decrease 
in osteoblastic cell replication and 
differentiation, and an increase in the 
apoptosis of mature osteoblasts [29]. 

Glucocorticoids prolong the life of mature 
osteoclasts and decrease the bone remodeling 
throw depleting the population of osteoblast. 
This happened by a decrease in 
osteoblastogenesis and an increase in the 
apoptosis of mature osteocytes and osteoblasts 
[30]. Although the pathogenesis of 
osteonecrosis is not completely clear, various 
theories demonstrate the underlying 
mechanisms; increased pressure  in intra-
osseous, osteocytes fatty degeneration, fat 
embolism and extra-osseous arterial occlusion, 
coagulation abnormalities and hyperlipidemia 
[31]. Osteonecrosis is defined as a clinical 
disease characterized by death of osteocytes 
and the bone marrow, followed by necrotic 
tissues resorption and formation new osseous 
tissues but weaker leading to a progressive 
destruction of bone architecture, subchondral 
fracture and collapse of joints, which occur 
mostly at the femoral head [32]. 

Strikingly, in the current inquiry, it has 
been unequivocally revealed that 
corticosteroid- induced osteonecrosis and 
osteoporosis were significantly quelled in 
response to co-administration of the classical 
antioxidant; ginseng. It has been proved that, 
by raising the antioxidant enzymes activities 
and reducing excessive generation of ROS. 

Panax ginseng could adjust the imbalance of 
oxidation-reduction and blockss further injury 
on necrotic bone tissues, thus demonstrating a 
protective role on early steroid-induced 
osteonecrosis of rabbit femoral head [33].  

In summary, the ginseng can significantly 
decrease the incidence of osteoporosis and 
osteonecrosis and improve the apoptotic 
changes in the steroid-treated animal models 
as rabbit. The oxidative stress is inhibited and 
the vascular endothelial dysfunction is 
ameliorated. The precise mechanism still 
requires a further in vivo study. 
Conclusion 

In conclusion, the finding of the present 
study showed that steroid-associated oxidative 
injury has a critical role in the progress of OP, 
ON and apoptosis. Ginseng, as a natural, free 
radical scavenger can significantly suppress 
the development of this illness. 
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 الملخص العربي

 : ودور الأجهاد التأكسذي  الكىرتيكىستيرويذاتنخر وهشاشة العظام الناشيء عن  

سٚٓاو حغٍ عتذانحًٛذ انعطاس
1

,عتذانعهٛى فؤاد عتذانعهٛى
2
,صتش٘ محمد عهٙ عتذانًذعال 

2
,عٛذ احًذ عتذ انعضٚض 

2
 

1
 يصش-جايعّ انضقاصٚق -يغذشفٙ انطهتج 

2
 يصش -جايعج انضقاصٚق -انتٛطش٘ كهٛج انطب-قغى انفاسياكٕنٕجٛا

دغذخذو انجهٕكٕكٕسدٛكٕٚذ فىٗ انعذٚىذ يىٍ انتشٔدٕكىٕلح انع جٛىج انكًٛٛاتٛىج ٔدهعىب دٔسا  ْايىا  فىٗ يعىادث دشىكٛم انع ىاو 
 ٔنكٍ العذخذاو طٕٚم انًذٖ ٚصاحتج الإجٓاد انذأكغذٖ يًا ٚؤدٖ ينٗ الأصىاةج ةُخىش ْٔشا ىج انع ىاو ٔيىٕح ٔدىذيٛش انخ ٚىا.

ْىىىزِ انذساعىىج ينىىىٗ دساعىىج دىىىأضٛش انجُغىىىط كًىىىاد نهذأكغىىىذ طتٛعىىٗ فىىىٗ انذلهىىىب عهىىٗ انذلٛىىىشاح انع ًٛىىج انُادجىىىج يىىىٍ دٓىىذ  
يجًٕعىىج  الٔنىىٙ جًٕعىىجانًٔرنىىب ةاعىىذخذاو يسةعىىٍٛ يسَىىب َٕٛصٚ َىىذٖ يةىىٛت ركىىش ةىىانل ٚىىذى د غىىًٛٓا كانذىىانٗ  انكٕسدٛضَٔىىاح.

( يخىزح جُغىط 11دىى ح ُٓىا ةىانكٕدٛضٌٔ ل انجُغىط ةىانفى،   عىج انثانثىجانًجًٕدى ح ُٓا ةىانكٕدٛضٌٔ، انثاَٛج  انًجًٕعجضاةطج، 
يهجى/ كجى دى ح ُٓا ةعىهج انفخذ انعهٛىا  21ج انحادث: ةجشعج كشدٛضٌٔ ةانفى ف ط. دى عًم دجشةذٍٛ يُفصهذٍٛ، الأٔنٗ يثال نهحان

يهجىى/ كجىى ةىانفى. ٔانذجشةىج انثاَٛىج نهحانىج انًضيُىج:  14يشث ٔاحذث فالأعتٕع نًذث يعتٕع ٔاحىذ يىأ يخىز انجُغىط ٕٚيٛىا ةجشعىج 
عىذج يعىاةٛأ يىأ يخىز انجُغىط ٕٚيٛىا نًىذث  يهجى/ كجى دى ح ُٓا ةعىهج انفخذ انعهٛا يشث ٔاحذث فالأعىتٕع نًىذث 4ةجشعج كشدٛضٌٔ 
ٔدى قٛىاط يغىذٕٚاح انىذو يىٍ انجهٕدىاضٌٕٛ انًخذىضل ٔانًانَٕذْٛىذ ن ٛىاط يىذٖ الجٓىاد  ةانفى.يهجى/ كجى  14عذج يعاةٛأ ةجشعج 

 انذأكغذٖ ٔٔجٕد ئ عذو ٔجٕد َخىش ْٔشا ىج انع ىاو ٔانجهطىاح انذىٗ دذكىٌٕ داخىم الأٔعٛىج ٚىذى فحصىٓا  ْٛغىذٕةاضٕنٕجٛكال(
. دساعج انكًٛٛاء انحٕٛٚج دعكظ صٚىادث NF، كانغٛذٍَٕٛ، 3ٔ  الًَْٕٕٚٛٛغذٕكًٛٛاتٗ( ةاعذخذاو كاعتاط  ةانفحص انًجٓش٘

كتٛىىشث يعُٕٚىىج فىىٗ يغىىذٕٚاح انىىذو يىىٍ انجهٕدىىاضٌٕٛ انًخذىىضل ٔاَخفىىام كتٛىىش يعُىىٕٖ فىىٗ انًانَٕذْٛىىذ ةاعىىذخذاو انجُغىىط ي اسَىىج 
ضيُج ٔةانُغتج نهًجًٕعج انذىٗ يخىزدٓى يعىا   انكىٕسدٛضٌٔ ل انجغىُط( حاف ىخ عهىٗ انكثٛىش ةانكٕسدٕٛصٌ فٗ انذجشةج انحادث ٔانً

يٍ خصاتصٓا ةانً اسَج ةًجًٕعج انكشٔدٛضَٔاح انذٗ يصاةٓا كثٛش يٍ انذلٛىش انع ًىٗ. ٔانخ صىج يٌ انجُغىط يىىاد نهذأكغىذ 
  .ضَٔاحفشٚذ نّ دأضٛش كتٛش فٗ انذ هٛم يٍ انذلٛشاح انع ًٛج انُادجج عٍ انكٕسدٛ


