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Abstract 
Background and aim: High salt intake is related to great risk for developing many diseases such as 

hypertension, cardiovascular diseases (CVDs), metabolic syndrome and osteoporosis. This work 

aimed to assess the effects of the high salt diet (HSD) on adult albino rats' bone and exploring the sex 

disparity of this effect. Materials and methods: Forty eight adult albino rats, 24 males and 24 

females, were divided into four groups: control males, control females, HSD-fed males, and HSD-fed 

females. Results: The results showed that administration of HSD (8 %) for seven weeks to both male 

and female rats resulted in increased food intake, decreased body weight gain and BMI, as well as 

osteoporosis. Osteoporosis was evidenced by increased parathormone hormone and the bone turnover 

markers; alkaline phosphatase, acid phosphatase, and osteopontin levels. Decreased bone weight, dry 

weight, fat-free dry weight, ash weight, organic matrix weight, and percentage of non-organic matrix 

weight were detected. Osteoporosis was more severe in female rats than male rats.  Conclusion: 

Accordingly, the results obtained from the present study revealed that the severity of HSD-induced 

osteoporosis is sex-dependent. The decreased severity of osteoporosis in males may be attributed to 

high body weight and muscle bulk, inhibition of parathormone secretion, and other different 

mechanisms of protection exerted by testosterone hormone. 

Key words: high salt diet, sex difference, osteoporosis, bone turnover markers, osteopontin and 

parathormone. 

 

Introduction 
Bone remodeling is a continuous coordinated 

process in which old bone is removed 

(resorption), and new bone is added (bone 

formation). The balance between bone resor-

ption and bone formation is determined by the 

activity of both osteoclasts and osteoblasts. This 

process is regulated by several hormones as 

parathormone (PTH), calcitonin, vitamin D3, 

growth hormone, insulin-like growth factor-1 

(IGF-1), cortisol and thyroid hormone, as well 

as sex hormones; estrogens and androgens, in 

both males and females
[1]

. 

 

Osteoporosis is a progressive skeletal disease 

characterized by a decrease in bone mass and a 

disruption of bone architecture, leading to 

enhanced bone fragility and consequent 

increase in fracture risk especially in the 

elderly. According to WHO criteria, osteo-

porosis is defined as bone mineral density 

decreased to ≤ 2.5 standard deviations from the 

mean bone mineral density in healthy young 

population
[2]

. 

 

Multiple special habits and lifestyle factors as 

physical activity, smoking, alcohol consum-

ption and diet are important determinants of 

human longevity. The common salt (sodium 

chloride; NaCl) is an important micronutrient 

added to food. Its daily requirement equals 

about 10–20 mmol (0.58–1.16 g). However, salt 

intake till now is generally greater, and can 

exceed 200mmol (10g) / day in many 

populations
[3]

. 

 

High salt diet (HSD) is related to high risk of 

many diseases as hypertension, cardiovascular 

diseases, diabetes mellitus, metabolic syndrome 

and renal impairment. So many well developed 

societies recommended limiting salt intake to 

3.75–6 g/day
[4]

. HSD also increases the urinary 

calcium excretion, which may increase the risk 

of osteoporosis and kidney stones
[5]

. 
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The sex hormones exert potent influences on 

the size and shape of the skeleton during 

growth. In addition, these hormones contribute 

to skeletal homeostasis during adulthood. 

Therefore, they have an important role in sexual 

disparity in the response of bone to HSD
[6]

. 

 

The present study was conducted to assess the 

effect of HSD on bone in adult albino rats, and 

to evaluate the impact of sex disparity on bone 

response and exploring the possible underlying 

mechanisms. 

 

Materials and Methods 
Animals: 

A total of 48 adult albino rats, 24 males and 24 

females, of Sprague-Dawley strain, weighing 

between 150 and 200g, were obtained from 

Minia University animal`s house center. Rats 

were housed at room temperature with natural 

dark/light cycles in 12 mesh cages (4 rats each). 

The dimensions of each cage were 30 cm x 30 

cm x 20cm that offered an adequate space for 

free movement and wandering. The rats had 

free access to water and commercial rat chow 

(Nile Company, Egypt) for one week before the 

start of the experiment for acclimatization. The 

experimental protocol was documented accor-

ding to the rules of the animal care and use 

committee, Faculty of Medicine, Minia 

University.  

 

The rats were divided into the following four 

groups (12 rats each): 

I- Control males (CM): Male rats fed normal 

salt diets containing 0.3% salt. 

II- Control females (CF): Female rats fed 

normal salt diets containing 0.3% salt. 

III- High salt diet fed males (HSD males): 

Male rats fed high salt diets containing 8% salt.  

IV- High salt diet fed females (HSD females): 
Female rats fed high salt diets containing 8% 

salt. 

 

 

 

 

Experimental protocol: 

The HSD (8%) was prepared by adding 

additional amount of NaCl to the normal salt 

powdered chow (7.7% NaCl is added weight/ 

weight to the normal 0.3% NaCl which is 

originally present in the standard rat chow).  

After that, the powder was mixed with a small 

amount of water, formed into pellets and dried 

overnight in an oven at 60
○
C

[7]
. 

 

For all the studied groups, the food intake was 

calculated daily for 7 weeks which was the 

experimental duration. Initial and final body 

weights were measured to assess body weight 

gain and body mass index (BMI). Rats were 

weighed using electronic balance (FY 2000), 

the nasoanal length was measured using strip 

meter from the nose to the anus, and BMI was 

calculated according to the formula put by 

Novelli et al.,
[8]

: BMI = body weight (g) / 

length
2
 (cm

2
) 

 

At the end of the 7
th
 week, all rats were subjected 

to an overnight fasting. After that, the rats were 

anaesthetized by light ether anesthesia and were 

sacrificed by decapitation. The blood samples 

were immediately collected from the jugular veins 

in 10ml tubes, allowed to clot, and then centri-

fuged at 3000 rpm for 20 minutes. The serum 

samples were separated in 2 ml Eppendorf tubes, 

and stored at -20°C until used for estimating the 

level of serum calcium “MG Co., England”, 

phosphorous “MG Co., England”, alkaline 

phosphatase “MG Co., England”, acid phosphatase 

“FAR Co., Italy”, and parathormone (PTH) 

“Shanghai Korain Biotech, China” according to 

the manufacturer’s instructions. 

The hind limbs of all rats were also dissected. The 

left and right femurs of each rat were gently 

removed and cleaned from adhering muscles and 

soft tissues. The left femurs were used to assess 

femur length, weight (W), dry weight (DW), fat-

free dry weight (FFDW), ash weight (AW), 

organic and nonorganic components, % of water 

content, and bone mineral density (BMD). The 

right femurs were preserved for histopathological 

and immunohistochemical studies. 
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BMD was calculated according to “Archimedes' principle”; 

              
                  

                                         
                            [9]

.  

 

DW was assessed by drying the femur to a constant weight at 100 °C for 24 h and weighing them again. 

The water content was assessed according to the following formula; 

                   
                                

                  
     [10].

 

 

 

FFDW was obtained by submerging the femurs in 

90% petroleum ether for 48 h, then drying them in 

a forced-air oven at 90 °C until constant weight 

was obtained, and then reweighing them
[11]

. 

AW, which contains only the minerals, was 

obtained after heating at 100°C for 48h
[12]

. 

Concentrated nitric acid (0.1ml) and 30% 

hydrogen peroxide (0.05ml) were added to each 

sample, and then placed in a sand bath heated over 

100 °C. This treatment was repeated until a 

whitish residue was obtained. On the basis of the 

obtained weights (W, DW, and AW), the 

following calculations were made
[10]

: 

 

Percentage of non-organic components: 

                                           

                            
                              

 
      

 

Percentage of organic components: 

                                   

                        
                           

 
      

 

The excised parts of the right femurs from each rat 

were cut transversely at their upper ends (to study 

the cancellous bone morphology) and their shafts 

(to study the compact bone morphology). Multiple 

small specimens were rapidly fixed in 10% neutral 

formal saline for about 48 hours, and then 

decalcified in daily exchanges using the chelating 

agent formalin-EDTA for 4 weeks. An ample 

volume of decalcifying solution, 50 times the bone 

volume, was used. The decalcified specimens were 

dehydrated in ascending grades of alcohol, cleared 

in xylene, and impregnated in paraplast carefully 

for 3 h in an oven at 58°C. Serial sections of the 

bone tissue were cut at a thickness of 7µm and 

stained with: 

a. Hematoxylin and Eosin (H&E) stain for stu-

dying the general histological structure
[13]

. 

b. Masson's Trichrome stain for demonstration of 

mineralized and unmineralized bone matrix
[14]

. 

c. Von Kossa’s stain: for demonstration of 

Calcium deposition. 

d. Additional slides were used for an immune-

histochemical study using osteopontin monoclonal 

rabbit antibodies (Lab Vision Laboratories, USA) 

according to the manufacturer’s protocol. 

Slides were photographed using an Olympus 

digital camera connected to an Olympus, made in 

China (U.TV0.5XC-3) light microscope at the 

Histology and Cell Biology Department, Faculty 

of Medicine, Minia University. Images were 

processed using Adobe Photoshop 7. 

 

Parameters were measured in five fields from 

three serial sections of each rat; cortical bone 

thickness, trabecular bone thickness, mean 

diameter of Haversian canals eroded surface 

percentage, and mean surface area fraction for 

ostopontin immunoreactive cells. Measurements 

were taken using Image J program analysis 

software (version 1.5) at magnification × 400
[15]

. 

 

Statistical analysis: 

Data were expressed as means ± standard errors 

of the mean (SEM). Statistical analysis was 

performed using Graph pad Prism 5 software 

and significant difference between groups was 

done by one-way ANOVA test followed by 

Tukey's Multiple Comparison Test with a P 

value of <0.05 considered statistically 

significant. 
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Results 
A- Evaluation of the food intake, body weight 

gain, and BMI: 

The data presented in table (1) show that HSD 

significantly increased the food intake 

compared to the control groups. This increase in 

food intake was significantly higher in HSD 

male more than in HSD female groups. On the 

other hand, the body weight gain and BMI were 

significantly lower in HSD compared to the 

control groups. However, they were still 

significantly higher in HSD male than in HSD 

female groups. 

 

Table (1): Effect of HSD on food intake, body weight gain and BMI 

Data represent mean ± S.E. n: number of rats in each group. HSD: high salt diet. BMI: body mass 

index. 
a
: significant difference from the control male group. 

b
: significant difference from the control 

female group. 
c
: significant difference from the HSD male group, P ˂ 0.05. 

d
: significant difference 

from the HSD female group, P ˂ 0.05. 

 

B- Evaluation of the serum parameters: 

The data presented in table (2) showed that 

HSD did not significantly affect both serum 

calcium and phosphorous levels compared to 

the control groups. Regarding the bone turnover 

markers; alkaline phosphatase and acid phos-

phatase, HSD significantly increased these 

parameters compared to the control groups. 

However, there was no significant difference 

between HSD male and HSD female groups. As 

regards PTH, HSD significantly increased its 

level compared to the control groups. This 

increase was higher in HSD female than in 

HSD male groups. 

 

Table (2): Effect of HSD on the serum parameters 

Data represent mean ± S.E. n: number of rats in each group. HSD: high salt diet. PTH: 

parathormone. 
a
: significant difference from the control male group. 

b
: significant difference from the 

control female group. 
c
: significant difference from the HSD male group, 

d
: significant difference 

from the HSD female group, P ˂ 0.05. 

 

C- Evaluation of the bone parameters 

(measured from the left femurs): 

The data presented in table (3) showed that 

HSD did not significantly affect both femur 

length and % of water content compared to the 

control groups. Regarding bone weight, dry 

weight, fat-free dry weight, ash weight, organic 

matrix weight, % of non-organic components, 

                   Groups 

                         (n = 12) 

Parameters 

Control 

Male 

Control 

Female 

HSD  

Male 

HSD  

Female 

Food intake (g/day) 16.8 ± 0.72 12.5 ± 0.5 21.8 ± 1.16 
a,d

 17.3 ± 1.16 
b,c

 

Body weight gain (g) 103.8 ± 2.64
 

83.5 ± 2.477
 

51 ± 9.14 
 a,d 

25.6 ± 1.39 
b,c 

% of weight gain +55.66%
 

+46.29%
 

+28.38% 
 a,d 

+14.93% 
b,c 

BMI (g/cm
2
) 0.607 ± 0.17 0.584 ± 0.18 0.577 ± 0.205 

 a,d
 0.519 ± 0.012 

b,c
 

                      Groups 

                      (n = 12) 

Parameters 

Control 

Male 

Control 

Female 

HSD  

Male 

HSD  

Female 

Calcium (mg %) 8.31± 0.056 8.19 ± 0.05 8.3 ± 0.07 8.16 ± 0.27 

  Phosphorous (mg %) 5.34 ± 0.039 5.32 ± 0.03 5.28 ± 0.02 5.26 ± 0.02 

Alkaline 

phosphatase (U/L) 

119.1 ± 2.01 117.1 ± 1.9 206.2 ± 4.4 
a 

206.2 ± 3.4 
b 

Acid phosphatase 

(U/L) 

26.96 ± 0.69 26.41 ± 0.53 77.55 ± 2.2 
a 

 

81.39 ± 1.1 
b 

PTH (pg/ml) 28.33 ± 1.66
 

40.19 ± 2.7
 

57.76 ± 1.5 
a,d 

72.94 ± 1.93 
b,c 
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and BMD; HSD significantly decreased these 

parameters compared to the control groups. 

However, they were still significantly higher in 

HSD male than in HSD female groups. On the 

other hand, HSD did not significantly affect 

both % of organic components and ratio of non-

organic to organic components. The % of 

organic components was significantly higher in 

HSD male than in HSD female groups, while 

the ratio of non-organic to organic components 

was significantly lower in HSD male than in 

HSD female groups. 

 

 

Table (3): Effect of HSD on the bone parameters measured from the left femurs 

 

                             Groups 

                                    (n = 12) 

Parameters 

Control 

Male 

Control 

Female 

HSD 

Male 

HSD 

Female 

Femur length (cm) 3.42 ± 0.041
 

3.19 ± 0.055
 

3.33 ± 0.058
 

3.17 ± 0.049
 

 Bone Weight (g) 0.6012±0.027 0.468 ± 0.0072 0.509 ± 0.014 
a,d

 0.401 ± 0.001 
b,c

 

Dry weight (g) 0.494± 0.0017 0.359 ± 0.0078 0.3086 ± 0.039 
a,d

 0.302 ± 0.008 
b,c

 

FFDW (g) 0.485± 0.0018 0.351 ± 0.0076 0.393 ±  0.01 
a,d

 0.295 ± 0.001 
b,c

 

Ash weight (g) 0.261 ± 0.164
 

0.234 ± 0.02 0.187 ± 0.002 
a,d 

0.158 ± 0.001 
b,c

 

Organic matrix weight (g) 0.233 ± 0.015 0.125 ± 0.021 0.215 ± 0.012 
a,d

 0.144 ± 0.001 
b,c

 

Ratio of non-organic to organic 1.207 ± 0.12 1.43 ± 0.13 0.912 ± 0.10
d 

1.1 ± 0.10 
c
 

% of non-organic Components 43.63 ± 2.63
 

50.102 ± 4.19 36.88 ± 0.512 
a 

39.47 ± 0.319 
b,c

 

% of organic components 38.82 ± 2.64
 

26.61 ± 4.45
 
 42.11 ± 2.18

d 
35.88 ± 0.2 

c
 

% of water content 17.80 ± 0.215 23.28 ± 0.84 21.01 ± 2.07 24.66 ± 0.26 

BMD (g/cm
3
) 3.847 ± 0.017 3.55 ± 0.041

 
2.99 ± 0.0048 

a,d 
2.38 ± 0.016 

b,c 

  %changes of BMD from the of her sex 8.8% -8.8% 20.6% 
a,d

 -20.6% 
b,c

 

%changes of BMD from the  

corresponding control group 

23.3% 33.3% -23.3% 
a,d

 -33.3% 
b,c

 

 

Data represent mean ± S.E. n: number of rats in each group. HSD: high salt diet. FFDW: fat-free dry 

weight. BMD: bone mineral density. 
a
: significant difference from the control male group. 

b
: 

significant difference from the control female group. 
c
: significant difference from the HSD male 

group, 
d
: significant difference from the HSD female group, P ˂ 0.05. 

 

 

 

D- Histopathological and 

immunohistochemical study: 

1- Hematoxylin and Eosin (H&E) stain 

results: 

Transverse sections of rat femoral diaphysis of 

compact bone of both control male and female 

groups revealed the same morphological 

structure. They were formed of regularly 

arranged multiple bone lamellae arranged in a 

regular concentric manner. The covering 

periosteum and the lining endosteum were 

noticed. The bone matrix appears homoge-

nously eosinophilic. The Haversian system 

contains blood vessels and multiple distinct 

cement lines. The osteocytes were noticed settle 

inside their lacunae. Whoever, HSD male group 

showed distorted bone structure as some areas 

were noticed completely devoid of osteocytes. 

Faintly stained bone matrix was frequently 

seen. On the other hand, HSD female group 

exhibited massive distortion than HSD male 

group. Some areas were seen completely devoid 

of both osteocytes and bone matrix.  

Additionally, transverse sections of rat’s 

femoral metaphysis of spongy bone of both 

control male and female groups showed the 

same morphological structure. They were 

consisting of cancellous bone with multiple 

network of thick branching and anastomosing 

bone trabeculae enclosing red bone marrow 

cavities of variable sizes. Bone matrix appeared 

homogenously eosinophilic. The HSD male 

group showed distorted bone trabeculae with 

widening of bone marrow cavities containing 

more numerous fat cells. Focal eroded surfaces 

were also noticed. Prominent ossification was 
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clearly noticed. Meanwhile, HSD female group 

displayed massive distortion of bone trabeculae. 

Apparent thinning of the bone trabeculae was 

also noticed. More widening of bone marrow 

cavities was clearly observed than in the HSD 

male group. Examining wide fields in this 

group revealed more extensive eroded surface 

and less prominent ossification center compared 

to HSD male group (figure 1). 

 

 

 

 

 

 

 
 

 

Figure (1): Representative photomicrographs of transverse sections of rat femoral diaphysis of 

compact bone: 

Compact bone: (a & c); control male and female groups respectively. periosteum (p) and lining 

endosteum (e). The bone matrix appears homogenously eosinophilic. Haversian system (H) cement 

lines (L). The osteocytes (black arrows) settle inside their lacunae. 

(e) Male HSD group showing distorted bone structure. Devoicing osteocyte cells (black arrow). 

Faintly stained bone matrix (star).(h) Female HSD group showing massive distortion (D). devoid of 

osteocytes and bone matrix (L).  

 Spongy bone: (b & d) control male and female groups respectively. Bone matrix appears 

homogenously eosinophilic. (f) Male HSD group showing prominent ossification center (OS). 

Distorted bone trabeculae (T) with widening of bone marrow cavities (BM) containing more 

numerous fat cells (f). Notice the eroded surface (E). (i) Female HSD group showing less prominent 

ossification center (OS). Massive distortion of bone trabeculae. Apparent thinning of the bone 

trabeculae is also noticed (T). More widening of bone marrow cavities (BM) is clearly observed. 

Notice the more eroded surface (E). H&E-stained  100, insets   400. 

 

 

h 
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2- Masson’s trichrome stain results: 
Transverse sections of rat femoral diaphysis of 

compact bone and metaphysis of spongy bone 

of both control male and female groups showed 

the bony trabeculae formed mainly of 

mineralized bone appearing red in staining and 

few areas of unmineralized bone appearing blue  

in staining. HSD male group displayed bony 

trabeculae formed of both mineralized bone 

matrix with more areas of unmineralized bone 

matrix. Group IV (HSD female showed bony 

trabeculae formed mostly of unmineralized 

bone matrix and few areas of mineralized bone 

matrix (figure 2). 

 

 

 
 

Figure (2): Representative photomicrographs of transverse sections of rat femoral diaphysis of 

compact bone: 

Compact bone: (a & c) control male and female groups respectively. Unmineralized bone appearing 

blue in staining (black arrow). (e) Male HSD group showing both mineralized bone matrix (green 

arrow) with more areas of unmineralized bone matrix (black arrow).(g) Female HSD group formed 

mostly of unmineralized bone matrix (black arrow), few areas of mineralized bone matrix (green 

arrow).  

Spongy bone: (b & d) control male and female groups respectively showing mineralized bone 

appearing red in staining (green arrow),d few areas of unmineralized bone appearing blue in staining 

(black arrow).(f) Male HSD group showing bony trabeculae formed of both mineralized bone matrix 

(green arrow) with more areas of unmineralized bone matrix (black arrow).(h) Female HSD group 

showing bony trabeculae formed mostly of unmineralized bone matrix (black arrow) and few areas of 

mineralized bone matrix (green arrow). Masson’s trichrome-stained X400 

 

 

 

3- Von Kossa’s stain results:  

Both male and female control groups showed 

calcium deposition in bone tissue that appeared 

black in color. Group III (HSD male) showed 

an apparent decrease in this color if compared  

 

to the previously mentioned groups. Addi-

tionally, group IV (HSD female) showed less 

calcium deposition than HSD male group 

(figure 3A). 

c 
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Figure (3): Representative photomicrographs of bone tissue: 

A) Von Kossa`s stain: (a & b) control male and female groups respectively showing calcium 

deposition in bone tissue that appeared black in color. (c) Male HSD group showing apparent 

decrease in this color if compared to previously mentioned groups.(d) Female HSD group appears to 

contain less calcium deposition than group III.  Von Kossa’s staining technique  400) 

B) Immunohistochemistry for anti-osteopontin: (a & b) control male and female groups 

respectively showing faint cytoplasmic immunoreactivity, mainly in the Haversian system (arrow). 

(c) Male HSD group showing more (arrows) positive cytoplasmic expression in the bone matrix. 

(d) Female HSD group showing more intense and extensive (arrows) positive cytoplasmic expression 

in the bone matrix. anti-osteopontin counterstain with Hematoxylin 

 

 

4- Immunohistochemical results for anti-

osteopontin: 
Both male and female control groups showed 

cytoplasmic immunoreactivity mainly in the 

Haversian system. Group III (HSD male) 

showed more positive cytoplasmic expression 

in the bone matrix. Furthermore, group IV 

(HSD female) displayed more intense and 

extensive positive cytoplasmic expression in the 

bone matrix than observed in HSD male 

(Figure 3B). 

5- Morphometrical and statistical results: 

The data presented in table (4) showed that 

HSD significantly decreased both the cortical 

and trabecular bone thickness, and significantly 

increased the Haversian canal diameter, eroded 

surface, and surface area of ostopontin-positive 

cells compared to the control groups. All these 

changes were significantly greater in HSD 

female than HSD male groups. 
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Table (4): Effect of HSD on the morphometric bone parameters 

 

Data represent mean ± S.E. n: number of rats in each group. HSD: high salt diet. 
a
: significant 

difference from the control male group. 
b
: significant difference from the control female group. 

c
: 

significant difference from the HSD male group, 
d
: significant difference from the HSD female group 

P ˂ 0.05. 

 

 

Discussion 
The results obtained in the present study 

showed that there is a decrease in weight gain 

and BMI in spite of increased food intake in the 

HSD groups when compared to the control 

groups. These results are in line with Oloyo et 

al.,
[7]

, who found that salt intake stimulates 

appetite, food intake and body metabolism, with 

subsequent increase in energy expenditure that 

leads to a decrease in body weight. This 

decrease in weight gain may also be related to 

the increase in body water loss through exce-

ssive urination observed during the experiment. 

 

The results obtained in the present study 

showed also that food intake, weight gain & 

BMI were higher in HSD male than in HSD 

female groups. These results are in line with 

Alrabadi et al.,
[16]

, who reported that testo-

sterone increases the appetite and hence the 

food intake via increasing neuropeptide Y and 

ghrelin levels. The higher weight gain & BMI 

can be also attributed to the anabolic effects of 

testosterone which affects mainly the muscle 

tissue. 

 

On studying the direct effects of HSD on the 

bones, the present study demonstrated that HSD 

induced osteoporosis as evidenced by: (a) 

Increased levels of PTH as well as bone 

turnover markers; alkaline phosphatase (a 

marker of bone formation) and acid phos-

phatase (a marker of bone resorption). (b) 

Decreased bone weight, dry weight, fat-free dry 

weight, ash weight, organic matrix weight, % of 

non-organic components, and BMD. (c) The 

histopathological results which confirmed all 

the previously changed parameters. They 

showed osteoporotic changes in the compact 

and spongy bone tissues in HSD male and HSD 

female groups in the form of distorted bone 

structure, widening of bone marrow cavities, 

eroded surface, less calcium deposition, and 

apparent thinning of bony trabeculae which 

included some areas of unmineralized bone 

matrix within the normal mineralized bone 

matrix. (d) The immunohistochemical results 

also showed increased expression of osteo-

pontin (a marker of bone resorption) in the bone 

matrix. 

 

The HSD-induced osteoporosis comes in line 

with Fatahi et al.,
[17]

, who reported a positive 

association between dietary sodium intake and 

the risk of increased loss of BMD which, in 

turn, results in osteoporosis. Ahmed and Abd 

EL Samad
[18]

, also suggested that HSD altered 

bone integrity, denoted by enhanced bone 

resorption, decreased bone formation, and 

decreased BMD. As well, Fodor et al.,
[19]

 

                     Groups 

                      (n = 12) 

Parameters 

Control 

Male 

Control 

Female 

HSD  

Male 

HSD  

Female 

Cortical bone 

thickness (μm) 

518.5 ± 7.6 541.5 ± 10.5 380.7 ± 20.1 
a,d

 291.8 ± 3.7 
b,c

 

Trabecular bone 

thickness (μm) 

126.2 ± 1.4 121.8 ± 0.9 84.5 ± 1.4 
a,d

 79 ± 0.9 
b,c

 

Haversian canal 

diameter (μm) 

13.2 ± 0.5 13.3 ± 0.6 24.2 ± 1.1 
a,d 

30.5 ± 2.3 
b,c 

Eroded surface (%) 1.2 ± 0.1 1.3 ± 0.2 4.3 ± 0.6 
a,d 

 

6.3 ± 0.6 
b,c 

Surface area of 

ostopontin-positive 

cells (%) 

6.8 ± 0.3
 

7 ± 0.6
 

27.3 ± 2.5 
a,d 

34.5 ± 2 
b,c 
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reported that osteopontin plays some role in the 

pathophysiology of osteoporosis. 

 

The HSD-induced osteoporosis can be explain-

ned by the increased PTH level. When salt 

intake is increased, calcium excretion in urine 

increases. This should be compensated by 

increasing calcium mobilization from bone and 

absorption from intestine via increasing serum 

PTH and calcitirol respectively
[20]

. 

 

The effect of high serum Na
+
 level on bones is 

not only through increasing the urinary calcium 

excretion, but also due to a direct stimulatory 

cell-mediated effect of increased Na
+
 concen-

tration on osteoclasts
[21]

. HSD also induces CD-

4 T helper (Th17) cells and impairs the function 

of regulatory T (Treg) cells. Th17 cells are one 

of the major cells responsible for enhanced 

osteoclastogenesis and bone loss by producing 

higher levels of IL-17, receptor activator of 

nuclear factor kappa-B ligand (RANKL) and 

TNF-α, and lower levels of IFN-γ. Treg cells 

suppress the effector functions of Th17 cells 

through their production of IL-10 and TGF-

β1
[22]

. Tregs can also lead to suppression of 

bone loss by inhibiting osteoclast differentiation 

and functions
[23]

. 

 

The results obtained in the present study 

showed that HSD did not significantly affect 

both serum calcium and phosphorous levels 

compared to the control groups. The insigni-

ficant changes of serum calcium level in spite 

of increased urinary calcium excretion is 

explained by the consequent increase in PTH 

and calcitirol levels that resulted in increased 

bone resorption and intestinal calcium 

absorption, respectively
[2]

. The normal serum 

phosphorous level in HSD groups can also be 

explained by the balance between increasing its 

intestinal absorption secondary to increased Na
+
 

level, and decreasing its renal reabsorption 

secondary to increased PTH level
[24]

. 

 

On studying the effect of sex difference on the 

bone response to HSD, the present study demo-

nstrated that HSD-induced osteoporosis was 

more severe in the female group than in the 

male group as evidenced by: (a) higher levels of 

PTH in HSD female group. (b) lesser bone 

weight, dry weight, fat-free dry weight, ash 

weight, organic matrix weight, % of non-

organic components, and BMD in HSD group. 

(c) the histopathological results showed more 

severe osteoporotic changes in the compact and 

spongy bone tissues in HSD female group in the 

form of massive distortion of bone structure, 

more widening of bone marrow cavities, more 

extensive eroded surface, lesser calcium depo-

sition, and greater thinning of bony trabeculae 

which were formed mostly of unmineralized 

bone matrix with few areas of mineralized bone 

matrix. (d) The immunohistochemical results 

also showed more intense and extensive 

expression of osteopontin in the bone matrix in 

HSD female group when compared to HSD 

male group. 

 

The more severe HSD-induced osteoporosis in 

female group comes in line with Wentz et 

al.,
[25]

, who demonstrated a higher bone fracture 

rate in female than male. As well, Zborowskiet 

al.,
[26]

 reported that women with polycystic 

ovary syndrome who developed variable hyper-

androgenism at puberty showed an increased 

peak bone density compared to age-matched 

controls. 

 

The lower severity of osteoporosis in HSD male 

group can be explained by the results of the 

current study as the body weight gain and BMI 

are less affected, and PTH level is less elevated 

in HSD male group compared to HSD female 

group. The body weight has been positively 

correlated with BMD, and the increased body 

weight is thought to exert protective effects on 

bone through increasing the mechanical 

loading
[27]

. Testosterone also inhibits PTH and 

PTH-induced cAMP production, thus 

decreasing the osteoclast activity
[28]

.  

 

Beside our previously mentioned results, the 

protective effect of androgens can be attributed 

to other several mechanisms. Testosterone may 

affect osteoblast expression of alkaline 

phosphatase, osteocalcin, type 1 collagen, and 

mineralization of extracellular bone matrix, by 

its stimulatory effects on osteoblast differen-

tiation. It also decreases the osteoblast and 

osteocyte apoptosis indirectly by regulation of 

cytokines and growth factors present in bone, 

upregulation of transforming growth factor 

(TGF)-β and insulin-like growth factors (IGFs), 
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which stimulate bone formation
[29]

, and 

downregulation of IL-6 which stimulates the 

osteoclastogenesis
[30]

. Dihydrotestosterone 

(DHT) reduces osteoprotegerin (OPG) level 

which is considered a powerful stimulator of 

osteoclast activity 
[31]

. Androgens also appear to 

exert their bone protective effects, in part, 

indirectly through the osteoblasts. Orchiectomy 

normally results in increased osteoblast 

precursor cells that indirectly stimulate osteoc-

last proliferation and activation via RANKL 

expression, leading to bone resorption and 

loss
[32]

.  

 

Conclusion: 

Administration of HSD (8%) for seven weeks 

to both male and female rats resulted in 

osteoporosis. HSD may produce this effect 

through increasing calcium loss in urine, which 

stimulates excessive secretion of parathormone 

hormone with its vigorous resorbing effects on 

bone. Also HSD may produce induction of 

Th17 cells along with impairment of Treg cells. 

Osteoporosis is more severe in female rats than 

male rats as evidenced by laboratory measure-

ments and histopathological examination. This 

significant decrease in the severity of 

osteoporosis in male rats may be due to higher 

body weight and muscle bulk, inhibition of 

parathormone secretion, and the different 

mechanisms of protection exerted by testoste-

rone hormone. 

 

Recommendations: 
- The ability of calcium absorption is decreased in 

postmenopausal women due to the attenuation of 

vitamin D synthesis. So the compensatory increase 

in case of loss of calcium due to HSD is impaired. 

So postmenopausal women must take care of their 

diet salt content more than younger women 

- Hypernatremia is a dangerous situation. Dehy-

dration can lead to increased NaCl concentration in 

the body. Old people are known to lose the 

appropriate thirst to balance their water intake so 

they are liable to dehydration and consequently to 

all hazards of HSD. So the amount of water and 

salt intake must be taken seriously in old people. 

- For renal patients, they must observe their diet and 

reduce table salt for prevention of more electrolyte 

imbalance and kidney injury. 

- Further studies can be done to evaluate the 

protective effects of sex hormones by doing 

orchiectomy for male rats and ovariectomy to 

female rats. 
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 البيضاءاستكشاف كيف يؤثش الاختلاف بيي الجٌسيي علً استجابت العظام لٌظام غزائي عالي الولح في الجشراى البالغت 

عادل حسيي سعذ
1

, هٌاء هحوذ ابشاهين
1

, وجذي ًشأث حبيب
1
وساسة هحوذ عبذ الحفيظ 

2
 

قسن الفسيىلىجً
1
والهستىلىجً 

2
, كليت الطب, جاهعت الوٌيا  

ٚشحبظ حُأل كًٛاث كبٛشة يٍ انًهح باسحفاع يخاطش الإصابت بانؼذٚذ يٍ الأيشاض يثم اسحفاع ضغظ انذو  :هي البحث الخلفيت والهذف

اشت انؼظاو. ٚٓذف ْزا انؼًم إنٗ حقٛٛى آثاس انُظاو انغزائٙ ٔأيشاض انقهب ٔالأٔػٛت انذيٕٚت  ٔيخلاصيت انخًثٛم انغزائٙ ْٔش

حى  :الوستخذهه الوىاد والطشق. ٔأعبابّ ٔاعخكشاف انخباٍٚ انجُغٙ نٓزا انخأثٛش انبٛضاءػانٙ انًهح  ػهٗ ػظاو انجشراٌ انبانغت 

الإَاد يجًٕػت انزكٕس انضابطت ، ٔ يجًٕػتإَاثاً ، إنٗ أسبغ يجًٕػاث: 48ركٕسًا ٔ  48 بٛضاءجشرًا بانغًا  84حقغٛى 

َظاو غزائٗ ػانٗ الإَاد انخٙ حغزث ػهٗ يجًٕػت ، ٔ َظاو غزائٗ ػانٗ انًهحػهٗ  حغزٔاانزكٕس انزٍٚ يجًٕػت انضابطت ، ٔ

 نًذة عبؼت أعابٛغ نكم يٍ ركٕس ٔإَاد انجشراٌ أدٖ َظاو غزائٗ ػانٗ انًهح ٪(8)اء )أظٓشث انُخائج أٌ إػط الٌتائج:. انًهح

إنٗ صٚادة حُأل انطؼاو ، ٔاَخفاض فٙ صٚادة ٔصٌ انجغى ٔيؤشش كخهت انجغى ، ٔكزنك ْشاشت انؼظاو. حى إثباث ْشاشت انؼظاو 

انؼظاو ؛ انفٕعفاحٛض انقهٕ٘ ، انفٕعفاحاص انحًضٙ ، ٔيغخٕٚاث  ححهميٍ خلال صٚادة ْشيٌٕ انباساثٛشيٌٕ ٔػلاياث 

osteopontinؼظى ، انٕصٌ انجاف ، انٕصٌ انجاف انخانٙ يٍ انذٌْٕ ، ٔصٌ انشياد ، ٔصٌ . حى انكشف ػٍ اَخفاض ٔصٌ ان

انًادة الأعاط انؼضٕٚت ، َٔغبت انٕصٌ غٛش انؼضٕ٘. كاَج ْشاشت انؼظاو أكثش حذة فٙ إَاد انجشراٌ يٍ ركٕس انجشراٌ. 

انُظاو غزائٗ اشت انؼظاو انخٙ ٚغببٓا ٔفقاً نزنك ، كشفج انُخائج انخٙ حى انحصٕل ػهٛٓا يٍ ْزِ انذساعت أٌ شذة ْش الخلاصت:

إنٗ اسحفاع ٔصٌ انجغى ٔكخهت  ػٍ الاَاد حؼخًذ ػهٗ انجُظ. قذ ٚؼُضٖ اَخفاض شذة ْشاشت انؼظاو ػُذ انزكٕس ػانٗ انًهح

ٌ ْشيٕ ٚغببٓا قذ ، ٔآنٛاث أخشٖ يخخهفت نهحًاٚت انخٙ ػهٗ انباساثٕسيٌٕ ٓشيٌٕ انخغخٕعخٛشٌٔنثبظ انً انخأثٛشانؼضلاث ، ٔ

 انخغخٕعخٛشٌٔ.
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