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 Abstract 

   Many epidemiological studies have shown an association between osteoporosis and 

peripheral vascular disease in postmenopausal women. So the aim of the present study is 

to investigate the possible effect of vitamin D against postmenopausal bone loss and 

vascular calcification in adult rats. Methods: 24 female Sprague Dawley rats were 

divided into 4 groups (N = 6 per group): Group I: control sham-operated rats. Group II: 

sham operated rats treated with vitamin D. Group III: control ovariectomized (OVX) 

rats. Group IV: OVX rats treated with vitamin D, rats were injected with 0.04 μg/kg 

calcitriol active vitamin D intraperitoneally (calcitriol) 3 times a week for 4 weeks. 

Serum level of estradiol, calcium, phosphorus and osteoblastic markers (alkaline 

phosphatase and osteocalcin) were measured. Serum levels of lipid profile, 

parathormone and nitric oxide were also evaluated. The bone and the aortic wall were 

prepared for histopathological study. In comparisons to the ovariectomized rats, active 

vitamin D caused significant attenuation of the bone loss, biomechanical fragility and 

delayed the onset of vascular calcification in the aortic wall. Also it improved the lipid 

profile, serum nitric oxide levels and suppressed parathyroid hormone level. 

Conclusion: The administration of vitamin D has a beneficial effect on the bone quality 

and also a delaying effect on the onset of aortic vascular calcification in ovariectomized 

rats, with suggestion of possible association with serum nitric oxide.  
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INTRODUCTION 

Osteoporosis is a chronic bone disease, 

characterized by increased bone fragility and risk 

of fractures. The density of bone mineralization is 

also rapidly reduced with disruption of bone 

microarchitecture and alteration of the amount of 

various non-collagenous bone proteins (1). 

Vascular calcification is currently accepted as an 

actively regulated process similar to bone 

formation involving many complex cell-related 

and chemical events involving the active 

participation of a number of calcification 

inducers/promoters and inhibitors (2). Many 

epidemiological studies have shown an association 

between osteoporosis, coronary heart disease, 

stroke, and peripheral vascular disease in the 

elderly or postmenopausal women. These results 

indicate that osteoporosis and atherosclerosis 

might be linked by common risk factors or 

pathological mechanisms (3).  

Vitamin D is a multifunctional hormone 

that exerts effects on most of the organ systems (4, 

5). Calcitriol or 1, 25-dihydroxyvitamin D is the 

active form of vitamin D, formed by dual 

hydroxylation in the liver and kidney. Active 

vitamin D metabolites exert biological activities 

mainly through the vitamin D receptor (VDR) (6). 

Circulating 1, 25-dihydroxyvitamin D, acting 

through VDR, can enhance the intestinal 

absorption of calcium and phosphate, while can 

also suppress the biosynthesis of parathyroid 

hormone (7). It appears likely that autocrine, 

paracrine, and endocrine functions of vitamin D 

can influence vascular structure, functions, and 

remodeling (8).  

Nitric oxide (NO) is an important 

molecule produced by endothelium which plays a 

variety of vital roles in humans such as 

reproduction, inflammation, vasodilation, cardiac 

function, oxidative stress, gene transcription, 

translation, and posttranslational modifications of 

the proteins (9, 10). Exercise and mental stress 

reduce bioactivity of NO which leads to 

constriction of coronary arteries. Reduced NO 

level also facilitates vascular inflammation which 

may cause oxidation of lipoproteins and foam cell 

formation, the precursor of atherosclerotic plaque 

(11). The disturbance of its endothelial function 

may lead to hypercholesterolemia, systemic 

hypertension, diabetes, congestive heart failure, 

atherosclerosis, pulmonary hypertension, estrogen 

deficiency, hyperhomocysteinemia, and aging 

(12).  

Vitamin D respond to nitric oxide 

synthases (NOs) gene which suggests that both 

molecules have functional association (13). The 

active vit D (1, 25-dihydroxyvitamin D) regulates 

the production of NO and /or expression of 

inducible NOs (iNOs) in different cells including 

endothelial cells, osteoblasts, astrocytes (14, 15).  

Because of the wide spread usage of 

vitamin D in postmenopausal women to preserve 

the bone mass and because of the close association 

between bone density and peripheral artery 

disease. This work was provided to investigate the 

possible protective role of vitamin D against 

osteoporosis and vascular calcification in 

ovariectomized rats and aiming to clarify a 

possible mechanism involving nitric oxide. 

Material and Methods  

Experimental animals:  

This study was carried on 24 Sprague 

Dawley female rats (medical experimental 
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Research Center) aged about Six month. They 

were maintained under standard conditions of 

temperature 22±2 °C with regular 12 h light/12 h 

dark cycle and allowed free access to standard 

laboratory food and water. All experimental 

procedures were performed in accordance with 

guidelines of the institutional animal care and use 

committee of Mansoura University.  

Overiectomy: 

Six month-old female Sprague Dawley 

rats ((180±20) g) were used. After a week of 

acclimatization, rats were subjected to an 

ovariectomy operation. 12 rats were anesthetized 

with thiopental sodium (30mg/kg, i.p.), an incision 

of about 10 mm was made in each of the dorsal 

flank regions of the rat to expose ovaries. The 

fallopian tubes were sutured at the most distal ends 

and ovaries were excised. The other 12 rats in 

sham-operated groups were subjected to the same 

procedure, anesthetized, laparotomized and 

sutured without excising their ovaries to serve as 

sham non-OVX control. The incisions were 

sutured and dressed with povidone iodine for 7 d. 

Experimental plan: 

Rats were divided into four groups (6 rats 

per group). Group I: control sham-operated rats. 

Group II: sham operated rats treated with vitamin 

D. Group III: control ovariectomized (OVX) rats. 

Group IV: OVX rats treated with vitamin D. 

Vitamin D was administered intraperitoneally 3 

times a week for four weeks in the form of 0.04 

mg/Kg calcitriol (16). Control animals received 

vehicle alone by oral gavage.  

At the end of the four weeks of the study 

all rats were sacrificed by an overdose of 

anesthesia. Blood was collected by cardiac 

puncture for biochemical measurements. The 

collected blood was allowed to clot and 

centrifuged at 7000 r.p.m. for 15 minutes. The 

serum samples were separated carefully and stored 

at -20 °C for subsequent biochemical assay.  

Tissue harvesting for histopathology 

Histopathology of the aortic wall 

After euthanesia, the thorax was opened 

under the xiphoid process and the anterior chest 

wall was removed. An incision was made in the 

right artrium to provide on outlet for blood and 

perfusate. The left ventricle was then punctured 

with 21-G needle inserted in the direction of the 

left ventricular out flow tract. The needle was 

attached to a perfusion system that provided initial 

perfusion with normal saline at 100 mm/lg. The 

saline perfusion was continued until the outflow 

from right atrium incision was clear and liver 

appeared exsanguinated.  

The animal then perfused with 70% 

ethanol for 3 minutes and ascending aorta was 

harvested from annulus to the origin of 

brachiocephalic trunk. Ascending aorta (AAO), is 

a portion of the aorta commencing at the upper 

part of the base of left ventricle. The harvested 

tissue was fixed in 70% ethanol for 24 hours at 4 

°C and embedded in paraffin. Horizontal sections 

(3-5 μm thick) were cut for hematoxylin and eosin 

(H & E) staining, and then examined using light 

microscopy. 

Histopathology of Bone Microarchitecture  

The left femur was removed, dissected 

free of soft tissue, and fixed with 10% neutral 

buffered formalin for 24 hour at room temperature, 

dehydrated in 95% ethanol, and then embedded in 

paraffin. Horizontal sections (5 μm thick) were cut 

for hematoxylin and eosin (H & E) staining, and 

then examined using light microscopy. The 
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thickness of the trabeculae in the lower end of the 

bone (epiphysis) was measured using a calibrated 

ocular micrometer.  

Biochemical analysis   

Serum lipid profile including total 

cholesterol, Low density lipoprotein (LDL) and 

high density lipoprotein (HDL) was assayed using 

calorimetric kit. Total cholesterol (CHOD – POD 

– Enzimatico colorimetrico), Triglycerides (GPO – 

POD. Enzymatic colorimetric), LDL (cholesterol 

LDL reactiveo precipitante, polivinil sulfato, 

polietilenglicol), HDL (Enzchronm TMAF assay 

kit). The serum calcium level was assayed using 

calorimetric kit (France). Serum phosphorus level 

was assayed using calorimetric kit. Serum vitamin 

D level was assayed using calorimetric vit D kit 

(05894913190V7 http://e-Ladoc-roche.com).  

The markers of osteoblastic activity were 

measured in serum such as alkaline phosphatase 

and osteocalcin using alkaline phosphates kit 

(Quimica Clinica Aplicada, Spain) and osteocalcin 

– ELISA kit (Biosource, Europe S.A.) respectively 

(17).  

Detection of parathormone using ELISA kit  

Serum parathormone level was assayed 

using (Elisa kit (αb23093) (18). It is sandwich 

ELISA using a biotinylated detection antibody and 

streptavidin-HRP. Sandwich ELISAs allow for the 

detection and quantification of an analytic in a 

sample by using known analyte concentrations as 

standards and plotting absorbance of known 

concentrations versus known standard 

concentrations. This allows calculating the amount 

of analyte present in the sample (18).   

Detection of estradiol using ELISA kit  

Serum estradiol level was assayed using 

estradiol ELISA kit (NeoDin Ca./Ltd, Korea). 

Serum specimens were stored refrigerated at (2 

°C) for up to (2°C – 8 °C) for 5 days to one month. 

If storage time exceeds 5 days, store frozen at (-20 

°C) for up to one month. Reagent preparation: 20X 

Enzyme conjugate: Prepare 1X working solution at 

1:20 with assay diluents (e.g. Add 0.1 ml of the E2 

enzyme conjugate concentrate to 1.9 ml of assay 

diluents). Wash Buffer: Prepare 1X Wash Buffer 

by adding the contents of the bottle (25 ml, 20X) 

to 475 ml of distilled or deionized water, and store 

at room temperature (20 – 25 °C). 

Assay procedure: Dispense 25 μL of 

standard, specimens and controls into appropriate 

wells. Dispense 100 μL of working reagent of 

Estradiol enzyme conjugate into each well.  Mix 

well by shaker for 10 – 20 seconds. Incubate at 

room temperature (20 – 25 °C) for 120 minutes. 

Remove liquid from wells and wash wells three 

times with 300 μL of 1X wash buffer. Blot on 

absorbance paper or paper towel. Dispense 100 μL 

of reagent into each well. Gently mix for 10 

seconds. Incubate at room temperature (20 – 25 

°C) for 30 minutes.  Stop the reaction by adding 50 

μL of Stop solution to each well and gently mix 

for 30 seconds. Read absorbance at 450 nm with a 

micropalte reader within 15 minutes.  

Detection of osteocalcin using ELISA kit 

Osteocalcin ELISA kit applies the 

competitive enzyme immunoassay technique 

utilizing a polyclonal anti-OC antibody and an 

OC-HRP conjugate. The assay sample and buffer 

are incubated together with OC-HRP conjugate in 

pre-coated plate for one hour. After the incubation 

period, the wells are then incubated with a 

substrate for HRP enzyme. The product of the 

enzyme-substrate reaction forms a blue colored 

complex. Finally, a stop solution is added to stop 

http://e-ladoc-roche.com/
http://e-ladoc-roche.com/
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the reaction, which will then turn the solution 

yellow. The intensity of color is measured 

spectrophotometrically at 450 nm in a microplate 

reader. The intensity of the color is inversely 

proportional to the OC concentration since OC 

from samples and OC-HRP conjugate compete for 

the anti-OC antibody binding site. Since the 

number of sites is limited, as more sited are 

occupied by OC from the sample. Fever sites are 

left to bind OC-HRP conjugate. A standard curve 

is plotted relating the intensity of the color (OD) to 

the concentration of standards. The OC 

concentration in each sample is interpolated from 

this standard curve (17).  

Detection of NO using colorimetric assay kit  

Nitric oxide serum level was assayed 

using calorimetric kit (Biodiagnostic and research 

reagents). Dilution of standard: Dilute 2 mmol/L 

standard sodium nitrite solution with deionized 

water to a serial concentration. The recommended 

dilution gradient is as follows: 300, 200, 150, 100, 

40, 20, 10, 0 μmol/L. Pre-treatment: the standard 

tube put 200 μL of Different concentrations of 

sodium nitrite (μL) and 200 μL of the serum 

sample in sample tube. Then add 200 μL reagent 1 

and 100 μL reagent 2 to both standard and sample 

tube, Mix fully and stand for 15 min at room 

temperature, centrifuge it at 3100 g for 10 min. 

Take 160 μL of the supernatant for the following 

procedure. Then put 80 μL of Chromogenic 

reagent, Mix thoroughly for 2 min, stand for 15 

min at room temperature, measure the OD of each 

well with micro-plate reader immediately at 550 

nm wavelength.  

Statistics analysis  

Statistical analysis was performed using 

SPSS package 20. The data were presented as 

mean ± standard deviation of the mean (X ± SD). 

The means of the different groups were compared 

globally using the analysis of variance ANOVA.  P 

value <0.05 were considered significant. 

Results 

The current study revealed significant 

increase in the levels of total cholesterol, LDL, 

HDL and triglycerides level in the ovariectomy 

group (group III), as compared to all other groups 

(group I, II). Note specially the marked 

improvement of all the parameters in the 

ovariectomized rats administered vitamin D (group 

IV) from the beginning of the study (table 1 & fig 

1A). 

In the present study, there was significant 

decrease in both vitamin D and nitric oxide levels 

in the ovariectomy group (group III) as compared 

to all other groups. Whereas the ovariectomized 

group treated with vitamin D (group IV) showed 

significant increase in the serum nitric oxide level. 

There was also significant increase in level of 

vitamin D the ovariectomized group treated with 

vitamin D (group IV) and the sham group treated 

with vitamin D (group II) as compared to the sham 

group (group I) (table 2).  

The serum estradiol level was decreased 

significantly in the ovariectomy group as 

compared to the sham group (group I). Also there 

was significant decrease in the serum estradiol 

level in the ovariectomy group treated with vit D 

(group IV) and the sham group treated with vit D 

(group II) as compared to sham group (group I) but 

still significantly higher than that in ovariectomy 

group (group III) (table 2).  
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Figure 1: A) serum level of LDL mg/dl in different experimental groups. B) serum parathormone level in different 

experimental groups. *significant compared to sham group, # significant compared to ovariectomy group.     

 

Table (1): Effect of vitamin D on lipid profile in ovariectomized rats 

 I 

Sham  

II 

Sham + vit D 

III 

OVX  

IV 

OVX + vit D  

Chol (mg/dl) 95.83±6.33 105.50±3.08* 109.33±4.36* 58.50±4.18*, # 

LDL (mg/dl) 41.33±2.58 41.00±2.60# 77.16±5.84* 40.83±5.45# 

HDL (mg/dl) 41.00±2.60 41.16±2.85# 49.81±1.48* 44.50±3.08# 

TG (mg/dl) 60.83±2.31 60.50±5.04# 131.50±7.39* 78.83±4.30# 

The data represent the mean ± standard error (n = 6). OVX: ovariectomy, vit D: vitamin D. *significant 

compared to sham group. # significant compared to ovariectomy group. P < 0.05 is considered significant. 

Table (2): Effect of vit D on serum level of nitric oxide and estradiol in ovariectomized rats   

 I 

Sham  

II 

Sham + vit D 

III 

OVX  

IV 

OVX + vit D  

Vit D (ng/ml) 29.66±2.16 87.50±3.08#,* 15.45±1.66* 58.50±4.79#,* 

NO (mmol/L) 4.36±1.89 13.29±1.88* 3.92±1.60 14.03±1.08# 

Estradiol (pg/ml) 54.66±3.38 41.66±3.20#,* 16.00±3.03* 28.50±1.87#,* 

The data represent the mean ± standard error (n = 6). OVX: ovariectomy, vit D: vitamin D. *significant 

compared to sham group. # significant compared to ovariectomy group. P < 0.05 is considered significant.  
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The current study revealed significant 

decrease in both calcium and phosphorus level in 

the ovariectomy group (group III) as compared to 

all other groups. Meanwhile sham treated with vit 

D (group II) revealed significant increase in these 

two parameters as compared to the sham group 

(group I) (table 3). Whereas, it was found that the 

parathormone level significantly increased in the 

ovariectomy group (group III) as compared to all 

the other groups. Also there was significant 

decrease in the parathormone level in the sham 

group treated with vit D (group II) and the 

ovariectomy group treated with vit D (group IV) as 

compared to the sham group (group I) (fig 1 B). 

As regard serum osteocalcin and alkaline 

phosphatase levels there were significant increase 

in these two parameters in the ovariectomy group 

(group III) as compared to the sham group (group 

I) (table 3). However there was significant 

decrease in the alkaline phosphatase level in the 

sham group treated with vitamin D (group II) and 

the ovariectomy group treated with vitamin D 

(group IV) as compared the ovariectomy group 

(group III), but still significantly higher than that 

in the sham group (group I). Also the osteocalcin 

level was significantly decreased in the 

ovariectomy group treated with vitamin D (group 

IV) as compared the ovariectomy group (group 

III), but still higher as compared to the sham group 

(group I) (table 3). 

As regard the histopathological study of 

bone it was revealed that, in sham operated group 

(group I) showed normal average sized cortical 

bone trabeculae enclosing marrow spaces (fig 2 

A). Meanwhile in ovariectomy group (group III) 

showed small sized cortical bone trabeculae 

enclosing wide erythropoietic marrow spaces (fig 

2 B). Whereas in ovariectomy treated with vitamin 

D group (group IV) showed average sized cortical 

bone trabeculae compared to the control group 

(group I) (fig 2 C). 

Histopathology of the aortic wall reveled 

that, in sham operated group (group I) showed 

showing normal section prepared aortic a wall 

from the aorta (fig 3 A). But in ovariectomy group 

(group III) showed section prepared from aortic 

wall reveal early signs of calcification (fig 3 B). 

Whereas in ovariectomy treated with vitamin D 

group (group IV) showed section prepared from 

the aortic wall reveal normal aortic wall (fig 3 C). 

 
Figure 2: A) group I : average sized cortical bone trabeculae enclosing marrow spaces (H& E). B) group III : small sized 

cortical bone trabeculae enclosing wide erythropoietic marrow spaces (H& E). C) group IV : average sized 

cortical bone trabeculae compared to the control group (I) (H&E). 
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Figure 3: A) group I : showing normal section prepared aortic a wall from the aorta  (H & E). B) group III : section 

prepared from aortic wall showing early signs of calcification (arrows) (H & E). C) group VI : section 

prepared from the aortic wall : showing normal aortic wall (H & E) 

 

Table (3): Effect of vitamin D on osteoporosis related biochemical indices in ovariectomized rats  

 I 

Sham  

II 

Sham + vit D 

III 

OVX  

IV 

OVX + vit D  

Ca+2 (mg/dl) 9.08±0.28 10.81±0.79#,* 8.15±0.18* 8.93±0.30 

PO4 (mg/dl)  7.76±0.30 9.41±0.43#,* 5.16±0.33* 8.58±0.38#,* 

Alk P (I.U/ml) 242.0±7.94 273.16±4.87#,* 312.33±19.83* 266.0±12.06#,* 

Osteocalcin (ng/dl) 45.86±6.55 47.83±3.78# 84.58±6.2* 55.76±6.06#,* 

 

The data represent the mean ± standard error (n = 6). OVX: ovariectomy, vit D: vitamin D, Alk P: alkaline 

phosphatase.  *significant compared to sham group, # significant compared to ovariectomy group. P < 0.05 is 

considered significant 

 

Discussion 

 Although the most effective method to 

reduce the rate of post menopausal bone loss is 

estrogen replacement therapy, it may be 

accompanied by side effects. Considerable 

attention has been given to the nutritional factors 

that can prevent estrogen deficiency associated 

bone loss. The (ovariectomized) OVX rat model 

has been used in our work because of its ability to 

simulate the various clinical human syndromes 

deriving from osteoporosis (19). 

Based on the values of histopathological 

analysis of bone microarchitecture in OVX rats, 

signs of osteoporosis were observed in sections 

from the femur and also signs of vascular 

calcification in the aortic wall. Signs of 

osteoporosis included small sized cortical bone 

trabeculae enclosing wide erythropoietic marrow 

spaces.  These features are in line with a previous 
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finding in osteoporotic femoral head and neck of 

senile persons (20). Also by histopathological 

analysis of the aortic wall, there was early sign of 

calcification. It seems that the duration was not so 

enough to produce extensive calcification. These 

features are in line with previous findings of Kiel 

et al., 2001 (21). Who demonstrated that 

osteoporotic patients have a higher incidence of 

arterial clacification and their lateral lumbar spinal 

radio graphs reveal dense calcium deposits of the 

aorta situated directly adjacent to osteopenic 

vertebrae. 

However histopathological studies from 

ovariectomized rats receiving vitamin D (0.04 

μg/kg of calcitriol injected intraperitoneal 3 times 

a week for one month) showed near average sized 

bone trabeculae compared to the sham group. Also 

there was nearly absent Ca+2 deposits in the aortic 

wall. Vitamin D deficiency was observed in our 

work in the ovariectomized rats as a significant 

decrease in its level as compared with the sham 

group. These results agree with Simsek et al., 2005 

(22). Vitamin D deficiency in case of estrogen 

deficiency could be mediated by an impairment of 

25-hydroxy vitamin D1 α-hydroxylase (1-OHase) 

activity (23). This effect could be either due to an 

alteration of the protein stability of renal 1-OHase 

or a change in rate of protein translation by 

ovariectomy (24). The mature osteoclast release 

enzymes to breakdown bone matrix ultimately 

releasing calcium and other minerals into the 

circulation. If the serum free Ca+2 level remains 

low, the parathyroid gland is stimulated. Release 

of parathyroid hormone (PTH) causes increased 

renal reabsorption of Ca+2 and also stimulates 

osteoclast production (25).  

Vascular calcification is a complex 

process that induces stiffening of the vessel wall 

and reduces vascular compliance (26). In animal 

models, it has been established that vitamin D 

plays an active role in arterial hardening and 

endothelial function. Vitamin D influence 

cardiovascular function through direct action via 

vitamin D receptors (VDRs) and indirect action on 

circulating hormones and calcium (27). The role of 

vitamin D as a protective factor against vascular 

calcification was shown by (28) who showed that 

vitamin D deficiency as a complication of chronic 

kidney disease (CKD) is associated with vascular 

calcification, while vitamin D supplements 

increase the survival in those patients. 

The indirect protective role of vitamin D 

against vascular calcification could be mediated by 

its ability to effectively suppress secondary 

hyperparathyroidism (29). High parathyroid 

hormone (PTH) level may contribute to the 

development of the intimal calcification 

(atherosclerosis). In animal study showed elevated 

PTH induces endothelial to chondrogenic 

transition in aortic endothelial cells (30). Also 

PTH can promote Ca+2 deposition in the aortic 

wall (31). Active vitamin D improves insulin 

resistance and down regulates renin expression by 

suppressing renin gene transcription (32). Both the 

activation of renin angiotensin aldosterone system 

and insulin resistance induces cell endothelial 

dysfunction, proliferation of vascular smooth 

muscle and atherosclerosis (33). 

The direct protective role of vitamin D 

against vascular calcification occurs through 

activation of VDRs. That demonstrated by 

reduction of serum cholesterol level and inhibition 

of foam cells and cholesterol efflux in 
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macrophages, through activation of cholesterol 7 α 

hydroxylase, decrease of oxidative LDL uptake by 

foamy cells and decrease of atherosclerotic plaque 

formation (34). Active vitamin D directly 

influences VSMC regeneration through VDRs 

(35). Research has shown that vitamin D protects 

vessel walls against damage caused by 

inflammation by increasing the expression of anti-

inflammatory cytokines, such as IL-10 and by 

decreasing expression of proinflammatory 

molecules e.g., tumour necrosis factor α (TNFα) 

and Il-6 (36). Vitamin D is also involved in the 

down-regulation of plaque destabilizing enzymes 

like matrix metalloproteinase-9 (MMP-9) (37) as 

well as the C-reactive protein (38).  

Our biochemical results were found to 

corroborate the bone histopathalogical changes. 

Both serum osteocalcin and alkaline phosphatase 

levels were significantly increased in the 

ovariectomized group as compared to the sham 

group and there levels were significantly decreased 

by vitamin D administration of OVX rats. 

Osteocalcin and alkaline phosphatase are 

considered markers of bone turnover. In general, 

their serum levels are elevated in diseases of high 

bone turnover rate as osteoporosis (39). 

Osteocalcin is synthesized by osteoblasts and is a 

major characterized non collagenous protein in 

mature human bone. Elevated level of osteocalcin 

may be associated with increased activity of 

osteoblast (40). Alkaline phosphatase is increased 

in postmenopausal osteoporosis as a secondary 

response to elevated bone resorption (41). 

 The decline in the serum estrogen in OVX 

rats is in agreements with Kim et al., 2012 (42) 

who discussed the main mechanism of the bone 

loss in OVX rats to be estrogen deficiency. 

Estrogen deficiency accelerates turnover of bone 

metabolism accompanied with increasing bone 

formation and resorption. In conditions of estrogen 

deficiency, there is increased production of 

inflammatory cytokines, as interleukines: IL-1, IL-

6, IL-11 and tumour necrosis factors (TNF), these 

factors stimulate osteoclasts formation. Estrogen 

has antiresorptive effect as it promotes bone 

formation by regulating osteoblast proliferation, 

differentiation and activity and it stimulates the 

production of antiosteoclastogenic factors including 

Interleukin-1 receptor antagonist (43). Also Estrogen 

deficiency increases the stromal production of 

receptors activator of NFKB ligand (RANKL) and 

macrophage colony stimulating factor (M-CSF) 

(44). Receptors activator of NFKB ligand 

(RANKL) promotes osteoclast formation and 

function, whereas M-CSF is one of the major 

regulators of osteoclast formation and function 

(45). Estrogen up-regulates osteoprotegin (OPG) 

mRNA levels.  OPG suppresses bone resorption by 

sequestering RANKL (46). 

In our work as observed histopathological 

findings of calcium deposits in the aortic wall in 

OVX rats. This could be attributed also to estrogen 

deficiency. The estrogen protective effect against 

vascular calcification could be mediated by 

upregulation of osteoprotegrin (OPG) mRNA 

levels which is able to sequester RANKL. RANKL 

is produced by many cells like vascular smooth 

muscle cells (VSMS) might contribute to the 

atherosclerotic process through triggering 

endothelial cells (EC) proliferation and stimulating 

monocyte metalloproteinase 9 (MMP-9) activity. 

Thus promoting an osteogenic differentiation 

program in VSMCs that leads to the synthesis of 

bone proteins and matrix calcification within the 
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arterial vessels (47). However OPG, antagonizes 

RANKL actions in bone tissue, is constitutively 

produced by VSMCs and may be induced by 

inflammatory modulators or down regulated by 

anti-inflammatory stimuli in VSMCs and 

endothelial cells. Elevated OPG levels help 

protection against arterial damage and vascular 

calcification and/or possibly represent counter 

regulatory attempts to offset the effects of a 

RANKL increase (48).  

In the present work, administration of vitamin 

D to ovariectomized rats produced significant 

increase in serum level of nitric oxide. Whereas in 

ovariectomized group there was no significant 

changes in serum NO level as compared to the 

sham group. So as a support of our results that, in 

conditions of estrogen deficiency, the cytokines 

produced as interleukin-1Beta, interleukin 6 and 

tumour necrosis factors alpha (IL-1B, IL-6 and 

TNFα) induce nitric oxide (NO) production in 

various cell types (49). However it has been 

suggested that estrogen increased endothelial nitric 

oxide synthase activity in osteoblast like cells and 

endothelial cells (50). Wimalawansa, 2000 (51) 

reported that nitric oxide donor alleviates 

ovariectomy induced bone loss. In postmenopausal 

women, estrogen replacement therapy caused an 

increase in NO levels; whereas quitting estrogen 

replacement therapy decreased NO levels 

significantly (52). So our findings could be 

explained as that in OVX group without vitamin D 

supplementation: the induced NO production by 

cytokines balance the decreased NO due to 

estrogen deficiency. This may not cause a change 

in total NO levels and/or in the state of estrogen 

insufficiency, inducible nitric oxide synthase 

stimulation by cytokines may be insufficient.  

 The increase in NO serum level by 

administration of vit D observed in our work 

agrees with Morris and Selvraj, 2014 (53) who 

reported that active vitamin D (1,25 dihydroxy 

vitamin D) regulates the production of NO and or 

expression of inducible NOS (iNO) in different 

cells including endothelial cells, osteoblasts, 

microglial cells and macrophages. Reduced NO 

level facilitates vascular inflammation which cause 

oxidation of lipoproteins and foam cells formation, 

the precursor of atherosclerotic plaque (54). The 

disturbance of its endothelial function may lead to 

hypercholesterolemia, atherosclerosis (55). 

 Malek and Shata, 2014 (56) reported that 

adding vitamin D to the diet of atherosclerotic 

rabbits,  significant increase was noted in NO 

production, so that vitamin D has 

antiatherosclerotic effects and stimulate NO 

production which attenuates the inflammatory 

atherosclerotic process.  

Endothelial dysfunction is caused by a 

reduction in nitric oxide bioavailability in VDR 

deficient mice (57) additionally Ding et al., 2015 

(58) suggested that VDRs up regulates eNO 

synthase protein expression, an important enzyme 

that contributes to the pathogenic process of 

atherosclerosis. The molecular mechanism by 

which chronic calcitriol administration can restore 

vascular function by normalizing the endothelial 

expression of COX-2 and thromboxane-prostanoid 

receptors thereby preventing the reduction of NO 

generation that is induced by thromboxane 

prostanoid receptor activation (59). Finally, the 

attenuated NO production in aortic endothelial 

cells from ovariectomized rats can be restored 

following short term treatment with calcitriol.  
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Administration of vitamin D to 

ovariectomized rats caused significant increase in 

serum level of Ca+2 and phosphorus as compared 

to ovariectomized rats. The decreased calcium and 

phosphorus level in ovariectomized rats are in 

agreement with Hassan et al. 2013 (60). The 

impairment of intestinal Ca+2 absorption by 

estrogen deficiency has been attributed to either a 

decrease in serum 1,25 dihydroxy vitamin D3 

levels or direct effect of estrogen on intestinal Ca+2 

transport (61). Studies of the mechanism of action 

of vitamin D on intestinal transport of Ca+2 have 

suggested that vitamin D affects energy 

independent step of Ca+2 transport possibly by 

increasing the permeability of the mucosal cell to 

Ca+2 (62). 

Serum level of parathyroid hormone 

(PTH) was increased significantly in 

ovariectomized rats while vitamin D 

administration caused a significant decrease in its 

level. The increased PTH level in ovariectomized 

rats is in agreement with Elkomy and Elsaied, 

2015 (63). Evidence of osteoporosis resulting from 

ovariectomy was indicated by the present elevation 

of PTH level. The elevated level of parathormone 

causes additional loss of bone mass in estrogen 

deficient animals beyond the rapid loss associated 

with ovariectomy. Decreased estrogen level in 

females increases the sensitivity of bones to the 

action of PTH leading to bone resorption with 

lowering bone mass (64). In addition 

hypovitaminosis D brings about an increment in 

PTH secretion which may contribute to vascular 

calcification, resulting in endothelial and vascular 

growth dysfunction (65). The suppressed level of 

PTH by administration of vitamin D observed in 

our work is in agreement with Mizobuchi et al., 

2007 (66).  

In our present work the administration of 

vitamin D improved the lipid profile in 

ovariectomized rats in which there were significant 

decrease in total cholesterol, LDL, HDL, and 

triglycerides. These findings suggest that vitamin 

D insufficiency is associated with dyslipidemia. 

The estrogen lowering effect of cholesterol was 

demonstrated by Washburn et al., 1993 (67), also 

pharmacological doses of estrogen up regulated 

LDL receptors in rat livers. However LDL binding 

in human liver homogenates is correlated with 

serum estrogen concentrations, also the regulation 

of the LDL receptors has been shown to involve 

both transcriptional and post transcriptional (68) 

mechanisms. Also by Black et al, 1994 (69), the 

antiestrogens tamoxifen and reloxifene act as 

estrogen agonists in the liver, causing a decreasing 

in total cholesterol in rats and LDL in humans. The 

improvement of HDL and triglycerides level after 

administration of vitamin D agrees with Wehr et 

al., 2011 (70). This might be explained by the 

suppressive effect of vitamin D on serum PTH 

concentration. Because elevated PTH 

concentrations are accompanied by a decrease in 

plasma post heparin lipolytic activity (71). The 

reduction in serum PTH may have decreased 

serum triglycerides via increased peripheral 

removal (70). 

Although the lowering effect of vitamin D 

on HDL could be considered an adverse effect yet 

we must note that in contrast to humans the rat 

HDL is the predominant form of cholesterol in 

plasma, comprising about 60-70% of the total 

cholesterol level (72). Surprisingly it has been 

demonstrated by Mayret-Mesquiti et al., 2007 (73) 
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that NO synthesis was significantly reduced with 

increased levels of triglycerides and cholesterol. 

So giving the significant improvement of serum 

NO level with vitamin D administration in our 

study this may highlights a mechanism of the 

lowering effect of vitamin D on cholesterol level 

to be through elevating NO serum level. Another 

mechanism may involve activation of VDRs by 

active vitamin D. Because VDRs suppress the 

activation of cholesterol 7 α hydroxylase which is 

the rate limiting enzyme in bile and which reduces 

the serum cholesterol concentration (74). 

In conclusion: Estrogen deficiency state 

induced by ovariectomy in rats associated with 

bone loss and aortic wall calcification. That could 

be explained by associated dyslipidemia and the 

lowered vitamin D and NO levels whereas the 

elevated PTH level that disturb the calcium and 

phosphorus homeostasis.  The administration of 

vitamin D has a beneficial effect on the bone 

quality and also a delaying effect on the onset of 

aortic vascular calcification in ovariectomized rats, 

with suggestion of possible improvement of serum 

nitric oxide levels that ameliorate endothelial 

dysfunction and prevent atherosclerosis with 

intimal calcification. 
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