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Abstract 

 We aimed to evaluate the potential of growing rats as a model of osteoporosis induced by short 

term hypercholesterolemia. Twelve growing female Sprague-Dawley rats were randomly allocated 

into two groups. Control rats received standard diet while rats in group 2 were fed with diet contained 

20% sunflower oil, 2% cholesterol and 0.5% cholic acid for 2 weeks and then a diet contained 10% 

sunflower oil, 1% cholesterol and 0.25% cholic acid for the next 4 weeks.  At the end of second week, 

serum total cholesterol level was assayed which was repeated at the end of the 6th week along with 

serum carboxy-terminal collagen crosslinks (CTX) and procollagen type 1 N propeptide (PINP) 

levels. Finally, rats were euthanized and right and left tibiae were dissected for histomorphometric 

study and determination of bone mineral density, respectively. Hypercholesterolemia was present in 

rats of group 2 in both sampling times. No significant difference was observed in body weight, 

epiphyseal and metaphyseal histomorphometric parameters and mineral density as well as serum CTX 

and PINP. Although this was a preliminary study with relatively low sample size, it seems that 

growing female Sprague-Dawley rats do not show bone loss due to short term hypercholesterolemia 

and may not be a proper animal model in this regard. 
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1. Introduction 

 For years, osteoporosis and cardiovascular 

disease were considered as independent 

chronic diseases that are more commonly 

associated with advanced age. In 1997, 

Parhami and Demer suggested that products of 

lipid and lipoprotein oxidation might have a 
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role in pathophysiology of osteoporosis [1]. 

Now, increasing evidence supports a direct 

association between cardiovascular disease 

and osteoporosis. For instance, previous 

studies have demonstrated that lipid-lowering 

agents from the statin group, which inhibit the 

rate-limiting step in cholesterol synthesis, 

increase bone mineral density and lower 

fracture risk [2-4]. Moreover, the available 

epidemiological evidence indicates that 

elevated serum cholesterol concentration is a 

risk factor in development of osteoporosis [5 

and 6].  

 Experimental studies on animals that cover 

the subject of relationship between 

consumption of high fat diets and osteoporosis 

are relatively scares and mostly are performed 

on mice. In a pioneer study performed by Cao 

et al., (2009); mice showed a decrease in 

cancellous bone mass due to consumption of 

high fat diets for an extended time (14 weeks) 

[7]. Few years later, Patsch et al., (2011) 

reported that both short-term and extended 

term high fat diet can induce obesity and 

significant bone loss in mice [8]. Recently, 

Pelton et al concluded that 

hypercholesterolemia due to consumption of 

high fat/high cholesterol diet for 4 months, can 

directly affect bone health in mice and results 

in osteoporosis by promoting 

osteoclastogenesis. Based on this observation, 

they suggested that mice could be used as an 

animal model for testing intervention 

strategies for reducing negative effects of 

hypercholesterolemia on bone health [9]. 

 Laboratory rats meet most of the criteria as 

an animal model. The availability of detailed 

knowledge of the rat skeleton and protocols 

for rapid induction of osteopenia, have 

increased this model’s popularity for 

researchers working on subjects related to 

metabolic bone diseases including 

osteoporosis [10]. Rats reach their sexual 

maturity at the age of about 2.5 months, 

however their skeleton is considered mature 

after the age of 10 months [11]. Skeletally-

immature rats have a low peak bone mass and 

are an appropriate animal model in the 

research of endocrine, nutritional and 

environmental factors [10].  Unfortunately, 

there is insufficient knowledge about the 

potential of rats as an animal model for study 

of the role of hypercholesterolemia in bone 

metabolism and architecture. As the only 

report that we found in this regard, You et al., 

(2011) declared that growing rats that have 

consumed a high fat/high cholesterol diet for 3 

months show decreased bone mineral density 

(BMD) and serum osteocalcin accompanied by 

increased serum carboxy-terminal collagen 

crosslinks (CTX) level [12]. 

 In the present study, we aimed to see 

whether consumption of diets with lower fat 

content for relatively short term is associated 

with bone changes in rats. This can help 

researchers for selecting the optimum period 

and lipid content of the diet which may be 

used for inducing bone changes in growing 

rats.  
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2. Materials and Methods 

2.1. Animals and Experimental Design  

 Twelve growing female Sprague-Dawley 

rats, with a mean body weight of about 150 g, 

were purchased from animal house of Shiraz 

Medical University, Shiraz, Iran. Rats were 

acclimatized for one week before the 

beginning of the experiment to the ambient 

conditions (temperature about 23°C and a 

12h/12h, light/dark cycle). Animals had free 

access to tap water and standard rat chow diet 

prepared by Razi Vaccine and Serum Research 

Institute, Shiraz, Iran. After adaptation, rats 

were randomly allocated into two equal groups 

(n = 6 each). Group 1 (control) rats received 

the standard diet during the experiment while 

rats in group 2 were fed with a diet contained 

20% sunflower oil, 2% cholesterol (BDH, 

England) and 0.5% cholic acid (Sigma, USA) 

for 2 weeks  and then  a diet contained  10% 

sunflower oil, 1% cholesterol and 0.25% 

cholic acid for the next 4 weeks.  At the end of 

the second and 6th week of the experiment 

fasting blood samples were collected from all 

rats by cardiocentesis under anesthesia. At the 

end of the experiment, rats were euthanized by 

deepening anesthesia and right and left tibial 

bones were dissected for histomorphometric 

and radiographic evaluation, respectively. 

 Procedures used in the present study are in 

accordance with institutional ethical guidelines 

of School of Veterinary Medicine, Shiraz 

University, for care and use of laboratory 

animals in experiments. 

 

 

2.2. Determination of Serum Cholesterol Levels  

 After centrifugation at 3000 rpm for 10 

min, harvested sera were stored in -80°C until 

use. Serum total cholesterol of samples 

collected at the end of the second and 6th week 

of the experiment were assayed by commercial 

colorimetric kits prepared by Ziest Chem® 

Diagnostics, Tehran, Iran.  

 

2.3. Determination of Markers of Bone 

Metabolism 

 Sera harvested at the end of the experiment 

(6th week) were used for determination of 

biochemical bone markers. Procollagen type 1 

N propeptide (PINP) and CTX were assayed 

by Rat PINP ELISA kit (Shanghai crystal day 

biotech Co., China) and Rat CTX-1 ELISA kit 

(Shanghai crystal day biotech Co., China) 

respectively. 

 

2.4. Histomorphometric Study of Bone 

Samples 

      Bones were fixed in 4% formaldehyde 

solution and decalcified using formic acid–

sodium citrate method [13]. Then 5-μm 

longitudinal sections of proximal epiphysis and 

metaphysis were made in the median plate. 

Sections were stained by using H&E method. 

Histomorphometric parameters were 

determined by a digital photo microscope 

connected to a personal computer with Ziess 

axio vision LE software. Trabecular width 

(Tb.Wi) was determined in epiphysis as well as 

in secondary spongiosa of metaphyseal side of 

growth plate; Bone area/tissue area 

(B.Ar/T.Ar) was measured in epiphysis. The 
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region of the cancellous bone marked for the 

measurements was the central zone of 

cancellous tissue. The nomenclature of 

parameters is in compliance with ASBMR 

histomorphometry nomenclature committee 

[14].  

 

2.5. Determination of Bone Mineral Density 

      Lateral radiographs were prepared from left 

tibiae of rats. Density of the proximal epiphysis 

and metaphysis was quantitatively determined 

by using an aluminum step wedge and ImageJ 

software as described by Haidekker et al., 2004 

[15]. 

 

2.6. Statistical Analysis  

 Data were presented as mean ± SD. Data 

analysis was carried out by using one-way 

ANOVA and Tukey’s multiple comparison 

tests as the post hoc (SPSS 11.5 for windows 

software). Differences were considered 

significant at p < 0.05. 

 

3. Results and Discussion 

 As shown in table 1, rats of both groups 

had statistically the same body weight at the 

end of the experiment. At the end of the 

second week of the experiment, serum 

cholesterol level of rats received a high 

cholesterol diet increased to more than 4 times 

the control group. At the end of the 

experiment, hypercholesterolemia was still 

present in rats of group 2, although it was 

milder than the second week (table 1). No 

significant differences were observed in serum 

PINP and CTX levels between two groups 

(table 2). Representative slides for 

determination of histomorphometric 

parameters are shown in figure 1. 

 Histomorphometric parameters as well as 

bone mineral density of proximal epiphysis 

and metaphysis of tibiae of rats in both groups 

were statistically the same (table 3). 

 In 2011 Patsch et al. reported that mice can 

properly show bone loss due to short term 

consumption of high fat diets [8]. In contrary, 

findings of the present study clearly 

demonstrate that growing female Sprague-

Dawley rats are resistant to bone loss due to 

short term dietary induced 

hypercholesterolemia.  

Table 1. Serum cholesterol levels (mean±SD) of rats at the end of the second and 6th week of the experiment. 

 serum cholesterol (mg/dl) Body weight (g) 

end of 
second week 

end of 6th 
week 

end of 
second week 

end of 6th 
week 

Group1  61±14 70±13 140±11 183±15 
Group 2  255±81* 112±22* 153±13 193±9 

 

Rats in group 1served as control while rats in group 2 received high cholesterol diet.Asterisk sign is used to 

demonstrate significant difference with control group (p<0.05). 
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 Within the same species, our results 

regarding the capability of rats to be used as an 

animal model for hypercholesterolemia-

induced bone loss is inconsistent with the 

findings of You et al., 2011 [12], which to our 

knowledge was the only published record 

related to this area. These researchers have 

reported a reduction in BMD of femur (but not 

lumbar vertebrae) and serum osteocalcin 

accompanied by an increase in serum CTX 

level that none of them was observed in our 

study. To describe this controversy, it is very 

important to mention that the rate of bone loss 

in male and female rats is highly dependent on 

the method used to induce osteoporosis, the 

site evaluated and whether this loss concerns 

cancellous or cortical bone [16]. You et al., 

[12] have used skeletally immature female 

Sprague-Dawley rats which is common with 

our study; however, the cholesterol and fat 

content of the diet that has been used (3% 

cholesterol and 20% lard during the whole 

study period) is remarkably higher than what 

fed to rats in the present study. Another aspect 

is that You et al., [12] have evaluated bone 

mineral density of femur and lumbar vertebrae 

which was replaced by proximal tibiae in our 

study. Longer duration of the study performed 

by You et al., [12] (twice the period of our 

study), can have a critical role in acceleration 

of bone resorption and reduction of bone 

formation which was reflected in the serum 

     

Figure 1. Photomicrographs of tibial epiphysis (mag. ×10). A) Determination of width of 3 trabeculae and B) 

determination of bone area/tissue area. The sum of the trabecular areas was divided to the area of a postulated 

rectangle. GP: growth plate. 

 

 

 

Table 2. Serum levels of biochemical markers of bone metabolism (mean±SD). 

 PINP (ng/ml) CTX (ng/ml) 
Group1 290±53 295±48 
Group 2 301±54 238±57 

 
Rats in group 1served as control while rats in group 2 received high cholesterol diet. 

No significant difference was observed between the two groups. 
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levels of biochemical markers of bone 

metabolism. Therefore it seems that 6 weeks 

may not be a sufficient time for a change in 

bone metabolism of rats due to high 

cholesterol diets.  

 Despite the higher fat content of the diet 

used by You et al., [12] the severity of 

hypercholesterolemia at the end of the both 

studies is roughly the same (about 1.6 times 

the control level). This can be simply 

described by the lack of cholic acid in the diet 

used by You et al [12]. An interesting fact is 

that rats in the study performed by You et al., 

[12] had become obese, which was not true for 

our study. In 2012, Pelton et al., [9] reported 

that feeding a high fat/high cholesterol diet 

which was isocoloric with a low fat/no 

cholesterol diet (as control) to mice can result 

in hypercholesterolemia and osteoporosis 

without appreciably affecting body weight. 

They concluded that hypercholesterolemia 

itself (without accompanied obesity) can 

contribute to development of osteoporosis in 

mice, a fact that may not be applicable to rats 

with regard to the results of our study and the 

one performed by You et al., [12] although this 

needs to be further examined in future studies 

especially by considering the importance of 

duration of the experiment.  

 

4. Conclusion 

 As a conclusion, although this was a 

preliminary study with relatively low sample 

size, it seems that in contrary to mice, growing 

female Sprague-Dawley rats do not show bone 

loss due to short term consumption of high 

cholesterol diets and therefore may not be an 

appropriate model in this regard.  
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