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Abstract: This study investigated the effects of the herbal compounds Tribulus terrestris (TT), Avena sativa (AS), white ginseng (WG), 
and a triple combination (TC) powder on the serum total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglyceride, and the tibial bone mineral density (BMD) levels in rats fed a high-cholesterol diet. This 
study comprised Group I (normal pellet feed), Group II (pellet feed with 2% cholesterol), Group III (2% cholesterol plus 15% TT), 
Group IV (2% cholesterol plus 7.5% AS), Group V (2% cholesterol plus 5% WG) and Group VI (2% cholesterol plus 7.5 TT% + 3.75% 
AS, 2.5% WG). The serum total cholesterol, LDL-C, HDL-C, triglyceride, and tibial BMD (g/cm2) levels were measured. Significant 
decrease in the serum HDL-C levels in Group II than Group I, and significant increase in the serum LDL-C levels in Group II than 
Groups I and VI were determined. The tibial BMD levels were significantly lower in Groups II and IV than Group I. It was determined 
that WG and TC significantly prevented the serum total cholesterol increase; TC significantly prevented the serum LDL-C increase; 
and TT, WG, and TC were non-significantly effective in the improvement of tibial BMD levels. 
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1. Introduction 

Bone mineral density (BMD) is maintained via the 
proper functioning of osteoblast and osteoclast cells [1]. 
The disruption of physiological bone remodeling leads 
to osteoporosis [2], with the loss of BMD serving as a 
major risk factor for both osteoporosis and osteoporotic 
fracture [3]. Reduction of BMD is an important public 
health concern in aging populations, particularly in 
females ranging from 51 to 55 years old and males 
from 61 to 65 years old [4]. Hypercholesterolemia 
hastens annual bone loss in postmenopausal women [5] 
and is associated with osteoporosis [6]. A 
high-cholesterol diet in rats is associated with an 
osteoporosis risk, which is possibly caused by the 
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inhibition of osteoblast proliferation and differentiation 
[7]. High-density lipoprotein (HDL) has been shown to 
have preventative effects against the oxidized 
low-density lipoprotein cholesterol (LDL-C)-induced 
apoptosis of osteoblastic cells [8]. 

Fatty acid esters of estrogen are a component of 
HDL [9]. Estrogen plays an important role in bone 
health, and the reduction of estrogen related to age is 
associated with a loss of bone mass [10]. 
Postmenopausal women not taking hormone 
replacement therapy compared to those taking 
hormone replacement therapy have high total 
cholesterol and LDL-C levels with low BMD levels in 
the lumbar spine [11]. In addition, testosterone levels 
have an important role in bone health via the 
stimulation of bone formation. The reduction of 
testosterone related to age in men is associated with 
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low HDL-C levels [12].  
Pharmacological agents are available for 

osteoporosis treatment that reduce the risk of fractures 
and correct improper bone resorption and bone 
remodeling, and these agents include hormones, 
bisphosphonates, a monoclonal antibody to the receptor 
activator of nuclear factor kappa-B ligand [13], and 
statins [14]. However, significant side effects of these 
pharmacological agents have been demonstrated. For 
example, atypical femoral fractures can occur after 
bisphosphonate use [15]; there is a high lung cancer 
risk with alendronate [16]; bone loss can be seen after 
the discontinuation of denosumab [17]; there is an 
increased risk of endometrial cancer with hormone 
replacement treatment [18], a risk of back pain with 
teriparatide treatment [19], and a myocardial infarction 
risk with strontium ranelate [20]; and liver damage can 
occur with statins [21]. Herbal medicine is 
recommended as a complement to well-established 
pharmacological treatments to prevent or treat bone 
loss [2]. Medicinal plants are known to have an 
important impact on human health throughout in the 
world [22]. 

Tribulus terrestris (TT), belonging to 
Zygophyllaceae family, is found in the Mediterranean 
and subtropical regions in the word. Its fruits and roots 
have been used as an herbal medicine for various 
diseases. Its pharmacologic active constituents are 
flavonoids, flavonol glycosides, steroidal saponins, and 
alkaloids [23]. Its therapeutic effects include acting as 
an aphrodisiac [24], hypolipidemic [25], 
hepatoprotector [26], and anti-inflammatory [27].  

American ginseng and Korean ginseng have been 
used in the treatment of many diseases for thousands of 
years [22]. The active ingredients in ginseng, 
ginsenosides, are reported to have antioxidant effects 
[28], anti-adipocyte effects [29], estrogen-like activity 
[30], and osteogenic activity [31]. 

Avena sativa (AS) is an oat, or annual grass, that is 
grown worldwide. It is made up of carbohydrates, 
proteins, tocols, lipids, alkaloids, flavonoids, saponins, 

and sterols [32]. It has been shown to have a 
cholesterol-lowering effect [33], antioxidant activity 
[34], and antidiabetic activity [35].  

There is a great need for elucidating herbal 
alternative treatments for the improvement of BMD. 
Thus, the effects of TT, AS, white ginseng (WG), and a 
triple combination (TC) powder were explored on the 
serum total cholesterol, LDL-C, HDL-C, triglyceride, 
and tibial BMD levels in rats fed a high-cholesterol 
diet.  

2. Material and Methods 

2.1 Animals and Study Design 

The animals used in this study were 42 male Wistar 
albino rats, 2.5 months old with a body weight between 
200-210 g. The rats were maintained in an 
experimental room under standard conditions (12 h 
light/dark cycle; temperature: 25 °C) and were adapted 
to environment for 15 days prior to the start of the 
experiment. Kobay’s Local Ethics Committee 
approved this experimental procedure.  

In this study, the rats were divided into six groups. 
Group I was fed with normal pellet feed and Group II 
was fed pellet feed with 2% added cholesterol. Groups 
III, IV, V, and VI were fed with 2% cholesterol plus  
15% TT; 2% cholesterol plus 7.5% AS; 2% cholesterol 
plus 5% WG; and 2% cholesterol plus 7.5 TT%, 3.75% 
AS, 2.5% WG, respectively. Under anesthesia with 
xylazine (10 mg/kg) and ketamine (90 mg/kg), blood 
samples and tibial bone tissue samples were obtained. 
After centrifugation at 3,000 rpm for 10 minutes, sera 
samples were frozen until biochemical measurements 
could be performed. At the end of the 90-day study 
period, the rats were sacrificed. 

2.2 Materials 

Five groups of rats (Groups II, III, IV, V, and VI) 
were fed pellet feed with 2% cholesterol (Sigma 
Aldrich C-75209). The pellet feed was mixed with 
milled 15% TT seed (Group III), 7.5% AS seed (Group 
IV), and 5% WG root (Group V). The pellet feed in the 
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TC Group (Group VI) included the milled 7.5% TT 
seed, 3.75% AS seed, and 2.5% WG root.  

2.3 Measurement of the Serum Biochemical 
Parameters  

The serum total cholesterol, LDL-C, HDL-C, and 
triglyceride levels were measured using a 
COBAS-C501 chemistry analyzer (Roche Diagnostics 
GmbH, D-68298 Mannheim, Germany).  

2.4 Measurement of the Bone Mineral Density 

The tibial BMD (g/cm2) levels in rats were measured 
using a DEXA scanner (Norland XR-46 bone 
densitometer, Norland Corp., Fort Atkinson, Wisconsin, 
USA) with a small-animal scanning software (available 
from Norland) with a densitometric method.  

2.5 Statistical Analyses 

Statistical analyses were performed using the SPSS 
20.0 program. Normal distribution parameters were 
determined according to the Shapiro-Wilk test. 
Non-normally distributed and normally distributed 
parameters were analyzed using the Kruskal-Wallis 
test and a one-way ANOVA, respectively. The 
significance between the groups after the one-way 
ANOVA analysis was determined with Tukey’s post 
hoc test. p < 0.05 was considered significant.  

3. Results 

3.1 Assessment of Serum Lipids and Lipoproteins 

The serum total cholesterol level significantly 
increased in Group II compared to Group I (p < 0.05). 
The serum total cholesterol level significantly 
decreased in Groups V, and VI compared to Group II (p 
< 0.05). There were no significant differences among 
all groups in the serum triglyceride levels (p > 0.05). 
The serum HDL-C level significantly decreased in 
Group II compared to Group I (p < 0.05). There were 
no significant differences among Groups I, III, IV, V, 
and VI for the serum HDL-C levels (p > 0.05). The 
serum LDL-C level significantly increased in Group II 
in comparison to Group I. In Group VI, the serum 
LDL-C level significantly decreased in comparison to 
Group II. All of this information is summarized in 
Table 1.  

3.2 Assessment of Bone Mineral Density 

The tibial BMD level in Group II significantly 
decreased compared to Group I (p < 0.05). In Group IV, 
despite AS treatment, the tibial BMD level also 
significantly decreased compared to Group I. In 
Groups III, V, and VI, no significant increases    
were determined as compared to Group II, as shown in 
Table 1.  

 
Table 1  The effects of TT, AS, WG and TC on total cholesterol, triglyceride, HDL-C, LDL-C, and BMD levels in rats fed a 
high-cholesterol diet.  

Parameters 
Group I Group II Group III Group IV Group V Group VI 
Control 2% Chol 2% Chol + TT 2% Chol + AS 2% Chol + WG 2% Chol + TC 

Total cholesterol 
(mg/dL) 71 (56-85) 89 (84-107)a 74 (68-112) 74 (67-80) 68 (57-89)b 71 (57-75)c 

Triglyceride 
(mg/dL) 56.86 ± 4.67 62.00 ± 8.18 53.86 ± 4.38 53.29 ± 3.13 51.57 ± 6.56 49.14 ± 2.65 

HDL-C (mg/dL) 41.14 ± 2.63 30.71 ± 1.68d 33.00 ± 3.03 35.43 ± 1.47 37.29 ± 1.40 38.14 ± 0.63 
LDL-C (mg/dL) 32 (29-41) 39 (37-43)e 37 (34-43) 37 (31-39) 33 (30-41) 32 (29-37)f 

BMD (g/cm2) 0.1248 ± 0.0033 0.1080 ± 0.0034g 0.1161 ± 0.0026 0.1123 ± 0.0033h 0.1169 ± 0.0019 0.1187 ± 0.0019 
Group I: Control group; Group II: Cholesterol-treated group; Group III: 2% Cholesterol + TT-treated group; Group IV: 2% Cholesterol 
+ AS-treated group; Group V: 2% Cholesterol + WG-treated group; Group VI: 2% Cholesterol + TC-treated group.  
Each group consisted of 7 rats. All values were presented as mean ± SEM or median (minimum – maximum).  
a p < 0.05 versus Group I; b p < 0.05 versus Group II; c p < 0.05 versus Group II; d p < 0.05 versus Group I; e p < 0.05 versus Group I; f 
p < 0.05 versus Group II; g p < 0.05 versus Group I; h p < 0.05 versus Group I.  
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4. Discussion 

Bone cells are susceptible to disturbances in 
cholesterol homeostasis due to poor cholesterol efflux 
and alterations in serum cholesterol levels, resulting in 
changes in the maturation, differentiation, and 
stabilization of bone [6]. Several studies have indicated 
that a high-cholesterol diet in rats causes the increase of 
total cholesterol and LDL-C levels and the decrease of 
HDL-C levels [29, 36]. Similarly, in this study, a 
high-cholesterol diet in rats caused an increase in the 
serum total cholesterol and LDL-C levels and a 
decrease in the serum HDL-C levels. This suggests that 
a high-cholesterol diet leads to an increase in the 
harmful cholesterol levels in the body.  

Lipids have been demonstrated to accumulate in the 
bones of mice [37]. This lipid accumulation in the bone 
vessel sub-endothelial matrix, inhibiting the 
differentiation of osteoblast cells and oxidation of 
lipids, would be anticipated to induce the 
differentiation of osteoclast precursor cells [38].  

The relationship between hypercholesterolemia and 
BMD has been revealed in some studies [5-7], but not 
all studies confirm these results [39, 40]. High serum 
cholesterol levels have been shown to hasten annual 
bone loss in women after menopause [5]. Furthermore, 
dyslipidemia has been suggested to trigger 
osteoporosis, as evidenced by high-cholesterol and low 
BMD levels in premenopausal women [41]. Similarly, 
it has been suggested that a low BMD level is related to 
dyslipidemia in South Korean men [42]. 
Hypercholesterolemia has been reported to cause bone 
resorption via osteoclastogenesis in mice [6]. Thus, in 
this study, rats were fed a high-cholesterol diet in order 
to study the association between hypercholesterolemia 
and BMD. Decreased tibial BMD and increased serum 
total cholesterol and LDL-C levels were found in rats 
of Group II fed a high-cholesterol diet. This suggests 
that hypercholesterolemia can lead to BMD loss in rats 
via the possible mechanism of osteoblast cell 
inhibition.  

The mechanism of BMD loss due to a 
high-cholesterol diet in rats has been explained by You 
et al. [7] using decreased serum ALP and osteocalcin 
levels and increased carboxy-terminal collagen 
crosslink levels. In addition, You et al. [7] have 
demonstrated an increase in gene expression related to 
bone resorption and a decrease in gene expression 
related to bone formation in rats fed a high-cholesterol 
diet. 

Hypercholesterolemia is an important public health 
concern in both women and men because of its 
association with BMD. Therapeutic agents are 
commercially available to treat osteoporosis and 
hypercholesterolemia, but these agents often have 
adverse effects in humans. Therefore, medicinal herbs 
are being highly researched to treat these diseases. In 
this study, the effects of the medicinal plants TT, AS, 
and WG were studied on hypercholesterolemia and 
BMD in rats fed a high-cholesterol diet.  

Research on ginseng, because it is safe and 
inexpensive, has been commonly carried out for the 
treatment of various diseases. Black ginseng has been 
reported to significantly decrease serum total 
cholesterol and LDL-C levels and attenuate the 
expression levels of cholesterol-forming and 
cholesterol-storing genes in rats fed a high-cholesterol 
diet [36]. Consistent with the above study results, this 
study revealed that WG treatment could significantly 
decrease the serum total cholesterol levels in rats fed a 
high-cholesterol diet, though there were no changes in 
the serum HDL-C and triglyceride levels. This suggests 
that WG has hypocholesterolemic effects on rats.  

Moreover, investigations have recently focused on 
the osteogenic effects of ginseng saponins [31]. Panax 
notoginseng saponins have been demonstrated to 
encourage the osteogenic differentiation of the bone 
marrow stromal cells of rats by stimulating ALP, 
core-binding factor a1 (Cbfa1), osteocalcin (OC), bone 
sialoprotein (BSP) expression, and inhibiting 
peroxisome proliferator activated receptor gamma 2 
(PPARγ2) expression in a dose-dependent manner [31]. 
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Huang et al. [28] revealed that ginsenoside-Rb2 
decreases bone-resorbing cytokines, such as the 
receptor activator of nuclear factor kappa-B ligand 
(RANKL) and IL-6 induced by oxidative stress in 
MC3T3-E1 cells, and increases BMD in 
ovariectomized mice. In addition, Panax notoginseng 
saponins decreased bone marrow adipogenesis and 
prevented bone mass loss as well as decreased the 
serum activities of the C-terminal telopeptides of type I 
collagen, a bone resorption marker, when used to 
counteract bone loss induced by ovariectomy in rats 
[43]. In this study, significant BMD loss was achieved 
due to hypercholesterolemia in rats. Though 
non-significant, WG could somewhat prevent the tibial 
BMD loss via the possible inhibition of bone marrow 
adipogenesis by decreasing the total cholesterol and 
LDL-C levels in rats with hypercholesterolemia.  

TT is commonly used as medicinal herb in the 
treatment of various diseases in many countries. The 
induction of bone formation due to an increase in 
testosterone production [12] and hypolipidemic 
activities [25, 44] have been reported as consequences 
of TT treatment in several studies. However, its effect 
is not known on BMD in cases caused by 
hypercholesterolemia. In this study, non-significant 
decreases in the total cholesterol levels were found in 
rats with hypercholesterolemia which were treated with 
TT. In addition, TT showed non-significant increases 
in BMD in rats with hypercholesterolemia. 
Non-significant improvements in BMD might be 
attributable to the slight cholesterol-lowering effect of 
TT and its possible testosterone-increasing effect.  

AS is also known as oat, which is cultivated 
worldwide. Oat is traditionally used as an herbal 
remedy because of its anti-oxidant, anti-inflammatory, 
and anti-cholesterolemic activities, among others [32]. 
An oat diet has been demonstrated to have 
hypocholesterolemic activities by aiding in the 
excretion of fecal total lipids, total cholesterol, and bile 
acids in hamsters [45]. An in vitro study has 
demonstrated that the oat bioactive compounds, 

avenanthramides, can act on bone cells by preventing 
osteoblast/osteocyte apoptosis and increasing 
osteoclast apoptosis [46]. However, an in vivo study 
regarding the effects of oat on bone in cases caused by 
hypercholesterolemia is not currently available. This 
study demonstrated that oat in the diet can significantly 
decrease total cholesterol levels. However, its effect on 
BMD was unsatisfactory as seen from the lower BMD 
levels in Group IV as compared to Group I. 
Furthermore, this study revealed that the TC 
significantly decreased the total cholesterol and LDL-C 
levels in hypercholesterolemic rats, and 
non-significantly increased the BMD levels.  

5. Conclusions 

This study revealed that WG and TC had 
anti-cholesterolemic effects, and TT, WG, and TC 
were non-significantly effective in the improvement of 
tibial BMD levels. Further research on TT, AS, and 
WG active compounds is needed to prevent or treat 
bone loss.  
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