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Abstract 

This study was aimed to evaluate the effects of Tribulus terrestris (TT), Avena sativa (AS), white ginseng 
(WG), and a triple combination (TC) powder on adipokines, homocysteine and paraoxonase-1 levels in 
hypercholesterolemic rats. Hypercholesterolemia in rats was induced by diet added 2% cholesterol. Herbal 
treatment groups consisted of Group III (TT), Group IV (AS), Group V (WG) and Group VI (triple 
combination of TT, AS and WG). Significant increase in total cholesterol, LDL-C, homocysteine, leptin and 
resistin levels (P<0.05) and insignificant decrease in adiponectin, and paraoxonase-1 levels (P>0.05) were 
found in hypercholesterolemic rats. The treatment combination with TT, AS and WG significantly reduced 
total cholesterol, LDL-C, homocysteine, leptin and resistin levels in hypercholesterolemic rats (P<0.05). In 
conclusion, it was found that TT, AS and WG had positive effects on reversing the effects of 
hypercholesterolemia in rats. The combination treatment with TT, AS and WG may have therapeutic effects 
in the treatment of hypercholesterolemia.  
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1. Introduction  

Obesity incidence is appeared to increase 
during recent decades. It may be 
accompanied with adipose tissue 
dysfunction, fatty liver disease, dyslipidemia, 
and atherosclerosis (Bluher, 2009). 
Hypercholesterolemia causes adipocyte 
hypertrophy, and the inflammation and 
endocrine dysfunction of adipose tissue 
(Aguilar and Fernandez, 2014). Adipokines 

are secreted by adipose tissue (Cobbold, 
2019). Some adipokines are adiponectin, 
leptin, resistin and fatty acid binding protein 
4 (FABP4) (Tu et al., 2017; Li and Shen, 
2019).  
 
Adiponectin enhances that skeletal muscles 
utilize glucose and fatty acids and is linked 
with lipoprotein metabolism (Yanai and 
Yoshida, 2019). Leptin has a role on 
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suppression of appetite, enhancing of energy 
expended, and regulation of body weights 
(Mechanick et al., 2018). Resistin levels are 
increased in obesity induced by diet (Zieba 
et al., 2020). It has been also determined 
that resistin levels are increased in obese 
women (Alissa et al., 2019). FABP4 is highly 
expressed in adipocytes and macrophages 
(Lamounier-Zepter et al., 2013), and 
involved in the coordination of lipid 
transportation in the cellular level (Tu et al., 
2017).  
 
Hyperhomocysteinemia causes increase of 
hydrogen peroxide production, endothelial 
dysfunction and increase of oxidation of low-
density lipoproteins (Jamwal and Sharma, 
2018). Serum paraoxonase-1 (PON1) has the 
protective effects against atherogenesis by 
contributing to the antioxidant properties of 
high density lipoprotein (Shekhanawar et al., 
2013). In addition, PON-1 acts on 
suppressing the inflammatory response of 
macrophages, and attenuating plaque 
progression (Aharoni et al., 2013).  
 
Chronic diseases caused by 
hypercholesterolemia lead to an important 
rate of deaths in the developed countries 
(Gouveia et al., 2004). Pharmacological 
agents for the treatment of 
hypercholesterolemia include cholesterol 
synthesis inhibition, reduction of fat 
absorption in the gastrointestinal system, 
and degradation of fatty acids. These agents 
may present side effects, therapeutic 
insufficiency, and reduced tolerability 
(Klein-Szanto and Bassi, 2019). For example, 
statins are used for lowering serum lipid 
levels in hypercholesterolemic patients. 
However, statins have adverse effects such 
as decrease of insulin sensitivity and 
adiponectin levels (Koh et al., 2008; Koh et 
al., 2010; Koh et al., 2016), and liver toxicity 
(Abd El Aal et al., 2017). Thus, new plant-
derived treatment choices are explored for 
lowering blood lipid levels.   

Tribulus terrestris (TT) has been used as a 
traditional medicine for a long time by virtue 
of chemical constituents that it contains 
flavonoids, flavonol glycosides and alkaloids. 
It has beneficial activities including 
hypolipidemic, antidiabetic, cardiotonic, 
hepatoprotective and anti-inflammatory 
(Chhatre et al., 2014).  
 
Avena sativa (AS) is used for food and 
traditional medicine. It has various 
pharmacological activities such as 
cholesterol lowering effect, antioxidant 
activity, anti-atherogenic activity, and 
lowering the obesity risk (Singh et al., 2013).  
Ginseng is used for centuries for treating 
diseases (Davis and Behm, 2019). Ginseng 
has therapeutic effects on cardiovascular 
diseases (Xu et al., 2018), immune function 
(Kim et al., 2018), obesity (Lee et al., 2013a), 
hyperlipidemia, and hyperglycemia (Chung 
et al., 2016) via bioactive compounds (Liu et 
al., 2018).  
 
The treatment of hypercholesterolemia with 
herbal medicines is extensively evaluated. 
However, there is need to know the effects 
of herbal medicines on adipokines in the 
treatment of hypercholesterolemia. Thus, in 
this study, the effects of TT, AS, white 
ginseng (WG), and a triple combination (TC) 
powder were evaluated on adipokines, 
homocysteine and PON-1 levels in 
hypercholesterolemic rats.  
 
2. Material and Methods 
 
2.1. Animals and Materials: The present 
study material consisted of 42 Wistar albino 
rats, 2.5 months old. The rats were kept in a 
standard condition (12 h light/dark; 
temperature: 25°C). All rats were acclimated 
before experiment. The approval of Kobay’s 
Local Ethics Committee was obtained for 
this experimental study. The study consisted 
of six groups. The rats of group I were fed 
with pellet feed. Other groups were fed with 
2% added cholesterol (Sigma Aldrich C-
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75209). 15% TT (milled seed); 7.5% AS 
(seed); 5% WG (root); and 7.5 TT%, 3.75% 
AS, 2.5% WG were added to the diet of 
Group III, IV, V, VI, respectively. Upon 
completion of the study period, the rats 
were administered with xylazine (10 mg/kg) 
and ketamine (90 mg/kg). Centrifugation of 
blood samples and freezing serum samples 
were made.  
 
2.2. Assessment of Sera Biochemical 
Parameters: The levels of sera total 
cholesterol, LDL-C, HDL-C, and triglyceride 
were measured using a COBAS-C501 
chemistry analyzer (Roche Diagnostics 
GmbH, D-68298 Mannheim, Germany). Rat 
homocysteine levels by the quantitative 
sandwich enzyme immunoassay technique 
(Rat homocysteine Cusabio ELISA Kit), PON-
1 activities by a novel automated 
photometric method developed by Erel 
(Aslan et al., 2007), adiponectin levels by the 
quantitative sandwich enzyme 
immunoassay technique (Rat adiponectin, 
ADP ELISA Kit), plasma leptin levels by the 
sandwich enzyme-linked immunosorbent 
method (Rat Leptin BioVendor), resistin 
levels by ELISA (Rat Resistin BioVendor) 
and FABP4 levels by ELISA technique (Rat 
fatty acid binding protein, BioVendor ELISA 
kit) were measured.  
 
2.3. Statistical Analysis: Whether 
parameters were normally distributed was 
analyzed by Shapiro-Wilk test. Kruskal-
Wallis test and one-way ANOVA was used 
for non-normally distributed parameters 
and normally distributed parameters, 
respectively. Pearson correlation for the 
correlation analyses of all parameters was 
used. P < 0.05 was significant.  
 
3. Results and Discussion 

 
The total cholesterol, HDL-C, LDL-C, 
triglyceride, homocysteine, PON-1, 
adiponectin, FABP4, leptin and resistin 

results are given in Table 1. There was 
significant increase of total cholesterol and 
LDL-C levels, and significant decrease of 
HDL-C levels in group II than group I 
(P<0.05). The rats of group VI had significant 
decreased total cholesterol and LDL-C levels 
than group I (P<0.05).  
 
There was a significant increased 
homocysteine levels in group II than group I 
(P<0.05). The treatment of combination of 
TT, AS, and WG in Group VI significantly 
decreased homocysteine levels than group II 
of hypercholesterolemic rats (P<0.05). It 
was determined that PON-1 activities were 
insignificantly decreased in 
hypercholesterolemic rats and the treatment 
with TT, AS, and WG and TC insignificantly 
increased PON-1 activities in 
hypercholesterolemic rats (P>0.05). In 
hypercholesterolemic rats, adiponectin 
levels were non-significantly decreased. 
Herbal treatment insignificantly increased 
adiponectin levels in hypercholesterolemic 
rats (P>0.05). FABP4 levels were not 
significantly changed in the treatment 
groups (P>0.05). There was significant 
increase of leptin and resistin levels in group 
II than group I, but significant decrease of 
leptin and resistin levels in group VI than 
group II (P<0.05). 
 
Significant correlation analyses for all 
measured parameters performed using 
Pearson correlation were given in Table 2. 
There was a correlation of total cholesterol 
with triglyceride, HDL-C, LDL-C, 
homocysteine, adiponectin, and leptin; of 
homocysteine with total cholesterol, 
triglyceride, HDL-C, LDL-C, PON-1, 
adiponectin, leptin and resistin; of PON-1 
with homocysteine, and leptin; of 
adiponectin with total cholesterol, HDL-C, 
and homocysteine; of leptin with total 
cholesterol, triglyceride, HDL-C, LDL-C, 
homocysteine, PON-1, and resistin; and of 
resistin with homocysteine and leptin. 
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Table 1: The effects of TT, AS, WG and TC on adipokines, homocysteine and paraoxonase 
levels in hypercholesterolemic rats 
 

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) 

69 (55-84) 91 (85-108)a 73 (67-110) 72 (68-80) 67 (56-88)b 70 (56-73)c 

Triglyceride 

(mg/dl) 
55.86±4.62 63.57±7.55 52±4.20 51.71±3.13 49.29±6.19 48.57±2.19 

HDL-C 

(mg/dl) 
41.00±2.25 30.86±1.37d 34.14±3.01 36.57±1.41 37.14±1.18 37.86±0.50 

LDL-C (mg/dl) 33.00±1.27 39.43±0.68e 36.29±1.24 35.14±1.16 35.00±1.27 32.14±0.96f 

Homocysteine 9.7 (8.7-11.9) 13.7 (12.4-15.8)g 10.9 (9.7-15.3) 11.6 (11.2-13.7)h 9.8 (9.2-14.8) 9.0 (8.5-10.7)j 

Paraoxonase 242.86±19.10 190.86±4.94 208.43±11.13 215.57±11.25 217.43±5.76 239.57±14.59 

Adiponectin 4.38 (2.59-5.22) 3.16 (2.58-3.85) 3.06 (2.39-4.13) 3.28 (2.94-3.51) 3.25 (3.05-4.37) 3.65 (2.87-3.88) 

FAB4 2.70 (1.60-7.60) 3.10 (0.89-5.20) 3.70 (0.39-6.40) 3.50 (2.80-5.70) 2.90 (1.39-5.90) 2.40 (1.39-5.70) 

Leptin 2.18 (1.87-2.51) 4.54 (4.13-5.42)k 2.64 (2.15-5.07) 3.10 (2.63-3.90)l 2.93 (1.96-3.14) 2.59 (2.31-2.93)m 

Resistin 20.57±2.03 28.70±2.0n 25.48±0.73 24.77±1.79 22.30±1.57 18.95±2.07o 

Notes: Group I: Control group; Group II: Cholesterol treatment group; Group III: 2% Cholesterol + TT treatment group; Group IV: 2% 
Cholesterol + AS treatment group; Group V: 2% Cholesterol + WG treatment group; Group VI: 2% Cholesterol + TC treatment group.  
Each group consisted of 7 rats. All values were presented as mean ± SEM or median (minimum – maximum).  
aP<0.05 versus Group I; bP<0.05 versus Group II; cP<0.05 versus Group II; dP<0.05 versus Group I; eP<0.05 versus Group I; fP<0.05 versus 
Group II; gP<0.05 versus Group I; hP<0.05 versus Group VI; jP<0.05 versus Group II; kP<0.05 versus Group I; lP<0.05 versus Group I; mP<0.05 
versus Group II; nP<0.05 versus Group I; oP<0.05 versus Group II.  

 
Table 2: Correlations among cholesterol, adipokines, homocysteine and paraoxonase levels in 
hypercholesterolemic rats 
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Total cholesterol  
r=0.542 
P=0.000 

r=-0.494 
P=0.001 

r=0.625 
P=0.000 

r=0.735 
P=0.000 

 
r=-0.346 
P=0.025 

r=0.393 
P=0.01 

 

Triglyceride 
r=0.542 
P=0.000 

 
r=-0.361 
P=0.019 

r=0.442 
P=0.003 

r=0.468 
P=0.002 

  
r=0.309 
P=0.047 

 

HDL-C 
r=-0.494 
P=0.001 

r=-0.361 
P=0.19 

 
r=-0.606 
P=0.000 

r=-0.531 
P=0.000 

 
r=0.358 
P=0.02 

r=-0.419 
P=0.006 

 

LDL-C 
r=0.625 
P=0.000 

r=0.442 
P=0.003 

r=-0.606 
P=0.000 

 
r=0.493 
P=0.001 

  
r=0.536 
P=0.000 

 

Homocysteine 
r=0.735 
P=0.000 

r=0.468 
P=0.002 

r=-0.531 
P=0.000 

r=0.493 
P=0.001 

 
r=-0.430 
P=0.004 

r=-0.352 
P=0.02 

r=0.531 
P=0.000 

r=0.491 
P=0.001 

Paraoxonase     
r=-0.430 
P=0.004 

  
r=-0.406 
P=0.008 

 

Adiponectin 
r=-0.346 
P=0.02 

 
r=0.358 
P=0.02 

 
r=-0.352 
P=0.02 

    

Leptin 
r=0.393 
P=0.01 

r=0.309 
P=0.047 

r=-0.419 
P=0.006 

r=0.536 
P=0.000 

r=0.531 
P=0.000 

r=-0.406 
P=0.008 

  
r=0.491 
P=0.001 

Resistin     
r=0.491 
P=0.001 

  
r=0.491 
P=0.001 

 

Notes: r: Pearson correlation; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol.  
 

In this study, there were significant 
decreases of HDL-C, significant increase of 
total cholesterol and LDL-C levels and 
insignificant decrease of adiponectin levels 
in hypercholesterolemic rats. It was found 

that there was an inverse relation between 
high total cholesterol levels and low 
adiponectin levels and a positive correlation 
between HDL-C and adiponectin levels in 
hypercholesterolemic rats.  Moreover, in this 
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study, hypercholesterolemia caused 
significant increase in homocysteine, leptin, 
and resistin levels, and insignificant 
decrease in adiponectin and PON-1 levels in 
rats. Increased resistin levels in 
hypercholesterolemic rats might be 
explained with promoting inflammation and 
disease conditions such as metabolic 
syndrome and causing the antagonistic 
activity on the protective adiponectin 
(Acquarone et al., 2019). High leptin levels in 
hypercholesterolemic rats might be 
associated with stimulating the production 
of proinflammatory cytokine (Berger and 
Polotsky, 2018). High homocysteine and low 
adiponectin levels might be attributed to 
tend possible inflammation and 
atherosclerosis (Lee et al., 2013b). In this 
study, homocysteine was found to be 
correlated with total cholesterol, 
triglyceride, HDL-C, LDL-C, PON-1, 
adiponectin, leptin, and resistin.  
 
The treatment of TC in group VI provided 
beneficial effects by significantly decreasing 
homocysteine, leptin and resistin levels, and 
insignificantly increasing adiponectin levels 
in hypercholesterolemic rats. Beneficial 
effects by herbal treatments have been 
showed in hypercholesterolemic rats. For 
example, Abd El Aal et al. (2017) have 
demonstrated that carvacrol significantly 
decreases total cholesterol, triglycerides, 
LDL, leptin, and increases HDL and 
adiponectin. Metwally et al. (2019) have 
reported that reduction of visceral adiposity 
and serum leptin and resistin levels, 
increase in serum adiponectin levels, and 
reduction in serum total cholesterol, 
triglyceride, insulin and glucose levels are 
determined in M. alba leaf extract treated 
hypercholesterolemic rats for 8 weeks. 
Resveratrol has an increasing activity of 
adiponectin and decreasing activity of leptin 
and insulin in hypercholesterolemic rabbits 
and has a therapeutic potential for lipid-
lowering effect (Jimoh et al., 2018).   

Tribulus terrestris (1000 mg/d) decreased 
total cholesterol and LDL levels in women 
with type 2 diabetes (Samani et al., 2016). 
TT is reported to improve adiponectin levels 
but not significant in diabetic rats (Gandhi et 
al., 2013), and to decrease serum leptin and 
homocysteine levels in hypertensive rats 
(Jiang et al., 2017). In this study, TT in the 
diet of hypercholesterolemic rats 
insignificantly decreased LDL-C, 
homocysteine, leptin and resistin levels and 
insignificantly increased HDL-C, and PON-1 
levels. This can be attributed to beneficial 
effects on its hypolipidemic activity.   
 
Ginsenoside Rg1 of ginseng decreased lipid 
accumulation in obese mice (Liu et al., 
2018). Fermented ginseng had improvement 
effect on hypercholesterolemia, and 
reduction effects in FABP4 expression, IL-1β 
and IL-6 expressions of adipose tissue (Li et 
al., 2018). Furthermore, it has been showed 
that black ginseng (200 mg/kg) decreases 
total serum cholesterol and LDL-C levels, 
and attenuates the lipogenesis genes in 
hypercholesterolemic rats (Saba et al., 
2016). Chung et al. (2016) have reported 
that plasma adiponectin levels are increased 
and leptin and resistin levels are decreased 
with treatment of red ginseng in mice 
exposed to high fat diet. In addition, 
ginsenoside R1 treatment has been reported 
to improve central leptin sensitivity in obese 
mice (Wu et al., 2018). In this study, WG in 
the diet of hypercholesterolemic rats 
insignificantly decreased LDL-C, 
homocysteine, leptin and resistin levels and 
insignificantly increased HDL-C, and PON-1 
levels. It is determined that white ginseng 
has positive effects on improvement of 
adipokines secreted by adipose tissue and 
improvement of homocysteine and PON-1 
levels in rats. Oat protein and oat glucan can 
decrease plasma LDL-C levels by increasing 
of fecal total lipids in hypercholesterolemic 
hamsters (Tong et al., 2016). Furthermore, 
boiled oatmeal than brewed oatmeal has 
been reported to be more efficient on 
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lowering plasma and liver lipid levels in 
hypercholesterolemic rats (Ban et al., 2015). 
Oat β-glucan is reported to significantly 
decrease LDL-C and apoB in humans and to 
be a possible strategy on cardiovascular 
disease reduction (Ho et al., 2016). Similarly, 
oat beta glucan of ≥ 3 g added diet provided 
LDL cholesterol reduction (Whitehead et al., 
2014). Oat-β glucan is reported to attenuate 
the intestinal FABP mRNA in rats 
(Drozdowski et al., 2010). However, in this 
study, no significant changes for FABP4 
among groups were found.  
 
Oat fiber decrease weight of body adipose 
tissues, increase serum adiponectin levels, 
increase protein expressions related to the 
lipolysis in mice fed a high-fat diet (Han et 
al., 2017), decrease serum lipids and leptin 
levels in mice fed a high-fat/cholesterol diet 
(Zhang et al., 2016). Oat beta glucan had no 
effects on changes of homocysteine levels 
and had a reduction effect on total 
cholesterol and LDL-C levels in 
hypercholesterolemic adults (Queenan et al., 
2007). In this study, AS in the diet of 
hypercholesterolemic rats insignificantly 
decreased LDL-C, homocysteine, leptin, and 
resistin levels and insignificantly increased 
HDL-C, and PON-1 levels.  
 
4. Conclusion 

 
It was determined that TT, AS and WG had 
positive effects on reversing the effects of 
hypercholesterolemia in rats. In addition, 
the treatment of combination of TT, AS and 
WG was determined to have therapeutic 
potential in the treatment of 
hypercholesterolemia by significantly 
decreasing homocysteine, leptin and resistin 
levels, and insignificantly increasing 
adiponectin and PON-1 levels in 
hypercholesterolemic rats.  
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