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Abstract 

Hypercholesterolemia is a major risk factor for several cardiovascular and metabolic diseases as it 
triggers oxidative and pro-inflammatory cascades. Baicalein (BL) is a natural flavone with multiple 
therapeutic properties. The present study aimed to evaluate the potential protective effect of BL 
supplementation in hypercholesterolaemic rats. Rats were fed a high-cholesterol diet (HCD) for six 
weeks and then orally administered BL at two doses (25 and 50 mg/kg body weight/day) for four weeks. 
Serum lipids, liver enzymes, cardiac enzymes, renal markers, tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), interleukin-1β (IL-1β), interleukin-10 (IL-10), caspase-3, nitric oxide (NO) and 
prostaglandin-2 (PGE-2) were measured. In renal, hepatic, and cardiac tissues, thiobarbituric acid-reactive 
(TBARS) substance, glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx) activities were measured. The altered levels of lipoproteins, aminotransferases, 
creatine kinases, and urea in hypercholesterolemic animals were significantly corrected by BL. 
Inflammatory and apoptotic biomarkers were also markedly attenuated in the HCD group following BL 
treatment. Hypercholesterolemia considerably induced the lipid peroxidation product, TBARS, and 
oxidative radicals in cardiac, hepatic, and renal tissues, which were attenuated by BL treatment, 
particularly, at the 50 mg/kg/day dose. BL enhanced the activities of superoxide dismutase, catalase, and 
glutathione peroxidase that were suppressed by HCD. Histological alterations induced by cholesterol 
overload in cardiac, hepatic, and renal tissues were ameliorated by BL supplementation. Our results show 
that the BL treatments (25 and 50 mg/kg/day) to HCD fed rats improved all the altered parameters. 
These results demonstrate that BL treatment improves cardiac, renal and hepatic dysfunctions in 
hypercholesterolaemic rats by activation of cellular antioxidant enzymes and/or suppression of 
inflammatory cytokines. 
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Introduction 
Hypercholesterolemia is a major global health 

problem. Epidemiological studies showed that the 
incidence of hypercholesterolemia is mainly 
associated with poor dietary habits, such as the 
consumption of foods containing excessive saturated 
fats and cholesterol, as well as a lack of exercise. The 
incidence of hypercholesterolemia is higher in women 
than in men [1]. The World Health Organization 
reported approximately 2.6 million deaths due to 
hypercholesterolemia [2]. Hypercholesterolemia has 

multiple significant consequences on different 
physiological systems, and is one of the major risk 
factors for several health problems, including 
ischemic heart diseases, fatty liver, and kidney 
diseases [3-5]. Altered cardiac systolic and diastolic 
functions as well as contractile dysfunction have been 
reported in rodents that were fed a high-cholesterol 
diet (HCD) [6]. Basal cardiac autophagy was recently 
demonstrated to be suppressed by hypercholes-
terolemia in rats [7]. Hypercholesterolemia reportedly 
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triggers lipid accumulation in the liver that negatively 
influences hepatic functions [8, 9]. Increased 
cholesterol intake impairs renal functions and 
provokes kidney damage in rodents [10].  

 Several molecular pathways have been 
investigated to explore the mechanisms underlying 
hypercholesterolemia-associated metabolic distur-
bances. Among the contributing mechanisms, 
overproduction of reactive oxygen species (ROS) and 
consequent oxidative stress are commonly 
documented [11]. Numerous experimental studies 
have reported that cholesterol overload markedly 
induces ROS accumulation and redox imbalance in 
tissues. Lipid peroxidation of cellular membranes has 
also been implicated as a causative mechanism [12]. 
Moreover, studies have revealed links between 
oxidative stress and inflammation that were closely 
correlated with tissue necrosis and cellular apoptosis 
during hypercholesterolemia. Biomarkers of 
inflammation and programmed DNA damage were 
found to be elevated by HCD in rodents [11]. 
Activation of nuclear factor-kappa B (NF-κB) and 
similar transcription factors as well as generation of 
oxidized low-density lipoprotein may explain this 
correlation [13]. 

 The potential therapeutic effects of 
phytochemicals, such as flavonoids, in metabolic 
disorders associated with hypercholesterolemia have 
been evaluated in various studies [11, 14]. Baicalein 
(BL) is a 5,6,7-trihydroxyflavone isolated from 
Scutellaria species. BL is known for its multiple 
pharmacological properties, such as antioxidant and 
anti-inflammatory effects, in several disorders like 
cancer and cardiac, neurological, hepatic, and renal 
diseases [15, 16]. In addition, studies have shown the 
ability of BL to ameliorate diabetes-associated 
metabolic complications via suppression of hyper-
glycemia, inflammation, free-radical production, and 
NF-κB-related pathways [17]. A recent study revealed 
that BL might provide effective protection against 
oxidized low-density lipoprotein-induced oxidative 
and inflammatory damage [18]. Therefore, the present 
study aimed to explore the potential protective role of 
BL on metabolism and redox status in rats fed a HCD.   

Materials and Methods 
Animals  

Male albino Wistar rats (70–80 g) were obtained 
from the Pharmacy College Animal Care Center at 
King Saud University. The animals were acclimatized 
for 10 days (during this period animal weights 
become 100-110 g) prior to starting the experiments. 
In this study, young animals were selected as 
cholesterol diet effects are more prominent in young 
ages than old [19]. In our earlier HCD-fed rats models 

we used similar age and weight of Wistar rats [20, 21] 
The rats were housed in standard conditions of 22 ± 
1°C, 50–55% humidity, and 12-h day/night cycles. All 
experimental protocols, including euthanasia 
procedure, blood sampling, and final sacrifice 
followed National Institutes of Health guidelines on 
the care and use of laboratory animals (NIH, 1996), 
and this animal study was approved by the Ethical 
Committee of Pharmacy College, Animal Care Center, 
King Saud University. 

Diets 
HCD in pellet form was prepared weekly by 

adding 1% cholesterol + 0.5% cholic acid to normal 
cholesterol rat chow powder (protein 20%, fat 4%, 
fiber 3.5%, ash 6%, total energy 2850 Kcal/kg) in our 
laboratory, shade dried and stored in cool and dry 
place. Six rats were fed normal cholesterol rat chow, 
and eighteen rats were fed HCF for 6 weeks. The rats 
had free access to water and food throughout the 
experimental period.  

Experimental design  
After six weeks, the HCD-fed rats were 

randomly divided into three groups (n = 6 rats in each 
group). The four treatment groups in this study were 
as follows: Group-1, rats fed normal rat chow and 
treated with vehicle (control group); Group-2, 
HCD-fed rats treated with vehicle; Group-3, HCD-fed 
rats treated with BL (25 mg/kg/day, orally, “low 
dose”) for four weeks; Group-4, HCD-fed rats treated 
with BL (50 mg/kg/day, orally, “high dose”) for four 
weeks. HCD feeding was continued during BL 
supplementation until the end of experiment. Body 
weight and general health conditions were carefully 
monitored weekly throughout the experimental 
period. Blood samples were collected by cardiac 
puncture under light ether anesthesia and were 
centrifuged at 4,000 rpm for 10 min; the serum 
samples were stored at –20°C until analysis. At the 
end of the experimental period, animals were 
decapitated and heart, liver, and kidneys were 
dissected, and weighed. A small portion of the tissues 
was immediately dipped into liquid nitrogen for 1 
min and then stored at –80°C until analysis. Heart, 
liver, and kidney tissues were preserved in 10% 
formaldehyde for histopathological evaluations. 

Serum analyses  
Total cholesterol (TC), triglycerides (TG), low- 

density lipoprotein-cholesterol (LDL), high-density 
lipoprotein-cholesterol (HDL), creatinine, and blood 
urea nitrogen (BUN) levels were estimated using 
commercially available diagnostic kits (Human 
Diagnostics, Wiesbaden, Germany).The serum 
activities of creatine kinase-B (CK-B), lactate 
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dehydrogenase (LDH), creatine kinase-MB (CK-MB), 
alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) were measured using 
commercially available diagnostic kits (Human 
Diagnostics, Wiesbaden, Germany). Inflammatory 
biomarkers, including TNF-α, IL-1β, IL-6, IL-10, 
PGE-2, caspase-3, NO and NF-κB were measured 
using ELISA kits for rats (R&D Systems, USA). 

Tissue analyses  
Organ’s (heart, liver and kidney) small portions 

were homogenized in physiological buffer (1:10, w/v) 
and TBARS and GSH levels were measured by using 
ELISA kits (Cayman Chemical Co., USA). In 
Post-mitochondria supernatants of heart, liver and 
kidney, enzymatic activities of SOD, CAT and GPx 
were measured by using ELISA kits (R&D systems 
Inc., USA).  

Histopathological procedures 
Across sectional portion of a heart, liver and 

kidney tissues from each group of treatment were 
preserved in 10% buffered formalin. The samples 
were embedded in paraffin blocks and sections of 
thickness 5 µm were cut using a Leica CM3050 S 
Research Cryostat (Leica Bio-systems, USA). The 
sections were stained with H&E. Finally, they were 
examined under the microscope for histopathological 
changes by an observer who was blind with respect to 
the treatment groups. 

Statistical analysis 
Data are expressed as the mean ± standard error 

of the mean (SEM) and were analyzed using one-way 
analysis of variance (ANOVA) followed by 
Student-Newman-Keuls multiple comparison tests (n 
= 6). Differences between groups were considered 
statistically significant when P ≤ 0.05. All statistical 
analyses were conducted using Graph-Pad Prism (v. 
5) software. 

Results 
Serum lipid profile is presented in table 1. In 

HCD fed rats, TC, TG and LDL levels were 
significantly (P<0.001) increased compared to control 
animals. BL treatment to hypercholesteremic rats 
markedly reduced the TG and TC levels were 
significantly P<0.05 and P<0.01 inhibited in BL (25 
and 50 mg/kg/day) treated groups as compared to 
HCD group of rats respectively. The high dose of BL 
(50 mg/kg/day) only inhibited the TC levels 
significantly (P<0.05) compared to HCD group. 
However, HDL levels did not markedly alter in HCD 
group when compared to controls (Table 1). The 
enzymes of CK, CK-MB and LDH are considered the 
cardiac markers and these were estimated and shown 

in Table 1. In HCF administered rats, the serum 
enzymes of CK, CK-MB and LDH were shown to 
increases (P<0.001) compared to control group. BL (50 
mg/kg/day) treatment showed significant (P<0.05) 
inhibition in enzymatic activity of LDH compared to 
HCD. The CK and CK-MB levels were markedly 
reduced by both the doses of BL (Table 1). 

 

Table 1: Effect of BL on HCD-induced biochemical changes in 
serum measurements 

Parameters Control HCD BL(25) BL(50) 
TC (mg/dl) 47.95±7.42 112.94±28.51***a 92.87±11.77*b 76.64±5.57**b 

TG (mg/dl) 21.03±9.24 59±12.65***a 44.55±12.33*b 37.61±5.96**b 

HDL (mg/dl) 37.8±6.23 32.58±6.87 25.51±6.89 28.8±3.98 
LDL (mg/dl) 10.38±3.05 47.16±10.59***a 42.44±4.37 36.56±5.72*b 

LDH (U/L) 136.56±8.24 241.56±11.32***a 237.78±7.65 225.26±8.95*b 
CK-B (U/L) 10.26±165 22.08±3.74***a 17.33±4.03*b 13.71±3.85**b 

CK-MB (U/L) 20.54±3.31 44.19±11.48***a 28.68±8.06**b 23.44±7.70***b 

Urea (mg/dl) 19.87±3.93 59.60±11.79***a 47.68±9.43*b 37.75±7.47***b 
Creatinine (mg/dl) 2.06±0.67 6.18±2.00***a 4.94±1.60 3.91±1.26*b 
AST (U/L) 36.67±6.94 54.17±4.67***a 45.56±8.34*b 38.89±5.24**b 
ALT (U/L) 17.65±2.16 36.93±5.96***a 29.39±4.42*b 24.75±8.09**b 

Total cholesterol (TC), triglycerides (TG), low density lipoprotein-cholesterol 
(LDL), high density lipoprotein-cholesterol (HD), creatine kinase-B (CK-B), lactate 
dehydrogenase (LDH), creatine kinase-MB (CK-MB), urea, creatinine, alanine 
aminotransferases (ALT) and aspartate aminotransferases (AST) levels. Statistically 
significant difference: a ***p < 0.001 versus control group, b* p < 0.05,  b** p < 0.01, b*** p 
< 0.01  versus HCD group. 

 
Serum levels of TNF-α, IL-6 and IL-1β were 

significantly (P<0.001) elevated, while IL-10 levels 
reduced (P<0.001) in HCD fed animals compared to 
control rats. BL treatment to hypercholesteremic rats 
for four weeks markedly reduced the 
pro-inflammatory cytokines in dose dependent 
manner. The anti-inflammatory cytokine IL-10 
markedly (P<0.01) elevated in BL (50 mg/kg/day) 
treated group (Figure 1). Similarly, the levels of 
caspase 3, NO as well as NF-κB activity were 
significantly (P<0.001) increased, while PGE-2 levels 
were significantly (P<0.001) reduced in HCD group. 
BL treatment markedly corrected (P<0.01) the altered 
levels and activity of caspase 3, NO, NF-κB and PGE-2 
as compared with HCD group (Figure 2). 

TBARS level was in high significantly (P<0.001) 
while GSH level was reduced (P<0.001) in heart tissue 
of HCD fed rats compared to control animals. BL 
treatment (25 and 50 mg/kg/day) for 4 weeks to HCF 
fed rats, the TBARS was reduced markedly (P<0.05 
and P<0.001, respectively) and the GSH was increased 
(P<0.01) in BL (50 mg/kg/day) treated group when 
compared to HCF supplemented control rats. 
Enzymatic cardiac antioxidants of SOD, CAT and GPx 
were found to reduces (P<0.001) in HCF fed rats 
compared to control group. Both the doses of BL 
markedly (P<0.05 and P<0.01, respectively) enhanced 
the enzymatic activities of SOD and CAT compared to 
HCD group. While the enzymatic activity of GPx was 
markedly elevated in BL (50 mg/kg/day) treated 
group (Figure 3). 
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TBARS levels were significantly (P<0.001) 
increased in hepatic tissue of HCD fed rats while GSH 
levels found inhibited markedly (P<0.001) by the 
HCD supplementation compared to normal healthy 
control rats. Treatment with BL (25 and 50 
mg/kg/day) produced inhibition in TBARS levels 
(P<0.05 and P<0.0, respectively) compared to HCD 
group of rats. While, GSH levels were significantly 
(P<0.05) enhanced by the BL (50 mg/kg/day) 
treatment. Enzymatic activities of SOD, CAT and GPx 
were significantly (P<0.001) inhibited in hepatic cells 
of HCD fed rats compared to control animals. 
Treatment with BL (25 and 50 mg/kg/day) markedly 
(P<0.05 and P<0.01, respectively) enhanced the SOD 
and GPx activities in hepatic cells compared to 
untreated hypercholesteremic rats. However, the CAT 
activity was significantly (P<0.05) increased by the BL 
(50 mg/kg/day) treatment compared to HCD fed rats 
(Figure 4). 

In kidney, TBARS levels were significantly 
(P<0.001) increased in hypercholesteremic rats while 
GSH levels reduced markedly (P<0.001) by the HCD 
supplementation when compared to normal healthy 
control rats. Treatment with BL (50 mg/kg/day) 
produced inhibition (P<0.01) in kidney TBARS levels 
compared to HCD group. The kidney GSH levels 
markedly (P<0.01) inhibited by BL treatment (50 

mg/kg/day) to HCD fed rats compared to HCD fed 
untreated animals. Enzymatic activities of SOD 
(P<0.01), CAT (P<0.01) and GPx (P<0.001) were 
significantly inhibited in renal tissue of HCD fed rats 
compared to control animals. BL (50 mg/kg/day) 
treatment, significantly (P<0.05) enhanced the 
enzymatic activities of SOD and CAT while GPx 
activity increased more significantly (P<0.01) in renal 
tissue compared to untreated hypercholesteremic rats 
(Figure 5).  

Histological changes were seen in cross sections 
of heart tissues from rats fed HCD and treated with 
two doses of BL (25 and 50 mg/kg): A) The control 
group showing the normal appearance of myocardial 
cells with oval elongated nuclei and homogenous 
cytoplasm. B) Section of heart tissue from rats feeding 
HCD showed multi focal vacuolar degeneration 
(heads- arrow) and congestion of blood capillaries 
(arrow). C) Moderate myocardial cell morphology 
with oval-elongate nucleus centrally and 
homogeneous cytoplasm were shown in 
myocardiocytes of HCD rats treated with (25 mg/kg). 
D) Normal myocardial cell morphology with 
oval-elongate nucleus centrally and homogeneous 
cytoplasm were shown in myocardiocytes of HCD 
rats treated with (50 mg/kg) (Figure 6). 

 

 
Figure 1: Effect of BL on hypercholesterolemia-induced changes in serum inflammatory biomarkers including tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), 
interleukin-1beta (IL-1β) and interleukin-10 (IL-10). Data are expressed as the mean ± SEM (n= 6 per group). Statistically significant difference was considered at *p < 0.05, **p < 
0.01and ***p < 0.001. 



Int. J. Med. Sci. 2020, Vol. 17 

 
http://www.medsci.org 

1160 

 
Figure 2: Effect of BL on hypercholesterolemia-induced changes in serum prostaglandin E-2 (PGE-2), Caspase 3, nitric oxide (NO) and NF-κB levels. Data are expressed as the 
mean ± SEM (n= 6 per group). Statistically significant difference was considered at *p < 0.05, **p < 0.01and ***p < 0.001. 

 
Histological changes were seen in cross sections 

of liver tissues from rats fed HCD and treated with 
two doses of BL (25 and 50 mg/kg): A) The liver from 
a control rat shows normal hepatocytes and CV. B) 
Liver of rats fed high cholesterol showed marked fat 
deposition (arrow), dilated sinusoids and pyknotic 
nuclei (head arrow). C) Liver of HCD treated with (25 
mg/kg) BL showed moderate injury in hepatocytes 
and less fat deposition. D) Liver of HCD treated with 
(50 mg/ kg) BL showed moderate injury in 
hepatocytes and less fat deposition (Figure 7). 

 Light micrographs of renal cortex of rats fed 
high cholesterol diet and administered orally with 
two doses of Baicalein (25 and 50 mg/kg). Section 
from the renal cortex of the control group reveals the 
normal appearance of the PT, DT, Bowman's capsule 
and glomerulus (G) (A). Renal cortex of rats fed high 
cholesterol showed dilatation in glomerular 
capillaries (head arrow), thickening in basal 
membrane of glomerulus (arrow) and mononuclear 
cell infiltration was seen (curved arrow) (B). Renal 
cortex of high cholesterol diet treated with (25 mg/kg) 
and (50 mg/kg) of Baicalein showed reduced injury in 
glomeruli and renal tubules. H&E, scale bar = 50 µm.   
(Figure 8). 

Discussion  
Dietary cholesterol overload is a major 

contributing factor for the development of 
cardiovascular and metabolic disorders. Hypercho-
lesterolemia alters the physiological antioxidant 
abilities, resulting in ROS generation, and chronic 
inflammatory responses. Multiple lines of evidence 
support the notion that there is a linkage between 
cellular oxidative events and inflammation in various 
disorders induced by lipid discrepancies, particularly 
cardiovascular diseases [22]. Under regular 
physiological status, the production of free radicals is 
limited and scavenged by the endogenous 
antioxidants. However, pathological conditions 
disrupt this balance in favor of ROS generation, 
resulting in oxidative stress. In the current study, the 
experimental observation documented that prolonged 
cholesterol overload triggers cardiac, hepatic and 
renal dysfunctions and over-production of ROS, 
which includes superoxide free radicals, hydrogen 
peroxide, and singlet oxygen. Markers of depleted 
antioxidant capacity such as low GSH levels as well as 
inhibited SOD, CAT and GPx activities were reported 
in the HCD group compared to normal animals. Free 
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radical generation during HCD exposure was 
combined with cellular membranes lipid peroxidation 
with may harm functional cellular components. Our 
results come consistent with other studies that 
demonstrated augmented oxidative damage after 
HCD exposure [11, 23]. The provoked lipid 
peroxidation indicates excessive ROS production that 
may exceed the detoxification capacity. Growing 
evidences suggest correlation between HCD and 
chronic inflammatory state. This assumption plays a 
crucial role in different diseases pathologies including 

diabetes and atherosclerosis. Studies have found that 
elevated cholesterol and fats values cannot initiate the 
pathological progression of pro-inflammatory 
cytokines [24]. Moreover, the programmed cellular 
necrosis and its associated markers such as caspase 3 
were found to be regulated by inflammatory 
mediators such as TNF-α [11]. These cellular events 
alone with lipid peroxidation lead to defects in 
plasma membrane integrity, leakage of essential 
intracellular components, and damages of nucleic 
acids [25].  

 

 
Figure 3: Effect of BL on hypercholesterolemia-induced thiobarbituric reactive substances (TBARS) and glutathione (GSH) levels, and enzymatic activities of superoxide 
dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST) and glutathione oxidase (GPx) in cardiac tissue. Data are expressed as the mean ± SEM (n= 6 per group). 
Statistically significant difference was considered at *p < 0.05, **p < 0.01and ***p < 0.001. 
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Figure 4: Effect of BL on hypercholesterolemia-induced thiobarbituric reactive substances (TBARS) and glutathione (GSH) levels, and enzymatic activities of superoxide 
dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST) and glutathione oxidase (GPx) in hepatic tissue. Data are expressed as the mean ± SEM (n= 6 per group). 
Statistically significant difference was considered at *p < 0.05, **p < 0.01and ***p < 0.001. 

 
Presently, HCD group exhibited profound high 

levels of TNF-α, IL-1β, IL-6, NO caspase 3 and NF-κB 
alone with low IL-10 and PGE-2 levels, which 
indicates HCD-induced inflammatory response and 
DNA injury.  Similar observation have been made by 
Zeng et al.[24] who demonstrated that circulating free 
fatty acid caused cardiac damage in vitro and in vivo 

by activating NF-kB-mediated transcriptional 
signaling of antioxidant and inflammation genes, 
respectively. 

Nowadays, phytochemical polyphenolic 
products are reported for use in multiple therapies. 
These natural products may protect against 
cardiovascular, ischemic, diabetes, hepatic and renal 
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pathological conditions [26]. BL is commonly 
promising polyphenolic compound with multiple 
therapeutic benefits. Several experimental studies 
reported the antioxidant and anti-inflammatory 
effects of BL in different biological systems. BL was 
found to protect against hypoxia re-oxygenation 
injury through recruitment of its oxidative and 
inflammatory cytokines suppressive effects [27]. 

Another study reported that BL exhibited prominent 
ameliorative effects against oxidative and 
inflammatory injury of myocardial tissues in diabetic 
animals, which was mediated by PI3K/Akt signaling 
cascade [28]. In addition, the hepatoprotective efficacy 
of BL was demonstrated in rodents with diabetic live 
injury [17].  

 

 
Figure 5: Effect of BL on hypercholesterolemia-induced thiobarbituric reactive substances (TBARS) and glutathione (GSH) levels, and enzymatic activities of superoxide 
dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST) and glutathione oxidase (GPx) in renal tissue. Data are expressed as the mean ± SEM (n= 6 per group). 
Statistically significant difference was considered at *p < 0.05, **p < 0.01and ***p < 0.001. 
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Figure 6: Effects of BL (25 and 50 mg/kg) supplementation on hypercholesterolemia-induced histopathological changes in cardiac tissues (H&E, X100). (A) Section from control 
group, (B) Section from HCD group with multi-focal vacuolar degeneration (heads- arrow) and mononuclear cell infiltration (arrow), (C and D) Section from BL(25 and 50 mg/kg) 
group showing  improvements in myocardial cell morphology.   

 
Figure 7: Effects of BL (25 and 50 mg/kg) supplementation on hypercholesterolemia-induced histopathological changes in hepatic tissues. (A) Section from control group, (B) 
Section from HCD group with marked fat deposition (arrow), dilated sinusoids and pyknotic nuclei (head arrows), (C) Section from BL(25) group showing injury in hepatocytes 
and less fat deposition and (D) Section from BL(50) group showing moderate injury in hepatocytes and less fat deposition. (H&E, 100X). 

 
Interestingly, Tsai et al found that BL attenuate 

the oxidized LDL-induced accumulation of 
cholesterol and foam cells formation in the 
subendothelial space, which suggest the potential role 
of BL against hypercholesterolemia [18]. Our present 
findings are in agreement with these previous studies. 
BL corrected the elevated levels of TC, TG, and 

LDL-C, while enhanced HDL-C, which indicates the 
anti-hypercholesterolaemic effects. BL therapy 
showed cardio-protective effects confirmed by the 
alleviated CK-B, LDH, and CK-MB activities. Markers 
of liver toxicity including ALT and AST as well as 
nephrotoxicity markers such as creatinine and BUN 
were also restored by BL treatment. These cardiac, 
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hepatic and renal protective effects were associated 
with repaired histological features in BL groups. 
Furthermore, BL treatment markedly re-activated the 
suppressed antioxidant enzymes SOD, CAT and GPx 
and suppressed the provoked lipid peroxidation in 
cardiac, hepatic and renal tissues. The unique 
chemical structure BL elucidates its pharmacological 
properties. Baicalein has tri-hydroxyl chemical groups 
at carbon number 5, 6 and 7. It also involves three 
saturated rings. These structural components are 
essential tool for free radical scavenger ability of most 
of flavones.  

Limitations encountered in the current study 
include the unisexual testing of BL effects in 
hypercholesterolaemic male rats. This may interfere 
with assumption that gender metabolic and 
physiological differences may influence the protective 
effects of natural products against hypercholestero-
lemia and the associated molecular mechanisms. 
Moreover, the food consumption during the 
experimental period was not followed, which could 
have added to the explanation of the body weigh 
variations between different experimental groups.  

Conclusions  
Our results showed that the supplementation of 

BL increases cardiovascular, renal and hepatic 
dysfunctions in experimentally induced hypercholes-
terolemia. The protective efficacy of BL was 

considerable in ameliorating cardiac, hepatic and 
renal oxidative injury via restoration of tissues regular 
histological features and antioxidant status. 
Regulation of pro-inflammatory and tissue apoptosis 
cellular mechanisms could contribute to BL protective 
mechanism against hypercholesterolemia and 
promotes its ability to attenuate ROS formation and 
antioxidant enzymes dysfunction. 
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ferase (ALT), aspartate aminotransferase (AST), 
standard error of the mean (SEM), central vein (CV), 
proximal convoluted tubules (PT), distal convoluted 
tubules (DT), glomerulus (G). 

 
Figure 8: Light micrographs of renal cortex of rats fed high cholesterol diet and administered orally with two doses of Baicalein (25 and 50 mg / Kg bwt.). Section from the renal 
cortex of the control group reveals the normal appearance of the proximal convoluted tubules (PT), distal convoluted tubules (DT), Bowman's capsule and glomerulus (G) (A). 
Renal cortex of rats fed high cholesterol showed dilatation in glomerular capillaries (arrow), thickening in basal membrane of glomerulus (asterisks) and interstitial mononuclear 
cell infiltration was seen (head arrows) (B). Renal cortex of high cholesterol diet treated with (25 mg /Kg bwt, C) and (50 mg / Kg bwt., D) of Baicalein showed reduced injury 
in glomeruli and renal tubules. H&E, scale bar = 50 µm.    

 



Int. J. Med. Sci. 2020, Vol. 17 

 
http://www.medsci.org 

1166 

Acknowledgements 
The authors thank the Deanship of Scientific 

Research at KSU for funding this work through the 
research group project No. RSP-2019/120. 

Ethics approval and consent to participate 
All the experimental protocol such as euthanasia 

procedure, blood sampling and final sacrifice were 
followed by National Institute of Health guide care 
policy (NIH, 1996) and this animal study was 
pre-approved by the Ethical Committee of Pharmacy 
College, Animal Care Center, King Saud University, 
Riyadh, Saudi Arabia. 

Consent of publication 
Authors consent form (BioMed Central) is filled 

uploaded. 

Availability of data and material 
 The analyzed raw data and materials as 

reference available with the corresponding author.  

Funding 
Present study was design and executed by the 

authors, the financial support was received from the 
Deanship of Scientific Research, King Saud 
University, Riyadh, Kingdom of Saudi Arabia.  

Author Contributions 
AMSA & MSA: Have made substantial 

contributions to the conception and design of the 
study, analysis and interpretation of the data and 
drafted the manuscript. MM: Have made substantial 
contributions to the conception and design of the 
study, diet preparation, biochemical analysis and 
interpretation of the data. IA: Have made substantial 
contributions to the conception and design of the 
study, diet preparation, biochemical analysis and 
interpretation of the data. AAA: Have made 
substantial contributions to the conception and design 
of the study, diet preparation, biochemical analysis 
and interpretation of the data. AA: Have made 
substantial contributions to the conception and design 
of the study, diet preparation, biochemical analysis 
and interpretation of the data. SSA: Have performed 
the histological studies, interpreted the data, helped 
in drafting the manuscript and revised the manuscript 
for important intellectual content. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Qi Y., et al.  Effects and Interactions of Prenatal Ethanol Exposure, a 

Post-Weaning High-Fat Diet and Gender on Adult Hypercholesterolemia 
Occurrence in Offspring Rats. Cell Physiol Biochem, 2017. 44(2):  657-670. 

2. World Health Organization. Global Health Risks: Mortality and Burden of 
Disease Attributable to Selected Major Risks. Geneva: World Health 
Organization; 2009. 

3. Yadav R., et al.  Evaluation of anti-diabetic attributes of Lactobacillus 
rhamnosus MTCC: 5957, Lactobacillus rhamnosus MTCC: 5897 and 
Lactobacillus fermentum MTCC: 5898 in streptozotocin induced diabetic rats. 
2018. 125:  454-462. 

4. Soliman G.F., et al.  Interrelation of liver vascularity to non-alcoholic fatty liver 
through a comparative study of the vasodilator effect of carvedilol or 
nicorandil in rats. 2019. 222:  175-182. 

5. McKoy M.-L., et al.  Renal and hepatic function in hypercholesterolemic rats 
fed jamaican bitter yam (Dioscorea polygonoides). 2015. 12(2):  173-183. 

6. Huang Y., et al.  Cardiac systolic and diastolic dysfunction after a 
cholesterol-rich diet. Circulation, 2004. 109(1):  97-102. 

7. Giricz Z., et al.  Hypercholesterolemia downregulates autophagy in the rat 
heart. Lipids Health Dis, 2017. 16(1):  60. 

8. Bin-Jumah M.N. Monolluma quadrangula Protects against Oxidative Stress 
and Modulates LDL Receptor and Fatty Acid Synthase Gene Expression in 
Hypercholesterolemic Rats. Oxid Med Cell Longev, 2018. 2018:  3914384. 

9. Lee K.S., et al.  Deep sea water improves hypercholesterolemia and hepatic 
lipid accumulation through the regulation of hepatic lipid metabolic gene 
expression. Mol Med Rep, 2017. 15(5):  2814-2822. 

10. Alkushi A.G. Biological Effect of Cynara cardunculus on Kidney Status of 
Hypercholesterolemic Rats. Pharmacogn Mag, 2017. 13(Suppl 3):  S430-s436. 

11. Chtourou Y., et al.  Naringenin protects cardiac hypercholesterolemia-induced 
oxidative stress and subsequent necroptosis in rats. Pharmacol Rep, 2015. 
67(6):  1090-7. 

12. Meng Q., et al.  Hypercholesterolemia Up-Regulates the Expression of 
Intermedin and Its Receptor Components in the Aorta of Rats via Inducing the 
Oxidative Stress. Ann Clin Lab Sci, 2016. 46(1):  5-17. 

13. Hort M.A., et al.  Diphenyl diselenide protects endothelial cells against 
oxidized low density lipoprotein-induced injury: Involvement of 
mitochondrial function. Biochimie, 2014. 105:  172-81. 

14. Oboh G., et al.  Phenolic compounds from sandpaper (ficus exasperata) leaf 
inhibits angiotensin 1 converting enzyme in high cholesterol diet fed rats. 
2014. 157:  119-125. 

15. Bie B., et al.  Baicalein: A review of its anti-cancer effects and mechanisms in 
Hepatocellular Carcinoma. Biomed Pharmacother, 2017. 93:  1285-1291. 

16. Xu P., et al.  Baicalein Enhances the Oral Bioavailability and Hepatoprotective 
Effects of Silybin Through the Inhibition of Efflux Transporters BCRP and 
MRP2. Front Pharmacol, 2018. 9:  1115. 

17. Yin H., et al.  Baicalein improves liver inflammation in diabetic db/db mice by 
regulating HMGB1/TLR4/NF-kappaB signaling pathway. Int 
Immunopharmacol, 2018. 55:  55-62. 

18. Tsai K.L., et al.  Baicalein protects against oxLDL-caused oxidative stress and 
inflammation by modulation of AMPK-alpha. Oncotarget, 2016. 7(45):  
72458-72468. 

19. Hu X., et al.  Effects of NS Lactobacillus strains on lipid metabolism of rats fed 
a high-cholesterol diet. 2013. 12(1):  67. 

20. Al-Rejaie S.S., et al.  Protective effect of rutin on the antioxidant genes 
expression in hypercholestrolemic male Westar rat. 2013. 13(1):  136. 

21. Aleisa A.M., et al.  Ameliorative effects of rutin and ascorbic acid combination 
on hypercholesterolemia-induced hepatotoxicity in female rats. 2013. 7:  
280-288. 

22. Romain C., et al.  Moderate chronic administration of Vineatrol-enriched red 
wines improves metabolic, oxidative, and inflammatory markers in hamsters 
fed a high-fat diet. Mol Nutr Food Res, 2014. 58(6):  1212-25. 

23. Sudhahar V., et al.  Protective effect of lupeol and its ester on cardiac 
abnormalities in experimental hypercholesterolemia. Vascul Pharmacol, 2007. 
46(6):  412-8. 

24. Zeng C., et al.  Curcumin protects hearts from FFA-induced injury by 
activating Nrf2 and inactivating NF-kappaB both in vitro and in vivo. J Mol 
Cell Cardiol, 2015. 79:  1-12. 

25. Zhou W and Yuan J.  Necroptosis in health and diseases. Semin Cell Dev Biol, 
2014. 35:  14-23. 

26. Feillet-Coudray C., et al.  Oxidative stress in rats fed a high-fat high-sucrose 
diet and preventive effect of polyphenols: Involvement of mitochondrial and 
NAD(P)H oxidase systems. Free Radic Biol Med, 2009. 46(5):  624-32. 

27. Chen C., et al.  Baicalein protects renal tubular epithelial cells 
againsthypoxia-reoxygenation injury. Ren Fail, 2018. 40(1):  603-610. 

28. Ma L., et al.  Baicalein Protects Rats with Diabetic Cardiomyopathy Against 
Oxidative Stress and Inflammation Injury via Phosphatidylinositol 3-Kinase 
(PI3K)/AKT Pathway. Med Sci Monit, 2018. 24:  5368-5375. 


