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Abstract 

Purpose: To investigate the effect of farrerol on diabetic hepatopathy in a rat model of type 2 diabetes 
mellitus (T2DM).  
Methods: Adult male Wistar rats (n = 40) were randomly assigned to four groups of ten rats each: 
normal control, diabetic control, farrerol control and treatment groups. With the exception of normal 
control and farrerol control groups, the rats were fed high-fat diet (HFD) for four weeks, and thereafter 
injected streptozotocin (STZ) at a dose of 30 mg/kg body weight intraperitoneally (i.p.) for induction of 
T2DM. Rats in farrerol control and treatment groups received 50 mg/kg farrerol orally/day. Serum levels 
of triacylglycerol (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C) were determined. Superoxide dismutase (SOD) activity and 
malondialdehyde (MDA) levels were assessed in liver homogenate while mRNA and protein 
expressions of glucose transporter 2 (GLUT2) were assayed in liver using real-time quantitative 
polymerase chain reaction (qRT-PCR) and Western blotting, respectively. Expression levels of tumor 
necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) were also determined using qRT-PCR.  
Results: Diabetes mellitus (DM) led to significant reductions in rat body weight and SOD activity, while 
increasing fasting blood glucose (FBG) and MDA levels (p < 0.05). However, treatment with farrerol 
significantly reversed the effect of DM on these parameters (p < 0.05). The mRNA expressions of TNF-
α and IL-1β were significantly higher in diabetic control group than in normal control group, but were 
significantly reduced after farrerol treatment (p < 0.05).  Treatment with farrerol also significantly 
reversed the effect of DM on rat lipid profile (p < 0.05).  The expression of GLUT2 protein was 
significantly downregulated in the liver of diabetic control rats, when compared with normal control rats, 
but was significantly upregulated after treatment with farrerol (p < 0.05). 
Conclusion: The results of this study show that farrerol alleviates STZ-induced hyperglycemia and 
dyslipidemia via reduction in oxidative stress and inflammation, and upregulation of GLUT2 protein 
expression. Thus, farrerol has antidiabetic and hepatoprotective potentials for clinical use in humans.    
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INTRODUCTION 
 
Diabetes mellitus (DM) is a heterogeneous group 
of syndromes characterized by elevation of FBG 
caused by a relative or absolute deficiency of 
insulin. In 2018, the global prevalence of T2DM 
was about half a billion, thereby creating financial 
and psychological hardship for sufferers [1]. 
There is a direct relationship between DM and 
liver disease, and the combined prevalence of 
co-morbidity is higher than the that associated 
with a single condition. Hepatic complications of 
DM are not easily noticeable. Pre-clinical and 
epidemiological evidence indicate a clinical link 
between DM and liver diseases such as non-
alcoholic steatohepatitis (NASH), non-alcoholic 
fatty liver disease (NAFLD), liver cirrhosis and 
metastatic hepatocellular carcinoma [2]. Non-
alcoholic fatty liver is a common co-morbidity in 
approximately 70 % of patients with T2DM [3]. 
This explains the persistent occurrence of 
obesity and insulin resistance in diabetics.  
 
At present, therapeutic agents such as dipeptidyl 
dipeptidase-4 inhibitor (DDP-4i) and glucagon-
like peptide-1 (GLP-1) mimics, and peroxisome 
proliferator-activated receptor gamma (PPAR-γ) 
agonists have shown potential as effective 
antidiabetic agents [4]. For instance, the 
combination of pioglitazone (PPAR-γ modulator) 
with vitamin E has been shown to alleviate 
diabetic complications [4]. In addition, 
combination of pioglitazone with statins confers8 
protection on cardiovascular function. However, 
the problem of adverse effect remains a major 
challenge. Therefore, the search for safe and 
effective therapies with little or no adverse effects 
has become necessary.       
 
Plant-derived compounds are important sources 
of drugs. They are relatively safe and effective. 
Farrerol, a bio-flavanone isolated from 
Rhododendron dauricum L. exhibits antioxidant, 
anti-inflammatory, hepatoprotective and 
cardioprotective effects [5,6]. At present, little or 
nothing is known about its antidiabetic and 
hepatoprotective effects in patients with diabetic 
hepatopathy. This study investigated the effect of 
farrerol on rat model of T2DM.  
 
EXPERIMENTAL 
 
Materials 
 
Farrerol, STZ and polyvinylidene difluoride 
(PVDF) membrane were purchased from Sigma-
Aldrich (USA). High-fat diet-containing sucrose 
and lard (10 %), 1 % cholesterol, and 0.3 % 
sodium cholate were obtained from HFK 
Technology Co. Ltd (China). Blood glucose test 

strips and glucometer were products of Beijing 
Yicheng Bioelectronics Technology Co. Ltd 
(China); lipid profile kits were obtained from 
NanJing JianCheng Bioengineering Institute 
(China). Automated biochemical analyzer was a 
product of Hitachi Ltd. (Japan). Superoxide 
dismutase (SOD) and MDA assay kits were 
purchased from Bio-diagnostic (Egypt); 
bicinchoninic acid (BCA) protein kit was obtained 
from Bio-Rad Laboratories (USA), while GLUT2 
primary antibody was purchased from Cayman 
Chemicals (USA). Horseradish peroxidase 
(HRP)-conjugated secondary antibodies were 
products of Santa Cruz Biotechnology, Inc 
(USA). Total RNA isolation reagent was 
purchased from BIOER (China). 
 
Experimental rats and treatment regimen 
 
Adult male Wistar rats (n = 40) weighing 190 - 
220 g (mean weight = 205 ± 15 g) were used in 
this study. The rats were exposed to 12 h light/12 
h dark cycles and maintained at a temperature of 
25 °C, and 50 % humidity in an aseptic 
environment. They were acclimatized for seven 
days before commencement of the study, and 
had free access to standard feed and clean 
drinking water. The rats were randomly assigned 
to four groups of ten rats each: normal control 
group, diabetic control group, farrerol control 
group and treatment group. With the exception of 
normal control and farrerol control groups, the 
rats were fed HFD for four weeks, and T2DM 
was induced through injection with STZ at a dose 
of 30 mg/kg STZ i.p. The STZ was prepared in 
citrate buffer. Rats in the farrerol control and 
treatment groups received ferrarol at a dose of 
50 mg/kg orally/day. Fasting blood glucose 
(FBG) and body weight of the rats were 
measured at the beginning and end of the study. 
The study protocol was approved by the 
Institutional Animal Ethics Committee of the First 
Hospital of Qinhuangdao (approval no. 
20170338), and it adhered strictly to the National 
Institute of Health (NIH) guidelines for the care 
and use of laboratory animals [7]. 
 
Biochemical assays      
 
At the end of the treatment period, the rats were 
euthanized and blood was collected in plain 
sample containers. The blood was centrifuged at 
3000 rpm for 10 min to obtain serum which was 
used for biochemical analyses. The liver was 
also excised and used to prepare 20 % tissue 
homogenate. The biochemical parameters 
measured were TC, TG, HDL-C and LDL-C. The 
excised liver was homogenized using a Teflon 
homogenizer and the resultant homogenate was 
centrifuged at 3000 rpm for 10 min to obtain 
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supernatant which was used for determination of 
SOD activity and MDA levels. 
 
qRT-PCR 
 
Trizol RNA extraction reagent was used to 
extract total RNA from cell suspension resulting 
from the trysinization of the liver, while 
complementary DNA (cDNA) synthesis kit was 
used to perform reverse transcription for cDNA 
synthesis according to the instructions of the 
manufacturer. Light Cycler 1536 T-PCR 
detection system was used for the estimation of 
the mRNA expressions of IL-1β and TNF-α. 
Variation in the cDNA content was normalized 
using β-actin. The PCR reaction mixture (20 µL) 
consisted of 6.4 μL of dH2O, 1.6 μL of gene-
specific primer (10 μM), 2 μL of synthesized 
cDNA and 10 μL of SYBR Premix Ex Taq™ II. 
The Ct value of U6 was taken as the internal 
parameter, and 2-ΔΔCt was used to calculate the 
relative expression levels of the proteins. The 
primer sequences used for qRT-PCR are shown 
in Table 1. 
 
Table 1: Primer sequences used for qRT-PCR 
 
Gene Sequence 
β-actin Forward: 

ATGACGATATCGCTGCGCTC 
Reverse:  
TACCCACCACACACCCTGG 

TNF-α Forward: 
TCCCAGGTTCTCTTCAAGG 
Reverse: 
GTACATGGGCTCATACCAG 

IL-1β Forward:  
GGACAGAACATAAGCCAACA 
Reverse:  
CTTTCATCACACAGGACAGG 

 
Western blotting   
 
The liver was trypsinized using 0.25 % trypsin, 
and the resultant cell suspension was washed 
with phosphate-buffered saline (PBS). Ice-cold 
radio-immunoprecipitation assay (RIPA) buffer 
containing protease inhibitor was used to lyse the 
cells. The resultant lysate was centrifuged at 16, 
000 rpm for 20 min at 4 °C, and the protein 
concentration of the supernatant was determined 
using BCA assay kit. A portion of total cell protein 
(50 μg) from each sample was separated on 12 
% sodium dodecyl sulphate (SDS)-
polyacrylamide gel electrophoresis and 
transferred to a fixed polyvinylidene fluoride 
membrane at 110 V and 90 ° C for 120 min. 
Subsequently, non-fat milk powder (3 %) in Tris-
buffered saline containing 0.2 % Tween-20 (TBS-
T) was added with gentle shaking at 37 oC and 
incubated to block non-specific binding of the 
blot. Incubation of the blots was performed 

overnight at 4 ∘C with primary antibodies of 
GLUT2 and β-actin, each at a dilution of 1:1000. 
Then, the membrane was washed thrice with 
TBS-T, and further incubated with horseradish 
peroxidase-conjugated goat anti-rabbit IgG 
secondary antibody for 1.5 h at room 
temperature. The blot was developed using an X-
ray film. Grayscale analysis of the bands was 
performed using Tanon imaging system. The 
respective protein expression levels were 
normalized to that of β-actin which was used as 
a standard. 
 
Statistical analysis 
 
Data are expressed as mean ± SD. Statistical 
analysis was performed using SPSS (13.0). 
Groups were compared using Student’s t-test. 
Statistical significance was assumed at p < 0.05.     
 
RESULTS 
 
Effect of farrerol on body weight and FBG 
levels of rats 
 
Treatment of diabetic rats with farrerol 
significantly increased the body weights of the 
rats, but significantly reduced their FBG levels (p 
< 0.05). These results are shown in Figures 1 
and 2. 
 

 
 
Figure 1: Changes in body weights of rats after 
farrerol treatment; *p < 0.05, when compared with 
normal control group; and #p < 0.05, when compared 
with diabetic control group 
 
Effects of farrerol on oxidative status in 
diabetic rats      
 
As shown in Figure 3 and Figure 4, treatment of 
diabetic rats with farrerol significantly increased 
SOD activity, while reducing the level of MDA (p 
< 0.05). 
 
Effect of farrerol on the expression levels of 
pro-inflammatory markers in diabetic rats      
 
As shown in Figure 5, the mRNA expressions of 
TNF-α and IL-1β were significantly higher in 
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diabetic control group than in normal control 
group (p < 0.05).  However, treatment with 
farrerol significantly reversed the effect of DM on 
the mRNA expressions of these pro-inflammatory 
cytokines (p < 0.05). 
 

 
 
Figure 2: Effect of farrerol on FBG levels; *p < 0.05, 
when compared with normal control group; and #p < 
0.05 when compared with diabetic control group 
 

 
 
Figure 3: Activity of SOD after treatment of diabetic 
rats with farrerol; *p < 0.05, when compared with 
normal control group; and #p < 0.05 when compared 
with diabetic control group 
 

 
 
Figure 4: Effect of farrerol on MDA level of diabetic 
rats; *p < 0.05, when compared with normal control 
group; and #p < 0.05 when compared with diabetic 
control group 
 

TNF-α 

 
IL-1β 

 
β-actin 

 
 

 
 
Figure 5: Effect of farrerol on levels of expression of 
inflammatory cytokines in the liver of diabetic rats; *p < 
0.05, when compared with normal control group; and 
#p < 0.05 when compared with diabetic control group 
 
Effect of farrerol on lipid profile of diabetic 
rats 
 
Treatment of diabetic rats with farrerol 
significantly improved their lipid profile (p < 0.05; 
Figure 6). 
 

 
 
Figure 6: Effect of farrerol on lipid profile of diabetic 
rats; *p < 0.05, when compared with normal control 
group; #p < 0.05 when compared with diabetic control 
group 
 
Effect of farrerol on GLUT2 protein 
expression in diabetic rats 
 
The expression of GLUT2 protein was 
significantly down-regulated in the liver of 
diabetic control rats, when compared with normal 
control rats, but was significantly upregulated 
after treatment with farrerol (p < 0.05; Figure 7).   
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Figure 7: Effect of farrerol on the expression of 
GLUT2 in diabetic rats; *p < 0.05, when compared with 
normal control group; and #p < 0.05 when compared 
with diabetic control group 
 
DISCUSSION 
 
Obesity is a major risk factor for T2DM. The 
combination of HFD with intraperitoneal injection 
of low-dose STZ is a common pre-clinical model 
for studying T2DM. In this model, HFD triggers 
insulin resistance, while STZ reduces pancreatic 
beta-cell population, thereby producing persistent 
hyperglycemia. In this study, HFD-low-dose STZ 
administration significantly elevated FBG level, 
and resulted in substantial weight loss. However, 
farrerol treatment significantly reversed these 
metabolic derangements. Studies have shown 
that farrerol suppresses the activity of 
nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase, a pro-oxidant enzyme and key 
regulator of redox homeostasis in insulin-
sensitive tissues [5,8].     
 
Oxidative stress in T2DM is an important 
pathological state caused by hyperglycemia and 
generation of reactive oxygen species (ROS). An 
upsurge in ROS elicits a chain reaction between 
free-radicals and membrane-bound free-fatty 
acids (FFAs) in an insulin-sensitive tissue like 
liver. This in turn, results in the formation of 
noxious lipid peroxidation products such as 
hydroxynonenal (HNE) and MDA, which provoke 
the release of pro-inflammatory cytokines [9]. An 
increase in hepatic lipid peroxidation is indicative 
of reduced inherent antioxidant defense system 
in the liver. Oxidative stress plays an important 
role in apoptosis and tissue degeneration. 
 
Superoxide dismutase (SOD) is the principal 
antioxidant enzyme in cells. In this study, SOD 
activity was significantly reduced, while MDA 
level was significantly elevated in hepatic tissue 

of diabetic rats. However, farrerol treatment 
significantly ameliorated these alterations. 
 
These results are in agreement with those of 
previous reports. It is likely that the observed 
effect of farrerol was exerted via Nrf2-ARE 
activation [6]. Studies have shown that activation 
of the Nrf2-ARE signaling pathway prevents 
hyperglycemia-induced oxidative mitochondrial 
injury [10]. 
 
Diabesity is a modern epidemic which indicates 
the coexistence of both diabetes and obesity. It is 
linked to various pathophysiological mechanisms 
revolving around insulin resistance and 
hyperinsulinemia. According to the “Inflammation 
Hypothesis”, obesity is a corollary of the 
unremitting inflammatory process caused by 
macrophage infiltration into adipose tissue and 
the resultant detrimental metabolic 
derangements in insulin-sensitive tissues and 
pancreatic beta cells [11]. The combination of 
HFD and necro-inflammation is the pathological 
initiator of insulin resistance and T2DM. Studies 
have shown that HFD promotes mitochondrial 
ROS accretion, which triggers NLRP3-ASC 
inflammasome, and ultimately insulin resistance 
[12]. It has also been reported that increased 
synthesis of inflammatory cytokines such as IL-
1β and TNF-α in diabetic hepatopathy is 
mediated through TLR4/MyD88/NF-휅B pathway 
[13]. An elevation in IL-1β level promotes the 
synthesis of TNF-α and exacerbation of insulin 
resistance. In this study, IL-1β and TNF-α mRNA 
levels were significantly elevated in diabetic rats, 
but were significantly reduced after treatment 
with farrerol.         
 
Excessive consumption of HFD causes oxidative 
outburst which promotes protein kinase C (PKC)-
mediated impairment of hepatocyte nuclear 
factor 4α (HNF4α), a key regulator of hepatic 
triacylglycerol and cholesterol homeostasis [13]. 
In this study, serum TG, TC and LDL-C levels 
were significantly increased in the diabetic rats, 
while HDL-C level was significantly reduced. 
However, farrerol treatment significantly reversed 
the effect of DM on rat lipid profile. 
 
Glucose transporter 2 (GLUT2) is the principal 
glucose transporter. Genetic /epigenetic 
alterations in protein expression of GLUT2 
transporter affect glucose-induced insulin 
secretion and uptake by hepatocytes. In this 
study, the expression of GLUT2 protein was 
significantly down-regulated in the liver of 
diabetic control rats, when compared with normal 
control rats, but was significantly upregulated 
after treatment with farrerol. This may be due to 
dysfunctional hepatocyte nuclear factor 4α 
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(HNF4α), and is in agreement with those of 
previous studies [14]. It is likely that GLUT2 was 
responsible for the normalized glycemic levels in 
farrerol-treated diabetic rats. It has been reported 
that Akt-mediated GLUT2 enhancement in liver is 
responsible for the amelioration of hyperglycemia 
in STZ-induced DM [15].               
 
CONCLUSION 
 
The results of this study show that farrerol 
alleviates STZ-induced hyperglycemia and 
dyslipidemia in rats via reduction in oxidative 
stress and inflammation, and upregulation of 
GLUT2 protein expression. Thus, farrerol has 
antidiabetic and hepatoprotective potentials for 
therapeutic applications in humans. 
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