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Abstract 

Some members of Rhododendron genus are traditionally used as medicinal plants for arthritis, acute and 
chronic bronchitis, asthma, pain, inflammation, rheumatism, hypertension and metabolic diseases. To 
the best of our knowledge, there is no report on the protective effects of R. oldhamii leaf extract on 
non-alcoholic fatty liver disease (NAFLD) in vivo and in vitro. In this study, the effects of R. oldhamii leaf 
extract on inhibiting the free fatty acid (FFA)-induced accumulation of fat in HepG2 cells and on 
improving fatty liver syndrome in mice with high fat diet (HFD)-induced NAFLD were investigated. For 
the in vitro assay, HepG2 cells were treated with FFAs (oleate/palmitate = 2:1) with or without 
treatment with R. oldhamii leaf ethyl acetate (EtOAc) fraction to observe lipid accumulation using Nile 
red and oil red O stains. For the in vivo assay, C57BL/6 mice were randomly assigned to three groups (n 
= 5), including the normal diet group, the HFD group and the HFD+EtOAc group. After 11 weeks, body 
weight, serum biochemical indices and the mRNA expressions of the liver tissue, as well as the outward 
appearance, weight and histopathological analysis of liver and adipose tissues were evaluated. Among 
the fractions derived from R. oldhamii leaf, the EtOAc fraction exhibited a strong fat-accumulation 
inhibitory activity. Following reverse-phase high-performance liquid chromatography (HPLC), four 
specific phytochemicals, including (2R, 3R)-astilbin (AS), hyposide (HY), guaijaverin (GU) and quercitrin 
(QU), were isolated and identified from the EtOAc fraction of R. oldhamii leaf extract. Among them, AS 
and HY showed excellent fat-accumulation inhibitory activity. Thus, the EtOAc fraction of R. oldhamii 
leaf and its derived phytochemicals have great potential in preventing FFA-induced fat accumulation. In 
addition, the EtOAc fraction of R. oldhamii leaf significantly improved fatty liver syndrome and reduced 
total cholesterol (TC) and triglyceride (TG) in HFD-induced NAFLD mice at a dosage of 200 mg/kg BW. 
These results demonstrated that the methanolic extracts from R. oldhamii leaf have excellent inhibitory 
activities against fat accumulation and anti-NAFLD activities and thus have great potential as a natural 
health product. 

Key words: Rhododendron oldhamii, free fatty acid (FFA), fat accumulation, high fat diet (HFD), non-alcoholic 
fatty liver disease (NAFLD) 

Introduction 
In 2014, an estimated 600 million adults were 

obesity according to the World Health Organization. 
Obesity increases the risk of a number of health 
problems, including coronary disease, particular 
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types of carcinoma, respiratory system complications 
and osteoarthritis of small and large joints [1]. 
Genetic, physiological and psychological factors, as 
well as dietary habits, physical activity, lifestyle and 
social and environmental factors are responsible for 
the significant increase in the prevalence of obesity 
and its consequences [1-4]. Obesity is a condition 
when fat accumulation is excessive to the extent that it 
produces adverse health consequences [1]. In the first 
stage of the two-hit hypothesis, fat accumulation in 
hepatocytes leads to steatosis, which is related to 
obesity [5]. In addition, non-alcoholic fatty liver 
disease (NAFLD) has been considered the 2-stage 
process of the two-hit hypothesis. 

The Rhododendron genus is widely distributed 
throughout most of the world except for Africa and 
South America [6]. In traditional medicine, some 
members of the genus Rhododendron have been used to 
treat diseases, including arthritis, acute and chronic 
bronchitis, asthma, pain, inflammation, rheumatism, 
hypertension and metabolic diseases [7, 8]. A variety 
of phytochemicals with significant bioactivities, 
including iridoids [9], diterpenoids [10], triterpenoids 
[11], chromane derivatives, [12] and flavonoids [13], 
have been discovered in this genus. R. groenlandicum 
is a popular beverage to treat diabetes symptoms [14]. 
Ouchfoun et al. [15] showed that R. groenlandicum 
alleviates insulin resistance in a high fat diet 
(HFD)-induced obesity mice. R. arboreum has 
hypolipidemic activity in a diet-induced 
hypercholestermic rabbits [16, 17]. In addition, the 
methanolic extract of R. arboretum also showed 
significant in-vitro antidiabetic activity [18]. Therefore, 
the present study was undertaken to investigate the 

anti-NAFLD effect of R. oldhamii leaf extract. 
The anti-NAFLD effects of flavonoids in vitro 

and in vivo models have been reported in several 
studies [19]. Flavonoids have been shown to help in 
treating and reducing the risk of obesity [20-22]. In 
previous studies, plant catechins and anthocyanins 
reduced the weight of abdominal adipose tissues on 
diet induced obesity animal models [23]. R. oldhamii is 
rich in flavonoids, including (2R, 3R)-epicatechin, (2R, 
3R)-taxifolin, (2R, 3R)-astilbin (AS), hyposide (HY), 
guaijaverin (GU) and quercitrin (QU) [24]. Therefore, 
R. oldhamii may be a good candidate for further 
development as a remedy for treating fatty liver 
syndrome. However, to the best of our knowledge, 
there is no prior report on the improvement of R. 
oldhamii leaf on fatty liver syndrome in HFD-induced 
NAFLD mice. Thus, we used both lipid accumulation 
induced by free fatty acid (FFA; oleate/palmitate = 
2:1) in HepG2 cells and HFD-induced NAFLD mouse 
model to investigate the anti-fatty liver effect of the 
methanolic extract from R. oldhamii leaf. 

Methods 
Plant materials 

The leaves of Rhododendron oldhamii Maxim. were 
collected at the end of April 2011 from the Lion Head 
Mountain of Taipei county in Taiwan. The species 
were confirmed by Dr. Lei-Chen Lin of National 
Chiayi University. 

Extraction, fractionation, and isolation 
Extraction, fractionation and isolation were 

followed by the method of Tung et al. [24]. The leaves 
were soaked in methanol at ambient temperature for 7 

 

 
Figure 1. Chemical structures of four major phytocompounds isolated from the EtOAc fraction of R. oldhamii leaf: (2R, 3R)-astilbin (AS), hyposide (HY), guaijaverin 
(GU) and quercitrin (QU). 
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days to obtain extract. The crude extract was then 
fractionated with n-hexane, ethyl acetate (EtOAc), 
n-butanol (BuOH) and water to yield soluble hexane, 
EtOAc, BuOH and water fractions. The 4 major 
phytochemicals, AS, HY, GU and QU (Figure 1), from 
the EtOAc fraction were isolated and characterized by 
HPLC and NMR, respectively.  

Cell culture 
The HepG2 cell line purchased from ATCC was 

cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum 
(FBS). The cells were incubated in a 5% CO2 incubator 
at 37°C.  

Oil red O staining 
HepG2 cells (2 × 105 cells/well) were seeded into 

a 6-well plate incubated for 24 h to allow cell 
adherence. First, 2 mL of fresh medium containing 
test samples was added into the cultures. After 1 h of 
incubation at 37°C, 0.25 mM of FFAs 
(oleate/palmitate, 2:1) was added to the medium and 
incubated at 37°C for 24 h. The cells were rinsed with 
cold phosphate buffered saline (PBS) and fixed in 1% 
paraformaldehyde for 30 min. After the cells were 
washed with 75% EtOH, the cells were stained for 20 
min in a 2 mg/mL oil red O solution to determine 
hepatic lipid accumulation. After the stain was 
removed, the cells were washed with PBS and then 
counterstained with hematoxylin for 20 s. 
Representative photomicrographs (400× 
magnification) were conducted by a camera mounted 
onto a microscope. 

Nile red staining 
Nile red staining was used to specifically stain 

the intracellular fat. HepG2 cells (2 × 105 cells/well) 
were seeded into a 6-well plate and incubated for 24 h 
to allow cell adherence. First, 1 mL of fresh medium 
containing the test samples was added into the 
cultures. After 1 h of incubation at 37°C, 1 mM of 
FFAs (oleate/palmitate, 2:1) was added to the 
medium and incubated at 37°C for 24 h. The cells 
were collected using 0.05% Trypsin-EDTA and 
incubated with Nile red (1 μg/mL) in PBS for 10 min. 
After PBS washed, the cells were suspended in 1% 
formaldehyde and then measured by flow cytometry 
at a laser excitation wavelength of 488 nm. 

Cell viability assay 
 To measure the cytotoxicity on the test samples, 

HepG2 cells (1 × 104 cells/well) were seeded into a 
24-well plate and incubated for 24 h to allow cell 
adherence. First, 1 mL of fresh medium containing the 
test samples was added into the cultures and 
incubated at 37°C for 24 h. Following the removal of 

the medium, 1 mL of tetrazolium salt solutions (1 mL 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) in 10 mL DMEM) was added. After 3 
h of incubation at 37°C, the medium was removed 
and 600 μL of dimethyl sulfoxide (DMSO) was added 
to dissolve the formazan crystals. Absorbance was 
measured at a wavelength of 570 nm using an 
enzyme-linked immunosorbent assay (ELISA) reader. 

Animals 
The C57BL/6 mice (6 weeks old) were given a 

standard laboratory diet and distilled water ad libitum 
and kept on a 12 h light/dark cycle at 24 ± 2°C. This 
study was conducted according to institutional 
guidelines and approved by the Institutional Animal 
Care and Use Committee (IACUC) of National Chung 
Hsing University and conformed to the guidelines of 
the protocol IACUC-10393 approved by the IACUC 
ethics committee. After 1 week of acclimatization, 15 
mice were randomly divided into two groups: the 
normal group (n = 5) was fed a standard chow diet 
(ND) and the experimental group (n = 10) was fed a 
HFD. The experimental mice were divided into two 
groups (n = 5/group): 1) HFD receiving no treatment 
(HFD) and 2) HFD receiving 50 mg/kg of the EtOAc 
fraction from R. oldhamii leaf. Food intake and body 
weight were recorded. Following 11 weeks of 
treatment, mice were sacrificed at 18 weeks of age. At 
the end of the experiment, each mouse was 
anesthetized, and the liver and epididymal fat pad 
tissues were collected. 

Biochemical analysis of serum samples 
Mouse blood samples were centrifuged at 1,400 g 

at 4°C for 15 min, and the levels of serum glucose, 
glutamate-pyruvate transaminase (GPT), triglyceride 
(TG) and total cholesterol (TC) were measured using 
an autoanalyzer (Hitachi 7060, Hitachi, Japan). 

Pathological histology 
Liver and epididymal fat pad tissues were fixed 

in 10% buffered formaldehyde, and histologically 
examined with hematoxylin and eosin (H&E) 
staining. 

RT-PCR 
Total RNA of the liver tissue was extracted using 

Trizol reagent (Invitrogen) following the protocol 
specified by the manufacturer. RT-PCR was followed 
by the method of Tung et al. [25]. The gene 
expressions of 7 genes (SREBP1, ACC, FAS, CPT1α, 
PPARα and PPARγ) using complementary DNA from 
liver tissue was analyzed. GAPDH was used as an 
internal control. 
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Figure 2. Effects of R. oldhamii leaf soluble fractions on intracellular lipid accumulation in HepG2 cells. HepG2 cells were pretreated with 200 μg/kg of R. oldhamii leaf 
crude and soluble fractions of hexane, EtOAc, BuOH and water in the presence of 0.25 mM of FFAs (oleate/palmitate, 2:1) for 24 h. The cells were stained with Nile 
red and analyzed by flow cytometry, after which the percentage of lipid accumulation was quantitated (A). Cells were stained with oil red O and analyzed by 
spectrophotometry (B). Cytotoxicity of R. oldhamii leaf soluble fractions in HepG2 cells was measured using the MTT assay (C). The results are presented as the mean 
± SD (n = 3). The bars marked by different letters are significantly different at the level of p<0.05 according to Scheffe’s test. 

 

Statistical analyses 
The data for the in vitro and in vivo assays were 

expressed as the mean ± SD (n = 3) and the mean ± 
SEM (n = 5), respectively. Significant differences were 
calculated by Scheffe’s test, and results with p<0.05 
were considered statistically significant. 

Results  
Effects of R. oldhamii leaf extract soluble 
fractions on FFA-induced lipid accumulation in 
HepG2 cells 

The imbalance between the hepatic uptake of 
FFAs, TG synthesis and TG excretion leads to fatty 

liver [26]. Recently, Gomez-Lechon et al. [27] 
demonstrated that FFA (oleate/PA = 2:1)-induced 
HepG2 cells mimic benign chronic steatosis. Wu et al. 
[26] showed that FFA-overloaded HepG2 cells 
reached maximal intracellular lipid accumulation that 
was similar with human steatosis. First, we examined 
whether R. oldhamii leaf crude and soluble fractions of 
hexane, EtOAc, BuOH and water were able to reduce 
lipid accumulation in HepG2 cells induced by FFA 
using Nile red staining and oil red O staining. The 
quantitative data from the Nile red staining displayed 
that the crude, hexane and EtOAc fractions reduced 
lipid accumulation by 21% (p<0.05), 32% (p<0.05) and 
54% (p<0.05), respectively (Figure 2A). Among these, 
the EtOAc fraction significantly reduced FFA-induced 
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lipid accumulation (Figure 2A and 2B). In addition, 
the MTT assay revealed no significant cytotoxic effects 

on cells treated with 200 μg/mL of the EtOAc fraction 
(Figure 2C). 

Bioassay-guided 
fractionation and 
quantification of major 
phytochemicals in R. 
oldhamii leaf EtOAc fraction 

R. oldhamii leaf EtOAc 
fraction showed a stronger 
inhibitory activity on lipid 
accumulation than the other 
fractions, indicating that R. 
oldhamii leaf extract had an 
inhibitory activity against lipid 
accumulation, and efficiently 
enriched in the EtOAc fraction. 
Thus, the phytochemical charac-
teristics of this fraction were 
further investigated in this 
study. The four major phyto-
chemicals of R. oldhamii leaf 
EtOAc fraction were found to be 
AS, HY, GU and QU (Figure 1), 
and their contents were 
determined to be 130.8 ± 10.9, 
105.5 ± 8.5, 104.1 ± 4.7 and 108.6 
± 4.0 mg per gram of EtOAc 
fraction, respectively.  

Effects of the 
phytochemicals from R. 
oldhamii leaf on 
FFA-induced lipid 
accumulation in HepG2 cells 

The inhibitory effects of the 
phytochemicals from R. oldhamii 
leaf on lipid accumulation are 
shown in Figure 3A and 3C. To 
understand the relationship 
between the phytochemicals of 
R. oldhamii leaf and its lipid 
accumulation inhibitory effects 
in HepG2 cells, 4 constituents, 
namely AS, HY, GU and QU, 
were tested. The lipid 
accumulation inhibitory activiti-
es of the four constituents ranke-
d in the following order, from 
highest to lowest: AS > HY > GU 
> QU. In addition, the MTT 
assay revealed no significant 
cytotoxic effects on cells treated 
with the 4 phytochemicals at the 
200 μM dosage (Figure 3D). 

 

 
Figure 3. Effects of the phytochemicals from R. oldhamii leaf EtOAc fraction on intracellular lipid accumulation in 
HepG2 cells. HepG2 cells were pretreated with 200 μM of AS, HY, GU and QU in the presence of 0.25 mM of 
FFAs (oleate/palmitate, 2:1) for 24 h. Cells were stained with Nile red by flow cytometry, after which the 
percentage of lipid accumulation was quantitated (A). HepG2 cells were pretreated with 50 μM and 100 μM of 
AS and HY in the presence of FFAs for 24 h. Cells were stained with Nile red by flow cytometry, after which the 
percentage of lipid accumulation was quantitated (B). HepG2 cells were pretreated with 200 μM of AS, HY, GU 
and QU in the presence of FFAs for 24 h. Cells were stained with oil red O by spectrophotometry (C). 
Cytotoxicity of the phytochemicals in HepG2 cells was measured using the MTT assay. The results are presented 
as the mean ± SD (n = 3). The bars marked by different letters are significantly different at the level of p<0.05 
according to Scheffe’s test. 
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Among the 4 phytochemicals tested, AS and HY 
exhibited the strongest activities. To examine further 
the inhibition of lipid accumulation in FFA-stimulated 
HepG2 cells, we selected 2 doses (50 μM and 100 μM) 
of AS and HY. Figure 3B shows that HY inhibited 
FFA-induced lipid accumulation in a concentration- 
dependent manner. 

Effects of R. oldhamii leaf EtOAc fraction on 
body weight and diet 

The effects of R. oldhamii leaf EtOAc fraction on 
final body weight and diet intake in HFD-fed mice are 
shown in Figure 4A and 4B, respectively. The initial 
body weight for the control and HFD rats were 
similar. Mice fed the normal diet and HFD continued 
to increase body weights until the end of the study. 
After 2 weeks HFD-induced obesity, the body weight 
was higher for the HFD mice than for the control mice 
(p<0.05). After treatment with the EtOAc fraction in 
the HFD mice, the body weight significantly 
decreased compared with the HFD group (p<0.05). 

The average final body weight of HFD+EtOAc group 
decreased by 16.9% compared with the HFD group. In 
addition, the HFD group and the HFD+EtOAc group 
did not show diarrhea during the experiment. HFD 
groups with or without treatment with R. oldhamii leaf 
EtOAc fraction reduced their daily food intake 
compared with the vehicle group because HFD had a 
higher calorie intake than the normal diet. 

 

Table 1. The Epididymal Fat Weights, Liver Weights and Serum 
Levels of C57BL/6 Mice 

  ND HFD HFD+EtOAc 
Epididymal fat weight (g) 0.14 ± 0.02 1.08 ± 0.19## 0.48 ± 0.19** 
Liver weight (g) 0.86 ± 0.09 1.01 ± 0.08# 0.81 ± 0.07** 
Serum levels    
Glucose (mmol/L) 63 ± 23 112 ± 35# 118 ± 18 
GPT (U/L) 133 ± 100 163 ± 69 127 ± 61 
TG (mg/dl) 81 ± 5 165 ± 65# 116 ± 17 
TC (mg/dl) 77 ± 7 166 ± 10## 156 ± 13 
#p<0.05; ##p<0.01 compared with the ND group. **p<0.01 compared with the HFD 
group. 

 

Effects of R. oldhamii leaf 
EtOAc fraction on 
epididymal fat pad and liver 

The epididymal fat pad 
(EFP) and liver tissue weights 
at the end of the study are 
shown in Table 1 and Figure 
4C. The weights of the EFP and 
liver were higher for HFD 
alone than for the control mice 
by 671% (p<0.01) and 17% 
(p<0.05), respectively. How-
ever, the HFD+EtOAc group 
decreased the weights of both 
EFP and liver by 56% (p<0.05) 
and 20% (p<0.01) compared 
with HFD alone. Recent studies 
showed that high-fat diet 
induced obesity rats underwent 
to several enzymatic changes 
which are related to 
carbohydrate metabolism in 
liver and adipose tissues [28, 
29]. Thus, this supports the 
possibility that R. oldhamii leaf 
EtOAc fraction may reduce the 
formation of adipose tissue 
through altering several 
enzymatic reactions. 

 
 

 

 
Figure 4. Effects of R. oldhamii leaf EtOAc fraction on weekly body weight (A) and diet (B) over the course of 11 
weeks in HFD-induced NAFLD mice. The results are presented as the mean ± SEM (n = 5). The markers by 
different letters are significantly different at the level of p<0.05 according to Scheffe’s test. Outward appearances, 
epididymal fats and perirenal fats of C57BL/6 mice at the end of the study (C). 
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Effects of R. oldhamii leaf EtOAc fraction on 
serum biochemical parameters 

The effects of the EtOAc fraction from R. oldhamii 
leaf on glucose, GPT, TG and TC are shown in Table 1. 
Consumption of a HFD increased the serum levels of 
glucose, GPT, TG and TC by 77.3% (p<0.05), 23%, 
104% (p<0.05) and 116% (p<0.05), respectively. After 
treatment with R. oldhamii leaf EtOAc fraction, the 
HFD+EtOAc group exhibited a slight decrease in the 
serum levels of GPT (22%), TG (30%) and TC (6%) 
compared with the HFD group.  

Effects of R. oldhamii leaf EtOAc fraction on 
hepatomegaly 

As shown in Figure 5A, histological analysis of 
the liver tissues revealed abundant foamy cells in the 
HFD group, and the HFD+EtOAc group showed 
relatively normal cells compared with the HFD group. 
R. oldhamii leaf EtOAc fraction had inhibitory effects 
on the formation of foamy cells extending from the 
hepatic portal vein to the central vein. In addition, 
adipose tissues of the HFD group showed striking 
morphological changes (Figure 5B). The EFPs of the 
HFD+EtOAc group were smaller in size than those of 
the HFD group, indicating that the reduced total fat 
mass from treatment with R. oldhamii leaf EtOAc 
fraction may result from decreased TG accumulation 
rather than a reduced number of adipocytes. 

 

Effects of R. oldhamii leaf 
EtOAc fraction on the 
expression of genes 
involved in lipid oxidation 
and lipogenesis 

The mRNA expression 
patterns of genes encoding 
enzymes involved in 
lipogenesis (SREBP1, ACC and 
FAS) and lipid oxidation 
(CPT1α, PPARα and PPARγ) 
were assessed using real-time 
RT-PCR (Figure 6). SREBP1 
was reduced by 21% (p<0.05), 
and CPT1α, PPARα and PPARγ 
were increased by 14% 
(p<0.05), 30% (p<0.05) and 19% 
(p<0.01), respectively, in the 
HFD+EtOAc group compared 
with the HFD group. Thus, the 
HFD mice treated with R. 
oldhamii leaf EtOAc fraction 

exhibited mRNA levels markedly decreased for the 
lipogenesis gene (SREBP) and increased for the lipid 
oxidation genes (CPT1α, PPARα and PPARγ). 

 

 
Figure 6. Changes in mRNA expression levels of lipogenesis (SREBP1, ACC and 
FAS) and lipid oxidation (CPT1α, PPARα and PPARγ) genes in the ND, HFD and 
HFD+EtOAc groups. The transcription levels of SREBP1, ACC, FAS, CPT1α, 
PPARα and PPARγ genes were normalized by an internal GAPDH mRNA control. 
The data are expressed as the mean ± SE (n = 5). *p<0.05 and **p<0.01. 

 

 
Figure 5. Effects of R. oldhamii leaf EtOAc fraction on the hematoxylin and eosin (H&E) staining of histologically 
sectioned liver and epididymal fat tissues in HFD-induced NAFLD mice. 
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Discussion 
In recent studies, phytochemicals of plants have 

shown potential as drug in several metabolic diseases 
[30]. They have served as template molecules for the 
development of new drugs [30]. FFA-induced 
hepatocellular steatosis models have been used to 
study in several studies on NAFLD pathogenesis and 
anti-NAFLD drugs [31, 32]. Although primary human 
hepatocytes represent the most relevant model for the 
human liver, they are difficult to prepare. Thus, the 
reproducibility of experimental results is often a large 
problem [33, 34]. In contrast, the regulation of 
metabolism of HepG2 cells is different from normal 
hepatocytes, as HepG2 cells have acquired genetic 
and epigenetic alterations [35]. In this study, the 
HepG2 cells with FFA (oleate/palmitate = 
2:1)-induced lipid accumulation were used to examine 
the effects of R. oldhamii leaf methanolic extract and its 
phytochemicals on fatty liver syndrome. Among the 
fractions derived from R. oldhamii leaf, the EtOAc 
fraction exhibited a strong inhibitory activity against 
fat accumulation. Following reverse-phase HPLC, 
four specific phytochemicals were isolated and 
identified from the EtOAc fraction of R. oldhamii leaf 
extract. In addition, AS and HY showed excellent 
inhibitory activity against fat accumulation. Thus, R. 
oldhamii leaf EtOAc fraction and its derived 
phytochemicals have great potential in preventing 
FFAs from causing fat accumulation. Next, we 
examined whether R. oldhamii leaf EtOAc fraction 
improved fatty liver syndrome in vivo. 

The overconsumption of caloric food contributes 
to visceral obesity. Therefore, the HFD-induced 
model represents a valuable tool for investigating and 
validating new therapeutic avenues for the treatment 
of obesity and NAFLD [15]. The results of this study 
showed that R. oldhamii leaf EtOAc fraction 
significantly decreased body weight in HFD-induced 
NAFLD mice at a dosage of 200 mg/kg (Figure 4A). 
This attenuated body weight may be due to the 
amount decrease of fatty tissue (Table 1) and the 
adipocyte size (Figure 4C). R. oldhamii leaf EtOAc 
fraction also significantly reduced the macrovesicular 
fat quantity in liver tissues of HFD-induced NAFLD 
mice. In addition, HFD alone elevated TC and TG 
levels compared with the controls, and R. oldhamii leaf 
EtOAc fraction significantly reduced the elevated 
levels of TC and TG in HFD-induced NAFLD mice 
(Table 1). DeAngelis et al. [36] found that the 
accumulation of TC in liver parenchymal cells 
(increase in fat or steatosis), a common liver 
pathology, is a well-established effect of obesity. 
Interesting, R. oldhamii leaf EtOAc fraction markedly 
decreased SREBP1 gene expression and increased 
CPT1α, PPARα and PPARγ in the livers of 

HFD-induced NAFLD mice. These results indicate 
that R. oldhamii leaf EtOAc fraction affected fat 
deposition by stimulating lipid oxidation and 
inhibiting the lipogenesis pathway. 

Conclusions 
This study demonstrated that consuming 200 

mg/kg BW of the EtOAc fraction from R. oldhamii leaf 
for 11 weeks attenuated body weight gain and serum 
GPT in HFD-induced NAFLD mice. In addition, R. 
oldhamii leaf EtOAc fraction significantly decreased 
SREBP-1 mRNA; increased CPT1α, PPARα and PPARγ 
mRNA in the liver tissues; and reduced the TG 
content and TC accumulation in treated HFD-induced 
NAFLD mice. Therefore, this study demonstrated that 
the protective effect of R. oldhamii leaf in HFD-induced 
NAFLD mice occurs by an increase in the hepatic lipid 
oxidation and a decrease in the hepatic lipogenesis 
pathways. 
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