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Beneficial Effects of Hydroalcoholic Extract from
Rosa Roxburghii Tratt Fruit on Hyperlipidemia in
High-Fat-Fed Rats

Pin-Hsin Wu," Samuel Chieng-Haw Han’? and Meng-Hsiu Wu®

Background: Rosa roxburghii Tratt fruit is extensively used as a medicinal and edible resource in China due to its
unique bioactivities. In this research, we aimed to characterize its phenolic acid composition and investigate the
potential hypolipidemic effect of this plant in a rat model of hyperlipidemia.

Methods: We evaluated the effects of hydroalcoholic extract of Rosa roxburghii Tratt fruit (HRT) on serum lipids,
body weight, activities of lipoprotein metabolism and antioxidant enzymes, and gene expression of lipid metabolism
in hyperlipidemic rats.

Results: HRT significantly reduced body weight gain and decreased serum and liver lipid levels in the hyperlipidemic
rats. In addition, HRT treatment improved the activities of antioxidant enzymes, lipoprotein lipase, and hepatic
lipase, downregulated the mRNA and protein expressions of sterol regulatory element-binding protein 1c and
acetyl CoA carboxylase, and upregulated the mRNA and protein expressions of peroxisome proliferator-activated
receptor o and low-density lipoprotein receptor in hepatic tissue.

Conclusions: The results showed that Rosa roxburghii Tratt fruit is rich in phenolic acids, and that it exerted lipid

lowering effects in the hyperlipidemic rats.
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INTRODUCTION

Cardiovascular disease is one of the most serious
diseases that impacts human health and life due to the
increased intake of a high-fat diet. It gradually develops
due to many risk factors such as diabetes, hyperlipi-
demia, and hypertension.! Hyperlipidemia is considered
to be the major risk factor for the development of car-
diovascular diseases, including stroke, myocardial in-
farction, and atherosclerosis.” It is characterized by
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increased levels of plasma lipids, including total choles-
terol (TC), triacylglycerol (TG), cholesterol esters, very
low-density lipoprotein cholesterol (VLDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), and free fatty acids,
as well as by reduced levels of high-density lipoprotein
cholesterol (HDL-C).? Hence, reducing blood lipids is an
effective method of preventing and treating the pro-
gression of cardiovascular disease.

The presently available therapy for hyperlipidemia
involves the use of chemical drugs such as statins and
fibrates, and is characterized by effectively lowering
blood lipids. However, the clinical practice of these
drugs is limited because of their great drug dependence
and potential adverse effects, including liver toxicity,
myopathy, and an increased risk of diabetes.*” In recent
years, interest in the study of pharmacologic activities of
natural products has significantly increased. Phytome-
dicines are attracting attention not only for their rela-
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tively low toxicity, but also for their health benefits, and
they might be suitable as long-term dietary functional
food.®® Results obtained from preclinical pharmacologic
experiments as well as epidemiological studies have re-
vealed that flavonoids may prevent and treat obesity,
dyslipidemia, diabetes, and atherosclerosis.”* In this
sense, phytomedicines may play an important role in
the development of novel therapeutic strategies.™

Rosa roxburghii Tratt, which belongs to the family
Rosaceae, is extensively used as a medicinal and edible
resource in East Asian, and especially in China."> Rosa
roxburghii Tratt fruit juice is considered to be highly nu-
tritional, and to possess functions of clearing summer
heat and tonifying the spleen. In addition, Rosa rox-
burghii Tratt fruit has also been reported to have anti-
atherogenic, antioxidant, antimutagenic, and radiopro-
tective effects.'*"
terpenoids, organic acids, and polysaccharides have
been identified in the Rosa roxburghii Tratt fruit, and
flavonoid extracts of Rosa roxburghii Tratt fruit (HRT)
have attracted increasing attention due to obvious anti-
oxidant activities." To the best of our knowledge, it re-
mains unknown how hydroalcoholic extract from Rosa
roxburghii Tratt fruit exerts its lipid lowering effect in
high-fat-fed (HFD) rats.

The aim of this research was to investigate the lipid
lowering effect of HRT and its possible underlying me-
chanism of action. The effect of HRT on lipid metabo-
lism was studied by establishing a rat model of hyper-
lipidemia. We also measured the mRNA expressions of
genes involved in lipid oxidation and lipogenesis and ac-
tivities of lipoprotein metabolism enzymes in rat liver
tissue.

Phytochemicals including flavonoids,

MATERIALS AND METHODS

Materials and chemicals

Rosa roxburghii Tratt fruit was purchased from Gui-
zhou Lvyuan Food Co. Ltd (Guizhou, China). Dried Rosa
roxburghii Tratt fruit was ground using a grinder and
sieved through a 100-mesh sieve. Assay kits for total
protein, TG, TC, HDL-C, LDL-C, superoxide dismutase
(SOD), aspartate amino transferase (AST), alanine ami-
notransferase (ALT) and malondialdehyde (MDA) were
purchased from Nanjing Jiancheng Bioengineering Insti-

tute (Nanjing, China). Atorvastatin was purchased from
Pfizer Pharma (Lipitor, Pfizer) and was used as the posi-
tive control. L-ascorbic acid, malic acid, catechin, kaem-
pferitrin, isoquercetin, and rutin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). All other chemical
reagents were of analytical grade and were purchased
from Aladdin Reagent Co. (Shanghai, China).

Preparation of HRT

The extraction process of hydroalcoholic extract
from Rosa roxburghii Tratt fruit was performed accord-
ing to a previous publication.'® Briefly, 10 L of 75% etha-
nol was added to 500 g dried powder. The mixture was
then extracted twice in a hot water bath at 70 °C for 60
min. The extract was subsequently filtered and defatted
with n-hexane. Afterwards, the aqueous phase was col-
lected and reclaimed using vacuum rotary evaporation,
and then the concentrated liquid was further dried us-
ing a freeze-dryer."’

Animal and experimental design

The animal experiments were approved by the Ani-
mal Ethics Committee and conducted in accordance
with local institutional regulations. Male Sprague-Daw-
ley rats (190 + 20 g) were purchased from the Experi-
mental Animal Center (China Medical University) and
were housed in standard cages under standard labora-
tory conditions (humidity 45-60%, air temperature 22-
24 °C, and 12 h light/dark cycle). The animals were fed
with a basic diet for one week to adapt to the laboratory
conditions. All of the rats were randomly divided into six
groups (each group 10 rats). The normal group (NC) was
fed with a basic diet and water, and the other rats were
fed with high-fat diet as presented in Table 1 for 56 days
of the experimental period. The high-fat diet rats were
randomly divided into five groups as follows: model con-
trol group (MC), positive control group (atorvastatin,
1.23 mg kg BW/day, PC), HRT high dosage group (120
mg kg™ BW/day, HHRT), HRT medium dosage group (60
mg kg BW/day, MHRT), and HRT low dosage group (30
mg kg‘1 BW/day, LHRT). The NC and MC groups were ad-
ministered orally with the same amount of water, while
the other groups were administered intragastrically with
the corresponding dosage of HRT once daily for eight
consecutive weeks. During the experiment, all animals
were allowed free access to water and fed twice a day.
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Table 1. Compositions of the experiment diets (%)

Ingredient High-fat diet Basic diet
Total phosphorus (%) - 0.6-1.2
Calcium salt (%) - 1.0-1.8
Crude fiber (%) - 6.0-10.0
Crude fat (%) - 4.0-10.0
Methionine (%) - 1.5-2.0
Lysine (%) - 1.5-2.0
N free extract (%) - 48.5-49.5
Crude protein (%) - 20.5-30.5
NaCl (%) - 1.0-1.5
Basic diet (%) 86.5 -
Sodium cholate (%) 0.5 -
Lard (%) 10 -
Cholesterol (%) 3 -

480 Kcal/100 g 335 Kcal/100 g

After completion of the experiment, all of the animals
were fasted for 12 h and anaesthetized with chloral hy-
drate by intraperitoneal injection. Blood samples were
collected from the abdominal aorta of the rats and cen-
trifuged at 5000 rpm for 15 min at 4 °C to separate se-
rum, and then stored at -20 °C for subsequent biochem-
ical assays. Liver tissue was quickly removed and washed
with cold physiological saline, wiped with filter paper
and weighed. The liver tissue was then homogenized
with cold physiological saline, and the homogenate was
centrifuged at 4000 rpm for 10 min at 4 °C to obtain the
supernatant, and stored at -20 °C for further measure-
ments.

Measurement of serum and hepatic lipid profiles

The serum levels of TG, TC, HDL-C, LDL-C, and he-
patic TC and TG were measured with commercial assay
kits according to the manufacturers’ specifications. The
atherogenic index (Al) was calculated using the follow
formula:

Al = (TC - HDL-C)/HDL-C

Assays of antioxidant enzymes, lipoprotein lipase
(LPL) and hepatic lipase (HL) activities in serum and
liver tissue

The concentration of protein in the liver homogen-
ates was measured using the Coomassie brilliant blue
method.™® The activities of SOD, AST, ALT, LPL and HL,
and the content of MDA in the liver homogenates and
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serum were assayed using common commercial kits ac-
cording to the manufacturers’ specifications, and the
data were expressed as U per mg protein.

High performance liquid chromatography analysis of
HRT

HRT powder was accurately weighed and added into
a 100 ml volumetric flask. The sample was then dis-
solved in 80% ethanol and diluted to a volume of 100
ml. Before High performance liquid chromatography
(HPLC) analysis, all test samples were filtrated using a
0.22 um membrane filter. HPLC analysis was performed
on an Agilent 1260 HPLC system, consisting of a vacuum
degasser, chromatography-mass spectrometry (HPLC-
MS), and photodiode array detection (DAD). The HPLC
column was an Agilent Eclipse Plus C18 column (4.6 X
100 mm, 1.8 um; CA, USA). The gradient mobile phase
consisting of acetonitrile (A) - 0.1% formic acid (B) was
applied to elute for 15 min. The flow rate was 0.6 mL/
min and the column temperature was constant at 30 °C.
The injection volume was 2 plL and the UV detection
wavelength was set at 254 nm. The mobile phase was
kept at 5% A between 0 and 0.5 min, followed by a linear
gradient from 5% A to 20% A between 0.5 and 10 min.

RNA isolation and quantitative real-time polymerase
chain reaction (qRT-PCR)

Total RNA was isolated from the frozen rat liver tis-
sue with Trizol reagent (Takara, Dalian, China) according
to the manufacturer’s instructions. cDNA synthesis was
performed using a Frist Strand cDNA Synthesis Kit (Ther-
mo, USA). RT-PCR was carried out with a SYBR Green
gPCR Master Mix kit (Thermo, USA). qPCR was carried
out in duplicate with the following RT-PCR amplification
reaction conditions: 40 cycles of 95 °C for 10 s, 60 °C for
15 s and 72 °C for 30 s with the primer sequences (Table
2). GAPDH was used as the endogenous control.

Western blotting

The liver tissues were homogenized in lysate buffer
using a homogenizer. The lysate was centrifuged at
15,000 rpm for 20 min at 4 °C. Total proteins of the
supernatant were determined using the bicinchoninic
acid method with a protein quantitation kit (Thermo
Scientific, USA). Protein samples were loaded onto 10%
SDS-polyacrylamide gels, and then transferred to a
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Table 2. Sequences of primers used in this research

Gene Forward primer Reverse primer

PPARa 5’-GGAAACTGCCGACCTCAAAT-3’ 5’-AACGAAGGGCGGGTTATTG-3'
SREBP-1C 5’-CCCTGCGAAGTGCTCACAA-3’ 5’-GCGTTTCTACCACTTCAGGTTTCA-3’
ACC 5’-ACACTGGCTGGCTGGACAG-3’ 5’-CACACAACTCCCAACATGGTG-3’
LDLR 5’-CCAACCTGAAGAATGTGGTG-3’ 5’-CAGGTCCTCACTGATGATGG-3’
GAPDH 5’-GAACGGGAAGCTCACTGGC-3’ 5’-GCATGTCAGATCCACAACGG-3’

polyvinylidene fluoride membrane. After blocking with
5% skim milk for 1 h at room temperature, the mem-
brane was exposed to the following primary antibodies
overnight at 4 °C: peroxisome proliferator-activated re-
ceptor-a (PPARa; 1:1,000; Cell Signaling Technology,
Santa Cruz, CA, USA), acetyl CoA carboxylase (ACC;
1:1,000; Cell Signaling Technology, Santa Cruz, CA,
USA), sterol regulatory element-binding protein 1c
(SREBP-1c; 1: 1,000; Cell Signaling Technology, Santa
Cruz, CA, USA), low-density lipoprotein receptor (LDLR;
1:1,000; Cell Signaling Technology, Santa Cruz, CA,
USA), and GAPDH (1:1,000; Cell Signaling Technology,
Santa Cruz, CA, USA). The membrane was then washed
with TBST and subsequently incubated with horserad-
ish peroxidase-linked secondary antibodies for 1 h at
room temperature. Visualization was carried out with
chemiluminescence detection reagent (Amersham,
Arlington Heights, IL, USA). Expression levels were ana-
lysed using Imagel) image analysis software (National
Institutes of Health, Bethesda, MD, USA) and normal-
ized to GAPDH.

Statistical analysis

All experimental results were reported as means =
standard deviation (SD), and all experiments were re-
peated twice. Differences between groups were esti-
mated by one-way ANOVA using SPSS software (version

16.0); p < 0.05 was considered to be statistically signifi-
cant.

RESULTS

Chemical characteristics of phenolic acids from HRT

First, the amounts of total phenolic acids were qu-
antified in order to standardize the HRT, and the analysis
showed a total phenolic acid content of 88.30%. The
chromatogram of the phenolic acids in HRT detected at
254 nm is showed in Figure 1. The six constituents were
supported by reports in previous research. The percent-
age of phenolic acids is presented in Table 3.

Effect of HRT on body weight and liver weight of the
rats

As shown in Table 4, at the beginning of the experi-
ment, there were no differences in the initial body weight
of all groups. However, after eight weeks of treatment,
the final body weight of the rats in the MC group was
obviously higher compared with the NC group (p <
0.05). HHRT treatment (120 mg kg'') for eight weeks re-
sulted in a significant decrease in body weight com-
pared with the MC group (p < 0.05). In addition, the rel-
ative weight of the liver was significantly decreased in
the HHRT group compared with the MC group (p < 0.05).

DAD1 D, Sig=254,4 Ref=360,100 (D:\DATA\M\20180926\520-18-3 2018-09-27 11-24-37.D)
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Figure 1. Chromatograms of phenolic acids occurring in hydroalcoholic extract of Rosa roxburghii Tratt fruit.

151

Acta Cardiol Sin 2020;36:148-159



Pin-Hsin Wu et al.

Effect of HRT on serum lipid profiles obvious increase in serum levels of TC, TG and LDL-C,
As shown in Figure 2, after the administration of a  and a profound reduction in the serum level of HDL-C
high-fat diet to the rats for eight weeks, there was an  compared with the NC group. The results showed that a

Table 3. LC-MS identification result of phenolic acids in hydroalcoholic extract from Rosa roxburghii Tratt fruit. Data are expressed
as the means = SD (n = 3)

No. Rt (min) Molecular weight Molecular formula Identification Relative area (%)
1 1.877 134 C4HgOs Malic acid 6.69 £0.20
2 2.093 176 CgHgOg L-ascorbic acid 10.15+0.37
3 6.377 578 Cy7H30014 Kaempferitrin 0.99+0.13
4 6.489 290 Ci5H140¢ Catechin 1.86£0.16
5 6.691 610 Cy7H30046 Rutin 6.51+£0.25
6 8.164 464 Cy1H»001, Isoquercetin 20.81 £0.26

LC-MS, liquid chromatography-mass spectrometry; SD, standard deviation.

Table 4. Effect of hydroalcoholic extract from Rosa roxburghii Tratt fruits (HRT) on body weight and liver index in hyperlipidemic

rats (n = 10)

Group Initial body weight (g) Final body weight (g) Body weight gain (g) Liver (g/100 g bw)
NC 178.1+5.86 397.5+£19.53 219.4 +£20.92 3.27+0.23
MC 178.7 £4.42 451.9 + 18.80* 273.2+18.27* 4.86 +0.41*
PC 176.8 £ 6.67 419.1 + 16.94" 2423 +18.36" 4.71+0.27
HHRT 179.7 +6.53 426.3 +17.08" 246.6 +18.09" 3.48+0.35'
MHRT 179.9 £5.15 439.7 +16.73 259.8 £17.41 3.88+0.28"
LHRT 179.2+4.31 441.0+19.86 261.8 +£21.45 4.41 +0.35

Results are mean + standard deviation (SD), n = 10 rats in each group.
* p < 0.05 compared with control group (NC); ¥ p <0.05, ! p < 0.01, compared with model control group (MC).
HHRT, HRT high dosage group; LHRT, HRT low dosage group; MHRT, HRT medium dosage group.
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Figure 2.  Effect of Rosa roxburghu Tratt fru1ts (HRT) on serum levels of total cholesterol (TC) (A), triacylglycerol (TG) (B), high-density lipoprotein
cholesterol (HDL-C) (C), and low-density lipoprotein cholesterol (LDL-C) (D) in high-fat induced hyperlipidemia rats. Data are expressed as the mean +
standard deviation (SD), n = 10 rats in each group. * p < 0.05 compared with control group (NC); * p < 0.05, ** p < 0.01, compared with model control
group (MC). Abbreviations are in Table 4.
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hyperlipidemia model had successfully been induced. After
the administration of HRT (120 mg kg™*) or atorvastatin
(1.23 mg kg™) for eight weeks, the serum lipid levels obvi-
ously differed among all groups. The increases in TG, TC,
and LDL-C were alleviated compared with the MC group (p
< 0.05 or p < 0.01). Furthermore, compared with the MC
group, the decrease in HDL-C was alleviated by the oral
administration of HRT (120 mg kg™) or atorvastatin (1.23
mg kg™) for eight weeks (p < 0.05 or p < 0.01).

Effect of HRT on hepatic lipid levels

As shown in Figure 3, the administration of a high-
fat diet to the rats for eight weeks resulted in a signifi-
cant increase in hepatic lipid levels of TC, TG and Al
values compared with the NC group (p < 0.05). The re-
sults indicated that a hyperlipidemia model had success-
fully been induced by the high-fat diet. After the admin-
istration of HRT (120 mg kg™*) or atorvastatin (1.23 mg
kg) for eight weeks, the increases in Al values, TG and
TC were alleviated compared with the MC group (p <
0.05 or p < 0.01). These results suggested that HRT had
a lipid lowering effect in the hyperlipidemic rats.

Effect of HRT on serum and hepatic LPL and HL

activities of the rats
As presented in Figure 4, the administration of a

#
# *
*k
T
6
4
2
[
NC MC PC

HHRT MHRT LHRT

U T
(ST SR N

Hapatic TC (umolig wet liver )
o0

A
3
25 #
2
Z1s
1
05 T
o
C NC MC

Figure 3.

high-fat diet to the rats for eight weeks resulted in an obvi-
ous decrease in hepatic and serum activities of HL and LPL
compared to the NC group (p < 0.05). However, after the
administration of HRT (120 mg kg™) or atorvastatin (1.23
mg kg™) for eight weeks, the decreases in HL and LPL were
alleviated compared with the MC group (p < 0.05).

Effect of HRT on hepatic mRNA expressions of
SREBP-1c, ACC, LDLR, and PPARx.

In the present study, we investigated the hypoli-
pidemic effects of HRT in vivo. To further explore the un-
derlying mechanism of HRT treatment, the relative
mRNA expression levels of SREBP-1c, ACC, LDLR, and
PPARa in the liver were measured. As shown in Figure 5,
the mRNA expression levels of SREBP-1c and ACC in the
MC group were higher, whereas the mRNA expression
levels of PPARa and LDLR in the MC group were lower
than those in the NC group (p < 0.05). However, com-
pared to the MC group, HHRT (120 mg kg™) or ator-
vastatin (1.23 mg kg') treatment for eight weeks obvi-
ously upregulated the mRNA expression of both PPARa
and LDLR, and significantly downregulated the mRNA
expression of both SREBP-1c and ACC (p < 0.05).

Effect of HRT on hepatic dysfunction
The serum levels of AST and ALT were measured due
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Effect of Rosa roxburghii Tratt fruits (HRT) on hepatic lipid levels of cholesterol (TC) (A), triacylglycerol (TG) (B) and atherogenic index

values (C) in high-fat induced hyperlipidemia rats. Data are expressed as the mean * standard deviation (SD), n = 10 rats in each group. * p < 0.05
compared with control group (NC); * p < 0.05, ** p < 0.01, compared with model control group (MC). Abbreviations are in Table 4.
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Figure 4. Effect of Rosa roxburgh// Tratt fru1ts (HRT) on hepatic lipoprotein Iipase (LPL) (A) and hepatic lipase (HL) (B) activities and serum
lipoprotein lipase (LPL) (C) and hepatic lipase (HL) (D) activities of rats. Data are expressed as the mean + standard deviation (SD), n = 10 rats in each
group. * p < 0.05 compared with control group (NC); * p < 0.05, compared with model control group (MC). Abbreviations are in Table 4.
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Figure 5. Effect of eight—week Rosa roxburghii Tratt fruits (HRT) treatment on hepatic mMRNA expression of sterol regulatory element-binding pro-
tein 1c (SREBP-1c) (A), acetyl CoA carboxylase (ACC) (B), low density lipoprotein receptor (LDLR) (C), and peroxisome proliferator-activated receptor-a.
(PPARw) (D) of hyperlipidemia rats. Data are expressed as the mean + standard deviation (SD), n = 6 rats in each group. * p < 0.05 compared with
control group (NC); * p < 0.05, ** p < 0.01, compared with model control group (MC). Abbreviations are in Table 4.

to the adverse effects of statins on obviously increasing icantly increased compared to the NC group (p < 0.05).
hepatic enzyme activities. As shown in Figure 6, the serum  However, eight weeks of HRT treatment resulted in obvi-
levels of ALT and AST in the MC and PC groups were signif-  ous decreases in AST and ALT levels (p < 0.05 or p < 0.01).
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Effect of HRT on oxidative stress

As shown in Figure 7, the serum and hepatic SOD
activities of the high-fat diet-induced hyperlipidemic
rats were significantly decreased compared with the
normal rats (p < 0.05). However, after eight weeks of
treatment, the decline in SOD activity was alleviated af-
ter treatment with HHRT (120 mg kg!) compared with
the MC group (p < 0.05). In addition, increased serum
and hepatic contents of MDA were observed in the MC
group compared to the NC group (p < 0.05). However,
the serum and hepatic contents of MDA were signifi-
cantly decreased in the HHRT (120 mg kg™) group (p <

0.05).
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Effect of HRT on hepatic protein expressions of
SREBP-1c, ACC, LDLR, and PPARx.

As shown in Figure 8, compared with the NC group,
decreases were observed in LDLR and PPARa (p < 0.05)
protein expressions in the MC group (Figure 8D and E),
while the SREBP-1c and ACC protein expressions in the
MC group were obviously increased, compared with the
NC group (p < 0.05). However, compared to the MC
group, HHRT (120 mg kg™) or atorvastatin (1.23 mg kg™)
treatment for eight weeks obviously increased the pro-
tein expression of both PPARa and LDLR, and signifi-
cantly decreased the protein expression of both SREBP-
1c and ACC (p < 0.05).
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superoxide dismutase (SOD) (B) and malondialdehyde (MDA) (D) levels of rats. Data are expressed as the mean + standard deviation (SD), n = 10 rats

in each group. ” p < 0.05 compared with control group (NC); *

Table 4.
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Figure 8. Expressions of proteins in the livers of hyperlipidemia rats. (A) Western blotting images of sterol regulatory element-binding protein 1c

(SREBP-1c), acetyl CoA carboxylase (ACC), low density lipoprotein receptor (LDLR) and peroxisome proliferator-activated receptor-o. (PPARa) protein
expression. (B) Relative expression of sterol regulatory element-binding protein 1c (SREBP-1c) protein. (C) Relative expression of acetyl CoA
carboxylase (ACC) protein. (D) Relative expression of low density lipoprotein receptor (LDLR) protein. (E) Relative expression of peroxisome
proliferator-activated receptor-o. (PPARa) protein. Data are expressed as the mean + standard deviation (SD), n = 6 rats in each group. * p < 0.05
compared with control group (NC); * p < 0.05, ** p < 0.01, compared with model control group (MC). Abbreviations are in Table 4.

DISCUSSION

Metabolic diseases, including diabetes and obesity,
are complications related to dyslipidemia. Drugs that
assuage hyperlipidemia are important in the prevention
and treatment of cardiovascular diseases.'® Statins have
been advocated to play an important role in the regres-
sion and stabilization of lipid-rich plaques by activating
the PPAR system.’® However, the wide application of
statins is limited because of their adverse effects, and
therefore innovative therapy is needed to treat hyper-
lipidemia.”!

In this study, a hyperlipidemic rat model was estab-
lished by feeding SD rats with a diet rich in saturated
fats and cholesterol to evaluate the potential hypo-
lipidemic effects of HRT. Our results showed that the
rats with a high-fat diet had obvious increases in serum
levels of TC, TG and LDL-C, which is consistent with a
previous study.’” In addition, we demonstrated the hy-
polipidemic effects and underlying mechanism of HRT
for the first time. Our results indicated that HRT exerted
obvious lipid-lowering properties in serum and hepatic
lipid parameters, and that HRT could decrease weight
gain and ameliorate oxidative stress in liver tissue. More-
over, our data showed that HRT reduced the weight of
fat in liver tissue, while atorvastatin did not. Thus, HRT
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possessed the potential to prevent the initiation of the
pathology associated with dyslipidemia.

Hyperlipidemia increases the content of cholesterol,
and this in turn results in reactive oxygen species gener-
ation and an increased degree of lipid peroxidation.”
Furthermore, high levels of TC, TG and LDL-C in blood
can induce arterial endothelial damage, which is one of
the major risk factors for atherosclerosis, stroke, and
heart attacks.?* Thus, protecting vascular endothelium
and lowering lipid levels play a major role in preventing
cardiovascular disease.” In general, excessive produc-
tion of reactive oxygen species and reduction in anti-
oxidant enzyme activities cause lipid peroxidation in a
high-cholesterol diet, thereby inducing pathological con-
ditions.”® A high-fat diet has been shown to result in an
increased level of free radical production in vivo, subse-
quently leading to oxidative stress.”’” The present study
indicated that HRT could improve the activity of SOD
and reduce the content of MDA in hyperlipidemic rats,
consequently decreasing lipid peroxidation. In addition,
HPLC analysis revealed that several antioxidants are
present in HRT, including L-ascorbic acid, kaempferitrin,
catechin and isoquercetin, and these phenolic acids con-
tributed to the antioxidant effects against oxidative
stress. The Al reflects the deposition of plaques, lipids or
fatty infiltration in the major organs, and it is considered
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to be a vital indicator of the development of athero-
sclerosis.”® In our study, the increase in Al in the hyper-
lipidemic rats was obviously decreased by HRT treat-
ment, indicating that HRT is a potential candidate for
the prevention of high-fat diet induced atherosclerosis.

Hepatic steatosis is considered to be related to dys-
lipidemia, one of the major risk factors of cardiovascular
disease.” By producing lipoprotein, the liver regulates
homeostasis of blood lipids. However, superfluous en-
ergy of the liver can increase the risk of hyperlipidemia,
insulin resistance, and hepatic steatosis.* Thus, the liver
is another target organ for the prevention and treat-
ment of hyperlipidemia. Current studies have shown
that regulating the activity of lipoprotein metabolism
enzymes in liver tissue is another principal treatment for
dyslipidemia.>! Both HL and LPL play a major role in lipo-
protein metabolism. HL is synthesized and secreted in
hepatocytes and as a lipolytic enzyme that affects the
lipid composition of all lipoprotein classes by catalyzing
the hydrolysis of phospholipids and triglycerides.>* LPL is
synthesized by parenchymal cells in a wide variety of tis-
sues, such as skeletal muscle, adipose tissue, and the
heart. LPL can catalyze the hydrolysis of triglycerides
into free fatty acids for direct use in adipose tissue, and
thereby accelerate the clearance of triglyceride-rich
lipoproteins from serum.® Therefore, we measured the
activities of HL and LPL in the liver and serum. We found
that HRT treatment to the high-fat diet-fed rats obvi-
ously improved the activities of HL and LPL. These re-
sults imply that HRT may benefit lipoprotein metabolism
by improving the activities of HL and LPL in serum and
hepatic tissues of dyslipidemic rats.

The mRNA levels of genes and protein expressions
related to fatty acid metabolism in the liver were mea-
sured to investigate the underlying mechanism of the
HRT lipid lowering effect in HFD rats. SREBP and its tar-
geting gene ACC play an important role in the develop-
ment of hyperlipidemia. The expression of diverse genes
that are involved in the synthesis of TG, TC and VLDL, and
uptake of lipoproteins has been shown to be regulated
through SREBP-1C.** In the present study, our results
showed that transcription of liver ACC and SREBP-1C was
increased in the MC group, while HRT treatment obvi-
ously downregulated their mRNA and protein expres-
sions. These results imply that the decline induced by
HRT treatment may have been due to the reduction in TG

and TC levels in the dyslipidemic rats. The mRNA expres-
sions of genes that are involved in the process of fatty
acid oxidation and lipid metabolism are modulated th-
rough PPARa..** The mRNA expression of LDLR has been
shown to be lower in hypercholesterolemic animal, which
indicates that saturated fatty acids and high cholesterol
suppress the activity of LDLR.*® It has also been demon-
strated that downregulation of the LDLR gene leads to an
increase in serum level of LDL-C. Thus, LDLR also plays a
major role in lipid metabolism.?” In the current study, the
mMRNA and protein expression levels of hepatic LDLR and
PPARa decreased in the MC group, while HRT treatment
obviously upregulated the expression levels of LDLR and
PPARa. Thus, our results imply that HRT may also me-
diate disorders of lipid metabolism through LDLR and
PPARa., thereby decreasing the serum levels of TG and
LDL-C in high-fat-induced hyperlipidemia rats.

The HPLC-MS analysis of HRT revealed the presence
of phenolic acids, including L-ascorbic acid, kaempfe-
ritrin, catechin, rutin and isoquercetin, and that the to-
tal phenolic acid content of HRT was assayed quantita-
tively to be 88.30%. A number of previous studies have
indicated that phenolic acids are responsible for lipid
lowering effects, such as the effect of ascorbic acid in al-
leviating hyperlipidemia induced by alcohol administra-
tion,® rutin preventing hypertriglyceridemia and inflam-
mation,* and green tea catechins effectively preventing
obesity and hypercholesterolemia,*® which is consistent
with our results. These results indicate that phenolic acids
play a vital role in the hypolipidemic effects of HRT.

CONCLUSIONS

In conclusion, for the first time, our results demon-
strated that hydroalcoholic extract from Rosa roxburghii
Tratt fruit exerted protective effect against body weight
gain and hyperlipidemia in HFD rats. The protective ef-
fects of HRT were probably associated with reduced
lipid peroxidation and increased lipolysis produced by
enhancing LPL and HL activities. In addition, HRT admin-
istration improved the high serum lipid levels in the HFD
rats by upregulating genes and protein expressions in-
volved in fatty acid oxidation and lipid metabolism, and
downregulating genes and protein expressions involved
in lipogenesis.
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