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ABSTRACT: In Asia, Rosa spp. has been used in traditional medicine for the treatment of osteoarthritis, rheumatoid arthri-
tis, and edema. In this study, we investigated the effect of rose petal extract (RPE) on high fat diet (HFD)-induced obesity 
in mice. C57BL/6J mice were fed with either an AIN-93G diet (normal control), a 60% HFD, or a HFD plus supplementa-
tion with RPE at 100 or 200 mg/kg body weight (HFD+R100, HFD+R200) for 14 weeks. The HFD increased the body 
weight gain, liver and fat weight, lipid profiles (total cholesterol, triglyceride, high density lipoprotein cholesterol, and low 
density lipoprotein cholesterol), and the serum aspartate aminotransferase and alanine aminotransferase levels of mice, 
while RPE supplementation significantly decreased these parameters compared with the HFD group. Furthermore, the HFD 
increased the protein expressions of adipogenesis- and lipogenesis-related factors and decreased the protein expression of 
lipolysis- and energy metabolism-related factors. Conversely, RPE supplementation significantly decreased the protein ex-
pression of adipogenesis- and lipogenesis-related factors and increased the protein expression of lipolysis- and energy me-
tabolism-related factors compared to the HFD group. Taken together, the results provide preliminary evidence for the po-
tential protective effects of the RPE against obesity.
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INTRODUCTION

Obesity is a high interest disease owing to its contri-
bution to cardiovascular disease, hypertension, diabetes, 
and cancer. Obesity prevalence is increasing worldwide, 
including in Korea, where its prevalence increased from 
26.0% in 1998 to 38.3% in 2020 (Rasouli and Kern, 
2008; Korea Disease Control and Prevention Agency, 
2022; Huang et al., 2024). Obesity is described as exces-
sive fat accumulation resulting from an imbalance be-
tween energy intake and energy expenditure, an increased 
number of preadipocytes, and increased differentiation in-
to mature adipocytes (de Ferranti and Mozaffarian, 2008; 
Patterson et al., 2016). Treatments for obesity include 
exercise, antiobesity drug supplementation, and surgery 
such as gastrotomy. Antiobesity drugs and surgery have 
side effects such as headache, stomachache, nausea, in-
somnia, and diarrhea; therefore, several studies have been 
conducted into the mechanisms of adipogenesis, lipogen-
esis, and lipolysis for the development of a functional 

food. Natural materials frequently contain a diverse array 
of bioactive compounds that can target obesity through 
multiple mechanisms, such as by reducing fat absorption, 
increasing energy expenditure, and modulating metabolic 
pathways. However, it is challenging to replicate the mul-
tifunctionality with single-target synthetic drugs. There is 
growing consumer demand for “natural” and plant-based 
solutions for health issues like obesity, driven by percep-
tions of safety and sustainability. Therefore, the use of 
natural materials can improve product acceptance and 
marketability (Cercato et al., 2009; Karri et al., 2019; 
Chan et al., 2021; Seo et al., 2021; Lee et al., 2023; Cho 
et al., 2024; Lin et al., 2024; Zhao et al., 2024).

In this study, we investigated the effects of rose petal 
(Rosa spp.) extract on high fat diet (HFD)-induced obe-
sity. Rosa spp., known as many-flowered rose, baby rose, 
seven-sisters rose, or multiflora rose, is popular in Asia, 
Europe, and the United States. This rose is used as root-
stock for ornamental roses in Europe and the United 
States, whereas all parts of it have been used as conven-
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Fig. 1. High-performance liquid chromatography chromatograms of isoquercetin in rose petal extract (RPE) at 350 nm. (A) 
Isoquercetin standard and (B) RPE chromatogram.

tional medicine for rheumatoid arthritis, osteoarthritis, 
and edema in Asia. Several studies have reported that the 
extracts of its fruits and roots have anti-inflammatory and 
antioxidant activities (Guo et al., 2011; Park et al., 2011; 
Wu et al., 2014; Fougère-Danezan et al., 2015). Sudeep et 
al. (2021) indicated that the supplementation of 100 or 
200 mg/kg/d of Rosa multiflora var. platyphylla extract for 
14 weeks decreased body weight (BW) gain, fat mass, and 
serum lipid levels, while increasing insulin sensitivity. In 
this study, we examined the antiobesity effects of rose 
petal extract (RPE) on HFD-induced mice by investigat-
ing adipogenesis, lipogenesis, and lipolysis mechanisms.

MATERIALS AND METHODS

RPE preparation and standardization
The RPE was a standardized flower petal extract of Rosa 
spp., which was provided by Daehan Chemtech Co., Ltd. 
The dried flower petal of Rosa spp. was extracted using 
70% ethyl alcohol. Then, the extracted solution was fil-
tered, concentrated with an evaporator under vacuum, and 
vacuum dried. High-performance liquid chromatography 
(HPLC) was used to determine the phytochemical profile 
of the RPE using isoquercetin as the standard compound. 
The analyses were performed using an HPLC UltiMate 
3000 system (Dionex Co.). Chromatography was con-
ducted on a Capcell Pak C18 column (250×4.6 mm, 5 
m) at 30°C. The elution solvents were 15.0% acetoni-
trile and 85.0% deionized water containing 0.3% phos-
phoric acid. The elution was performed in isocratic mode 
at a flow rate of 1 mL/min. Finally, the RPE was stan-
dardized with 2.4% to 3.6% isoquercetin (Fig. 1).

Animals
The experiments were licensed by the Institutional Ani-
mal Care and Use Committee of Kyung Hee University 
(protocol: KHGASP-22-399). Thirty-two male C57BL/6J 

mice (5-week-old) were acquired from Saeronbio Inc. and 
transported in cages under administered conditions with 
50%±10% relative humidity and a semidiurnal light/dark 
cycle at 22°C±2°C during the experimental term. Mice 
were adapted to the conditions for 1 week and then sep-
arated into four groups of eight animals each: normal 
control group (NC group, AIN-93G diet), HFD (60% HFD 
control), HFD+R100 (60% HFD+Rosa spp. extract 100 
mg/kg BW), and HFD+R200 (60% HFD+Rosa spp. ex-
tract 200 mg/kg BW). At the end of 12th week, the mice 
were fasted for 16 h. Blood was collected via heart punc-
ture and centrifuged at 200 g for 20 min at 4°C. The white 
adipose tissue (WAT), brown adipose tissue (BAT), and 
liver were excised, rinsed with phosphate-buffered saline, 
weighed, and stored at −80°C until further analysis.

Biochemical analysis
The levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), total cholesterol (TC), triglycer-
ides (TG), high density lipoprotein cholesterol (HDL- 
chol), low density lipoprotein cholesterol (LDL-chol), and 
cyclic adenosine monophosphate (cAMP) were measured 
in the serum, feces, and WAT using the AST Activity As-
say kits (K552-100, BioVision Inc.), ALT Activity Assay 
kits (K752-100, BioVision Inc.), Total Cholesterol and 
Cholesteryl Ester Colorimetric Assay kits (K603-100, 
BioVision Inc.), Triglycerides Quantification Colorimetric 
Assay kits (K622-100, BioVision Inc.), HDL&LDL/VLDL 
Cholesterol Quantification Colorimetric Assay kits (K613- 
100, BioVision Inc.), and cAMP enzyme-linked immuno-
sorbent assay (ELISA) kits (ADI-900-163, Enzo Life Sci-
ences), respectively. All procedures strictly adhered to the 
protocols outlined in the respective manufacturer’s man-
uals, ensuring precision and reproducibility in the experi-
mental procedures.

Protein extraction and western blot analysis
The WAT (100 mg) was lysed using CelLyticTM MT Cell 
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Table 1. Antibodies used for western blot analysis

Biomarker Host 
animal

Dilution for 
western blot Distributor

MAPK Rabbit 1:1,000 CST
SREBP-1c Rabbit 1:1,000 Abcam
PPAR- Rabbit 1:1,000 CST
p-CREB Rabbit 1:1,000 CST
CREB Rabbit 1:1,000 CST
C/EBP Rabbit 1:1,000 CST
Leptin Rabbit 1:1,000 Abcam
Adiponectin Rabbit 1:1,000 Abcam
G6PDH Rabbit 1:1,000 CST
Citrate synthase Rabbit 1:1,000 CST
p-ACL Rabbit 1:1,000 CST
ACL Rabbit 1:1,000 CST
p-ACC Rabbit 1:1,000 CST
ACC Rabbit 1:1,000 CST
FAS Rabbit 1:1,000 CST
LPL Rabbit 1:1,000 CST
PKA Rabbit 1:1,000 CST
PDE3B Rabbit 1:1,000 Abcam
p-HSL Rabbit 1:1,000 CST
HSL Rabbit 1:1,000 CST
Perilipin Rabbit 1:1,000 CST
ATGL Rabbit 1:1,000 CST
p-AMPK Rabbit 1:1,000 CST
AMPK Rabbit 1:1,000 CST
UCP1 Rabbit 1:1,000 Abcam
CPT1A Rabbit 1:1,000 LSBio
FABP4 Rabbit 1:1,000 Abcam
-Actin Rabbit 1:3,000 LSBio 

MAPK, mitogen-activated protein kinase; SREBP-1c, sterol reg-
ulatory element-binding protein-1c; PPAR-, peroxisome pro-
liferator-activated receptor-; CREB, cAMP response element- 
binding protein; C/EBP, CCAAT/enhancer-binding protein ; 
G6PDH, glucose-6-phosphate dehydrogenase; ACL, ATP-citrate 
lyase; ACC, acetyl-CoA carboxylase; FAS, fatty acid synthase; 
LPL, lipoprotein lipase; PKA, protein kinase A; PDE3B, phospho-
diesterase 3B; HSL, hormone-sensitive lipase; ATGL, adipose tri-
glyceride lipase; AMPK, AMP-activated protein kinase; UCP1, 
uncoupling protein 1; CPT1A, carnitine palmitoyltransferase-1A; 
FABP4, fatty acid binding protein 4; CST, Cell Signaling Tech-
nology.

Lysis Reagent (Sigma-Aldrich) with HaltTM Protease & 
Phosphatase Inhibitor Cocktail (Thermo Fisher Scientif-
ic), then centrifuged at 19,320 g at 4°C for 20 min. Pro-
tein samples (50 g each) were loaded into 10% Mini- 
PROTEANⓇ TGXTM Precast Gels (Bio-Rad) and transfer-
red to membranes using the Trans-BlotⓇ TurboTM trans-
fer system (Bio-Rad). The membranes were blocked with 
buffer (5% skim milk in Tris-buffered saline with 1% 
TweenⓇ 20) for 1 h at room temperature. After washing, 
the membranes were exposed to primary antibodies over-
night at 4°C, then the washed membranes were incubated 
with secondary antibodies (anti-rabbit/mouse/goat IgG 
HRP conjugated, 1:5,000) for 1 h at room temperature. 
The primary and secondary antibodies are explained in 
Table 1.

Statistical analysis
All results were expressed as the mean±standard devia-
tion. The data were statistically estimated using Duncan’s 
multiple range tests after one-way ANOVA using SPSS 
software (IBM SPSS Statistics v.23.0, IBM Corp.). Differ-
ences were considered statistically significant at a P-value 
of <0.05.

RESULTS

Effects of RPE on body and organ weight change in 
HFD-induced obese mice
To determine the effects of RPE on obesity, mice were fed 
a HFD diet supplemented with RPE (100 or 200 mg/kg 
BW) for 14 weeks. A significant increase in BW gain was 
observed in the HFD group compared to the NC group 
(P<0.05). Mice supplemented with RPE (HFD+R100, 
HFD+R200) exhibited a significant reduction in BW gain 
compared to the HFD group (P<0.05; Table 2). The food 
efficiency ratio (FER) was significantly increased in the 
HFD group compared to the NC group (P<0.05), where-
as the mice supplemented with RPE (HFD+R100, HFD+ 
R200) demonstrated no significant differences in FER 
compared with the HFD group (P<0.05; Table 2). Liver 
and fat tissue (subcutaneous, visceral, epididymal, and 
brown) weight revealed a significant increase in the HFD 
group compared to the NC group (P<0.05), while mice 
supplemented with RPE (HFD+R100, HFD+R200) show-
ed a significant reduction in liver and fat weight com-
pared to HFD group (P<0.05). The ratio of BAT to total 
adipose tissue showed a significant decrease in the HFD 
group compared to the NC group, while mice supple-
mented with RPE showed no significant differences com-
pared with the HFD group (Table 2).

Effects of RPE on serum ALT and AST and lipid profiles of 
serum and feces in HFD-induced obese mice
We analyzed the serum of mice fed a HFD diet using 
ELISA to determine the effects of RPE on serum ALT 
and AST levels. The levels of ALT and AST were observed 
to be significantly increased in the HFD group compared 
to the NC group (P<0.05). The mice supplemented with 
RPE (HFD+R100, HFD+R200) showed a reduction in 
serum ALT level compared to the HFD group. The serum 
ALT levels of the HFD+R100 group were not significant-
ly different compared with HFD group, while the HFD+ 
R200 showed significantly decreased serum ALT levels 
compared to HFD group (P<0.05). The mice supplement-
ed with RPE (HFD+R100, HFD+R200) exhibited a sig-
nificant reduction in serum AST level compared to the 
HFD group (P<0.05; Table 3).

To determine the effects of RPE on the lipid profiles of 
serum and feces, we analyzed the serum and feces of mice 
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Table 3. Effects of rose petal extract (RPE) on the biochemical levels of serum, feces, and white adipose tissue in high fat diet 
(HFD)-induced obese mice

NC HFD HFD+R100 HFD+R200

ALT in serum (mU/mL)  0.14±0.09c 0.59±0.06a  0.55±0.09ab  0.49±0.07b

AST in serum (mU/mL)  0.45±0.19c 2.09±0.20a  1.74±0.29b  1.74±0.26b

Total cholesterol in serum (g/L) 58.00±5.88d 119.34±6.70a 93.12±6.40b 74.76±6.50c

Triglyceride in serum (M) 26.70±4.03d 60.87±4.32a 45.37±4.88b 39.20±4.39c

HDL-chol in serum (g/L)  8.93±1.36d 15.95±1.18a 13.84±1.36b 13.07±1.17c

LDL-chol in serum (g/L) 31.22±6.10d 73.87±5.64a 59.55±6.56b 49.20±4.97c

HDL-chol/LDL-chol ratio  0.29±0.04a 0.22±0.03c  0.23±0.03bc  0.27±0.04ab

Total cholesterol in feces (g/L) 24.64±2.33d 32.62±2.09c 37.83±2.38b 41.41±2.02a

Triglyceride in feces (g/L) 22.93±2.45d 33.06±2.52c 43.16±2.13b 50.09±2.40a

Values are presented as mean±SD. 
Different letters (a-d) represent significant differences at P<0.05, as determined by Duncan’s multiple range test.
NC (normal control), AIN-93G diet; HFD, 60% HFD; HFD+R100, 60% HFD+RPE 100 mg/kg body weight (BW); HFD+R200, 60% 
HFD+RPE 200 mg/kg BW; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL-chol, high density lipoprotein 
cholesterol; LDL-chol, low density lipoprotein cholesterol. 

Table 2. Effects of rose petal extract (RPE) on the body and organ weights in high fat diet (HFD)-induced obese mice

NC HFD HFD+R100 HFD+R200

Initial BW (g) 20.99±1.42ns 20.35±1.34 20.43±1.48 20.07±1.44
Final BW (g) 31.54±1.15c 50.24±1.09a 47.34±0.81b 46.27±1.85b

Weight gain (g) 10.55±1.50c 29.89±1.58a 26.91±1.95b 26.20±1.93b

FER  4.83±0.69b 16.47±0.87a 15.64±1.13a 15.66±1.15a

Tissue weights
  Liver  1.38±0.11c  2.05±0.14a  1.68±0.10b  1.58±0.10b

  Subcutaneous fat  0.91±0.26d  2.84±0.31a  2.18±0.23b  1.88±0.22c

  Visceral fat  0.32±0.13d  1.84±0.31a  0.93±0.14b  0.77±0.11c

  Epididymis fat  0.83±0.22d  2.21±0.32a  1.73±0.25b  1.43±0.18c

  Brown fat  0.13±0.02d  0.24±0.03a  0.20±0.02b  0.17±0.02c

White adipose tissue/total adipose tissue (%) 93.77±0.74b 96.29±0.24a 96.09±0.32a 96.06±0.34a

Brown adipose tissue/total adipose tissue (%)  6.23±0.74a  3.71±0.24b  3.91±0.32b  3.94±0.34b

Values are presented as mean±SD. 
Different letters (a-d) represent significant differences at P<0.05, as determined by Duncan’s multiple range test.
BW, body weight; NC (normal control), AIN-93G diet; HFD, 60% HFD; HFD+R100, 60% HFD+RPE 100 mg/kg BW; HFD+R200, 60% 
HFD+RPE 200 mg/kg BW; ns, not significant; FER, food efficiency ratio＝[weight gain (g)/total food consumption (g)]×100. 

fed a HFD diet using ELISA. The levels of TC, TG, HDL- 
chol, and LDL-chol in the serum and feces were sig-
nificantly increased in the HFD group compared to the 
NC group (P<0.05). The mice supplemented with RPE 
(HFD+R100, HFD+R200) showed significantly reduced 
serum lipid profiles and significantly increased feces lip-
id profiles compared to the HFD group (P<0.05).

Effects of RPE on factors related to adipogenesis and 
lipogenesis in HFD-induced obese mice
To investigate the adipogenesis and lipogenesis-related 
factors of RPE, we analyzed the WAT of HFD-induced 
obese mice using western blotting. The protein expres-
sions of mitogen-activated protein kinase (MAPK), 
p-cAMP response element-binding protein (CREB)/CREB, 
sterol regulatory element-binding protein (SREBP)-1c, 
peroxisome proliferator-activated receptor (PPAR)-, 
CCAAT/enhancer-binding protein (C/EBP), and leptin 
were significantly increased in the HFD group compared 

to the NC group, however, the RPE-supplemented mice 
(HFD+R100, HFD+R200) showed a significant decrease 
in the levels of these proteins compared with the HFD 
group (P<0.05; Fig. 2A∼2F and 2H). The protein expres-
sion of adiponectin was significantly decreased in the 
HFD group compared to the NC group, while the RPE- 
supplemented mice (HFD+R100, HFD+R200) showed 
a significant increase in the expression of adiponectin 
compared to the HFD group (P<0.05; Fig. 2G). The pro-
tein expression of glucose-6-phosphate dehydrogenase 
(G6PDH), citrate synthase, fatty acid synthase (FAS), and 
lipoprotein lipase (LPL) was significantly increased in the 
HFD group compared to the NC group; however, RPE- 
supplemented mice (HFD+R100, HFD+R200) showed a 
significant decrease in the expression of these proteins 
compared with the HFD group (P<0.05; Fig. 3A∼C, 3E, 
and 3G). The protein expression of p-acetyl-CoA carbox-
ylase (ACC)/ACC and p-ATP-citrate lyase (ACL)/ACL 
was significantly decreased in the HFD group compared 
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Fig. 2. Effects of rose petal extract (RPE) on protein expression-related adipogenesis in high fat diet (HFD)-induced obese mice. 
(A) Protein band, (B) mitogen-activated protein kinase (MAPK), (C) p-cAMP response element-binding protein (CREB)/CREB, (D) 
sterol regulatory element-binding protein (SREBP)-1c, (E) peroxisome proliferator-activated receptor (PPAR)-, (F) CCAAT/en-
hancer-binding protein (C/EBP), (G) adiponectin, (H) leptin. Normal control (NC), AIN-93G diet; HFD, 60% HFD; HFD+R100, 60% 
HFD+RPE 100 mg/kg body weight (BW); HFD+R200, 60% HFD+RPE 200 mg/kg BW. Values are presented as mean±SD. Different 
letters (a-d) represent significant differences at P<0.05, as determined by Duncan’s multiple range test. Antibodies used for western 
blot analysis are listed in Table 1.

to the NC group, while RPE-supplemented mice (HFD+ 
R100, HFD+R200) showed a significant increase in the 
expression of these proteins compared with the HFD 
group (P<0.05; Fig. 3D and 3F). These results suggest 
that RPE supplementation may block adipogenesis and 
lipogenesis in HFD-induced obese mice.

Effects of RPEs on factors related to lipolysis in 
HFD-induced obese mice
To investigate the lipolysis-related factors of RPE, we an-
alyzed the WAT of HFD-induced obese mice using ELISA 
and western blot. The levels of cAMP were significantly 
decreased in HFD group compared NC group; however, 
RPE treatment to HFD-induced mice groups (HFD+ 
R100, HFD+R200) induced a significant dose-dependent 
increase in cAMP compared with the HFD group (P< 
0.05; Fig. 4A). The protein expressions of protein kinase 
A (PKA), p-hormone-sensitive lipase (HSL)/HSL, and ad-
ipose triglyceride lipase (ATGL) were significantly de-
creased in HFD group compared NC group; however, RPE 

treatment to HFD-induced mice groups (HFD+R100, 
HFD+R200) induced a significant dose-dependent in-
crease in these factors compared with the HFD group 
(P<0.05; Fig. 4B, 4C, 4E, and 4G). The protein expres-
sions of phosphodiesterase 3B (PDE3B) and perilipin were 
significantly increased in the HFD group compared to the 
NC group; however, RPE treatment to HFD-induced mice 
(HFD+R100, HFD+R200) induced a significant decrease 
in these proteins compared with the HFD group (P<0.05; 
Fig. 4D and 4F). These results suggest that RPE supple-
mentation can stimulate lipolysis in HFD-induced obese 
mice.

Effects of RPEs on factors related to energy metabolism in 
HFD-induced obese mice
To investigate the energy metabolism-related factors of 
RPE, we analyzed the BAT of HFD-induced obese mice 
using western blotting. The protein expressions of p- 
AMP-activated protein kinase (AMPK)/AMPK, uncoupling 
protein 1 (UCP1), and carnitine palmitoyltransferase-1A 
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Fig. 3. Effects of rose petal extract (RPE) on protein expression-related lipogenesis in high fat diet (HFD)-induced obese mice. 
(A) Protein band, (B) G6PDH, (C) citrate synthase, (D) p-acetyl-CoA carboxylase (ACC)/ACC, (E) fatty acid synthase (FAS), (F) 
p-ATP-citrate lyase (ACL)/ACL, (G) LPL. Normal control (NC), AIN-93G diet; HFD, 60% HFD; HFD+R100, 60% HFD+RPE 100 mg/kg 
body weight (BW); HFD+R200, 60% HFD+RPE 200 mg/kg BW. Values are presented as mean±SD. Different letters (a-d) represent 
significant differences at P<0.05, as determined by Duncan’s multiple range test. Antibodies used for western blot analysis are 
listed in Table 1.

(CPT1A) were significantly decreased in the HFD group 
compared to the NC group; however RPE treatment to 
HFD-induced mice groups (HFD+R100, HFD+R200) in-
duced a significant dose-dependent increase in these fac-
tors compared with the HFD group (P<0.05; Fig. 5A∼ 

5D). The protein expression level of fatty acid binding 
protein 4 (FABP4) was significantly increased in the HFD 
group compared to the NC group; however, RPE treat-
ment to HFD-induced mice groups (HFD+R100, HFD+ 
R200) induced a significant dose-dependent decrease in 
FABP4 compared with the HFD group (P<0.05; Fig. 5E). 
These results suggest that RPE supplementation can 
stimulate energy metabolism in HFD-induced obese mice.

DISCUSSION

The prevalence of obesity has been constantly increasing 
globally over the past few decades. Obesity is a complex 
chronic condition; it is characterized by excess body fat 

accumulation, which can lead to negative health outcomes 
such as cardiovascular disease, diabetes, and certain types 
of cancer (Vinodhini and Rajeswari, 2019; Karadogan et 
al., 2022). Depending on the severity of the condition, the 
treatment for obesity involves a multi-faceted approach 
that includes lifestyle modifications, bariatric surgery, and 
pharmacotherapy. Lifestyle modifications are the first-line 
treatment for obesity, and they include dietary changes, 
increased physical activity, and behavioral therapy. Medi-
cations may include appetite suppressants or medications 
that reduce the absorption of dietary fat. However, these 
medications are not without side effects, which include 
gastrointestinal symptoms such as nausea and diarrhea, 
and cardiovascular complications such as high blood pres-
sure or palpitations (Bray et al., 2003; Jackson et al., 
2015; Broughton and Moley, 2017). Therefore, several re-
searchers have studied natural resources with minimal 
side effects for improving obesity using cell and animal 
models (Anhê et al., 2019; Lee et al., 2019; Zang et al., 
2021).
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Fig. 4. Effects of rose petal extract (RPE) on protein expression-related lipolysis in high fat diet (HFD)-induced obese mice. (A) 
Cyclic adenosine monophosphate (cAMP) level, (B) protein band, (C) protein kinase A (PKA), (D) phosphodiesterase 3B (PDE3B), 
(E) p-hormone-sensitive lipase (HSL)/HSL, (F) perilipin, (G) adipose triglyceride lipase (ATGL). Normal control (NC), AIN-93G diet; 
HFD, 60% HFD; HFD+R100, 60% HFD+RPE 100 mg/kg body weight (BW); HFD+R200, 60% HFD+RPE 200 mg/kg BW. Values are 
presented as mean±SD. Different letters (a-d) represent significant differences at P<0.05, as determined by Duncan’s multiple 
range test. Antibodies used for western blot analysis are listed in Table 1.

The present study investigated whether RPE could al-
leviate HFD-induced obesity through effects on adipo-
genesis, lipogenesis, lipolysis, and energy metabolism. 
The HFD group exhibited an increased BW gain, liver 
weight, and WAT; the RPE treatment to HFD-induced 
mice groups (HFD+R100, HFD+R200) significantly re-
duced these abovementioned parameters. The reason for 
the lack of difference in the ratio of WAT to BAT is that 
the total fat weight decreased. Moreover, RPE supple-
mentation decreased the levels of AST, ALT, TG, TC, and 
LDL-chol in the serum and the TG and TC in the feces 
of obese mice. In human clinical practice, it is typical for 
HDL-chol levels to decline with a HFD. Conversely, in 
mice fed a HFD, all blood lipids, including HDL-chol, 
rise. Thus, monitoring HDL-chol levels and HDL- LDL- 
chol ratio becomes crucial for assessing lipid metabolism 
(Liang et al., 2021; Rašković A et al., 2023).

Adipogenesis and lipogenesis are separate pathways in-
volved in the production and storage of fat in the body. 
Both processes result in the formation of fatty acids and 

TG; however, they differ in their mechanisms and phys-
iological functions. Adipogenesis is the process by which 
preadipocytes mature into adipocytes, which are speci-
alized cells responsible for storing excess energy in the 
form of TG. Adipogenesis factors include MAPK, PPAR-, 
C/EBP, and SREBP, among others. Adipogenesis is pri-
marily involved in the expansion of adipose tissue mass 
in response to excess energy intake, as well as in the 
maintenance of metabolic homeostasis by regulating en-
ergy storage and release (Mota de Sá et al., 2017; Lee et 
al., 2019). Lipogenesis, in contrast, is a process of de novo 
synthesis of fatty acids and their conversion into TG for 
storage. Lipogenesis factors include ACL, ACC, and FAS, 
among others. Lipogenesis is primarily responsible for 
producing TG for energy storage and export, as well as 
regulating lipid metabolism (Imi et al., 2018; Song et al., 
2018). In this study, RPE decreased adipogenesis-related 
protein expression such as that of MAPK, p-CREB/CREB, 
SREBP-1c, C/EBP, PPAR-, and leptin, and increased 
adiponectin protein expression in the WAT of HFD-in-
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Fig. 5. Effects of rose petal extract (RPE) on protein expression-related energy metabolism in high fat diet (HFD)-induced obese 
mice. (A) Protein band, (B) p-(AMP-activated protein kinase) AMPK/AMPK, (C) uncoupling protein 1 (UCP1), (D) carnitine palmitoyl-
transferase-1A (CPT1A), (E) fatty acid binding protein 4 (FABP4). Normal control (NC), AIN-93G diet; HFD, 60% HFD; HFD+R100, 
60% HFD+RPE 100 mg/kg body weight (BW); HFD+R200, 60% HFD+RPE 200 mg/kg BW. Values are presented as mean±SD. Different 
letters (a-d) represent significantly differences at P<0.05, as determined by Duncan’s multiple range test. Antibodies used for 
western blot analysis are listed in Table 1.  

duced obese mice. Furthermore, RPE decreased lipogene-
sis-related protein expression such as that of G6PDH, 
citrate synthase, FAS, and LPL, and increased p-ACC/ACC 
and p-ACL/ACL protein expression in the WAT of HFD- 
induced obese mice. These results suggest that RPE sup-
presses adipogenesis and lipogenesis in HFD-induced 
obese mice. However, the specific mechanisms by which 
RPE modulates the key adipogenesis and lipogenesis 
pathways were not completely elucidated.

Lipolysis is the breakdown of TG into free fatty acids 
and glycerol, which can be used as an energy source. In 
WAT, this process is regulated by HSL and ATGL, which 
are activated by signals such as glucagon and epinephrine. 
These signals activate adenylate cyclase, leading to an in-
crease in cAMP levels, which in turn activate PKA. PKA 
then phosphorylates HSL and ATGL, activating them and 
leading to the breakdown of TG into free fatty acids and 
glycerol (Duncan et al., 2007; Yang and Mottillo, 2020). 
In BAT, energy metabolism is regulated by a different 
pathway. BAT contains a protein called UCP1, which un-
couples oxidative phosphorylation from ATP synthesis, 
leading to the production of heat instead of ATP. The ac-
tivation of UCP1 is regulated by a variety of signals, in-
cluding norepinephrine and thyroid hormones. These sig-
nals activate the cAMP-PKA pathway, leading to the phos-
phorylation and activation of UCP1. Furthermore, the 
activation of AMPK can activate UCP1 by increasing the 
expression of genes involved in thermogenesis (Fenzl 

and Kiefer, 2014; Marlatt and Ravussin, 2017; Bódis and 
Roden, 2018). In this study, RPE decreased lipolysis-re-
lated protein expression such as that of PDE3B and per-
ilipin, and increased the expression of PKA, p-HSL/HSL, 
and ATGL in the WAT of HFD-induced obese mice. 
Moreover, RPE increased energy metabolism-related pro-
tein expression such as that of p-AMPK/AMPK, UCP1, 
and CPT1A, and decreased FABP4 protein expression in 
the BAT of HFD-induced obese mice. These findings sug-
gest that RPE activates lipolysis and energy metabolism 
in HFD-induced obese mice. Although the study focused 
on the effects of RPE on the expression of key proteins 
involved in lipolysis and energy metabolism, it did not 
provide a comprehensive understanding of the underlying 
molecular mechanisms. Moreover, the study did not eval-
uate the impact of RPE on energy expenditure, thermo-
genesis, or other physiological processes that contribute 
to weight management. Therefore, further research would 
provide a more comprehensive understanding of the ther-
apeutic potential of RPE for obesity management.

We discovered that RPE led to improvements in obesity 
by inhibiting adipogenesis- and lipogenesis-related factors, 
while activating lipolysis- and energy metabolism-related 
factors. These results provide preliminary evidence for the 
potential protective effects of RPE against obesity. The 
authors suggest that further research is needed to fully 
elucidate the mechanisms and potential therapeutic ap-
plications of RPE for obesity management.  
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