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B OE: A6 KRR AR AR R RMEIM (diet-induced obesity, DIO) KR &9 fg4E A, HAR L2t
PR & A 5l Hrh. 7ik: SDRRKEMNS A EFE, RRERMN (DIO) BA ., &l REFRMIK

(125¢g/kg) « F (25gkg) « & (Sgkg) ML, FILTRASBIAERLREICHRER, UKAZE2H
o AERERATE. ZERBELSLH A, FALMKIARAE, THEE KK Lee’s 4. X/kfé\z’a)éﬁtﬁ%
MmikR, RboF., A, J§ H?f 4148 , ELISA A48 M &1 K R & /& H b = B (triglyceride, TG) . ¥ /2 EE (total
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Abstract: Objective: To investigate the dose-dependent lipid-lowering effects of Rosa roxburghii Tratt. alcohol extract in
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diet-induced obese (DIO) rats and examine its regulatory mechanisms through the hepatic leptin signaling pathway.
Methods: SD rats were randomly divided into a normal group, a diet-induced obesity model group, and a low- (1.25 g/kg),
medium- (2.5 g/kg), and high-dose (5 g/kg) ethanol extracts group. Rats were given high-fat diet every day to create a DIO
model, and a significant increase in body weight was used as a sign of successful modeling. Modeling and administration
were continued for 8 weeks. The body weight of rats was measured daily, and the Lee's index of rats in each group was
calculated. After the final dose administration, all rats in each group were euthanized, and their serum, liver, and adipose
tissues were collected. The ELISA method was used to detect serum triglyceride (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein (HDL-C), leptin (Leptin) and soluble leptin receptor (sLR)
content of rats in each group. HE staining was employed to measure adipocyte cross-sectional areas in rat tissues across
experimental groups. Western blot analysis quantified the protein expression levels of leptin receptor (LEPR), protein
tyrosine phosphatase 1B (PTP1B/PTPNI1), suppressor of cytokine signaling 3 (SOCS3), and both total and phosphorylated
STAT3 (p-STAT3) in hepatic tissues from each group. Results: Different doses of Rosa roxburghii Tratt. alcohol extract
significantly decreased body weight in model group rats at 5 weeks post-administration (P<0.05). By week 8, the treatment
significantly lowered Lee's index, serum lipid profiles, and leptin levels in obese rats (P<0.05), with medium- and high-dose
groups approaching levels observed in the normal control group. Additionally, the extract significantly elevated serum
soluble leptin receptor (sLR) levels (P<0.05) and reduced white adipose tissue adipocyte cross-sectional areas (P<0.05).
Western blot analysis revealed dose-dependent effects. The extract upregulated hepatic leptin receptor (LEPRb) protein
expression (P<0.01), downregulated protein tyrosine phosphatase 1B (PTP1B) and suppressor of cytokine signaling 3
(SOCS3) levels (P<0.01), while enhancing phosphorylated STAT3 (p-STAT?3) to total STAT3 ratios (P<0.01). Conclusion:
Rosa roxburghii Tratt. alcohol extract significantly reduced body weight, Lee's index, and serum lipid levels in diet-induced
obese (DIO) rats. These metabolic improvements were mediated by upregulating hepatic leptin receptor (LEPR) expression
and downregulating key inhibitory factors of the leptin signaling pathway (protein tyrosine phosphatase 1B (PTP1B) and
suppressor of cytokine signaling 3 (SOCS3)), thereby restoring leptin pathway sensitivity in the liver.

Key words: Rosa roxburghii Tratt.; lipid lowering; hepatic leptin resistance; leptin receptor (LEPR); protein tyrosine

phosphatase 1B (PTP1B); suppressor of cytokine signaling 3 (SOCS3)
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Table 1 Effects of ethanol extracts of Rosa roxburghii Tratt. on average body weight of diet-induced obesity rats (g)
! i (g/ke) £l 2 5i3JH S54)H 555 )H Si6)H ST S58JH
EHH 247.68+5.89 299.28+5.05 334.64+4.50  368.01£3.58  397.10+3.59  421.97+2.73  443.60+2.79  449.19+8.36
DIOHIZ 251.65+5.28 302.53+£5.78 351.21+4.92# 392.04+4.78" 428.14+4.51" 454.71+2.50" 482.92+3.96" 504.05+3.84"
125 244.58+8.10 298.34+5.08 337.81+4.31 373.86+4.64° 406.36+3.56" 428.34+1.86" 456.70+4.17° 479.07+3.17
L5 2.50 242.1145.65 294.06£6.33  342.08+5.07 379.01=4.28" 411.64+£3.58" 434.16£2.25" 458.17£2.92° 473.50£2.63"
5.00 244.76+7.19  298.85+£5.56  342.38+4.75 376.92£3.86" 407.35£3.34" 431.51£2.26" 451.82£3.20" 468.57+2.98"

T #3878 5 R IE H 4H AR L, P<0.05; *36 785 Rl R BRI ZE AR L, P<0.05,

21K BUM H, DIO BUMAT R BUF SRR 34, QUi g
FH(P<0.05), Bt 15 1EH AL I 22BN A, — 1151 / |
55 8 JE AT 5 0 LA LT 22 53 (P :
0.05). FIZAZGH 4 JAk, RBLHEMAT, b wilit St TE 4
2R A It 35 I ASRAT (P<0.05) o B G N\ GE ] N
WA I 3 T PR LA P0G, TS [ 7 o

HIFBHRY) TAZG)5 4 AR B ERRIC DIO KB © — P& s
ik, FLSE SR RO, IR R iR B R s *

ITFIEH 4. = A % -
Lee’s $5BURAZE VP AL BRRR B (045 50, 52501 N K k o & AR A
T4 8 MY 3 WAS LR Lee’s 3888, I EF b Y 1gfm, Ay 3
YI(E . B4 8 I Lee’s TEUILEE 2. WFFE4l , » .

SR, WAL 8 JH, DIO BUAATK R Lee’s RE%K bk ’ o W

S THEE (P<0.05) 5 -SRI LA L, JIBLRSEH A AR (7] . Ny
IR Lee’s B A5 IR (P<0.05), FLAS 5 HE2H oy l* ' \\,
i) Lee’s 38805 IR W H320T, &7 B 4H A9 KR Lee’s P i ) S

BRI B R . L) 1 10 pm
B 1 HE Y@k A F R A B g g s v A K

2 NIBRLEESLYT IR B Lee’s $R £y SR M7 24t B PSR ) 521 (400 )
Table 2 Effects of Rosa roxburghii Tratt. ethanol extracts Fig.1 Effects of different doses of Rosa roxburghii Tratt.

on Lee's index of DIO rats ethanol extracts on adipocyte volume in DIO rats

detected by HE staining (400%)

kil FliE (g/kg) ) Lee’s 184K
I 03120020 1 AT 4; B-DIO BURAL CABHIH It 5 D113
DIOK I 0.320£0.030" FEAR Y 50 s BB B e )
1.25 0.312+0.040" , : — ity 5 55 2 - e
e T— )5 0.31240.040° K 1. HE 1 ﬁ)f’rm, 5 TE R 2HAH Lo, B 2H I BB D7

s #R FIE R AU L, P<0.05; *F2R SR LE, P<0.05, #3~35[A,

2.2 RIFEFRY) DIO KRMIZE R EHERERA
BRFRAIRINE
S 435 AU MU ZH O BB 52 1 @ lg T2 2,
T HE Jeta, WENRIT MR . Saaat R UL 3 il
3 ANTAR R R R X B IR A A SRR
AR AR A )

Table 3  Effects of adipocyte area proportion of Rosa
roxburghii Tratt. ethanol extracts on DIO rats

4y 4 Fl i (g/kg) JE 07 A0 LT AR EL % (% )
IEHR 4L 5.74+1.23
DIO #AIZH 7.79+1.07"
1.25 5.88+0.71"
FIB Y 2.50 5.60+0.78"
5.00 5.11+0.78"

Ji 4 B AA BRI S /)N, L it 3 0 B e 4 591 e ) 4

Jin, Jg Vs £ T A BT N A ASTE]ZH R
SR O S S TR AN . e g = R =S o T )

X R AH—E, AL IR 2H SARORIZH 2 () i T 4

AR 2E R HAA G402 X (P<0.05) .

2.3 FIFEHEIXT DIO KR IME TC. TGy LDL-C.

HDL-C &2/

I Mg SR T HLARIEREE &, B FE TC. TG,
LDL-C F1 HDL-C. ASWFgEAill 1 7 B A [6] 57 =20
FUEEHEY) I, DIO KBNS MUAE A & . SCEG 45 IR
D3R 4. HIEH AL, BRAH R TG, TC.
LDL-C & B3 5 (P<0.05) . HDL-C & W3 %
fIR(P<0.05); SR AH Lb, AS [R50 I B e e ) 15
fE i Z W% TG, TC. LDL-C & £:(P<0.05) . i ZF

= HDL-C & & (P<0.05), B JIEBLH & raiein TG,
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£ 4 RFEFERFEEE Y IEPEAC IR BUMYE TC. TG,
LDL-C Fl HDL-C & 50 (mmol/L )
Table 4 Effects of Rosa roxburghii Tratt. ethanol extracts on
serum TC, TG, LDL-C and HDL-C of DIO rats (mmol/L)

5 R[EF AR YR B TR AT AR B s I 1 T
ESNUIFE EROE SduS= s NPT
Table 5 Effects of Rosa roxburghii Tratt. ethanol extracts
on fasting serum leptin, and sLR contents of DIO rats

gy il (gke) TG TC LDL-C  HDL-C a4 FH (g/kg) leptin (ng/mL) sLR(pg/mL)
EHA 18.90£1.36 2.09+0.06 2.40+0.10 6.86+0.57 EHH 1.22+0.22 198.24+6.58
DIOFEAIZ] 21.09+0.51% 2.32+0.06" 2.71+0.06" 2.22+0.38" DIOFEAIZ] 3.11x0.21* 203.80+1.13
1.25 19.53+0.56" 2.14+0.05" 2.41+0.07" 5.94+0.43" 1.25 2.67+0.28° 234.78+6.06

JIBLEEARY) 250 19.78+0.74" 2.14+0.04" 2.36+0.06" 5.37+0.61° JBL R ) 2.50 1.77£0.31" 231.92+6.17°
5.00  19.48+0.42" 2.06£0.07" 2.31+0.07" 4.87+0.48" 5.00 1.87+0.30" 227.43+6.28"
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=AU
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BB HE S e, AR B 598 32 | sLR 4T
Rl a2 L UL 5. S5 RN, BEAVZH i VI =R
W 2 TS (P<0.05) , HI B 2H Il 7 9 3R W 2 RE AR
(P<0.05), JlFd v vy 7o) i 21 9 2R KA Oy B i, 32

T TEH 7K R, RIBLLH 178 sLR & B i & T e
(P<0.05),
2.5 FRIFEFRYIT DIO KFRATLHLR LEPR, PTPIB,
SOCS3. p-STAT3/STAT3 EAFIXAISM

Western blot £l SZEG 25 ULIE 2, 5 1EH 4148
He, DIO BRI 20 K ERATFHE PTP1B. SOCS3 & 1 1y 3%
M .2 75 (P<0.01), p-STAT3/STAT3 HA{EK i
F AR (P<0.01) 5 1 SRR 2H L, HIBLAS [F) 55 4 2H
PTP1B. SOCS3 £ H iYFRIE ML I FHFER(P<0.01),
Bt 265 223 751 PRI, AR SR T2 30T T T B 45
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Fig.2 Relative expression of proteins of LEPRb, PTP1B

, SOCS3, and p-STAT3/STATS3 in the liver of Rosa roxburghii

Tratt. ethanol extracts on DIO rats

. #ER R 5 IE % 4 L, P<0.01; **38 /R 5810 [, P<0.01; A: WB 7 # il JF it LEPRb. PTP1B. SOCS3. p-STAT3/
STAT3 & FR ik 557 B: JIFIE LEPRD 25 (AT #6355 C: JIFIE PTPIB K AR 21k; D: IFIE SOCS3 ZE AN 221k; E: IFIE p-

STAT3/STAT3 FXf ik,
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BB [R5 HE2H ) p-STAT3/STAT3 LUAE AR ik 35 T
=1 (P<0.01), =Rl i A U i o RIBAS IR i
41 LEPR S H & B B T8 (P<0.01) . $27smillig
PRE U 25 Sl B il PR 2k T, B
I AT S Al A2 B TR AR e N R R
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¥4 2R (leptin) MARITH L5 RE D5 R+, il i
L5988 22 32 (leptin receptor, LEPR) 454, TG A5
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N, YR 2R 5 s ks v, T3 g I 9 % 2R
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Janus #4f 2(janus kinase 2, JAK2) i FLiiE , 34
WY JAK2 1] LA — 2D i 1598 2R 24K | = AK 2R
A3 45 (Tyr985 ., Tyr1077 1 Tyrl138) Wik 4k i ih 1k o
1A 98E 2R SZARFA ST BEIR AU A5 5 1% S AN F SRl
K7 3 F0 5(signal transducer and activator of transcrip-
tion 3 and 5, STAT3 and STATS)!" 1 PE—2 1) —
AR A IAZ, iSRRI
U o3 U O . AR R A5 Sl b, AP
FEHMHIEE : SOCS3 A LALE S Tyr985 MMkl
ST R IED T PTPIB AT A5 JAK?2 1Y 25k
FRALTAE GRS, A I oRIRAE, P 2R AR
A I R S T, AT B0 R 5 Sl s e 5
TR, W3z 2l AT DA e PR R R A 300 R 7K
V-, DITITPR A2 988 28475530 AU 20, AP oE 4 2R
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—EHSE.

£ PR, AT R B TR AR AR, 3F
— BRI BN T ORIBL AR I RENRVEFH . AR
HILH 55 BB B o B AR 8 2245 3l s o] X~
PTP1B Al SOCS3 3Rk, W45 FFNE STAT3 ISR
Ak, TR 52 DRIAE R 32 38 P00 il v JE A 221 5 e
s AT BUHFIIE R DR (A S8 AL AT 43, M ITT A v
BB SRR G

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 30k
[1] SUNXX,LIUZL,DU T T. Secular trends in the prevalence
of abdominal obesity among Chinese adults with normal weight,
1993-2015[J]. Scientific Reports, 2021, 11(1): 16404.
[2] MACHF, RAY K K, WIKLUND O, et al. Adverse effects of
statin therapy: Perception vs. the evidence focus on glucose home-
ostasis, cognitive, renal and hepatic function, haemorrhagic stroke
and calaract[J]. European Heart Journal, 2018, 39(27): 2526—2539.
(3] Atmad, xha, 205, & bR RE MR A 2R
B R[], &5 T LA, 2020, 41(13):328-335,342. [FUY
Y, LIUJ M, LU X L, et al. Research progress on the main active in-
gredients and pharmacological effects of Rosa roxburghii Tratt.[J].
Food Industry Science and Technology, 2020, 41(13):328-335,
342. ]
[4] KA, 402 2 3UCF Ro R BRERM TR 5
[ b E S5 53R, 2015,37(4): 93-97. [ DAITT, YANG X S. Re-
search progress on chemical components and pharmacological activ-
ities of Rosa roxburghii Tratt.[J]. Journal of Guiyang College of
Traditional Chinese Medicine, 2015, 37(4): 93-97. |
[5] WANG L, WEI T T, ZHENG L, et al. Recent advances on
main active ingredients, pharmacological activities of Rosa rox-
bughii and its development and utilization[J]. Foods, 2023, 12(5):
1051.
[6] Fa¥s, BROARD, bR L, 5. R LB 42 40 5T R VR MR /) S0
Behg A [J]. & su 8t 5 I 4 ,2023,44(2): 45-49. [SUTY,
TENG M G, RAO X R, et al. Lipid-lowering effect of Rosa rox-
burghii Tratt. ethanol extract on mice with food-induced obesity [J].
Food Research and Development, 2023, 44(2): 45-49. ]
[7] CATALINA P, MARIONA P, CATALINA A P, et al. Leptin
as a key regulator of the adipose organ[J]. Reviews in Endocrine
and Metabolic Disorders, 2022, 23(1): 13-30.
[8] ALF &, i, MEM, F. R ER Y3 & M e B4 K R
il = B A0 B E AR A R A AR AT A T B P 25 4 &, 2021,


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1038/s41598-021-95777-y
https://doi.org/10.1093/eurheartj/ehy182
https://doi.org/10.3969/j.issn.1002-1108.2015.04.029
https://doi.org/10.3969/j.issn.1002-1108.2015.04.029
https://doi.org/10.3969/j.issn.1002-1108.2015.04.029
https://doi.org/10.3969/j.issn.1002-1108.2015.04.029
https://doi.org/10.3390/foods12051051
https://doi.org/10.12161/j.issn.1005-6521.2023.02.007
https://doi.org/10.12161/j.issn.1005-6521.2023.02.007
https://doi.org/10.1007/s11154-021-09687-5
https://doi.org/10.1007/s11154-021-09687-5

546 % 5 124 FE A6, 55 BT TR STl R RIS Y0 IR E DR SR - 395 -

46(1):190-195. [DU Y Z, SU J, YAN M Q, et al. Study on the
improving effect and mechanism of tangerine peel alcohol extract on
triglyceride in hyperlipidemia model rats[J]. Chinese Journal of
Traditional Chinese Medicine, 2021, 46(1): 190-195. ]

(9] B#, w45, Tued B30 BRI Ffo ik B 6972 I8
PR G 2 AR R ], P B AR T LS 5T AN TR,
2023,39(12): 1727-1734. [ PENG J, FU S T, WANG X H. Exer-
cise reduces leptin resistance in skeletal muscle, liver and pancreatic
islets to prevent obesity and type 2 diabetes[J]. Chinese Journal of
Biochemistry and Molecular Biology, 2023, 39(12): 1727-1734. ]
[10] ZHOU Y J, RUI L Y. Leptin signaling and leptin
resistance [J]. Medical Review, 2022, 2(4): 363—384.

[11] HUYNH F K, NEUMANN U H, WANG Y, et al. A role for
hepatic leptin signaling in lipid metabolism via altered very low den-
sitylipoprotein composition and liver lipase activity in mice[J].
Hepatology, 2013, 57(2): 543—554.

[ 12] PEREIRA S, CLINE D L, GLAVAS M M, et al. Tissue-spe-
cific effects of leptin on glucose and lipid metabolism[J]. En-
docrine Reviews, 2021, 42(1): 1-28.

[ 13] SAINZ N, RODRIGUEZ A, CATALAN V, et al. Leptin re-
duces the expression and increases the phosphorylation of the nega-
tive regulators of GLUT4 traffic TBCID1 and TBC1D4 in muscle of
ob obmice [J]. Public Library of Science One, 2012, 7(1): €29389.
[14] &35k, wF0. RFELTHFERFRAMTAE]
P EAET A, 2019,35(6): 789-792. [ CAO Y Q, WEI S G. Re-
search progress on leptin signal transduction and leptin resistance
[J]. Chinese Public Health, 2019, 35(6): 789—-792. ]

[15] #weT, IR, TIAT, F. A A1 F 5 R ERIAILH AL

#E[T]. A A F )& 2015,46(5):327-333. [ YANG X N,
ZHANG C Y, WANG B W, et al. Research progress on leptin sig-
naling and leptin resistance mechanisms[J]. Progress in Physiologi-
cal Sciences, 2015, 46(5): 327-333. |
[16 ] LIANG K. Mitochondrial CPT1A: Insights into structure,
function, and basis for drug development[J]. Front Pharmacol, 2023,
14: 1160440.
[ 17 ] BJORBAK C, LAVERY H J, BATES S H, et al. SOCS3 me-
diates feedback inhibition of the leptin receptor via Tyr985[J]. Jour-
nal of Biological Chemistry, 2000, 275(51): 40649—-40657.
[ 18 ] KASZUBSKA W, FALLS H D, SCHAEFER V G, et al. Pro-
tein tyrosine phosphatase 1B negatively regulates leptin signaling in
a hypothalamic cell line[J]. Molecular and Cellular Endocrinology,
2002, 195(1-2): 109-118.
[19] AR, 3UHGH, R0 3230, A sAest I8 [T]. AAH
#,2023,35(3):387-395. [ ZHU G M, LIU S J, LI L M. Exercise,
autophagy and leptin resistance[J]. Life Science, 2023, 35(3): 387—
395.]
[20] ##, HEFE, el 830 &I ME L T A L AH
A R V], AT 5 2 i 2t , 2021, 48(9): 1023-1030.
[ PENG J, YANG Y J, WANG X H. Research progress on exercise
improving leptin resistance and its mechanism in obesity [J]. Pro-
gress in Biochemistry and Biophysics, 2021, 48(9): 1023—-1030. ]
[21] CHEN C, TAN S M, REN T'Y, et al. Polyphenol from Rosa
roxburghii Tratt. fruit ameliorates the symptoms of Diabetes by acti-
vating the P13K/AKT insulin pathway in db/db mice[J]. Foods,
2022, 22,11(5): 636.


https://doi.org/10.1210/endrev/bnaa027
https://doi.org/10.1210/endrev/bnaa027
https://doi.org/10.11847/zgggws1118628
https://doi.org/10.11847/zgggws1118628
https://doi.org/10.3389/fphar.2023.1160440
https://doi.org/10.1074/jbc.M007577200
https://doi.org/10.1074/jbc.M007577200
https://doi.org/10.1016/S0303-7207(02)00178-8

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 刺梨醇提物的制备
	1.2.2 动物的分组、造模与给药
	1.2.3 HE染色观察食源性肥胖大鼠脂肪组织脂肪细胞大小
	1.2.4 TG、TC、LDL-C、HDL-C、瘦素、可溶性瘦素受体含量的测定
	1.2.5 大鼠肝脏LEPR、PTP1B、SOCS3、p-STAT3/STAT3蛋白的表达检测

	1.3 数据处理

	2 结果与分析
	2.1 刺梨醇提物对DIO大鼠体质量、平均Lee’s指数的影响
	2.2 刺梨醇提物DIO大鼠附睾白色脂肪组织脂肪细胞体积的影响
	2.3 刺梨醇提物对DIO大鼠血清TC、TG、LDL-C、HDL-C含量的影响
	2.4 刺梨醇提物对食源性肥胖大鼠血清瘦素、sLR的影响
	2.5 刺梨醇提物对DIO大鼠肝组织LEPR、PTP1B、SOCS3、p-STAT3/STAT3蛋白表达的影响

	3 讨论与结论
	参考文献

