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Abstract

Objective: Obesity, characterized by chronic low-grade inflammation resulting from energy metab-
olism dysregulation, is closely associated with endoplasmic reticulum stress (ERS). This study
aimed to elucidate the molecular mechanism by which Lycium barbarum polysaccharide (LBP) ame-
liorates high-fat diet (HFD)-induced inflammatory responses in obese mice through modulation of
the IRE1a/JNK/AP-1 signaling pathway. Methods: Male C57BL/6] mice were fed an HFD for 12
weeks to establish an obesity model, followed by randomization into six groups: normal diet (ND),
sham-operated (SO), HFD model control (MC), and LBP high- (LBP-H), medium- (LBP-M), and low-
dose (LBP-L) intervention groups. After 4 weeks of intragastric administration, adipose tissue mor-
phology was assessed, and key ERS-related proteins (IRElq, JNK, AP-1) and inflammatory cytokines
(TNF-a, CRP, IL-6) were quantified via Western blot, ELISA, and immunohistochemistry. Results:
LBP significantly suppressed aberrant activation of the IRE1a/JNK/AP-1 pathway and downregu-
lated pro-inflammatory cytokine expression in adipose tissue. Notably, medium- and low-dose LBP
interventions demonstrated superior efficacy compared to the high-dose group. Conclusion: These
findings demonstrate that LBP alleviates obesity-associated inflammation by targeting the ERS-me-
diated IRE1a/JNK/AP-1 signaling axis, with optimal therapeutic effects achieved at moderate doses.
This study provides experimental evidence for developing ERS-targeted therapeutic strategies
against obesity-related metabolic disorders.
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3. SRk
3.1. SHEFES/NRADREER

SRS ANY N CHTBLI6I HEME/NER 44 K, FARERHL A IERH 6 A, I mpingsE; mFEARH6 X,
WRERIRTE, 5T AR N AT AR S B 8 N, kS AR 60% Em ik . 12%%% i
5%4¢ . 10%38 . 5%Y5H . S%RERE. 29% @ik, 1%RRIMACLL)ME IR, =TIt 24 X, &£ 8 X, &
12 AR AE [l b 88, AR REASS RS G, sl A s s AR=FpRIE LBP AT T 7l 4 . Kz 5
NEAER AR EE, g6 CPEZR) Prid i NRHERE & 6~12 g/d, i€ FAd 2 BEK(75 mg/kg) -
(150 mg/kg)~ (300 mo/kg)FFlE 4. S AR e I/ NRIR B &, MK, MRE, FRTE Lee’s FRECK
PAGIER T RIN, Lee’s $82L = R (9)/[#A K (cm)]?.

3.2. SKIEEMMIARA SRR

/N EREBEATARE, RS SAREREL ML, =IEFE 2 h, 4°C (3000 rpm, 20 min)& .0, B ISR T
—80°C. WEENRN; MFIFSEA S )G — B L BTN A, 2h 58 AN-80CIUKFE A AR T, B—E0 8
T 4% % EHREEFEE.

3.3. ELISA #1l CRP, IL-6, TNF-«

BELARE A FLOINR BEVR FEARAE i 50 pL/AL) s BEARFLOINAFIFEA 10 pb SRR 40 pL, 1% 1.5 F
FE) K AL B B ALAN, LI HRP Aridkrillfifk 100 uL/fL, EikfE 37°CHEE - H & 0.05% Tween-
20 ] PBS PRMBER 5 K. KN TMB JEY A, B % 50 plL/fL, 37°CHEOGE M, AL 50 pL/
fL, T 450 nm (St 630 nm)illsE OD 18, KIEFRAERNZR & & Hbr 8 IR E .

3.4. ERELARSERN

HEFEARLTE: FHANE TOMET, SR NK. ZHREH. 60°CIRIEGE G, A,
VI Z B it J5 AR AT -

HE 4ufa: AL & HRBES, JToKORE. PR 2KMG, PREGRE, 1%RMRIRE L,
WAREE, Raygets, BAES, FYEREE R

RGP B KALS, FrERREPUR IS Sl miRE 2, HRAHE . 3% Ho0, B KiE,
EIMEE ], —H4ACHEER. SEERHMN 5, DAB B, HARKEY, BAEY, hiEm s .
AFE PBS YhiF 3 IRAGER, D IR REGE: DAB A ) 75 B AEE T S %) .
3.5. BERAZEZR Western Blot #&3

HAREARL RIPA 2RI (E 1% PMSF)UK E24#, 12,000 x g #5.0» 15 min BL L3, BCA VL EEEH
WIE . 4% SDS-PAGE %t/ (7 B eIk 4, MFFL_EAE 20~50 pg A, 80 V 15 & Hijk & 1R 5 KA &
B R it o

HLPK G BEIL 5 PVDF 40 55 B Je 25 i, 200 mA TH I I (VKB P 35 - B BV G B 5% e g 2F 9% - TBST
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Figure 1. Experimental protocol
B SRR

Table 1. Body weight changes in each group of mice (X s ), compared with the G group, ***P < 0.001, **P < 0.01, *P <

0.05
=1 BENBRAEETHER(XLs), 5 GLEEE, ***P<0.001, **P<0.01, *P<0.05

N J G GL GM GH

0 ) 18.30 £ 0.67 19.08 +1.67 19.11£0.93 17.65+1.86 18.91 +£1.43 18.59 +1.13
16 il 28.50 +2.43™ 32.50 +2.88™ 39.71+2.43 31.85+4.43™ 30.14 +2.79™ 33.12+5.94"

S R PRI ARSI N RO AR AL, ek 1 85 R EoR: SRR G ALk Tz
FE SRR SR Jo AR E G IR i T N LR 0 4L, JFR TG, TP i s g s e T N 4L
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JOH, (AR RIS, Hrh GM 2H I8 KME Bk 25 N 5 .
2R EIR: /R 16 FIRT Lee’s 1585, SIREBIELS ML, G4 Lee’s FaZULL N i, &id
LBP 15 FF%, Hd GM A TR NHE.

Table 2. Lee’s index of mice (X £ s ), Compared with the G group, ***P < 0.001
=2 MR Lee's3EE(X £s), 5 GLAMALL, ***P <0.001

N J G GL GM GH
0.41+£0.04™ 0.40 +£0.04™ 0.55+0.04 0.47 £0.01™ 0.47 £0.02™ 0.48 +0.01™

4.2. ELISA RS HFRIZE R

9T W5 LBP TR0 B/ SR AAE Rl 720 WA RO SE AL, o /) BT 6 I35 3647 TNF-aw CRP. IL-6 =4
FRbRROATI, % 3 R EIR: G AR N ARMER 7RI RE 2, (HE LBP +15, 72 WEl .
Table 3. Serum inflammatory factors (TNF-a, CRP, IL-6) in mice (X £ ), Compared with the G group, ***P < 0.001, **P <

0.01, *P < 0.05
% 3. MRILEBERMEF TNF-a. CRP. IL-6 RFRDHTZER(X +5), 5 G ¢HMHEL, ***P<0.001, **P<0.01, *P <0.05

2873 n CRP (ng/ml) IL-6 (pg/ml) TNF-a (pg/ml)
N 6 143.45 + 29.67"" 30.21 +4.21™ 267.77 +15.02"
J 6 177.88 £9.70™ 35.41+5.12™ 376.95 + 61.62"
G 6 258.02 + 22.40 59.35 + 4.60 619.92 +50.97

GL 6 222.70 +34.73 52.62 + 3.44™* 564.87 + 58.35

GM 6 179.70 £ 28.11° 42.96 +5.03" 449.45 + 39.88™

GH 6 182.62 + 13.30" 38.74 £ 3.60™" 420.77 +54.63"™"

4.3. HE & IRHALANER

G GH
GM J
Figure 2. HE staining of adipose tissue in mice (400x)
2. NRBERRZELR HE 36 & (400%)
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AR T LBP 275 Be % i NEHE /DN BRUTE 7 2 23 rb oy O ) 2R 5L, 0 - 2L/ SRR 107 2 23k AT S 2H A
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TG EIE IR T G 4. & 4 4 LBP M FAFRFE T 20x 4087 NI AL, R EREHHLH, G
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Figure 3. Area of unilocular adipocytes in murine adipose tissue, compared with the G group, ***P < 0.001
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Figure 4. Immunohistochemical staining of JINK expression in adipose tissue (400x)
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Figure 5. Immunohistochemical staining of JUN expression in adipose tissue (400x)
5. RRBLRFERE JUN ZERRRRLE LR RIFRIATE S (400%)

N

Table 4. Immunohistochemical analysis of adipose tissue in mice (X +s), compared with the G group, ***P < 0.001, **P <
0.01, *P < 0.05
F 4. MREREARBANERIER(X£s), 5 G HMEL, ***P<0.001, **P<0.01, *P<0.05

N J G GL GM GH
JNK 0.04 £0.01* 0.12 £ 0.06" 0.26+0.14 0.11+0.07" 0.11+0.07" 0.10 £ 0.08"
JUN 0.03 £0.01™ 0.03 £0.01™ 0.09+0.01 0.04 £0.01™ 0.03 £0.01™ 0.03 £0.01™

4.5. Western Blotting 35 EBERZALE ERS HXEF. XMEFEORIANER
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Figure 6. Analysis of protein markers in adipose tissue: (1): Band images; (2): Quantitative analysis. Compared with the G
group, ***P < 0.001, **P < 0.01, *P < 0.05

6. NERBEAFELREXERERSN, (1): £FFE; 2): %itE. 5 G4EMEt, ~*P <0.001, **P <001, *P <
0.05
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67N BRI 0 2L 43 P Jo DX 7 S8R 55 R - (IRE Lex, INK, JUN) LK 4 1 PRl 7~ (CRP, 1L-6) f) 2532 15 3R 47
R, B 6 g5 R R: G AR N AR ) WK K FREEHEZEWIN, FHEREHEH FE, Hf GL.
GM 415 GH 21 R4 & .

5. ¥ig
5.1. BEBES 1814 5 HE B A BT R R 8BS S Bk

FEJHEAS T b — a9 R B 2 40 FE B AR BOIRAS . IR AR R E DT SU R B, RS IR 2R
(RS I B VIAHOG, By —Fh 4 G VAR RVEIRAS . YA B S pLAAR 75 A S5 % 0 A% o 4 L T A4
B R WHLAR JERERAS S N B FE s . Forb, WG IR AE G e 225 0 98 P e ) A Wi ol 2 v R 3
H, EEA5r 9 ML BFT M2 8. ML B S R4 R 5 70 AR, IS e o il A (2 4 S B, 31T
BRI 2t NF-oB A2 A1 360 Akt BEER AL LA K GLUTA eIz g/ b, 2851 Kk S 28T, N IE
REWT & BT =i[9] [10]. A, AT R, AR AME M IL-6. TNF-a 552 Fl 555 I N bR EXIH
WREERZE FF[11] [12].

ARSI 2L/ BRI 2 R AT A U S A I, AT IR A, B A /) B P 4 i T 5T e K
HEEMMRE, RENTFRISMEEZENZ, RAEACHFRIEOREKCFHEBEE EA. X—85%
AR REATLAAR A T B B OREIRAS, 5 RMERIM G R R s — 8. 5 IEWH—FERE T SRk R IR
(BT A 4 BB AR AR P 48 1k IR 14 b i Je Rk A BTk ss, (EHEIR i T H 5 HE (A B 3R K) 3/ )
BUNBAE AL T AR, AT AR R AR 1.

TEAFRRA T, AR AT B RN (UPR)IE RS AR5 55 AT 10 & i H18 Sl 72, 4EREN
JRMIRRAS . ST, AEMERRAS R3], &I, NEERIE DL AR R 3 2 3 80 UPR AIE B 14 = B
AR JGPR BRI IO . F AU R B, A5 X S Tcbs 540 GRP78 A CHOP £ I fbk £ 3% P i g s 2HL 2R v (1) 223 4y
WITHE 2.5 f5A0 3.1 f%5(P < 0.01), 7 H 51f17E MCP-1 /K F 5 22 IEA X (r=0.68) [14]. IRElq JE#E Al iE T
TRAF2-INK Hlifigifi M1 2 E R A SR AL o 75 = IR 1K B (HFD)MEFR I AEJRE /N BB 52 1 lg 0 HZA(ATM)
IREla R KRN FRZE T8y 4.2 1%, [AIIHFEBE TNF-a A1 IL-14 200553 A0 3.8 f5 41 2.9 %[15].
2 T2 56 A1 E SE R JRE WL A P A7 1E P J5R X S (ER'S) o AR S50 7F 5o 1E 35 41 R A 7R 201 i iy 20 43k AT R DU 5 K
W, BAZHR AN ERS BB AHOE, MXEAREEENLZ, XS5MCH L KA.

5.2. ARMEH S84 ENEEERNE

RN Py I 7776 ERS RS MEAREE 405E, H EH B F0IESE 4 2 (M A7 (£ K3 2Bk . ERS mi@
2GS IEBBOE RAEE S o T B (NF-xB)VEN— 2R B AR 7 AL B S IR T 5K, (8 SO AR I IE IR
(e s I R P A ORI, RN FRIEE S SO TR . gl sz SMIE RS
SHF, 6B B R AP (IKK)E S RIS LIRS, HMEE RSN T 1B ARG, %
IR E B T 1eBINF-xB R SRR G ARk, (R NF-xB AP0 25 90 RAERZ AL, B AE
HHARAZ N 5 HEE DNA IS &, 3 Tl R/ 3 5 R S A2 7 [16]

fE ERS JWHEVRZA T, WuEH IREla fef% 5 MIBIRER 152 4 AH KK -2 (TNF-Receptor Associated
Factor 2, TRAF2)JE BRE B Y ELAE, filR IKK BB S 2 AR 5E, ML 1eB BERR 1L, WS 2
SN IS P DR S R 4% X 48 [ 16]-[ 18] AT S2IG R B, 76 IRELa FEPR R 00/ UV AR T 44, ™A
J53 I LTS ) NF-B B0 A1 98 0 Rl TNF-o [ A2 B sk [19] [20], X EHUER T IREL REUE LS
NF-xB, #—LH#7R T ERS 5 #5E [ N2 [ [ 73 FHLHIT B R -

DOI: 10.12677/acm.2025.1561939 1992 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1561939

R 25

5.3. #I4C 25 FEXT A BEAR SC S AEFI P BRI 2 B89 T T E

AR SLEGTE /N R 2R DA T TOL AR T AT T SE AR AR SR . SRR, HIEEEEIR TN
SAHEL, ST 7R I/ SRR S G R S 25 b . AR IR BAE REARHE IS, X/ BREEAT AN [ 771 2 O A AT 22
(LBP)TF-Tii, ~FTil2H )i o 1g K i FE B AR TR AU 2, P GM 20 K FE IR 85 B I

JEJRERLAAR AT P 5 4 S RS 28 0 2 I IR AS, RN IIE R PR 7o ih 38 2 . s 40 i 3 =
W2 AR RAESCE . EVEANHRIEIE N, Fi ERS AH2¢& H IREL-av INK. AP-1 I 45 AH 5 Kl ¥ CRP.
IL-6. TNF-q (X583 i, MM ZHTHUE, SOFRRSA s . g2t kM, LBP X}
RIE M TCEE F RETSIE T ERS M8 #% IRELa/INK/AP-1 SKSZHLH o

ERERENE, AFARIEAFRFERTIN, KAEMFFER LBP TR ML T SHE, X
FW LBP T-Hl2 B R AR ML I A 8 . X — BG4~ LBP a] At 2 ¥E A W A P S BT 204
1, TR AL & RN o X I AHI FEATAFAE S T FRIRNIRSS (0] 4k S04 oAt UPR 43 3¢
fRme S O, R LBP AL S5 [21] [22]. JZeitserd, ATH I T PERK/eIF2a-ATF4 J
ATF6/XBP1s i ¥ [ H0E 12 B2 e BE T LBP [ 2 M4 M e, IR HAE B 3 10 77 B RS A AL 1) [ 23]

6. &g

HE Bk 5 i s 2H 2248 P SORE B PR 5 X B2 B 5 DA 2%, ERS Al TS IRELa-TRAF2-INK 4 &5 144 4 4%
SEME 5 o LBP AEIHIL 4% IRELa/INKIAP-1 5 5B IR ZZ NS 1t OE , BERAR A A K140, /D AH S 2
M & K B R . LBP X AR AR O 28 5 () 5 A IR AR R B AR, IR SR E T IR IR Tl E,
BRI SRS T R B T AR
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