SEE:

¥ 5. 20222114174

5% Ko T
BARA: 10759

AiATFKE
M x % 2K

£F FXR/TGRS 15 S B R IRIT BRIV
BEBHIRZS T AR BE R S R M IE AR

A2,
%

¥

2 R 1

E A X3k
w B@Em Bl#HxX
B BEHEEF
fir %k Al A+
EA NFETE
G ExGtm T AEF
¥ & E ¥

=8 S
2025 F 5 F



He

LR % K. NTF
5. 20222114174 BARA: 10759

AATKE
Rx &R X

2T FXR/TGRS {52 BB AR Bt
BB S BT AR 5 SRS 01 AT 52

¥ oMo®E OE A X %%

¥ O% % W Dfeh B#HE
R BlEHEEF

HOE ¥ ok A T AL

T ¥ £ NHT &

Ui VR = EfRGRe T e

oo & ¥ [k B & e

i E-H 5 A T
2025 % 5 A



Exploring the effects of blueberry extract on hepatic insulin resistance

in obese state based on the FXR/TGRS signaling pathway

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of
Master of Public Health

By

Deng Lu
Nutrition and Food Hygiene

Dissertation Supervisor: A Pro. Ma Rulin

A Chief physician. Chen Yu

May 2025



AT FRZE AL SRR 1t 7 B 2 A P S P

AR 1 7 B

FANFEZNFH AR CRERRIMTE T THAT A LERBRE NPT AER.
BWRITE, BRXPELEHIIRANARS, FRIFEEHMEIANCLEREIET T
HITF AR . XA SCROBE Ut EE TR AFRAE, HEEXHET ABHIRE A
FRRHE.

TR 9}9)}% Wi JogS & I A B

EREREY

FANTETBEANTFRERRRE . ERARXONE, FRANREEA®
SCIF A E 2K B BT SR MU SR S L FRNARR AR . A AU AL LTS
BPEREFAFEER. ARETRFTMRANEZARIRAR REEFRERR
R55 o B AR SCAIFR RS EI I AR . RE AL MR T T E A AME .

Wi ‘7)7’3»’% w2238 % T A Y B

E’r-um%z”%ﬁ{ miE: 03L& T A2 B



HE

Hir: AWt ki . ShsLiS i 25204 (Blueberry Extract, BE) X AEFEARZS i &
FHPUME R FF ST BE X IHVHER FXR/TGRS 15 53l g A1 2 IRS1/PI3BK/AKT/GSK-3 15 518 i
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Abstract

Objective: In this study, we clarified the effects of blueberry extract (BE) on hepatic insulin resistance in
obese state and explored the regulatory effects of BE on bile acid FXR/TGRS signaling pathway and insulin
IRS1/PI3K/AKT/GSK-3p signaling pathway through in vivo and ex vivo experiments to provide a theoretical
basis for preventing insulin resistance (Insulin Resistance, IR).

Methods: In vivo experiments: Construction of an insulin resistance model in obese mice by feeding a high-
fat diet. 36 adult male C57BL-6J mice were randomly divided into six groups:normal diet group, normal diet
+ BE high-dose group, high-fat diet group, and high-fat diet + BE intervention group (300, 200, and 100
mg/kg), with 6 mice in each group, and continued gavage for 16 weeks. During the experiment, the body
weight and fasting blood glucose trends were monitored, an oral glucose tolerance test was performed at the
end of 16 weeks. Upon the conclusion of the experiment, the eyeballs were removed to obtain blood and
organ tissues were obtained. HE, oil red O and PAS staining were performed on the liver tissues. Fasting
blood glucose, fasting insulin, glycated serum proteins, total cholesterol, triglyceride, high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol, and total bile acids levels were detected in the serum of
the mice. Insulin resistance index was calculated by homeostasis model assessment method. The expression
levels of FXR, TGRS, IRS1, p-PI3K, p-AKT, and GSK3p were detected in liver by Western Blot.

In vitro experiments: palmitic acid induced BRL-3A cells were constructed as an insulin resistance (IR)
model. The cells were divided into five groups: control group, palmitic acid model group, BE intervention
group (160, 80, 40 pg/mL). cell viability was detected by CCK8 assay. Cell basal glucose uptake, glycogen,
TC and TG contents were detected by ELISA. The expression levels of FXR, TGRS, IRS1, p-PI3K, p-AKT,
GSK3B in cells were detected by Western Blot.

Results: (1) Body weight and organ index: the body weight and organ index of mice in the high-fat diet group
increased compared with the normal diet group group (P<0.05). Compared with the high-fat diet group, the
body weight and organ index of IR mice with BE intervention decreased (P<0.05).

(2) Lipid metabolism-related indexes: In vivo experimental results showed that total cholesterol, triglyceride,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol of mice in the high-fat diet group
were elevated compared with those in the normal diet group (P<0.05); and serum lipid levels of BE-inter-
vened IR mice were lowered compared with those in the high-fat diet group (P<0.05). The results of in vitro
experiments showed that BE decreased the total cholesterol, triglyceride levels of IR cells (P<0.05).

(3) Glucose metabolism-related indexes: The results of in vivo experiments showed that, in comparison to

the normal diet group, the fasting blood glucose, fasting insulin, glycated serum proteins, Insulin resistance



index, total bile acids and area under the curve of glucose tolerance were elevated in mice in the high-fat diet
group (P<0.05); compared with those in the high-fat diet group, the fasting blood glucose, fasting insulin,
glycated serum proteins, Insulin resistance index, total bile acids and the area under the curve of glucose
tolerance were reduced in the mice intervened with BE(P<0.05). decreased (P<0.05). The results of in vitro
experiments showed that basal glucose uptake and glycogen content of IR cells were elevated after BE treat-
ment (P<0.05). The results of both in vitro and in vivo experiments showed that After BE intervention, the
expression levels of the bile acid FXR/TGRS signaling pathway and the insulin IRS1/PI3K/AKT/GSK-38
signaling pathway were increased (P<0.05).

Conclusions: (1) BE improves body weight, organ index, and lipid levels, and attenuates hepatic pathological
changes and fat accumulation in IR mice.

(2) BE can promote cellular glucose uptake and hepatic glycogen synthesis, and reduce blood glucose and
total bile acid levels in IR mice.

(3) BE can improve hepatic insulin resistance in obesity, and this effect may be related to the modulation of
bile acid signaling pathway and insulin signaling pathway.

Key words: Blueberry Extract; Insulin Resistance; FXR/TGRS Signaling Pathway; IRS1/PI3K/AKT/GSK-

3B Signaling Pathway
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JIESJRE A2 A PN R 7 S i AR R T 51 A B — i et 1970 R RAK, Bk A E
JEZSEIN TR AR HAT, SERRANEEZRN 39%, ERERN 13%, TlE 2030
E, RERIERESAE KT 1 AP A ik SR, RE R N ERIL 34.3%,
AEEZRIE 16.4%. ZxA RERERIRFSEIT (0], 68 B R FE AR OC I ACE SR R 3R 0 i BB,
2 SEARTUAAG AR 5-20 . Patth FURREER G sl 6 A St AT R 73 7
ARG T B, R R A B 25 Bk R mIA 4.32 AR Ta k. R
RETHBB RIS I RKNEZHL . DT, S K2 g IEL ge btk
Wi G ME . ARTPRE R DT AT 2 BORE R A, 4oy R H A R R0, i
DU R B 2 ARBON T T0 57 AT AR ARG 1) R AR ke Ao L X

W A AR AR B, RS R R AR SR T —. N
VEAEE BIRE AR B, 90%K B I B4 6 0 B S RO R, P DU R AE 4E R AT A e 0 B A
SREEEEMT. 2RET, HIEGet @i s AVLH A RS &, BERET,
JHF T D00 368 5 T 0 S R R DA B A o 4 260 i L 3R A i Y A AR SR e, T
B JFF R DA ek 5 e e B A RSGHE JER Y RE AL VR )R 0, AT AR RE AL A4 I BE A
AN T JR B 2 AR i BE R 15 AR IR S AR A Lo BEEA TS o ZE TR S R AR
PURES T, IR R & 3215 5% Sl B s L R A i, Ui OB B AU Do
B D e R, 2 5 BUH N 3 200 it BE 0T B BRI 3) I R o) e e B S
AR ASE 1L Y8 P T 2 R AR PR T v, T 5 A v R I B MILAE o v MR I R ML S R T T g B
RARPURREE, TERCEVEIERE o IR & ZR AP AL 6 B 25 /- 16 7 20 B AR ot A
KA G RS o g B ZO0) TR UE T e %) s o o LA FH A R] A T OBUEE LA 58 B
FLEAE RN 5 3= 5 H 40 5 i e 5 2 e AR R e S5 & 0, BE M ius T Ui
PI3K/AKT {5 i, JEMOIRZA T, AR & ZAS Sl e i AR G A RIE B
G RN AT, e LB I 6 260 00 it R A S Y. H AR R I IS
BRI 520 g 10 2 2R B8 R 7 IR AN SRE DR ¥ 140 53 Y TR 1A 74 TR e A 0 R 2 it o
UL SRR T, JR ) FORH I Th g (0 TRl 5 1 F e o R B A 35 L
SEUFE P =B R TR e B AR, il B WA A AR ER R AL B
FRiEYE, S ERE IR S BOE R, IF B 9l R R AR IR B IR A RS T d
MEE DR, A TEUFIEREACE AL g8 2 nT DO i Y R R 3RS T Rk
JE R R S R BT, BFERE H R 524K (Insulin receptor, IR). &R KK
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(Insulinreceptor substrate, IRS) M. B§JEHLALEE-3 Bl (Phosphatidylinositol 3-ki-
nase, PI3K) FI1EEHI%EE B (Protein kinase B, AKT) ZEcfi AU, Y RELLES
AT SR M o B PR B R AR R AR BAE A, BB N E SRR, {2 IRSI

(Insulinreceptor substrate 1, IRS1) K& Z BRVR L BE IR I NI IR o WAL IRST
B A ] DU — DS PIBK/AKT 15 5@ 813, PIBK/AKT {5 5l /E IR B RE S5 S
A% 0o 1 R, R VT TR B B U ) A 5@ v, A5 TR I A e 2 A 1
A5 T 10 AT DL 8 & p S, A A AR S B, O HLRE R ] JBR ) FR AR
MRS TST, BE— 2D 7 &K NS, PIBK/AKT {5 5 i n] LLISGE FiiF Akt Ser/Thr 34
g, MIIEHER & MRS 1288 H 4 (Glucose transporter 4, GLUT4) M40 i #4 7% 21 41 g
JEE, SRR M AR R, AT FEAICIUNE K- o AKT R IR 215 55 S ek %
K2 —, S ERMESRZHRLEE G, S FIFBEEN 50— RV B
PAFEAIENE, EH AKT LRI R SR, LA 598 15 2 50 i 26 0 2 s A i o
AR sl 7, b A6, PIBK/AKT & 48 AT DL 4% B8 J5 & B 1 B 5 & B B 3B

(Glycogen synthase kinase 3B, GSK3p). A7t R, wrLL#ET PI3K/AKT/GSK-3p
AR 2 BN PRI /N BRI 2R, M IR R T 4E KR B AR E

FEC TR A D L ] e JHRJUE PR R AR 2872, ANMNS S5 IR W o figd 72, 3k mT DL
FLAGAE FH 3G 58 i i o i AR s WS U0 Tt b (R IR BRSE N T S, W T TR A )
HEAAERT, ARG 2R IRPET R .. (EAF R, 95%M iR VR
A DA 3 e T i BN A4 A8 1 JIEL 9 T % o A R ] fig IRV PR A is AR SR I s Wi, FE R 1) e ik [
I S R I B, R IR RENGE S T 5L B X 24

(Farnesoid XReceptor, FXR) 1 G #&HHE5244 5 (Takeda G protein-coupled receptor
5, TGR5) &, AR 5w & A IE ot A0, 1995 4%, #fFFt A\ S1E KR
HE A RO I —Fh B A% 5248, 4N FXR (Farnesoid X receptor, FXR), RIiLJEREE X
Ak, I H A BRI E 9 FXR N TETERC AR, 2006 4F, JHIVTERBE A E N TGRS K
MIRMERCAR . FXR FEAEMN . WSEHSERARIE . St si k=), FXR JE R b
/N SRS TR 52 0L 2 1 U I 07 8 AR B B R AT, 45 5 FXR e BERE S MR 32 AR s 77
GW4064 Jri, 2 RUREFRIp B L6 7 B2 BRI IESE T FXR SARAE4E RS 7 0
REERRERES T AE THEMEH. H7ARHEP), FXR 7T DoE RS = E 58
P B AT F U R AR AR T AR B, R S R AT RE ORI, DGR S AR, 4R
RN A BT . TGRS EEAEN . AR HEERIL, FENRRMERIZ AT R
A i A A A BE AR A h R A BB E AP, TGRS W] DL 0% 2 AUA R R R
iR 2 R UL A 30 FROIR BRI R G, b (R ik R v FE 2 A Fe B0, sd i i
7% TGRS 7] A 2k i =y MbE R AL AK-1 (glucagon-like peptide-1, GLP-1) W43, Fit—
SRR & 2= oW, DASSCGE A 2 BEACUR X 8L bk, & TGRS o UMt IH VIR e ia
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DLIR AR Y, b T et o A WA, (R 107 0 AN g AR T, A5 A Fi e s,
TGRS HEh7) AT DA 25 FEAR AR RE /)N bR 2 B U AR A I 21 2 7K, s /0N B 6
WERE B 2= 52, 30 i o U & MR B E . FXR/TGRS W] DAE N4k £F B &A1 A7 4
PR B AL

RIRZWBRNEYEA 2 RORE R, — @R BT LU R 3 3h 7 i 7
FRAE. HREHEEY) (Blueberry Extract, BE) & MW & RS2 & BT — FHR KL B8
K, BWEE, DEEEETERNEERERE. BE B8 E R ZMRUEMANER
HAEEAYE A Y, BAPURAIE R LR SAREIAT R, AT RRIE I 22 50 AL
il e i R U, ZIUASMIE AR, BE AT DL A R R T @ A O
E IR TE 1, Rk A1 o] 2 23 7 260 B R FH B8 ) G TR B = 4Kt AT R0, BE
AT LA IRTRE PR /0N B B B 4 3G B A DG L R R R R B AH DG ZR R R 2 e 3R 3 AL s
AR R R A RIS, FEHNHIE TR K Forkhead 3% 3% K7 IRIE, MTEk
MR B AAuThAE. shPseie R IIBY, BE T TREWS R & IR &5 S0 S K3t
BT /) B 1) 2 I IR RORRE A I 21 B 3 K, I O I AL A i s 2k 40 ) i e A2
R R R I B ST B FR R I8 (Phosphoenolpyruvate carboxykinase, PEPCK) 17 %]
Pi-6-T 2 (Glucose-6-phosphatase G-6-pase, G6Pase) HIFERIFRIA, HEM A MpE K
SRR B R BURE, BCER RS RBP4, BE BERSFRRAREAG BTITAR,  FRIE o IR
/N B5% PR 78] 260 B T 52 P R B B AU B I PR S gk — 2B i 5B, WS RN 7 A ER AT
2 BB PR B i B ) A ARARAE R, AT DU 25 BN PR N 1 2 B I B AR AL,
MALE EHAKN, FHHAT PO &G MRS . thah, —DUNFEREATLG FE 50 A Y,
H R 78 5 B AN BE S S DA A . i 5 R ARPT N B B JBR 5 S U, B 2 PR AIK
JHF I T 107 2 8 0 50 B B AT . AR TP B RR AR 1 o0 G0 SR AE T 2R P 4 S5 IR e 4111 |
Wil o-VENT BRAN o~ RO TE 1, AE L2 IgiE R KA A ITE AL RO, AT 4 A
Ja M FER BN . AW FHE—DUEsEBd), BE X o8 %) 05 1 B A0 2018 60% LA 1, HAK
5 R B 25000 R A 2 . WS T RO W] DUl I i BRIk -4 1598 GLP-
1y, HETA A R, AERER A AR AR AR A ELER R B, BE W LU AT iR
AU T 0 R B R AT B SRESE, 5miRik /N RAHEL, BE /N R )
YN S AT B B W BRI, IR I T KT B el s BT A it it — AP HIE S,
BE 1 DL 2 el b = R A 175 5 R BB R /DN BRI I A0 H ok = e {1555 B g B 1 AL [ Pk ~F
I PPAR-o 8 FHAMHI I AG 0T & oS g 34 K] SREBP-1c H1 FAS F I B8 g o AL
PLEIBEFE K IR, BE i #u% AMPK @R (et I TR 1k, R #01H] PPARy /S
RE M. HeAh, AT TIOE R I Y AR R A AR BIE ot e s R A
BREAEEE AL KFEL Zhpscie it —2uE s, BE Tinl W3 T D2
TNF-o fll IL-6 S#{e 2 K 7 193 IL, RIS INARIRER 70 i, 18I AMPK/ACC 15 5@ i

3
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B R SR AL I e o 2 L AR S 2 Iy HA DU R, ) B AR AT A P e
2T AN 25 B B KT, el SR A bR RS TR SRR Y T R A, s
Nrf2/KEAP1 {5 5 38 # sl AR A I 7 2L 2R R S A 1 405, DT e b R T E O 1 A28
BRESHESW. BT, BE CHOESEA BL—E R e B SRRt (HAARLH)
AR . HHTEE T AHVT R FXR/TGRS {5 5 I8 IRTT BE B35 = 6 51 A FPIEBR & 3kt
RIBTE FEATS IR D

gi bR, BTt s IR CSTBL-6J /)N B S AR Ak /) BRI i & 2 4Kt
FEARNIERAR IR 5 T AT AU AR BRL-3A R & SRR, IR0 BE XS ALHEIRAS T A e
B FARPUIFN, I35 EIGHE BE XHH RS 53l BN & 315 5 3@ A O B 1 IR i
NI BE S0 AEIHEIRES T FPHEIBR & 3 R PL I AN L3R 5 %5
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2.1 F R AN 5

AHIFFE b S EAL T RO RER 5 0 3 2-1.
7 2-1 LI FEM B
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WRAET R IR (25%) R R A PR A F
PBS ZZ/ . RPMI1640 5373k PR YE IR AR R )
fG 4 i3 B ZEYE IR AE YR IR A
0.25%E ElE. HHER. HERU JERHREFFHA R A #
To ML PR R A I BRI B IR ZRFREARAA
CCK-8 Kk & ECL L5 R IRk & HIEEE LB R A F
MEBR . HOE A R AR AR AL
ELISA Al i1 & P IR AR ) LR ST
BOREE R ILET R 1gG (H+L) I =8 A AR A PR A
BARBEFR LI EBUNR 1gG B =8 A= ) ARAT B 2 7]
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it N Wk 5 BRI PR
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