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Ursolic acid ameliorates pancreatic [3-cell injury in type I diabetic rats via
the TLR4/NF-kB pathway and Th17/Treg cell homeostasis

SONG Yu, ZHANG Xiaoli * , CHEN Huanhuan, TANG Cong
(Medicine College, Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Objective To investigate the effects of ursolic acid (UA) on the TLR4/NF-kB signaling pathway and
Th17/Treg cells in type 1 diabetes mellitus( TIDM) rats. Methods TI1DM rat models were established by intraperitoneal
injection of streptozotocin ( STZ) and randomly divided into blank ( Control) , Model, metformin (MET) , and UA groups.
General conditions, such as body weight and blood glucose, were recorded, and peripheral blood and pancreatic tissues
were collected after 6 weeks of gavage to assess insulin treatment. Immunohistochemistry was used to observe pathological

changes in pancreatic tissues. Horseshoe crab reagent was used to assess changes in serum lipopolysaccharide ( LPS)
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content. qRT-PCR was used to measure expression of pancreatic TLR4, MyD88, IkBo, and NF-kB p65 mRNAs, and

mRNA expression of transcription factors RORyt and Foxp3. Western blot was used to assess pancreatic TLR4, MyD88,

IkBa, NF-kB p65, RORyt, and Foxp3. Flow cytometry was used to assess changes Th17/Treg cell ratio in peripheral
blood. ELISA were used to measure serum contents of TNF-a, IL-6, and IL-13. Results After STZ-induced diabetic rats
were treated by gavage for 6 weeks, compared with the Model group, the fasting blood glucose of rats in MET and UA

groups was significantly decreased and their body weights were increased. Inflammatory infiltration of pancreatic islet 3-
cells was reduced. Expression of TLR4, MyD88, IkBa, NF-kB p65, and RORyt mRNAs and proteins was significantly

decreased. LPS content was significantly decreased. IkBa and Foxp3 mRNA and protein expression was significantly

increased. The Th17/Treg ratio was significantly decreased,

decreased. Conclusions

and TNF-a, IL-6, and IL-1( contents were significantly
UA improves the symptoms of rats by reducing the LPS shift, inhibiting the TLR4/NF-kB

pathway, down-regulating RORyt expression, and up-regulating Foxp3 expression to correct the imbalance in the Th17/

Treg cell ratio in T1DM rats.
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NF-kB 38 % 7] 58 1 45 Th17 400K 202 Th17/ Treg
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MyD88/NF-«kB 421475 Th17 4il g Fl Treg 41 il )
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CD4™T 4 TL-6 114 5 hiy P4 3 5, FL3 o 4 S R
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I, IL-6 S N Pk 4 s AT AT BE i OF RORE R A B
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RERMR (ursolic acid, UA) B—Ff RIKAY AL IR =
ik G  , BERE A I | S04, L ALAT i 4 7K SR A
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FHUS0T LR 4 43T AIL ] R

A 38 2o 55 IR A% TR &R (streptozotocin, STZ) i
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JREALT, K UA %F TLR4/NF-xB 3 % A0 5 8 b5 &
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SIYME MG (DWLL201903001 ) |, #42 IR S 16 50 4y fdi
FH 3R JEI 25T NGB SR,
1.2 FERKFSNE

UA(ZEJE 95% , 5eig e 25 it 5 . ALT428) ; 5 ik
ffe W & (4l BE 98%, SIGMA-ALDRICH, 4t 5.
WXBD1402V) ; —HBUIK( & F 0. 25 ¢, BE{EE K
25V A FRA L 5. 67180806) ;0. 1 mol/L #1745
PR 5 2% U (Solarbio 23 F], #it5: 20190917 ) ; 3 H
ZH AU E W (S HP193504) A7 EERR (pH=6.0)
PR B W (5 G1202) 3% WA K (5.
GO115) . BSA (1t 5 : G5001) | JBE & R Hi 4k (it 5.
GB11334) . HRP #ric B9 11 - 9T = Pi & (Ht 5.
GB23303) \DAB .5 (L5 G1211) (RIPA 24§
W (5. G2002) | BCA £ H & f 45 i 12 57) & (it
5.:62026) Ji Kl B-actin (L5 . 15203204 ) . Fi K
L TLR4 (#it 5 . 1.5203045) . 1 K MyD88 (4t 5 .
00077168) BT K IkB-a (L5 :542619112702) &
KB NF-kB p65 (#t5: 15203564 ) 11 [ 373 28 4k
IRAEIRME A BR A 5 a0 (1] 4R A R
A RN AL, it 5. 20100154 ) ; JC i JC & K
(Solarbio, #it5-;20210315) ; RNA wait ( Solarbio, #t
45:20210205) ; oK LB (B IRELUAE D H R A R
3] 5 120200220 ) ; TRIpure Reagent (3£ 13§ 4=
PR A BR A 7], 5 : 312326AX) 5 HiSeript 1T Q
RT SuperMix for qPCR ( Vazyme, it 5 ; 7E452K0) ;
SYBR™ Green Master Mix ( Thermo Fisher Scientific,
f1t5:01000432) . IUAA (2 B8R BRI il A R A
A, B 5, G-425-3); IE B KOG B B (HA
OLYMPUS 2y &), 5. DP73) ; 2 %6 )l %€ i PCR
X CABL A7), #9-45-.7500) 5 £ 1 L UK AX (36 [ BIO-
RAD A #], 5. POWER PAC 1000) ; A 215 it ik
184 ( Z£[F Bio-Rad A ], BY*5 : ChemiDoc ) ; 1K I &5
AL SEE SCILOGEX A ], #l45.9013121121)
1.3 ELWHE
1.3.1 sh¥yordd raEi i sh2

50 H SPF M E Wistar KRR, & M PEMR IR 7 d
Jei , WA — R PR I s TR ) 1% 5 IR T 2 60 mg/
kg, 25 F14H ( Control 2H ) 3 4 SE AR BUF 6 TR — #7155 TR
BN MR, T d JE, 2L 3 R 2SI LK ( fasting blood
glucose , FBG) =16. 7 mmol/L K& B s L br v, ¥
AR A T 9 K BR Bl ML 43 A 55 B 2 (Model 4, n =
12) . ZH XA ( metformin , MET 4 ,n=12) FIREHR
FRZL(UA 4, n=12), RIEHEA AT L, 2

HEF R L2 100 mg/kg, 25 H 4 AR 4 25 T S5 1K
BURH L 4ERAE R , K 9.00 & H#EE 11K,
T AR Y AR R
1.3.2 —BiEH

B KA R AR EE B & HEE NS O ; B 5 $2 11
12 h B8 ANERIK A — a0 K B FBG
1.3.3 REA

ARUKHE B G AR 12 h, SRR R Y0 R i i 41
LT IREE s,
1.3.4 SIS K BB IR 412U 38 A8k

PR BUBRIRA L E T 4% Z R PR E 24 h
J& AT K EHEE U) R R ER E AE SE T
BB PRy (o, BT B SUG PR S L R MR
O, IR A,
1.3.5 #RAFIGIM NGRS

K FH PN 35 2 o A O 2 0 7] G A DU B 2
(lipopolysaccharide , LPS ) , f# fie % & . {4 %& i %,
J R e BN G U P A TR BEAR T 450 nm
WA TR G FE{A
1.3.6 qRT-PCR ¥4 K 5L MR TLR4  MyD88 |
IkBa \NF-kB p65 mRNA ik

FH PCR 0 & 2 BUBR AR 4140 RNA | 8 535001
FETHHLI A260/4280 AR, 10354 555 B cDNA, {f
15 WL & R 17 qRT-PCR KW F25%:50 °C,2 min;
95 °C,2 min;95 °C,15 5,60 °C, 1 min,40 PMEH,
2T AR IR 272 2T YT SR P A ARG Rk
SEHBI T HEE 1,

&1 PCREHTIYTFH
Table 1 PCR gene primer sequences

R 514
Name Primer
GAPDH-F 5’ -ACAGCAACAGGGTGGTGGAC-3’
GAPDH-R 5’ -TTTGAGGGTGCAGCGAACTT-3’
TLR4-F 57 -TCCACAAGAGCCGGAAAGTT-3’
TLR4-R 57 -TGAAGATGATGCCAGAGCGG-3’
MyD88-F 5’ -GAGCAGTGTCCCACAGACAA-3’
MyD88-R 5’ -AGTAGCAGATGAAGGCGTCG-3’
IkBa-F 5’ -CCACTCCACTTGGCTGTGAT-3’
IkBa-R 5’ -TTCCTCGAAAGTCTCGGAGC-3’
NF-kB p65-F 5’ -TGTATTTCACGGGACCTGGC-3’
NF-kB p65-R 5’ -CAGGCTAGGGTCAGCGTATG-3’
RORyt-F 5’ -TGGAAGACGTGGACTTCAGC-3’
RORvyt-R 5’ -CGTCTCTCGGTAGGACTTGC-3’
Foxp3-F 5’ -CCATAATATGCGGCCCCCTT-3’
Foxp3-R 57 -GCGGGGTGGTTTCTGAAGTA-3’
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1.3.7 Western blot {4 K FUBEIE TLR4 MyD88 .
IkBa \NF-kB p65 } %% 53 K F RORyt, Foxp3 £ H#
kK

UK BB AR 4120, &) SR PR B 1, Uk e e
HH WFE—P(1 2 1000 # B ) . P ELC fb2¥ %
SR, i ] Alpha ZXPFALER B AR S 6% BE(E, T
AR X R A&
1.4 FitEHZE

SKHISPSS 21. 0 #AT B GE 1153 Hr , 22 21 [A1 4K
it R FH R R J7 2243 BT ( One-way ANOVA) 41
(B PR LR FH LSD A 56, 235 2 AP 340 50 = b o 2
(x+s) T, K KHE a=0.05,P<0.05 AN 2ZEHH
giiteraa XL,

2 HR

2.1 —fRIER

25 IR MO AS R AT, S | /K OEH 4 1E
H, BRI . = 2 — /b7 R, FBG T,
IR A MRS AN A, KAE R 8, — H U4
FIAE SR 4 bt 45 FH 25 B [B) < A5 R4 FBG BH &
TFE(P<0.01) AR P<0.05) K5 #iR A B

Ui Bz B RAEROE /MBI, WK 2 3K 3,
2.2 FRIRALRIENE

2 AR EIARE R R B 4 A A K 5
o MA% S 0, HES B 55, 55 ] Bl 20 U5 BR 35 i
BRI 525 U2 AH BL, e S JE IR AN LI e 5% B 2
AT R i S PRI A AR /N HESIR R, 5
JARIHZ R BRANE . — FOBUICZ i RE SR g 21 5 B
RIGAAR LY, JE 5 T IR B R 0], e 5% B 4t A /b ik 48
PERE , AR FRAS K, HEZ BRI, 55 J) [ 4 21
PG, DL 1,
2.3 17F LPS /KFEI{L

B2 523 A AR LG, R RN LPS & it W
THE (P<0. 01) , — F XUIRZH 1 AE SF 1R 2H 55 4 150 20 A
e, KBRS LPS & & WL (P<0.01), W
’l2,
2.4 TLR4, MyDS88, IkBa, NF-kB p65, RORyt,
Foxp3 mRNA FTixT

% 4 G NIR BRI 525 AR L, K RUBAR
TLR4 MyD88  NF-«kB p65 . RORyt mRNA & ik 7K F
W@ T} (P<0.01) , IkBa , Foxp3 mRNA ik 7k F-
W A, BN AR SR PR 4l S A AU A L

R2 AR FBG ZE 4L (mmol/L, x+s)
Table 2 Changes in FBG in rats in each group

415 Bt 0 JA 3 )4 6 Ji
Groups n 0 week 3 weeks 6 weeks
2= HY
L H4 10 4.63+0.54 4.90+0.90 5.15+0. 41
Control group
FEARIZH
12 22.90+2.31 " 23.73+5.04™ 25.38+5.30 ™
Model group
ZHIRUIZ
1 BUIRA 12 22.20+2. 84 17. 105. 06 9.82+3. 78"
MET group
BE FLiRY
AR 12 22.17£3.53 16. 802, 33% 9.53+2. 03"
UA group
T 52 AL, T P<0.01; SEBIAALL, ¥ P<0.01,
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.01.
R3 FUARBMAEER(g, x4s)
Table 3 Changes in body weight of rats in each group
Crouns Bt 0JA 3 6 &
roups n 0 week 3 weeks 6 weeks
23 Y
=h4 10 218.75+10. 81 319.25+14. 86 373.50+21. 61
Control group
FiRIZH . . .
12 189.67+14.40™ 197.83+6.91 ™ 199.83+11.41™
Model group
ZHIRUIRY
AU 12 190. 83+11. 03 220.00+17. 04" 244.17+19. 19"
MET group
RERIRA
12 185. 17+17. 61 215.33=12. 23 236.17+14. 15"
UA group

T2 AL, ™ P<0.01; SEERIAAILL, *P<0.05, " P<0.01,
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, *P<0.01.
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FHHA [ RicE: ]
Model group

Control grou,

A
MET group

fERIRA
UA group

1 HHKRBBERAS A b (THC)

Immunohistochemistry of rat pancreatic tissue in various groups (THC)

Figure 1

R4 BHKRRFELR TLR4 MyD8S IkBa NF-kB p65 . RORyt Foxp3 mRNA FikZEfk (x+s,n=6)
Table 4 Changes in pancreatic TLR4, MyD88, IkBa, NF-kB p65, ROR+yt, Foxp3 mRNA expression in rats in each group

41531

TLR4
Groups R

MyD88

TkBa NF-kB p65 RORyt Foxp3

EEEN
Control group
FAR A
Model group
OB
MET group
FERIRA
UA group

2.15+0.30™ 2.060. 60

1. 26+0. 25" 1.28+0. 19"

1.37+0. 27" 1. 14£0. 13"

0.72+0.13 ™

1.34£0. 22"

1. 1420. 09"

1.35+0.24 ™ 2.53+0.58™ 0. 66+0. 09 ™

1.09+0. 12* 1.42+0. 35" 1. 39+0. 20"

1.06+0. 18" 1.26+0. 18" 1.50+0. 31*

TS AT, T P<0.01; SEBIAAM T, *P<0.05,%P<0.01,

Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, *P<0.01.
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* %

—
o
1

##

&£ ¥i/(EU/mL)
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<
[
1

0.0= T
IR RESRARRA
UA group

THA FRZH
Control group Model group MET group

T S FAMILL, 7 P<0.01; SERIAAM, ™ P<0. 01,
2 SRR LPS /KL
Note. Compared with Control group, ™ P<0.01. Compared
with Model group, *P<0.01.
Figure 2 Changes in serum LPS levels in various

groups of rats
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2.5 TLR4 MyD88 IxkBaNF-«kB p65 K REF
RORyt Foxp3 EEHRIET

RN 525 LA AH He, K RUBEAR TLR4 \MyD8S8 |
NF-kB p65 i [132357K - B F+ 5 (P<0. 01) , IkBa
HAFRIA KT R, XN A AE SR iR 41
BRI A [, TLR4 25 1 3k KF ] i BE AR (P<
0.01), MyD88 % [1 ik /K FFE{% (P <0.05,P<
0.01) ,IkBo £ [FZRIAZKF- B 2 7455 ( P<0.01) , AE
IR KB NF-kB p65 % 185K -0 B BT (P<
0.01), WK 3,
2.6 4SMEIDM Thl7, Treg AR LL 5254k

mE 4~ # 6 Fin, LS 6 fi)q, BiRI4 5
25 AR BRAA LG, ANE I CD4"TL-17A Th17 41 Lt
BIRA . TH R (P<0.01) ,CD4" CD25" Foxp3 ™ Treg 4 ifg
F A5 B A ( P<0. 01) , Th17/Treg [ {8 B 5 T+
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52 AL, ™ P<0.01; SHRAULL, " P<0. 05,7 P<0. 01,
B3 FAKEPM TLR4 MyD88 IkBa NF-kB p65 . RORyt Foxp3 & [ A M
Note. Compared with Control group, “P<0.01. Compared with Model group, *P<0. 05, *P<0.01.
Figure 3 Protein expression of TLR4, MyD88, IkBa, NF-kB p65, ROR+yt, Foxp3 in pancreas of rats in each group
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Figure 4 Gate information
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