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Improving effect of ursolic acid on glycolipid metabolism, inflammatory reaction and oxidative stress
in pregnant GDM rats by regulating TLR4/MyD88/NF-kB pathway
LUO Yan,LI Yulin, YIN Heng
(Hubei Provincial Maternal and Child Health Hospital . Hubei Wuhan 430070 ,China)

[Abstract] Objective To investigate improving effect of ursolic acid (UA) on glycometabolism and lipid metabolism,inflammatory
reaction and oxidative stress in pregnant rats with gestational diabetes mellitus (GDM) by regulating Toll like receptor 4 (TLR4)/
myeloid differentiation factor 88 (MyD88) /nuclear factor-«kB (NF-kB) pathway. Methods The rats model of GDM was established.
The rats with GDM were divided into six groups: GDM group,low dose UA group (UA-L group) , medium dose UA group (UA-M
group) » high dose UA group (UA-H group) » metformin group and normal control group of rats fed with regular feed (NC group) .
with 10 rats in each group.The fasting blood glucose (FBG) level was tested by blood glucose meter, fasting insulin (FINS) was
tested by radioimmunoassay,the levels of blood lipids profile as triglyceride (TG) ,total cholesterol (TC),low-density lipoprotein
cholesterol (LLDL-C) and high-density lipoprotein cholesterol (HDL-C) were tested by automatic biochemical analyzer. Enzyme-
linked immunosorbent assay (ELISA) was used to detect lipid metabolism related enzymes as hepatic lipase (HL) and lipoprotein
lipase (LPL) levels,and serum inflammatory factors including serum tumor necrosis factor-a (TNF-a) ,interleukin-18 (1L-183),
interleukin-2(I1.-2) and interleukin-4 (I1L.-4) levels. The levels of oxidative stress factors as malondialdehyde (MDA) , superoxide
dismutase (SOD) ,catalase (CAT) and glutathione peroxidase (GSH-Px) were detected by micro method. Western blot method was
used to detect peroxisome proliferator activated receptor ¥ (PPARY) and TLR4/MyD88/NF-kB pathway protein of the rats. Results
Compared with the NC group,the levels of FBG.,TG,TC,LDL-C, TNF-a,IL-2,1L-18,and MDA, and expression levels of TLR4,
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MyD88, p-NF-«B p65/NF-kB p65 proteins of the rats in the GDM group were significantly higher, while their levels of FINS, HL,

LPL,IL-4,CAT.SOD and GSH-Px,and expression of PPARY protein were significantly lower,the differences were significant (all
P <C0. 05).Compared with the GDM group, the levels of FBG, TG, TC, LDL-C, TNF-a, IL.-2, IL.-18, MDA, expressions of TLR4,

MyD88, p-NF-«B p65/NF-kB p65 proteins of the rats in the metformin group and different UA doses groups were significantly
lower, while their levels of FINS, HL, LPL,IL.-4,CAT,SOD,GSH-Px,and expression of PPARY protein were significantly higher,

and the differences were significant (all P <C0.05).There was no significant difference in HDL-C level among all groups (P >

0. 05) sand also there were no significant differences in the above indexes between the metformin group and UA-H group (all P>

0. 05). Conclusion UA could improve glucose metabolism and lipid metabolism.inflammatory reaction and oxidative stress in the

GDM rats by down-regulating expression of TLR4/MyD88/NF-kB pathway proteins.
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5 NC 4t % . GDM 4 K Bl FBG K F I+ %,
FINS /KT B, 2 5% B g1t 2 & L (P <<0.05),
5 GDM 4l ., UA-M.H 415 — I XUIK 4 K
FBG /K F¥ T L FINS KT, 22 57 BB G2
HEX(P<0.05)., UA-L 45 GDM 4 2% L5 it#
E L (P>0.05), “HMAKL S5 UA-H 42731451
X (P>0.05), WWE 1,

®1 BSEXROBEARBEKTELE (xts.n=10)
Table 1 Comparison of FBG and FINS levels of

rats among the six groups (x £s,n=10)

I3 40 FBG (mmol/L) FINS(mIU/L)
NC 41 5.74+0.56 15.85+2.13

GDM 4 16.78+2.35° 4.5340.76
UA-L 4 15.3941.55 5.68+0.70

UA-M 4] 13.21+1.28" 7.2740.76%
UA-H 41 10.0141.30b« 9.4941.01bd
P BUIRER 8.43+0.86" 10.67+1.13>

fEt 5 NC 44, P<<0.05;" 5 GDM 4t 4%, P <C0.05:° 5
UA-L 4] H#,P<<0.05;45 UA-M 4 b4, P<<0.05,
2.2 UA 3¢ X B 1fu g 7k T 9 % i
5 NC 4 %, GDM K TG.TC.LDL-C 7K
FHE, R HA S EE L (P<<0.05), 5 GDM
A . UA-M H A5 —H WA KR TG, TC,
LDL-C K P ¥ TR, 25 HA G %E L (P <
0.05), UA-L 15 GDM 4 # R L4 it ¥ 5 X
(P>0.05), “H B4 UA-H 5% L5 il
B X (P>0.05), 4% HDL-C /K2 SV i
Giit g X (P>0.05), L& 2,
2.3 UA X K B AE X151 B 7k £ B %2
5 NC % .GDM 41 K il HL.LPL /KF
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W, 22 5t B G2 8 L (P <<0.05), 5 GDM 41t GDM 4122 3 G123 L (P >>0.05) , — H B4

B,UA-M.H #H 5 B WHKAH KR HL . LPL K F+
B EREASI¥E X (P<<0.05), UA-LHAE

5 UA-HHEZR LG E X (P>0.05), L3 3,

x2 BAXRMmMEEKFELRE (x+s.n=10)

Table 2 Comparison of blood lipid levels of the

rats among the six groups (x =s,n=10)

i) TG(mmol/L) TC(mU/L) HDL-C(mmol/L) LDL-C(mmol/L)
NC 41 0.54+0.10 1.45+0.13 0.88+0.13 0.6540.10
GDM 4 2.78+0.21% 3.0240.39¢ 0.84+0.17 1.2840.192
UA-L 4 2.7240.15 2.78+0.21 0.85+0.10 1.21+0.12
UA-M 4 2.1540.12% 2.2040.16" 0.88£0.16 1.02+0.10"
UA-H 4 1,470,130 1.7540.13b 0.8640.11 0.7840.13"
Z HBUIRZR 1.124+0.16° 1.704+0.12° 0.90+0.10 0.69+0.13"

W5 NC 4 L, P<<0.05;" 5 GDM 4 He i . P<<0.05

;5 UA-L 4 A . P<<0.05;95 UA-M 41 L%, P<C0.05,

*3 BHAKRRERHEEKFELER (xLts.n=10)
Table 3 Comparison of lipid metabolism related enzymes levels of the rats among the six groups (x £s,72=10)
! HL(U/L) LPL(U/L) el HL(U/L) LPL(U/L)
NC 41 1.72+0.21 1.51+0.23 UA-M 41 1.2340.18" 1.18£0.20"
GDM 4 0.6140.13% 0.7240.13* UA-H 4 1.4540.20% 1.4040.16%
UA-L 41 0.78£0.12 0.8240.15 BT 1.54+0.28" 1.38£0.13"

.05 NC 41 H#, P<<0.05;" 5 GDM 41 Fkr, P<<0.05;
2.4 UA 3t K BR i K14 B F 7K F 520

5 NC 41 lb# . GDM 40 K . TNF-a,IL-2, 1L~

1B K EFIL-4 KT R, ZRBEAZIFEE XL
(P<C0.05), 5 GDM 4 b4, —H XWAK4 5 UA-L,
x4

¢ 5 UA-L 41 te%, P<<0.05;45 UA-M 41 th# , P<<0.05,

M.H %0 K B TNF-a,1L-2,1L-18 /K F B, 1L-4 K
VBT R BEAG S E L(P<C0.05), —HBUR
HE UAHHAESR LG IHFE X (P>0.05, W
4,

FHXRMBRERFKRKELE (xEs,n=10)

Table 4 Comparison of serum levels of inflammatory factors of the rats among the six groups (x &s.72=10)

Ml TNF-a(pg/mL) IL-2(pg/mL) IL-4(pg/mL) IL-18(pg/mL)
NC 4 66.32£4.42 85.4012.36 60.2341.45 39.751+5.32

GDM # 101.5846.23¢ 152.3243.15¢ 36.2442.03¢ 105.254+6.33¢
UA-L 4 94.32+5.21° 131.2544.03" 42.3241.88" 82.64+4.45°
UA-M 4 85.1243.44"b 119.3242.41" 49.52+2.06" 73.24+6.41"
UA-H 73.1544.77b 90.22+3.36" 58.45+3.04bd 56.45+5.25b
Z XU 70.59+5.34° 91.68+2.01° 55.63£2.47° 58.24+6.12°

05 NC 4. P<<0.05; 5 GDM 4l b . P<<0.05;
2.5 UA X KB &AL HKFERZM
5 NC 4 b3, GDM 41 K il MDA /K¢ L7,
SOD.GSH-Px,CAT /K ¥ TR, 2R BA G E
X (P<C0.05), 5 GDM 4l 4, —H W45 UA-
L.M.H 4 K MDA /K FF &, SOD, GSH-Px,
CAT /KFTH&E, 2% B A G2 & L (P <<0.05),
THXMA 5 UA-H A2 5% L5 it 8 L (P>

o5 UAL #H &, P<0.05;95 UA-M H L%,

P<C0.05,
0.05), WLz 5,

2.6 UA 3 X B PPARy K TLR4/MyD88/
NF-«B B EEBFRIEKFEHNZIN

KK PPARY /% TLR4/MyD88/NF-«B i % &
FIaci, WE 1, 5 NC 41 . GDM 4k R
PPARY % H # 15 F %, TLR4., MyD88. p-NF-«B
p65/NF-«kB p65 & £ ik [, 2R B A G &
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Y (P<0.05), 5 GDM 4 [b#, = WAK4 5 HAESG %3 X (P<0.05), W4
UA-L.M.H 4 Kl PPARY FEH %35 EJF. TLR4, UA-H#HZ R LG i E X (P>0.05), L% 6.
MyD88.p-NF-kB p65/NF-kB p65 & 1735 F R, 2%

x5 BHARSUEBEFAKELE (x£s5s,n=10)

Table 5 Comparison of oxidative stress factors’ levels of the rats among the six groups (x &=s,7=10)

e MDA (mmol/L) SOD(U/mL) GSH-Px(U/mL) CAT(U/mL)
NC 4 5.3640.39 51.4641.01 232.2045.87 21.35+1.21

GDM 4 18.4141.03¢ 19.4040.98¢ 70.331£8.32¢ 4.82+1.03%

UA-L#AH 14.16+0.98" 24.62+0.56° 115.36+9.36" 10.32+1.23
UA-M 4 11.03+1.02" 32.44+1.03" 150.5647.22b¢ 13.354+1.44%
UA-H 4 6.36+0.58b 45,44 41,300 201.45+11.52b 18.7541.63b«
Z XU 7.45+0.78" 44.21+1.42° 195.36+9.45" 17.33£1.540

245 NC #H %, P<C0.05; 5 GDM 4 48, P<C0.05;5 UA-L #H %, P<C0.05;45 UA-M 4 %, P<<0.05,

*6 LKAKXR PPARY B TLR4/MyD88/NF-«B BB EHKFELLE (x+s.n=10)
Table 6 Comparison of protein bands of PPARY and TLR4/MyD88/NF-«B pathway of

the rats among the six groups (x £s,2=10)

! PPARY/B-actin TLR4/B-actin MyD88/B-actin p-NF-kB p65/NF-«B p65
NC 4 0.95+0.12 0.94+0.02 0.7840.02 0.23+0.03
GDM 4 0.4040.05* 2.4540.32° 2.3140.52¢ 0.9140.08%
UA-L 4 0.5140.04° 1.9440.18" 1.9240.14" 0.8040.11"
UA-M 4 0.6240.06" 1.5340.17% 1.68+0.27% 0.6540.06"
UA-H 41 0.85+0.09b 1.11£0.29% 1.2540.20" 0.427+0.05"
Z HIXUIR AR 0.88+0.10" 1.05+0.15° 1.20+0.16° 0.45+0.06"

.05 NC A, P<<0.05;" 5 GDM 41 H 4%, P<<0.05;°5 UA-L 41 &, P<<0.05;95 UA-M 41t # . P<<0.05.,

3 it
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T TG AL p Lk, HL 2 IS i g, LPL n] B R IR L T A AR A AR PR R EORN A 1 A

Wk HL AR R B R 2 25 JF 200 5 BORR [ 92 81K i
ok TC M TG WRIE & 98 1 ALK g 5 A8 8f i 18
RS A 58 M) e R v b A RE R SR OF B G
STZ B 77 X 7. GDM K R &L, BiF 5% 45 3 1w
GDM 2 Il 47 i g 7K O 35 v TR 4 e 3 oK
VR T BB R EE LPL F0 HL WMt B % T
R, B R A ZE AL &, U i B T, &
UA &b 3 /5 1 8% | i A 7K1 25T B TR 5 3 K1
LTI LPL A HL W& M 8% B TF #2758 UA v Lk
% GDM KR AL 4 .
3.3 UA 5 R fE R MR R W3
REAR R AT IR PR G 2 X I B 7= AR IR 2R R
M, fif 45 % 28 T GDM 7= A= 1 58 E A Ak 1 35 6 35
SEMG AR . TRSERIILEMAERET W
DN AW T o RN v | T B T | =
NIRRT FiRYY GDM HA EEE X, GDM 1
R R AR BE A A B R E L I PR R B AE 1M T 48 A R
THY 784k, TNF-o IL-2  TL-18 %5, {2 48 40 j K 1 K
S R 2 o R 0 R A R 3 T AR 0 R P PR R
B S R UG I A, TR RS AT, R
T BRI E 2 S 80T B ROS 7= 4, 5 808 & I E,
Ji i AR R i A5 o R AR Ay g B 3 A AR ) BT MDA i
AR N T RE BOA A AL R BR A b B AR O
SOD.GSH-Px.CAT, T8 HL ik bt E Atk R 2K g, =
A EARR B . ARG 25 R b, GDM 4l K R &
HF TNF-o,1L-2,1L-18 /K F EFF. Bt % K+ 11L-4
KT R, Hoat A4k MDA & & b T, 5t & 1L i
SOD, GSH-Px, CAT /K¢ F B, 5 #5 A #F 58 —
;L Zak UA bFES AR R 400 B F K OF T R
PR W FAKF B, IF b A A g s vl 3 B,
UL UA B T hr e i & e .
3.2 UA 5 PPARY B TLR4/MyD88/NF-«B i #
i 48 7 4 i ) R BB R P 5 1 ) oA
RV AGAE R, b PPARY 1616 4 vh T LU i A5 1y R
PRI = 18 4 TR B P TR % A A7 5 DT 385 n R 1
AR 0 A A L X TR i QO B A
AR L JF H PPARY i& 2 5 4CH 2 AL i Bt &
Myt & A Y. A OBF 5T & B PPARy i i
TLR4/MyD88/NF-«B i #% . 18 17 g £ #1755 19 240
4 5 405 AN SR AR I B, B BLR AR S 1 PPARY %
ik s Pt A AP A, 30 TLR4/MyD88/NF-«B i
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M A g EARAFSE . GDM K R PPARY 5 (%
K. I TLR4/MyD88/NF-«xB 4 M i % & 11 -
A [ BsF AL AR 5 1 A B PR R i R, O L R R
TR MR A, &3k UA &35, UA & 4 K R
PPARY &3R5 L, i TLR4/MyD88/NF-kB %
PE3E B AR T A [ B BLAA 5 1 A R KO R A
A EAL A5 356 T UA AT LU 5 F 8 PPARY
FEik, M TLR4/MyD88/NF-«B 1l % % &k 4 i %
Mt A AEN .

Zi b Tk, UA 7] g3 i 41 i) TLR4/MyD88/
NF-«B il i 3¢ 1k, [ 7E PPARY EHIZS 5T, k%
XFF GDM K BRI 25 L L 480 B2 I R 48 Ak Iz 38414 i
FAEH .. UA BPTR Myt s LR B 2 2 B
FIHAE AN S5 AP WRARR LS UA
YE2 GDM il R 25 Y 4 (IL T 2 T A Fie 2% .
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