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Effects of Taurine on Oxidative Stress in Rats with Insulin Resistance Based on Keap1-Nrf2/ARE Signaling
Pathway

ZENG Mengying, MA Xiaoli(Xinjiang Medical University, Urumqi 830011, China)

ABSTRACT: OBJECTIVE To study the effects of taurine on blood glucose, lipids, oxidative stress indicators and important
targets of Keap1-Nrf2/ARE signaling pathway in insulin-resistant rat models, and to explore its molecular regulatory mechanism.
METHODS SD rat model of insulin resistance was established, and fasting blood glucose(FBG), fasting insulin, triglyceride
(TG), total cholesterol(TC), high density lipoprotein, low density lipoprotein in normal group, model group, metformin group, taurine
high-dose group and taurine low-dose group was determined after continuous intragastric administration for 7 weeks, insulin
resistance index was calculated. ELISA method was used to measure superoxide dismutase(SOD), malondialdehyde(MDA) in
liver tissue, and RT-PCR was used to detect Nrf2, Keapl, HO-1, NQO1 mRNA expression level. RESULTS After 7 weeks of
administration, compared with the model group, FBG and fasting insulin of insulin resistant rats in taurine high-dose group were
decreased(P<0.05), and the levels of TC and TG were decreased(P<0.05); SOD in liver tissue of rats was increased, MDA was
decreased(P<0.05); the mRNA levels of HO-1, NQO1 and Nrf2 in liver tissues were up-regulated(P<0.05) and Keapl mRNA
was down-regulated(P<0.01). CONCLUSION Taurine can regulate blood glucose and lipids in diabetic rats, improve
oxidative stress and reduce insulin resistance in model rats. It may be related to the regulation of key gene expression in
Keap1-Nrf2/ARE signaling pathway to improve oxidative stress.

KEYWORDS: taurine; type 2 diabetes; oxidative stress; Keap1-Nrf2/ARE
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WE PRI I B . i AR A QIS ELAT i AR A, (R4
itk 2 A M A A Q75 5 LA S Ak N A G v
AT ASTRBULE 8 D ST B 5 ZE AP A K R
OB 2 I Y = e e NP = S 11 A FU R X “/N
SRS . AR . WS 24 IME NG, e KR40
Hh SR I JORE DG i e A A6 4 1B AE T (superoxide
dismutase, SOD). N ¥ (malondialdehyde, MDA),
#E—253a ] RT-PCR A I A= s R 1 i 5 K B
JHLH 2L S A0 N 315 538 [ Keap 1-Nrf2-ARE H1 ¢
HEHE S Keapl . HO-1, NQO1 & Nrf2 mRNA )3
IRTEOL, RV AR IR 6 TR & 2R 8P R B AR B ik
SN 1) 5T HL
1 MR5E%
1.1 ¥

SD f@#FEKEL 60 2, &, A&iH 180~230 g,
SPF 2, HAram R R 2 s se g 4t Segm
Y AT S . SYXK(#7)2016-0002; 4 FE 3R
Bi. R 12 h-d™!, IRIEQIE2)TC, B 40%~45%.
1.2 23 55

HE K f/£ # &K (streptozocin, STZ, L5 .
43617105 A%: 1g). 4mEERELS: 101851390;

FAg: 100 g3 H Sigma /v F]; FrEBRELS
20150701) . B = ANt 5 : 20150701)34 14 F
R ILEA TABR AT R H A4 RO
fRRAARF) T, 1S 20170222); FhR —H XUIK
[ F it 52 Sl 25 FRA Rl (Fh28) , BiA% : B3 1 0.5 gx
20 F; EZGHET H20023370); [ 248 (GE
Amresco A F, #5: 20151225); L EHIE(CRHE
JEE ARG THFFERT, 5. 20120820); It
YRR (PR E % [RIZ WA R A R, 2ol
R AR & AT A A RAE, it
20170120); SOD(IL5: 20160327). MDAt :
201604227 G 40 [ mE mt A YA R A
Keapl. HO-1, NQO1 J Nrf2 5|4y 1B s B 74
YR ABR A FA B

1.3 Tk

1.3.1  JREZFEACPUR AR M 4525 60 H SD
KEGERPEMRSE 3 d J5, HARBTRERENLA R E 4
(10 F)FERIAL(50 H), 1IEH AR EIme, &
MR m b AR, A m#K, 1 R EREAR
HRBEEEANEK 12 h 5 EEES STZ
(35 mg-kg™"),72 h JGHI HI AR 2 25 2 i Af (fasting
blood glucose, FBG), FBG=11.1 mmol-L~' & J1&
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RN, 45RER T 41 2, Razh 9 R, IE%
20 265 T AH [FHA R AT R A7 A TR BN 2 PRk
RS, e A REAL R 4 4.

*ﬁﬂéﬂ(n—lo), — HRUIRA (400 mg-kg™") (n=9), 4

Tl 1% 25 ) 41 (600 mg-kg™") (n=12) Kz 4= Tl TR A 5]
H (400 mg-kg™) (n=10). LA 254 ESEHE B AR
7
132 HEARE RRGZE, SHARREEAR
2K 12 h, W H R EL L2400 0 s v SRR P G 2
0.3 mL-kg™), RIEHNE FPKInAE, =iRHE
30 min, 3 000 rrmin~' B.[> 10 min, H )2 Mo
BJ5TF-80 T

BUF AR AE MR T, A 3

¥, T-80 CH&AF, FHTHreHZ b &AL N )
B e A AR bR mRNA 3K (R
1.3.3 MR IE R4 H AU
2% 2R BRUIALYE M = (triglyceride, TG). &MH
[if] 5 (total cholesterol,, TC). =% FER & 1 (high density
lipoprotein , HDL) . ik % J& 5 #& H (low density
lipoprotein, LDL)o 2R S G2l s R &
1.3.4  SFALNGEFERIE 4% ELISA 25 & ikl
B A5 202 SOD. MDA,
1 3 5 RNA $EH, W% 5% ) RT-PCR &zl $2HL

BORNA, Wit cDNA, BE&EHOEER PCR
ﬁt?ﬂJ 5 DNA(HI cDNAYR S, 4 w22 1,
MRS, 3 T A A A PR PR Aot AR, SIEERT A I 2
HAFZE, K Cr{H. [FEFIH B-Actin /EXTHR
311 Keapl . HO-1, NQOI1 J Nrf2 ByAH* ik
FUFH 272800 A3 Hh A5 2 BE R 9 AR 38 R /KT
SR 1,
%=1 Keapl. HO-1. NQOI % Nrf2 # H 7| 4 7 7|12 &

Tab. 1 Keapl, HO-1, NQOI1 and Nrf2 gene primer sequence
information

Clk/ BN izl PCR j=#J K/ Mbp
Keapl-F2  ATGTGATGAACGGGGCAGTC
Keapl-R2 ~ AGAACTCCTCCTCCCCGAAG 1%
NQO1-F2 CCACGCAGAGAGGACATCAT
NQO1-R2 TCAGATTCGACCACCTCCCA %0
HO-1-F1 AACCCAGTCTATGCCCCACT
HO-1-R1 TGAGTACCTCCCACCTCGTG Hiod
Nrf2-F1 GATGACCATGAGTCGCTTGC
Nrf2-R1 CTGCCAAACTTGCTCCATGT 133
Rat-Actin-F1 ~ CCCATCTATGAGGGTTACGC
Rat-Actin-R1  TTTAATGTCACGCACGATTTC 130
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1.4 Gtk

K HI SPSS 17.0 GEit# ko3 Akt , 1 5okt
Phx s, RIBRRTT 200, KKl
P=0.05, Ll P<0.05 NZEFAGIT¥EL,

2 H#R
2.0 AR IR RGO FBG . 2SR 3 %
Ji% 5 Z 4T FE £ (insulin resistant index , IRT)AY 521

HIEWHKRBAALL, BAE KT FBG .3
i TIER 41(P<0.01), SR AR L, — HOBUIRA |
AT R e 7R 2 2 S I S R B (P<0.01) 0 54 KRR
MAFEE IR 2.

SIER A R, BRI R R A I I R R
FE RN (P<0.05), SEARIZAAALL, FHTER
FHOSUNRZE A fie PR v FR) e 2 B 7 e 3R &5
R, 225 HA G L(P<0.05), 451
%2,

IRI=FBG* 2 [ 5 %/22.5, FAE T RS E4K
PUIGEOL. SIER A, BRI KR IRT B & T
IEHA(P<0.01), UEHTENT Y 2 RURE IR K UL
WL TR AP UEAR . AT 7 R)E, W
XU, AR s IR &2 IR FRED ., 518
RIZUAA L 22 e B B Gei 738 L(P<0.05), AR iR
o 79 et 4 55 PR 24— SURAEL AR P AR AL . 5 2R L
%2,

R2 SHRTINBREEFRRAREEOLE. 28RS
. BRBEAMMEBEHZNZE (X £s)
Tab. 2 Effects of taurine on fasting blood glucose, fasting

insulin and insulin resistance index in rats with insulin
resistance (X s )

415 . MR S R/ i % FALHL
mmol-L™! plU-mL™! R
EH 4 10 3.9+0.5 54.98+13.56  12.56+3.43
FIRIZ 10 2434372 70.23+£32.60)  80.72+57.91%
TR 9 13.626.6Y  33.60£1437Y  23.30+8.13%
TR E AL 12 15.3£1.09  35.70+17.59%)  22.99+8.56%
AREERCAIRAL 10 17.8+3.7 32.14+21.899  31.68+29.06%

T HIEWALE, DP<0.05, 2P<0.01; SHEMLILE, YP<0.05,
9P<0.01,

Note: Compared with normal group, "P<0.05,?P<0.01; compared with
model group, ¥P<0.05, YP<0.01.

2.2 REEFR RS R AR R TG, TC.
HDL F1 LDL FJ 5% i

HIEW AR, SAA KRGS TG & fF
m, HES TG ER L Y THE, 4R
o AR AR U K R vE v TG & i

il
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B RR#R(P<0.05), Z5HILFE 3,

HIEWHM L, #BAHARILE S TC F&
(P<0.05), 2495, AR w7 AR — F XY
WA K B o TC /9 & B B R R (P<0.05). 45
FILEE 3,

SIEWHMI, R4 HDL 0 & 8T+
(P<0.05), 249+ 7 J8)G, W OOUIRAL . 4-fHfR
R AL L T HDL f 7 i 3875 BEAR(P<0.05).
2RI 3,

HIE®EHM, BRI LDL )& &
W3 T 55 (P<0.05) 0 ZFRPR T T 5, — HOBUIRAH Il
% LDL /K F-FEAK(P<0.05), A-RfMRm . K74
AL LDL i, (H2E5TIgqitm L. 458
L3 3,

®I FHRTHIARGZHEAAR DA ZRE(Ts)

Tab. 3 Effect of taurine on blood lipid in rats with insulin

resistance( X + s ) mmol-L!
2051 n TG TC HDL LDL
R4 10 1.33£0.63 1.42+0.17 0.68+0.10 0.30+0.03
e 10 1.50£1.04 1.60£0.53" 0.97+0.36" 0.530.11"

bl el 9 1.30+0.87? 1.40+0.41? 0.71+0.28% 0.30+0.08%
AREIRE R4 12 1.10+£0.352) 1.40+0.34% 0.72+0.25% 0.40+0.07

RERRARRIRAL 10 1.41£1.12  1.77+0.41  1.00£0.28  0.41+0.08

T SIEWALE, "P<0.05; SHERILIILES, 2P<0.05,

Note: Compared with normal group, "P<0.05; compared with model
group, 2P<0.05.

2.3 A-BAR NS R AT K B 414! MDA | SOD
)52 ]

HIEFAMLL, A4 KR SOD & & i %
FEAIL(P<0.05). 25110 7 fil)5, —H AU ., 4
itk 72 e 391 et 2 K BRUFZHL 20 SOD 1 75 St B S 34
(P<0.05), Z5HRNE 4,

HIEHHM M, BRI KR Z U MDA 1)
T RGN (P<0.05), 5117 s, ZHXL
IO B A= B TR 5 PR 4 R BUIF i MDA 1) 5
TR, ZRHEASIFE L (P<0.05), Z5HR LK 4,
2.4 RS R AHUR RUF 42 Keapl |
HO-1., NQO1. Nrf2 i) mRNA 2 iA/K -5

SIEWH L, BRI Keapl mRNA ik I
PE(P<0.01), SHRIHAHEL, —HOUIRAL, ZFiR
5. AKHIE4 Keap 1 mRNA 7KF FRE(P<0.05 5%,
P<0.01), Z5HRWIK 1,
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* 4

(X ts)

R TN RS & LA BT IE MDA, SOD ¥

Tab. 4 Effect of taurine intervention on MDA and SOD in

liver of rats with insulin resistance(x £ s )

2051 n SOD/U-L"! MDA/nmol-mg™!
R4 10 137.19+17.50 177.9+45.26
FRAIL 10 81.40+31.41D 303.0+57.88D

HIXUIRZH 9 108.02+12.62% 206.6+29.352

AR e 7 e
ARG 4

12
10

110.94+29.36%
85.22+46.72

234.5+32.72%
190.9+99.95%

T SIEH4AE, DP<0.05; SHB4IHE, 2P<0.05,
Note: Compared with normal group, YP<0.05; compared with model
group, PP<0.05.

SIEHH e, FRIZH HO-1 mRNA 357K
BB T P<0.01), FEERT UGS, 2R e
20 mRNA k7K FR(P<0.05), —H XUAR4 I
JEIH 2. (P<0.01), 25 LA 1,

SIEW 4 i, B K B E S NQOI
mRNA Fk KT, (BG5S
L, PR . (KR4 mRNA FikKF D
M, ZRAGE L (P<0.01), Z5RILE 1.

SIEH A iy, AL AFAE S Nrf2 mRNA #
AT, 250502557 (P<0.05), SR
AR, B RSUIRE A AF fif R e L 57 41 mRNA
L3R FIE(P<0.01), Z5FRILAE 1,

3 g

AW 5T S TR B R HRPTE IR R K R

RS RS TR AR ) A R R, ARSI AR AR % 4%

4 2 4 A
I 3 u A
X 31 R STV il
gy A R
E u AR 2
T4
vi

0_

107 o WIEWH
o w LI
2 = U4
T 6 Y - R P AL
E 4] I w BRI L
g
Z 2 1

0

B1 5 FHEFA R Keapl.

BRI FBG GRS &R . 458 8K, 4+
RERR T FUmT, HEAIK Rl FBG. IMLys s E/KFH
WIFE(P<0.05 BY P<0.01), 774 B0 s =%
P, RIHMARARE R, X5 EEED
FIr B LA STZ 753 (A s oK el 2o 4 fiek v
B A RUEAR M K 25 R —3 iR+ 1 7
JaJa, RIfdiEs MR v R R ACTEREAL, I ek
TR = MBS . R BRI 5 R Z AR
Wi 22 2 /T PR s TR Ak KO, DR T 1B 3K
P4 B,

MAS I, SIERAM L, ALK R i
H1 TG, TC Wl T, A, A-RER & i
HFRE T I TG, TC MK, ZRAESIFE
X (P<0.05), B4 fif i o] 855 08 s K B0 i o
U ZEEL . 3T A B R A 1l Ais A 1 AT i 2 3 o 4
TR 1 A RN A [ B 7 - 328 A 1) 3 A (R
P B A SO R Y BR ), 825K O R BRI R 7K
F, iX 5 Guizoni FFPMRIE M —3. 4REFREERHT
MR A T RS THF X Zk-a, Mt
IR B 4L b AR B KAk B8, E— ek
JE R FER 5 Z 45400, HDL BB A 0% i@ e h
() Z A IR T, B i B AR RE 1, el IR ]
(R, JREE AR I HE R 1 I 405 0 AR SZ 56 v
AR T UG HDL K-35 FEAIK(P<0.05), AHF
55 AR R —3, ATRE S Ll B
o — ELZ5 T = i R B R Bl R B 25

20 EH
i) I m AR AL
ﬁlf Y G E il
w 3 AR IR
g X [ = 2 ERAT4L
S 5|

0 i

207 E#
i 9 Ly
1 157 m IR
#® ” BRI
glo ] w R i 4
g s H
SN P -l

0 b

HO-1. NQO1 ¥ Nrf2 ##t £k B (¥ +s)
HIEH4IHE, VP<0.05,2P<0.01; SHB4IIE, YP<0.05, YP<0.01,

Fig. 1 Relative expression of Keapl, HO-1, NQO1 and Nrf2 in the liver of rats with insulin resistant(x + s )
Compared with normal group, "P<0.05,2P<0.01; compared with model group, ¥P <0.05, ¥P<0.01.

-2706 - Chin J Mod Appl Pharm, 2020 November, Vol.37 No.22

e E AR FH 252 2020 4F 11 H 45 37 545 22 )



FRAETT T REA G, (HESE T 2 BUMEPRY% 5 HDL AH
FME ML AKTL & 6 AN E AT EE
N, 2 RUBE R &0 32 B i I [ A it
&, B HDL & [ 58 OCHk, 2t Lt —4
AT

Gorbenko 212188 2845 38 38 1 AN R 25 T 4 itk
fi ] T )5 A PR e R R0 I Sk I 38, AT D 5
Wistar K FRAE AR VR F o AR S50 6T JBiE 5 ZRHRHTR
SR 45 25 21K U4 20 b SR B S A7 SOD
MDA #EATIE . S5 RAT 5, et STZ 55
R IR ) B PO K U412 MDA /K i
T+ (P<0.05), SOD H R FEAIK(P<0.05), XLEHRFT
A3V T AR ALK BRUFE H BERE . BR AR ZR AL A TR
R RTENRRE = R A A IR €K T i o 11 A 5 ) =
AT R e 7 L AR A ) Sl R AR P AL 200 MDA 7K
F-(P<0.05), FHEEITFALH SOD /K F-(P<0.05),
X5 Ahmed s i9—a", UL A4 RERR 1 N —
FRPLAALT], AT LA s 2 AUNE PR K RUFAL
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Keap!-Nrf2/ARE J& H #7585 WL ST A AL
o7 25 H B ) 5 i 2 — U4 Sl B P Y Nrf2
L B F B 2 200 BT S b I 38 2R v 1 S A S P
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ARE {fift Nrf2-ARE {55l %, HBOE RN o))
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Nrf2/ARE &%, Keapl X Nrf2 B9 I RE£S 71 PR 2
ER, W& T NPT ILEE R Nrf2 1933k,

bk, BT S R K
. FBG, HAWRMESRIPIIEN; LT
Nrf2mRNA 235 , #2784~ B R 1] el 175 5 Nrf2
WsEr, i ROS A sz, MMk Ak 35
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AR A o
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