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HO-1% & &k K -F3 B FEAK(P<0.05) ; ARG E | R BAFUER B DR BRI A EN R, SR ML,
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Effect and mechanism of tournefolic acid B on the improvement of glucose metabolism and renal function
in diabetes nephropathy model mice

LIU Wumei"*, LIU Yongfei'*, PENG Lin"*, ZHANG Haihong"*, GUO Qili"*, LU Jing"* (1. School of
Pharmacy, Nanchang Medical University, Nanchang 330052, China; 2. Dept. of Pharmacy, Jiangxi Health
Vocational College, Nanchang 330052, China)

ABSTRACT OBJECTIVE To explore the role and underlying mechanism of tournefolic acid B (TAB) on the improvement of
glucose metabolism and renal function in diabetic nephropathy (DN) model mice. METHODS DN model mice were established by
high-fat diet combined with streptozotocin, and then randomly divided into model group, positive control group (vitamin E, 20
mg/kg) , TAB low-dose, medium-dose and high-dose groups (1, 2, 4 mg/kg), with 12 mice in each group; normal control group
was given regular diet. Each group was given relevant medicine or normal saline intragastrically, once a day, for 4 consecutive
weeks. The glucose metabolic function was estimated by fasting blood glucose, glucose tolerance test, insulin tolerance test and
serum insulin concentration. The renal coefficients and biochemical indicators related to renal function [serum uric acid, blood urea
nitrogen, creatinine levels, and ratio of urine microalbumin to creatinine] were detected in mice; the contents of biochemical
indicators related to oxidative stress [superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), malondialdehyde (MDA),
8-hydroxydeoxyguanosine (8-OHdG)] were determined in renal tissue of mice; the pathological morphology of renal tissue was
observed; the expressions of extracellular matrix (ECM) deposition related factors [transforming growth factor B, (TGF- B.) ,
fibronectin (Fn), type IV collagen (Col IV )] and protein kinase B (Akt)/nuclear factor erythroid 2-related factor 2 (Nrf2)/heme
oxygenase-1 (HO-1) pathway related proteins were determined in renal tissue of mice. RESULTS Compared with normal control

group, fasting blood glucose, area under glucose tolerance

AESTE 11764 %5 TRLH RFIZO5 H (No.GII2208214) curve, area under insulin tolerance curve, serum insulin
* E—EE YO BT 25902 . E-mail: 2300616634 content, the levels of uric acid, urea nitrogen and creatinine
@qq.com and ratio of urinary microalbumin to creatinine in serum, the
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contents of MDA and 8-OHdG and the protein expressions of TGF-B:, Fn and Col IV were increased significantly in model group
(P<<0.05), while the contents of SOD, GSH-Px and the protein expressions of p-Akt, Nrf2, HO-1 in renal tissue were decreased
significantly (P<<0.05) ;

glomerulosclerosis and interstitial fibrosis of the renal tubules were all found. Compared with model group, above indexes of mice

the significant thickening of the basement membrane, accumulation of mesangial matrix,
were all reversed significantly in TAB groups (P<<0.05), and pathological changes were alleviated in a dose-dependent manner.
CONCLUSIONS TAB can improve blood glucose metabolism and kidney function and alleviate renal tubulointerstitial fibrosis in
DN model mice, the mechanism of which may be associated with activating the Akt/Nrf2/HO-1 signaling pathway and suppressing

ECM deposition.

KEYWORDS tournefolic acid B; diabetic nephropathy; oxidative stress; fibrosis; Akt/Nrf2/HO-1 signaling pathway
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JZ 144 2 45 [ 26 [ Bio Rad 2\ 1) 5 55 4 Fa ZE A4 20 1L
BEAUWE [ 5 (b ) B 7 2 AT BN D
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TAB (431} 312.063 3 kDa, 4l Jif =98% ) fH 4t 5t
245 A W0 W 5 BT I % s SRR kAR R E A A (it S
20201012, 145 0.5 g) W [ 5 22 5% il 25 A BRAA ) 5 4%
%4/ B & (streptozotocin, STZ) (L5 4 021J2742) ¥4 iy
1 3¢ [# Sigma /> 7l 5 M7 IRER R R A UEF S8 E ek
AL (superoxide dismutase, SOD) At H ik &AL ¥ it
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schiff, PAS) 4t {4,357 & . Masson Z& @37 & (354351
20190712 ,20200305) ¥4 [ 630 R 3 R A PR
A 5 BUUR 8- #8 FE I 4 5 1 (8-hydroxydeoxyguanosine,, 8-
OHAG) FATEFEHUA i TGE-B, BATE A . Col IVZ
FEREPLAR Fn £ FEBEHLAR (HO-1 PR TEFEHLIAR Nrf2 £ 58
R  BERR 1L Akt (p-Akt) £ FEFEPUIA | B-actin A T [
Bk (5 4> 9 GR115731, 5832, 48508, 5830,
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thEZG s 2023 4E5 34 4245 23 4
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e STZ e N7 PR B o /N BRUBC 7™ ELER 7 vk F
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Tkt 10 S SCHERE PR /N BRI, 24 24 h RAE F1 HETHE
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30.60,120 min i FEF#BKEML 0.1 mL , 4R J K6 0 I BE(E
A AT 28 R T (area under curve, AUC) .

i 5 ZE M 000 - 25 245 5 A T R R AILIE R 6 H
NS R ES K R R TR, s T R I % (0.75
U/kg) i, T0.15.30.60 120 min i EE K EU 0.1 mL,
SR e RS IR, I35 5 2 i AUC,
2.2.3  IMYE MRS & I E

BYJES AT AN B R S TS 150
mg/kg U 2 A A, FREE . BUNERLGAR I 0.8 mL, DA
2 000 r/min 2.0 10 min, WA 2 LT , SRR R L7
ARSI /N BRI Y o 3R i
2.3 /NS RE R ELAN S T BEAE 35 A L 3B ER K E BOAG
2.3.1 BHERE

YR A RRA/INR AT 2.2.37 IR O AR IR
LS, A S Jik 0B A, R 1 AR R I R A
(mg/g) = "B T it/ 1A
2.3.2 I IRAR R R A AL KT 10

R IREE AR AL/ N R T 2,237 T T 0 AR 1 HX
068 [] i 1) T AR 35K SR i 2 AT IV IR S ¥ T 37 °C
ZMFF Lh, BB T4 °C b, Fr ILREE [ /5, LA 2 000
r/min 5.0 10 min, WA )2 M35 5 3% REAH 357 2 i B
I BARAE ST BRI N B rh PR R R ALK

TEZED; 2023455 34 45 23 1

2.3.3 PRI U P15 LI G AR

R 4 B/ NG R E 2R R AR 24 h
R 5 FEORH R 156 I A3 D7 4R 23 A /N LR
Tl 1A AR U AT I3 M & i LA
24 NS AR EWEIHAE X & ISR
2.4.1 /N4 SOD . GSH-Px MDA 5 0l 5

“2.3.17 U B MEFRER S, B2 BT R AR L
1:9(g/mL) I A BRER 7K, 2 000 r/min #5.0> 15 min, BT
TE A T 2 B AL U500 e AR N ) e D P A T T
Y /N BB 214 FP SOD . GSH-Px FlI MDA fY 5t
2.4.2 /NEUEHZLA ] 8-OHAG & &l e

KR AL A TR I . BLC2.4.17 TR 5 —2F
B ZUE T 10% H AW [ 5 48 h, 28R B B /K =
5 AT A I U0 R (5 wm) 5 G UI R A TH)
PUEST 5% L1 B AEHERE U, A 8-OHAG —#it
(R REEE 1:200) ,4 °CHEF R K H , LA +h 22 vhii
(PBS) IV 3 UK, AR, —Ht (RN 1:5 000) , 37 °C
%7 30 min; LA PBS i ¥k 3 K5 , #£17 DAB & (4 Fl 75 A
RY o SRIGEME CREBUK B B . RAZOLR
THUBEEEY) A G bt B € %) PR DX I
2.5 INERISZHZARI PAS .Masson St B2

W 2.4.27 WU F T R BEAT KA U 400
AT PAS Juff,, BRI | RMESE T W S 1 2 4R
o R R A . 5 BG4 U1 i 4T Masson e 4
ECM it 2 4k 2 e €0, ILETF 4k R4 A2 N 2 4141
L% EA I SO 1) D T A Gp U S = A e B Ay i) i e
M Image) V1.8.0 F gt e A mai L
2.6 /INR'EHLEF TGF-B..Fn . Col IV . p-Akt Nrf2 1
HO-1 & A RIEKERIH N

K il Western blot 3 1 77K I o 5 FH 9 60 BF I8 20
mg B 441, A RIPA 24 & T 0K | 30 min 58 47 i
FEAE , T4 °C 444 F LA 12 000 t/min 2.0 20 min, Y4k
S W T BCA SE it SR JE HEAT AR PEAL B O fE
4B FURE S HEAT ot B TR - 3R A M4 T g 8 e r Uk
FFEIEE UL 5% NG 2R 5 2= i3 04 1 h, A TGF-B: . Fn,
Col IV ,p-Akt Nrf2 \HO-1 B-actin — i (Hi B0 1:
1000),4 °CHEE 3194 ; LA PBS 2% 3 ¥ X 5 min, JIIAH
N B (R BEEE Ry 1:5 000) , =R BEE 1 h; LA PBS i
PE 3R X5 min; £ AN HL S UEATRER RS . SR
Image] V1.8.0 BF43 M d (40 IR BEAE, L BFREE S
NS 8 H B-actin 1Y K E(E HUIE 7R 25 I 2Rk K-
2.7 iR

K HI SPSS 17.0 #AFBEA TR 73, 1 BERER
xEs K. ZUM BRI R Ty 225047, k20
P LEACR H LSD-t ke o A3 /K #fE a=0.05,
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3 HFR
3.1 TAB 3% % FR 9% 15 9 45 B /N BB 20 48 4% 159 2h B i
=AU

HEARLER 4 JE /N B2 I A o v i 5 2 ARG A i
I AE T R, 5 E R IR A, BRI N L2
IBE 2 B T AUC B 5 T AUC | L5 198 5 2%
SRYEETE(P<0.05), SHAI HE, TAB 457
/N R BRI 03 BRI (P<<0.05) , HL2 5 AR
FPE 5 PH PR B 4 N B L R AR AR 28 B SRR AR (P<
0.05), ZERIWEIL,
x1 SHRNREBEHEREINEHEXERNENLER

(x*+s,n=12)
1l EARRINE  RHEREAUC  WRERRAUC  MEELEAR
(mmollL) (mmol*min/L) (mIU*min/L) mlU

A 5.10£042 20334153 34674153 1067£153
A 1605003 6233058 70.00£ 1.0 23.00£1.00°
TAB{GHZ 4 12064028 5400 £2.00° 59.00 £ 1.00° 1867£15%°
TAB &4 921 +0.67* 40674153 41671058 15.33£0.58*
TAB 24 5424061 3033£2.08 38674153 12.67+0.38*
v 538041 20071187 37441232 1238£043°

a: SIEH X R A H, P<<0.05;b: ST H , P<<0.05;¢: 5
TABEFIHZHAR L, P<0.05;d: S TABHRFIH 44 L, P<<0.05,

3.2 TABXIHERF SHEEU/NR SRS EFN S ThgE i
=210

5 T H 0 BAZE AR Eb AR 2 /0N BB E 2R B0 af 37
JRIE R 2R IUEF K LA B PR i A 2 5 LT A
¥ TR (P<0.05) . SHIAYA] R4S, TAB 45 4
AN R AR KT ) 1 2 R (P<<0.05) , H & 50 K
JOPE 5 BT BN B SRR BR 2 B 35 BRI (P<<0.05) .
gERIE 2,

K2 FHHNREIFEEHDS
ZR(x+ts,n=12)

BEAE K FEAR7K T A4

Bl mEREER mERRER OMETIA RBEAERY

4 Dl
A (mgg)  AFAmmoll) AKF/AmmolL) KF/(wmolL) HIEFH[E/(mmol/L)

FAMEA 0013000  29333£5437  590£078  147.67£7.59 0312009
i 0027£000° 41333887 1600£0.10°  21867£736° 497112
TABERIRAL 0015000  46667+957 1373041 187.00£535 30127
TABWRIEA 00142000%  403.67+1347  1213£074%  17233£206¢  232£103
TABEAIEA 0012£000% 33600+ 1143 7302065  16467£525 142089
AERTIBAL 001120000 331363835 725+072 163003432 1441048

a: GIEH X LA A L, P<0.05;b: S A L, P<0.05;¢: 5
TABLHI LA, P<<0.05;d: S TABHRFIE LA L, P<<0.05,

AL IEHRTHRZ

B AL

C. TAB I #41

3.3 TABITHERA SHEE/NR SHR SN AR
55 1E X B L A Fb , B R 20 /)N U 2H 40 SOD
GSH-Px 7 & i ZF&{% , MDA .8-OHdG % i34 . & T
= (P<<0.05) . SR L3, TAB &5 s 41/ i ik
FEAR K P44 i 2 i (P<<0.05) , HL SR AR 5 BH A
Xof BRAT/INERL R R ) i i i (P<<0.05) . S5 AL ULIA
LOBAEXT HEZH PRI ) 3
x3 BANMRSARSWNHBXIERSENRNL
B(x+s,n=12)

ik SOD/(UfmL) GSH-PY(UL) ~ MDA/(moL/mg) §-OHdG
R R 3173341379 015041075 5467535 203+0.19
fA 193.00+11.52° 196,50+ 14.65° 91.17£3.66' 4904063
TAB{ERIRA 235831458 243.00+885 83334308 4374039
TAB |24 25550+ 547> 26467887 69.83 +4.96> 3181019
TAB R4 280174920 29350+820 65.50£2.74¢ 240032
Mtk 291424833 29842+9.44° 6691438 2314022

a: GIEH X A L, P<0.05;b: S A L, P<0.05;¢: 5
TABKHI AL e, P<<0.05;d: S TABH I 4L e, P<<0.05,

3.4 TABXHERF SHEI/NRE/NE B RTENH
=210

5 1E H X HR A A B, A58 2 /)N BRUJE RS IS0 T2 | 2R 5
SETTHER B /INERBE AL B /NS ) B 41 A A0 I 8, o
T AU BCM LAY (6 i AL i 3 R (P<<0.05) . 5
BT 2 LA, TAB 45501 et b R A8 i | ik It 4 0 1
I ECM YL T FR I FREY 1 080/ (P<<0.05) , H &S 54
M 5 BH A X B2 /DN BRI AR A s, i it e 5 1
FTECM JL (o TR AR 20k (P<<0.05) o A5 R LA
2(BAMEXT HEZH I ) (4
35 TABXIHEREEREE/NREHLAF ECMITHA
HEEBRIEHIZM

5 1EH X L AR E , AR 2H /N BRUBF 21 2 R TGF-B
Fn.Col IV AR B ETHE (P<0.05), SR
2H HAL, TAB 4550 2t 2 /N B 3R 48 b K O 357 B 3 B AR
(P<<0.05), H AR ME 5 BE X B2 /N B3R 4 b
0 F AR (P<<0.05), Z5R LK 3. %5,
3.6 TAB XTI #E P % B im iR B/ RS 28 248 AKt/Nrf2/
HO-1 55 @ EEXEARIENFME

55 IE % B A B, AL AL/ BB 41 20 p-Akt,
Nrf2 \HO-1 8 H &K KF B F PR (P<0.05) , S

50 pm o s0um

D. TAB 54 E. TAB 7

B1 ‘HENREHLAFS-OHAG KR EE
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Masson 44t

BAHA  CTABIGAIRAL D. TAB AL 41 E. TAB 5 Al k41
T BB AT Sk TS A ZR A I A A5 O MERR, S A S TR M AL S B AR A GRS 20 2548

2 FHENREHLH PAS Masson & [E]

T4 FHNREHL PAS Masson 3 & H R AU N 25
B(x+ts,n=12)

413 LR (LS % ECM TR (7 H %
TR 5174075 021£0.09

R 1567£225° 0714003

TAB il 41 9671052 0514002

TAB 4 7834050 036%0.04%

TAB Fil 4l 5331082 0274003

it xR 524107 026002

a: 5IFEH A IRAIAH L, P<0.05;b: SHEEIZHAH [, P<<0.05;¢: 5
TABIGHI 1A, P<<0.05;d: 5 TABH | S 41 AH L, P<<0.05,

TGF-B, 44 kDa

Col IV 161 kDa

14 kDa

B-actin 42 kDa

[ IEW XL 1AL 5 I - TABAIGGR FH 26 ; IV - TAB R 5 4
21V : TABE 45 Vs FEPEXT AR,
B3 KANREHAAFECMTREXEEREKE

x5 BHANMRBEADECMABHEEEARILKE
HRNER(x+s,n=12)

415 TGF-B,/B-actin Col IV[-actin Fn/B-actin
R R 0.99£0.04 040£0.05 0424004
g 1794004 1504004 1894003
TAB{AI 24 127£0.03° 1.00£0.04° 080£0.02°
TABHfl 241 0,890,035 0.67+0.03* 065£0.05*
TAB & AIE4 0.68:+0.02! 036003 060£0.02
iliaonie] 0991004 040+0.05 0421004

a: SIEH X IR A H, P<<0.05;b: SR A L, P<<0.05;¢: 5
TAB{IGA A H, P<<0.05;d: S TABH 414 th, P<<0.05,

21 b #E, TAB 457 41/ BB R 8 AR /K72 8 2 T
(P<<0.05) , H S5 AR 5 BH: X B4 /N BB AR R b
BT (P<0.05), 45K 4.6,

T2 2023 AR5 34 45 23 1]

HO-1 -”"” 33 kDa
Nif2 ‘”u S o L

pak | — - - 60 kDa

1 1! i} v Vv Al
T IE %6 R T A2 5 T TAB{IR ) 40 5 IV - TAB bl 42t
25V TABR A 5 VI B I
4 BEANRBHA D AKUNr2/HO-115 S8 888~
EAFRIEMEKE

*6 HKANMRZHLH AKYNr2/HO-115S @ KEX
EERIEKEHNRNER (x£5,n=12)

Eib] HO-1/B-actin Nif2/B-actin p-AktB-actin
THEHEA 09140.03 1.10£002 1.13£0.02
fRRl 0.58+0.03° 054£0.05 062003
TAB (A &4 0.74£003 0.77+0.06" 082003
TAB &4 1.08£0.03® 1.05:£0.06% 090005
TAB 4l 1524004 1301007 1.03£0,03
MR 1.48£0.06° 126006 1.98£0.04°

a: FIEW X IR AT H, P<<0.05;b: SARIZH M L, P<0.055¢: 5
TAB{IGA LA LY, P<0.05;d: S TABH i 414 Lk, P<<0.05,

4 g

W DRI 55 95 2 PR R DR T S5 0 P S , A
BE PRI B0 RARE 2 — , I B P 2R R R BN
JINBRTE AL RN /N ] TR T AL , I R 0 = 22 bk
BEIR . wig ] E A ROS 77 A A b 2 PR o 1
WG s R RY, R NI 21 ROS BT 38 i X o 44
B AN T IR 17 R 5 35 o SR Ak, 75 3 06 Tt | AL
MDA IR, $i LU SOD . GSH-Px [ 1% 1 1l 2
WML AP AR i 1, X s o] i e A I LR P MDA
GSH-Px S F8 b 75 12 S B B R0 SZ 40 FE B o s B i Ik
A W6 R T T STZ il 2% 1) h B 78 5 N W8 R + 3 A
fBL, 2 i M 14 25 3h R PR B TR0 5 F 1) A s T ikt
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