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Effect of Huangqi Guizhi Wuwutang on AGEs/RAGE/NF-«B Signaling Pathway in
Diabetic Peripheral Neuropathy Rats

FANG Ying, WANG Ya-dong, ZHOU Wen', CHU Quan-gen, HUANG Wan-qiu
(Anhui University of Chinese Medicine, Hefei 230012, China)

[ Abstract] Objective: To study the effect of Huangqi Guizhi Wuwutang on receptor of advanced
glycation end products (AGEs)/advanced glycation endproducts (RAGE )/nuclear transcription factor-kappa B
p65 (NF-xB p65) signaling pathway in the diabetic peripheral neuropathy rats through an animal modeling
experiment, and discuss the mechanism of Huangqi Guizhi Wuwutang in alleviating diabetic peripheral

neuropathy. Method: Rat model of diabetic peripheral neuropathy was established by high-fat diet and
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intraperitoneal injection with streptozotocin (STZ). After successful modeling, Huangqi Guizhi Wuwutang
intervention began in the fifth week. The patients in high-dose group (19.40 g-kg'-d"'), middle-dose group
(4.85 g+kg'+d") and low-dose group (2.43 g-kg'-d"') were given by gavage continuously for 12 weeks. The
western medicine control group was given 25 mg-kg'-d"'by gavage. After the experiment, serum interleukin-183
(IL-18) and tumor necrosis factor-a (TNF-a) were detected by enzyme-linked immunosorbent assay (ELISA).
Real-time fluorescent quantitative polymerase chain reaction (Real-time PCR) was used to detect RAGE and
NF-xB p65 mRNA expressions in sciatic nerve tissue. The expressions of RAGE, NF-xB and phosphorylation
(p)-NF-xB p65 proteins in sciatic nerve tissues were detected by Western blot (WB). Result: Compared with
the normal group, serum IL-18 and TNF-a protein levels, RAGE mRNA and NF-«B p65 mRNA levels, RAGE
protein, NF-xB p65 protein and p-NF-xB p65 protein levels were significantly increased in the model group
(P<0.01), the ratio of p-NF-xB p65 to NF-xB p65 was increased, and the phosphorylation of NF-xB p65 was
enhanced (P<0.01). After the intervention of Huangqi Guizhi Wuwutang, compared with the model group,
serum IL-18 and TNF-a protein levels, RAGE and NF-«xB p65 mRNA levels, RAGE protein, NF-«xB p65
protein and p-NF-xB p65 protein levels were all decreased (P<0.01), the ratio of p-NF-«B p65 to NF-xB p65
was decreased in high-dose group (P<0.01). The effect was obvious with the increase of dose of astragalus
cassia twig. Conclusion: Huangqi Guizhi Wuwutang can alleviate diabetic peripheral neuropathy, and its
mechanism may be related to blocking the expression of RAGE on tissue cell surface in AGEs/RAGE/NF-«B
signaling pathway, inhibiting the activation of NF-xB and inducing TNF- a triggered oxidative stress and
excessive inflammatory response, so as to avoid cell damage and dysfunction.

[Key words] diabetic peripheral neuropathy(DPN); advanced glycation end products(AGEs)/advanced
glycation endproducts (RAGE)/nuclear transcription factor-kappaB p65 (NF- kB p65) ; Huangqi Guizhi

Wuwutang

W DR 5 JE] 16 #2855 78 ( DPN)) J2 4 i 5 (DM B
WL = R8I R RE 22—, IR IR R R R
1o R AR L — N M O RRE B DR R E S AR
10 4 1 20 45 J& DPN 119 & 9% 3 43 il ik 2] 30% ., 60%
90%'" . DPNAF&EF T, Z A0 wif  Hoh L)
B2 KU R A il 28 1 SR TR R ) 3 A 28 E R
F=', DPNE M T B H WA fF e, Haj e
XA YT DPN Gk Z BAH (1 5 0. B EHEA Y
W ACE BB ) A 5 R 3 I3 4 JE A
B DAL, SR YT I 55 Z AR 7, I R R
Iz . AR Z SRR RN PR SE w07 BT VA R0R
7 DPN % F DPN RUAS R A AR (Il Sk s 1) JE A
LR AR A iE, YT Ty B i
AR RCBAR RN )RR A RIS 3 B e A
B 5 1L 28 77 ¥ (AGEs) /B 3] Bl 56 1k 28 7= ) =2 {1k
(RAGE)/#% % 5% [ -kB(NF-«kB) {5 5 i £ 2 55
AU Ak B R S B A S N T A AR Y HOE
FIT R P X B PR R A v 1 L B ST A T
T 0 AR S G ik 57 DPN R RS A 0 5%
K B 20 B A R -18(IL-18) , I 8 3K 58 B T -a
(TNF-«) & & , 4 & # & RAGE, NF-«B p65

mRNA 7 & &% RAGE, NF-«B p65 1 # 2 1/t NF-«B
p65(p-NF-«B p65) 5 [1 % ik it A8 b, H 8 FEHE A
Y% IR YT DPN AR FH AL A5 .
1 ##
1.1 Zh¥ 3%k 72 55 35 9 (SPF) b P {d E Wistar
KR, AR T B (16020 ) g, A K IIE 5 SCXK (i)
2018-002, H “Z BB B K2 g sh Wy b i k. 3)
Y 52 00 28 2 0 B 24 K 2 Bl W A0 B DL 4 At o
T LRI AR E R ST, IR R &%
2 AHUCM-mouse-2019006,
1.2 AF HEEETYIHEEI e, ATH9g,
BRI g, 18 g, REAMA M. hEBPEZ
KA — M B B $E it JF S LB h B 2 R 2E R A
TR IE T N IE & A A 2015 4F B b [ 2 ) B
o FIRH oK BT e s, A2 1 g-mL,
4 CCURFALRAE Al e (bt R R 2 e A7 PR A
F) LS [ 25 4E 7 H20060865 ) ; LKA 48 ( =ik EY)
& B3 A B A AL 45 321127) 5 K B TNF-a,
TL- 173 Mt E0K £ 922 W B0 2 (ELIS A ) 1t 57 6 (R 6k ]
% B H A RN F, #5598 JYMO0635Ra,
JYMO419Ra) ; 5% Ik 4 7 % (STZ, 2 [ Sigma 24 A ,
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it 5 S17049) ; J& RNA i ) £ ik i2 —. £ & (DEPC)
K A TR A RA AL 5 1803G26) 5
Novostart SYBR £ B} 2¢ 5% & & & & W 55 =X /e b
(Real-time PCR) SuperMix Plus (Novoprotein 2\ A ,
it 5 0512841) ; RevertAid™ first Strand cDNA
Synthesis Kit ( 3¢ [E Thermo Scientific /A A , it =5
00691399) ; trizol ( € & Life Technogies 2\ Al , it &
204403) ; RAGE # & ( % [ Abcam 2 ) , it &
GR3191187-3) ;NF-«kB p65, p-NF-«B p65 Hi {4 ( 3 [H
CST AL M550 9,16) ; 1 EHi /N R E Bk
F (Ig) G, h 404 1gG, B- 1 3 & 1 (B-actin) HT A
(b h e AEWERARAA #5505 K
137699, 133599, 19AW0404) ; ECL # % & ) ik 7
&, Wiy 5 11 Marker ( 3€ [ Thermo 23 # , it 5 43 il
Jy S1257444,00737775) ; RIPA 41 Jitd 24 ff i (38 ), —
P B R BRI (38 = KA ARBE5E BT, #5435
4 P0013B, 051418180626) ; SDS, Glycine, Tris,
Tween-20 (b 50 R E R A R A AL 5 50 51K
1029H032,320P065, 1124Z071,308P011) ; 4 4 ik i
(Acrylamide ) , XN 4 B % ( Bis-Acrylamide ) (BBI4E
fir Bk 2= A R A A S 4 5k EA26BA1007,
E514BA0035).
1.3 X8 LR A oA (= R s B A
B2 7)) 3 RT-6000 % fifg A5 A (2R I AL A i B 2 Ik
1y A BR 2> 7 ) 5 K960 B PCR AL (BT & 4% B} 2
IR ABR S ) s TW-302 1HR B /35 3 45 208 7 55 0
B (2 B0 SCAX A% 26 45 1 BN 7] ) s MINT-P25 B G AL
M 2 AR 0 B (BT N BB A A% A FR 23 7)) s EPS300 7Y
HL YK A, VE-180 Y H Jik il , VE-186 B % X ( |- 1fF
K HEBL % A7 BR 2> 7 ) ; PIKOREAL 96 %! Real-time
PCR 1Y, 10212432C %I PIKO Plate Illuminator( 3 [&
Thermo Scientific 23 & ) ; IS-1070P %! [ h I AL ( I
M IERHE A IRA R .
2 AHiE
2.1 ¥ oA KB 72 HOSPF 9L 1 fi BR
Wistar K B, K B 9% 20 58 0 B Oy 20~22 °C, 1 &
40%~60%. [ 148 & IROK I8 I MR 9% 1R S R
R N T S STZ A S A KR LAFE
PLBCF 23kl M IE W 20 12 2, DL il i ek 55 A
MR ROK . A4 60 H K BLI%E 2k 4 8 M4 w5 g
Tk (HBC 7 - %38 55 R 70% , 35 3 10% , 5 8% 20% ) Al
KLAR G B 12 h, A RROK, TREZA T I8 B
M35 mg kg FLU T SR BB R 2% 19 STZ %
2572 h g, T R 4 b B I 25 19 it w25 18
. 54 .

i HE=16. 7 mmol- L") , WAL HL AR I B (E (PMWT) [%#
I B 2 DS P iz I ] HE 4K 35 A Ol DPN A ) 325 A
bRk o BRI S, 4 IR R B BR T 3 k A A A
4R A b AR A R A e A3k s
M, H 12 2, ZHCER24 ] 5ERER FA S T A
FHE 9 4,1,0. 5A5 R )5, 3008 8 R L
H R 59 o 20 43 0 #4590 4 19. 40,4 85,2. 43 g-kg'
d'HEH B RGN R 0. 25 me kg -dTHE T L i
Loz 12 8o IEH AR R A 45 T AF AR B A B
EHoKHEH .

2.2 BRARMUM  EBLES AT, 6 41 KR 0.3% %
EL bl 22 A ORK I, T M, S Bh Bk BRI, 4 i
o M BYBT L RRAE B E, #% W Rk, i
B IBCE TR G 3 IT B R LA, /0 R A AL
BT A B M 2 R TR R AT

2.3 K4S AR

2.3.1 ELISA il & K BLIfL ¥ IL-18, TNF-a &
fii JJ ELISA 43 #7 i 77 & , & 1] ELISA Wl % 1f i
IL-18, TNF-a & &, J" 4% # B UL 5 AT #4E ©

2.3.2 Reai-time PCR £ ] RAGE, NF-xB p65
mRNA [ F 5 4 BOR BUAR B #2219 B RNA, LU

B-actin A PN S IR, 1 BUK R A= 0 45 R A R A Rl
WIS S ¥ . B-actin 51 ¥ ¥ %, I Ui 5'-GA
GCGCAAGTACTCTGTGTG-3' , F i 5'-CCTGC
TTGCTGATCCACATC-3' , K J& 82 bp; NF-«B p65
SIMFH, e 5 -ACATCCCTCAGCACCATCAA-
3", Flif 5'-TTGGTACCATGGCTGAGGAG-3" , K
£ 145 bp; RAGE 51 ¥ J¥ 5] , L Ji# 5'-GAGCCTG
GGTACTGGTTCTT-3" , F % 5'-TCTGGGTTGGC
TTCTTAGGG-3", K J& 120 bp. W 1K & & cDNA
1 puL , 2xSYBR Green mixture 5 uL, 5| ¥
(10 pmol-L")1 pL,RNase Free water 2 pL, JZ i 5%
42 95 °C i 25 ¥ 1 min, 95 °C7ZE 1 20 s, 60 °CiB &
5 4E AR 1 min, §7 1 40 N R H 2RI R
mRNA 9 FH X ik & .

2.3.3 M UE b 3 (Western blot) & i
RAGE,NF-xB p65,p-NF-xB p65 % [1#%i5 44
IBUAR B i 25 2 210\ RIPA 41 i 24 W 1 mL( N &
I mmol - L' PMSF) #4724 f# . 12 000 r-min™ & (>
10 min, WCAE b iE W, H BCA L 1T B A &
i+, 10% SDS-PAGE HL Ik , #4731 19 25 11 5% 7% 31 5 fi
T CHRE E 5% B RE WA -TBST 2% v i 47 REE 1Y
B AL B, —H0(1:1 000)4 °CHEF 3% , PBST Bt it
3 IMAMBLE — P (1:207) , ZHWF 2he MA
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VeV W (PBST) , T IR PE % 10 min, HEPES 3R 4%
IR EVER S BCL &6t &R H & A . R
Image J R AFHEAT I R 45 09 20 B, o F 5 B i 8 K
JBEAE /B-actin 2 {4 J BEAE B Sk B A9 8 A Rk = .
2.4 HiitsEAbE SR SPSS 22. 0 4834 B B
£, SL I HE LA x5 R, 78R 50 B0 1 A 43 A Ky
2ZEFEVMERISRAETT | 2 A 1) B A L 3R T 5 22 43 #
£ 2H 41 7] 25 5 19 H 4 LSD-¢ K6 56, B3 A 56 20 #r
& Jil Spearman A 3¢ , LI P<0.05 N 22 5 A 4t it 2
3 £R
3.1  Xf DPN K B IfL 35 IL-18, TNF-a & & i 5 Wi
5 A A, B 4 K BRIV IL-18 il TNF-«
Y E T (P<0.01) SR LA, K4 2
20 ¥ 5 2 B AIK 0 3 IL-18 M TNF-a 7 (P<0.01) ,
2¢ Spearman A 5& 43 A1 {7 TL-18 FIl TNF- 75 it Fifi 8¢
FEHERL W ) GO R R SR A Oe M B
AR LW 7 ) i 5 A e VR 3808 A0 Y
W1,
3.2 X DPN K B 4t ‘& #f £ 44 41 RAGE, NF-«B
p65 mRNA KIEM M 51 4 A R AL K

x1 EEESEREYIHX DPN XRIMF IL-18, INF-a & 2K &
(x+s,n=12)

Table 1 Effect of Huangqi Guizhi Wuwutang on serum IL-1p,

TNF-a in DPN rats (x+s,n=12) ng-L!
215 s IL-18 TNF-a
/g kg!
EH - 39.29+0.62 78.39+4.21
LAY - 86.17+5.46" 308.04+53.17"
W REHA 19.40 54.11+5.19? 126.2147.40?
4.85 57.72+2.60% 148.93+12.76>
2.43 65.55+2.49%) 177.18+10.56>
PR i 2.5%10 50.73+2.80% 129.30+14.54

W SRR A LAV P<0.01; SAITA] L Y P<0.01(%£ 2,3 i) .

fl RAGE, NF-«B p65 mRNA % ik i % JI & (P<
0.01); 5B AL A L #, & 45 25 41 10 3 B IR R R
RAGE,NF-kB p65 mRNA £ ik (P<0.01), ¥ FEH: A
T A AR ) 4 %K BLRAGE mRNA 3 35 [ Ik 22
S G R S, B R ) 17 9] R
TR, SR AR OC, b B R R R L 1 R R
ORI T H B e . LR 2.

F2 HEEREEYIHN DPN KR LB HEHL RAGE,NF-xB
p65 mRNA RiEHF M (X+s5,n=3)

Table 2 Effect of Huangqi Guizhi Wuwutang on RAGE,NF-«B

p65 mRNA expression of sciatic nerve in DPN rats(x+s,n=3)

4190 F /g ke RAGE NF-«B p65

EH - 1.000+1.110 1.000+0.268
LR - 5.742+0.669"  4.420+0.831"
R Y 19.40 1.41140.198% 1.557+0.2182
4.85 2.799+0.497% 2.447+0.193%
2.43 4.025+0.564 2.981+0.268%
FH 5 i 2.5x10%  2.462+0.4322  2.376£0.206

3.3 X DPN KA P £ 4 2L RAGE ,NF-«B p65
Hlp-NF-«B p65 & 1R IKMZ M 51E % 4 K,
R ZH K Bl RAGE ,NF-kB p65,p-NF-«B p65 4 [ %
ik TFH , p-NF-«B p65/NF-«B p65 it # T} 7 (P<
0.01); 5HIRIL] L 55, 4% 20 24 41 35 B 3 B (IR R
RAGE,NF-«B p65,p-NF-«B p65 % [1 %1k, i E %
i p-NF-«kB p65/NF-«B p65(P<0.01), H Bfi & £
L 1 ) IR R SR A DG M B R
7/ = I 2 N O S vl LI [/ N U

3K 1,
4 itit

BEACEE 22 X% DPN 1 & 9 ML il 1 oK o€ 20 %
AGEs il 75 DPN %2 b B4 1 5 1R ATk B 2
OGS VP2 A R LW, AGEs J& th ZFh A
[ B v )= Yy, 2 s CEE R VR R AE i

®3 HEEBAYZI DPN X R LB WEZHE LA RAGE,NF-«B p65 7l p-NF-xB p65 & A R XK F M (X+s,n=3)
Table 3 Effect of Huangqi Guizhi Wuwutang on expression of RAGE,NF-xB p65 and p-NF-«xB p65 in sciatic nerve tissue of DPN rats(x+s,

n=3)
20 51 il it /g- kg RAGE/B-actin NF-«B p65/B-actin p-NF-«B p65/B-actin p-NF-«B p65/NF-xB p65
TR - 0.440+0.009 0.472+0.010 0.238+0.044 0.504+0.089
T - 1.264+0.028" 1.478+0.035" 1.627+0.055" 1.101+0.017"
# A R 19.40 0.606+0.0222 0.693+0.034% 0.406+0.0252 0.586+0.036
485 0.793+0.019 0.872+0.0332 0.778+0.037> 0.894+0.054
243 1.029:£0.039? 1.106+0.0492 1.115+0.039% 1.008+0.0432
H 4 e 2.5%10 0.803+0.0212 0.884+0.0442 0.784+0.035 0.889+0.067>
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p-actin M S S S— 3 kDa

NF-KBpos W AR S S I s 05 kD2

pNF-kBpos == M ww— w— _— - 05 kD
RAGE s A s 5 Do
A B C D E F

ALTE R 2 BB T2 5 C. 8 AL T 17 e 0] i 20 5 DL 3 )RR )
VR G2 L R T AR AL FLOFR G e 4
B 1 &4 DPN XK RAGE,NF-xB p65,p-NF-xB p65 & B &K ix
ik
Fig. 1  Electrophoresis of RAGE, NF- kB p65, p-NF- kB p65

protein expression in each group

8% 1) 2225 TR N 7R A I — RS E I R TR Y
IEH 2N AGEs 2E UK ARMK , AGEs ] 76 41 ffl 4
AMUTAR, i 22 2 240 i P R 3R A B 4 o0 R O i
iR Y R RO AR 5 25 AL BE B 2 i 3 AGEs
4, AGEs 1 i3 5 RAGE M T /F FH 2 H IR 9 4% Fh
HRAE R R EFEFRHNZ — . RAGEJE T4 %
1 43 F fo 58 BR B B R — A~ ZECAR R 5L, 72 1
EZ N R RSN O i i 25w | WANY i e
RV IE RN BB A BRI T L A 24 i
RAGE S ARK -2 35 | I MWL AL T 525 B3 b
PR ARSI, AGEs T1 &, |8 RAGE 1y £ 357",
RAGE HJ i Bl 2 % = £ ik . RAGE 5 AGEs%5 45 )5,
i RAGE i £k , 3 7% )5 g 5 [N ras 4 A4 %) p38 ras 2
1 M 22 505 AL R 11 (MAP) W 3% 7% , |18 NF-«B
mRNA 35, I 3855 NF-«B™2' 1E K B AR
P2 41 20 NF-«B 32 A L5 rp 3235, A/ 7 40
k0P NF-kB TG G 1] 25 Z R LR A 4%,
A AR e TS M T E R
RSB, NF-«B i % 76 40 il 5T 7 DL NF-«B p65/p50
T RMIE L NF-«B il 45 H (1IkB) 45 &, LR
PEMIRSAEAE AN B RS 0G e . 2 40 il 52 3] 4% il
5T MO Tk B W W2 A6 O 9l K i 3l NF-«B 5 411
il 350 43 5 A T O L DN R S A, A A A
S5 HMERG S MR B R . m
NF-«B K% 5 A~ 51 HF 19 NF-«B p65 B A 3% 1Y fi
RPRPEDY . SHCIL-18 M TNF-a %5 & 9E /v Ji K SF T
o S sl S Lo B Y RRE SN R B e
N, e A SRR BT . IS AL NF-xB, X
Al gk — 2 ¥E RAGE 5 AGEs 454, T iU IE &2 i, e
S NS AL SRR IES S AN 8 )/ G

B & B Y A, AR P BE AR b BE A R
PRAC S 22 M 45 A, LA IS B8 S LRl B BRI 2
165 3 M PHIE IS IR AR YT DPN, — B2 35 IF S B

. 56 .

R R LY 736 97 DPN BT /L B R R
Wiz Je thh A (e BEEEmE ) A i <0 B RV AT Y
DR o X DPN YA i g5 | BH R I 96 9 BH 4% I
B A RITEM . A S b a8 A R
Yy T W DPN K R # &, i2 | Western blot,
Real-time PCR &5 $ A , M & IR I 2B 7K S W25 KRR
Ak B 4 22 RAGE ,NF-kB p65 mRNA ) # ik ,RAGE,
NF-«B p65,p-NF-«B p65 & [ 1) & & & IfiL 74 1L-18,
TNF-o % 8 B AAE O . SCg 25 R W 5 1E % 4 1L
A, R4 R AR B 4 4 41 RAGE, NF-«B p65
mRNA % & F} & , RAGE # (1, NF-«B p65 & 1 X
p-NF-«B p65 # [1 % ik F+ = , p-NF-«B p65/NF-«B
p65 fH 7t = , NF-«B p65 B iz 1k 3% 5 , K B il i
IL-18, TNF-o & f 34 0 . 16 W] 485 2 20 DPN K iR
AGES/RAGE/NF-«B 15 7 i % #% i 1% , NF-«B i 1k
A, FBUM T IL-18, TNF-a %5 4 4E 4 i K F T7F
wL I EAS . HEEE YT T HE, R
WA AIG A B 1 28 2H 41 RAGE , NF-«xB p65 mRNA 7 &,
i RAGE % [, NF-«B p65 # [1 } p-NF-«B p65 & [
Fik FF& ,p-NF-kB p65/NF-xB p65 K& ,NF-kB p65
1) i 1% 1k [ A% , AGES/RAGE/NF-«B 15 5 18 % 9 411
il 1% TL-18, TNF-a 55 AH ¢ 45 A 0t ) 7 5 B
TR R P2 A U AR PR A, LS PR S A DG
PE |, BB R 1 R0 B g s R Y e B
FEAEAL FL W 5 R e L A, b e R 2 S R
il 2 35 R AR 2 o TR R e 4 1R I TR R R R I K R
FHIIE YT DPN 259, J& 4t 4= & B, 19 H 3L 4k 1% o
7004 R A AR 0 b 2 4 1 I i B R B Ak Sy
BERR A2 B8 5 ph 2 2F e BRI EAN BN
[ 2 A2 R 8. 2% (8/98) M, HHp LUz ik 2 vy Aot 4
N f w UL T AT B A A O 0 B PR
52190 BRAMNAR AT 51RO A R G i
FEREERE. BEE O T HREEERY
5 0 255 H R 9T R i A IE R AR A L
ARG IT DPN A RUME B2 a0 AR IR IR .
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