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[(FEE] 8 WS e IRE &R (STZ2) 30 1 BURE IR % K R 40 CTGF.RAGE, p-ERK1/2 £ ik ) 5
Wi AR AT RE A B RE ARG BLE . F ek (8RR SD RIRBENL /T A IE R H (n=10) ME A (n=50), BEHEHKRA T HRIE
HE S STZ 60 mg/kg, BRI G BHL A 5 41 B BB AEIR 7 A1, 38 45 7 AR b sl i 41, VP 30 41 (e =10) 38 Jij P 1R
7% 1 JRG A AR TR KAy A 45 TR [ A 20 R 28 L4542 12 J8] U5 ARS8 Bk i I 2 L 0 aff ULIEF L PR L. B 24 h SR AT BR ILEF IR
AR A E A, UL B R, Real-time PCR IR A7 B 41219 CTGF mRNA,RAGE mRNA i % ik, Western E[J il %

KA 404 CTGF.RAGE . p-ERK1/2 ., Total- ERK1/2 %Kik, 4 3 25 75 500 | R A 2H R DR AR i 9T 4L BE A
AR R K RN R R A .24 h JRE A R E A E A U HE R R, U E B U188, %k RAGE mRNA,CTGF mRNA %
ik .98/ RAGE .CTGF . p-ERK1/2 & 133k (P<C0.05), %4 38 2% 77 7 7] e o 10 RAGE-ERK1/2-CTGF [ 5% S
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Effects of Tongluo recipe on renal function and renal expression of CTGF, RAGE, and p-ERK1/2 in rat model
of type 1 diabetes mellitus

TANG Wen-jia, ZOU Jun-jie, SHI Yong-quan. XING Yu-wei, LIU Zhi-min*
Department of Endocrinology, Changzheng Hospital, Second Military Medical University, Shanghai 200003, China

[Abstract] Objective To observe the effects of Tongluo recipe on the renal expression of connective tissue growth factor
(CTGF) , advanced glycation end products receptor(RAGE) and phosphorylated extracellular signal regulated kinase(p-ERK1/
2) in streptozotocin-induced rat model of type 1 diabetes mellitus, and to explore the mechanism of its renoprotective effect.
Methods Adult male Sprague-Dawley rats, weighing 180-220 g, were randomly divided into 2 groups: control group (A, n=
10) and model group (#=50). Rat diabetic model was induced by intraperitoneal injection of streptozotocin (60 mg/kg body
weight) , and the model rats were randomly subdivided into B group (diabetic control, n=10),C group(diabetic rats treated
with low dose of Tongluo recipe,0.5 g+ kg™ ' «+ d™', n=10), D group (diabetic rats treated with medium dose of Tongluo
recipe, 1.0 g+ kg ' «+d"', n=10), E group (diabetic rats treated with high dose of Tongluo recipe, 2.0 g+ kg ' «d™ ', n=
10), and F group (diabetic rats treated with losartan, 30 g « kg™! + d', n=10). At the end of the 12" week the rats were
sacrificed and were weighed; the urea nitrogen (BUN) in blood, serum creatinine (Scr), 24 h albumin excretion rate
(UPRO24), microalbuminuriaC(MAU) and creatinine in urine(Ucr) were analyzed by bio-chemical methods. The left kidneys
were weighed and the right kidneys were subjected to real-time PCR analysis for the expression of CTGF and RAGE mRNA.
Western blotting analysis was used to examine the expression of CTGF, RAGE, p-ERK1/2, and total-ERK1/2 protein
expression. Results The creatinine clearance rate, urea nitrogen, 24 h albumin excretion rate, and microalbuminuria in group D and E
were significantly lower than those of group B. And the renal functions of rats in group D and E were improved and the expression of
RAGE and CTGF mRNA and protein and p-ERK1/2 protein expression was significantly decreased (P<Z0.05). Conclusion Tongluo
recipe may exert its renoprotective effect through inhibiting RAGE-ERK1/2-CTGF signal pathway.
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glycation end products receptor
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W PR 9% 15 9 (diabetic nephropathy, DN) &2 ¥ IR J&
T R A BN A O RE 2 — . Bl A TR AT
A TR K B s L AR T ST O R S i R R AL B
PR 5 95 1 & 8 R AE B AR T, ORI AL+ 4 &
Z%, HHT AR SE 2, 4546 42U K P F (connec-
tive tissue growth factor, CTGF) J& 12 #F £F 4E 1k A9 41 g
PR P DR ' R 722 1 3 Jre v b i AR 5
A AT (AGEs) 5 Wi AL 2K 7 W) 52 K (advanced
glycation end products receptor, RAGE) 45 & J& 7] {i ¢
Z TP AR DR - 1 R, T R I PN R A A L 4 A
Jo AR A AR 5 4l A S R Y R T Cextra-
cellular signal regulated kinase, ERK) #2& 22 24 7 16 1k 46
P IR 0 T ) — S NI T e 22 i A K PR 7 AR 40 i PR
THOE A AR P e

R A8 268 - 10 28 8 6 9 B, AR DR s o
L5 5  J s Y s , HLR T OGR4, 4%
FHH (Tongluo recipe, TLR) 5t & AR 35 H B= 2% 95 24 P
Y BIF i T 2 52 0 R, R LAY R NS K
W A bR R BRI R AT AR G, BT BE D
b & i L I RN A AR T BT IR 7=
fRREI I VE R, Ml RAGE 3k, iR B o,
AR S AT 5 38 44 7 90 8% B R BB IIE CTGE
RAGE ik K i b ERK1/2 2 1 %3k 1052 i, 35
T 38 2% 75 00 B DR B4 A T BEBIL AR

1 #MRIATE

L1 EZRAAAME  BEIRERE R (ST W 1A %
 Sigma 23 A ; 38 4% 7 50 B 0 A6 A 5 DL 250 A
PR m) SR AL s G000 pR BR VD 2R 20 w4 AL 5 ol AR I R
P2 TG 2 w0 A 2 aff A4S 5 400 L 2 1 i 24500 (L
FEAEW)) s Genmed 11 /W W2 B o€ 4 10 R A W)
(Genmed Scientifics Inc. ) ; DEPC H 1% 4= ¥ R
Al B TRIzol,RT 3 ] & . DNA marker (each
100 bp) ¥ Invitrogen A A2t ; RNA Guard Rea-
gent (G AETEA Y ELFI A F]) ; Real-time QK201 i
& ReverTra Ace™ I #5 #iX# & . SYBR Green
Real-time PCR Master Mix ¥4 H A& ToYoBo 2 A
7= il s LKA (Bio-rad) 5 ¥ 8% 2% B (Bio-rad) s B8 i 7
FrAL (B8 K AE) s KUBOTA 5420 75 20 i B0 HL
(Kubota) ; Beckman 721 %I %8 4h 43 5 5% B AY (Beck-
man) ; ABI Prism7000 %¢ Y% % it PCR { ( Applied
Biosystems) ; i # ¥ ¥ & .0 Hl ( Eppendorf, % %5,
centrifuge,5417R) s W b ( Ll L i+ /\) ), 1Y
5 WL-5002; # VK ¥l (Sanyoco) 5 . SIM-F124 ; it
ALY FC500(Beckman Coulter) ,

1.2 sy BARBEAHE  SPF FNAFEMEE SD K

B AR BT 180~220 g, W A [FE B} B L i 55 40 50
Yrebts / b it 3 31 5 3 ) S 3 A BR A | s o K B A
F& . A R AT IE S . SCXK (1) 2007-0005,  fi
FREAE SD K BRGE I PHEMESR 7 d J5 A8 AR ERK 12 h
Je ¥R BEALEC T A 4 AL 50 H 45 T B M IR T
45 STZ 60 mg/kg(¥ T pH4. 5 9 0. 1 mmol/L #7#
PR -A7 B R BN 2% bR 5 1IE 8 X IR (A d1)10 HA T
POV R S TR R AR 0. 1 mmol/L ¥y B R 2% h R,
72 hg B K B 0 b AL o g, DL B =16, 7
mmol /L B 22 A4 R s A5 20 b PR 9 AR K BRU B AL
G35 LA 10 HBE IR AETR T AL (B 4D AR
BT FACH,0.5 g kg ' o dH RIS
KHFIHMDAL,1.0 g« kg ' o d D) A LT
FIH(E #H,2.0 g+ kg '« d D). AIWHA(F 4,
30 g o kg e d ) JHEIR R K B KE AT A T ) Al N T
SR 1 G A A T AR AL B R L A 2R
B TEHERBRAMEKES & HEMES, R
425 12 G A BE  BUA B L 2 BB A U0 4R 0 T 1f 30
Jo W B T CA D [ E R AF B AE real-time PCR
Western EJ3E A5 28, T A KR E 7 1E % Wk, A H
TRIK B JE I aOE R T

1.3 dghemle  FPLhgn gy 12 L RR AR A, A
JER 24 h KW ICIRE M 24 h IREH (UPRO24) |
PRAUEF (UCR) \BR i 1 & (UMA) , 10 % 7K & &
MEVW 4. 5 ml/kg KR M50 BE B, 3 000 r/min
(r=10 cm) . B0 10 min(4°C) . & UL, —20°C
PRAF DI bR 32 A (BUND | I LB (Ser) 5 JIUEF i i 4%
Cer ¥ 2 FRUVEF R ¥ (mg/mD X &4 K8 (mD) /
I AUEF R B (mg/mD 15, 5 FH AR 5T &8 4% IE

1.4 HBag ¥ RAGE,CTGF mRNA # % A&
ZHIC 6 HK B 43 B B2 T — 80°C UK A8 TR A7
SYBR Green real-time PCR J5 ¥ £ I & 4H 23 v /9
RAGE mRNA,CTGF mRNA )£ ik, % RNA
PO & U B A R U L 4UA KB RNA, B
FEH KN Z pactin M5 W H il REAWEARA
FRZS Al A ., RAGE,F:5-AAC CGG TGA TGA
AGG ACA AG-3',R:5'-CTC TCC TCG AGT CTG
GGT TG-3' (153 bp); CTGF, F.5-GAG GCT
GAA GCC AGC TAT TC-3',R:5-GCC ACA AGC
TGT CCA GTC TA-3' (118 bp); GAPDH (N %),
F.:5-ACA GGC TCT TAG CAC AGC AA-3',R:
5-GGG CTG TCA GTC TTG GAA AT-3' (109
bp). KM ReverTra Ace™ i iR 57 &, LL5 | 9143
SR N £ 2 AL 40P Bl AR B RNA R
cDNA, %K J5 LA ¢cDNA 8k, FlJH SYBR Green Re-
al-time PCR {71 & #1796 & & PCR, W45 15 1 24
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W ZEBEREFR 2010 4F 10 A L4 31 &

{H (threshold, COfH , i #E ACt=[Ct(H I K )] —
[Ct(N B I AACt=[ACt(BF7E )] — [ ACt
O BRZH) T3 F 8 2722, Ui B Al 38 PR 78 0 9 41
oA K GRS T X RE 4D

1.5 Western fp i taml B 40 22 F CTGF,RAGE, p-
ERK & & 6y k5 HUIFEILE 6§y —80°C IR
100 mg B K2 it IR G 212K J5 B0 10 000 r/min(r=
6 cm) . B0 5 min(4°C) B I bR o B R B,
2 SDS-PAGE HLUK/F B HE H I % 2R i R
B LK B TBS AR 1) B iR 5 . % 2 & A B
WL, 2 0 T AR R 3RS B 1 h, W —
B TBST i B 248 Wk BE (FE 1.5 ml B.08 ),
PPV O B /N 38 5 B PR 6 R E D 3 A
VPP IR R, FH DB AR K B R RS R I R T R T
FYiR T L. EIRT®E 1~2 h J5.H TBST
e R AR R Bk 2 %K BK 10 min; B TBS
P 1¥K.10 min, [F] b5 i fE & ZH0R B O 5 R
Pef ZIRTFWE 1~2 h 5. TBST 2= F i
OFRIR YRR YR . 4R 10 min; B TBS ¥ 1 1%, 10
min, PEATALF KGR L 4 B R R R it
f7Hi M, ERK.p-ERK (Thr202/Tyr204) f i R 20
s RGO i A AL W i CHRP) A7 09 - Pt e —
¥i Ccell signal technology, Danvers, MA, USA);
RAGE “EHi BB v B B 44, AR 2o 48016 W 8 A 10 e
PLE 1gG (RE&D); CTGF T R £ 7C B b ik, BR

ALY PR IC PR 1gG (Abcam)

1.6 itz KA SPSS 15. 0 S it kit 7
BHE T TR EE L 2 s FoR RN E T 25
BT 21 0] R LSD- K56 A 50 7K SF- () 47 0. 05,

2 % R

2.1 KR —fHENL  SD KRUTEMEES STZ
e HERIRAR IR A I B 2R 2B 2R
K 9 A5 0 DR AT 25 AL AR IR AR B R L, RN R
B W SR O B R R B N L R
B R w5t SRR . W IR A5 TR T 4R BRI — R A
By AR 9T A i edcs: , F v DL % 05 50 vh 5 2
R a2 AV A R BRI AKEL 60
LB NG R0, Tk .

2.2 BL&FRABEEBRRAE ST RE/ AR
Z 0 %a BEIRM A K B BUN, Cer , UPRO24 ,
UMA B#0E 8 4 W] & Tt (P<<0. 05) , B IR & ¥R
J7 4 BUN,Cer ,UMA ¥ IEIR YT 4 B B R AR (P<<
0.05),.D.E.FIAIF4 24 h IRE A BIEIRIT 4 2
TR (P<<0.05),C 41 UPRO24 % ARG A s>, 18
225 G277 S0, DRI 1 B 45 21 5 U IS K 48 2
B TE H o HR2H AR B 16 5 (P<<0. 05) . 5 B IR IR IGIT 4
B U S K48 B B R s AR TR T 4L N B L L DUELF
HEARIGIT AW 8 F B (P<<0.05), HUAEHE W
#1,

k1 BEAFNERFARENE . ERE/FRENFIE
Tab 1 Effects of Tongluo recipe on renal function and kidney weight/body weight of rats with type 1 diabetes mellitus

(n=10, x=*£5)
Group (_B/(mljgll\{ L1 (mljﬁ;’lol) UPRO24 m/mg pB/“[njgl.v{AL—l) Body mass m/g bfédynzaiiii}z/)
A 4,7240.62 0.000 34-0.000 11 3.353 74+1.750 7 0.64-+0.15 616.10+88. 68 0.31+0.03
B 33.46423.85" 0.027 140.008 32~ 50.351 74+11.842 3~ 1.9240.40" 278.10+75.95" 0.76+0.088"
C 16.9843. 144 0.008 240.002 20*4 47,904 616,096 0* 1.5640.42*4 305.70+46.55* 0.712£0.104*
D 13.40+£1.98*4  0.003 0£0. 000 884 11.758 9+2.654 4% & 1.22+0.25"2 364.20+52. 404 0.6240.079*4
E 13.00£2.13*4  0.003 1£0.000 764 15.544 94£2.197 54 1.40+0. 28"~ 333.10+51.44~ 0.6640.069 "4
F 12.76£1.00*4  0.001 440,000 574 11.018 5£3.319 3" & 1.36+0.40" & 326.40+65.71" 0.6740.084 "4~

* P<<0. 05 vs A group;2 P<<0. 05 wvs B group

2.3 B4 RAGE.CTGF mRNA # & i& 2553
(£ )XW .D.E.F HAREHEEHL T RAGE mR-
NA BKF48 B B 8T FE(P<<0.05), D.E4X
UL CTGF mRNA BY/KF-% B 4 F 41
BREAL(P<<0.05), 5 B 4HM L, C 4l K K5Ik
RAGE mRNA,CTGF mRNA f4 /K - &A%, 15 22 7
TGt == L,

% 2 CIGF.RAGE mRNA RJ#& il 25 R
Tab 2 Real-time PCR results of CTGF and RAGE mRNA

(n=6, %5
Group RAGE CTGF
B 7.1543.01 6.1641. 85
C 6.0041.75 5.20+1.13
D 3.40+14 2.8740. 8644
E 2.89+1.234 2.85+1. 1444
F 3.93%1. 444 4.82+2.13

A P<C0. 05 vs B group; & P<0. 05 wvs F group
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2.4 B ¥ RAGE.CTGF.p-ERK1/2, Total-
ERK1/2 %8 A&k R 4558 HEW.B.C.D,
E.F 4l RAGE.CTGF,p-ERK1/2 HH ¥ A 411
W N(P<<0.05),C.D.E.F 41 RAGE,CTGF, p-
ERK1/2 HHFAK B4, UL DE 4158/ &8
(P<<0.05), %41 Total ERK1/2 EHEKZERTL
Gt E X,

RACGE

CTGE
P-ERKI12
Todal-EREKL2

GAPDH

B 1 Western Eli#4& il RAGE,CTGF,
p-ERK1/2 Total-ERK1/2 & B 1 K%
Fig 1 Western blotting analysis of RAGE, CTGF,
p-ERK1/2, and total-ERK1/2 protein expression

3 3 i

W R 2 £h 22 Bl R 5 12 | A1 P o I W oA R
AIE B4 A 30 2 L P 9 0 o 2 I Dy 0 I A R ek R 22
Jei B4 A 3 N 2R Akt B 1 58 = R 2 L 2 ™ B A
SRR A > e T A R A, A R O R E ) Kk
RIE R A 4 SR E AN R AR R AR L
R O C R &R T ) K OO I iR
e, miH AGEs 5 RAGE 454 72 5 800 % 5 %
KA VKRB EZENGH Z —., CTGF &84 4k 4i
MUK, 25 7B DR B Y A . 38 4% R AR
it v = 2% 2% BRI O 1 L EL A IE 4 3 I AR 0 T
R, AT LAYA ST W PR L5 28, 9820 PR B L B
INER BE IR 1) U8 AL 0 SR B 4 B I TG PR
VDI A Bk R Z AR PR 09 — A, H AT K &
S0 T UF S 4R U HH G PR B B A B A 1 R 4
FH L 32 2 J2 2o B DB B - i A R ok R [ R R S
AT B B T e A S 32 I 5 30 2% 7 50 X R IR
R BB IE AL 2 ERK /2 {5 5 5% 538 I 1) 52 ), #8
T3 45 5 30 60 PR s R BRUEF E £ 4 4 G AT R BL
il .

AL e ok T B I IR TE S STZ e 2 i
T SR PR S R R, 45 SR S IR R AR VA T 4
R NIRTAUE AV A I 479 . NS R TR EE 3 Y ST
BRI, 12 JR R BB PR s R BRI R R R
F1.24 h JREE LR 258 B /N KDL 5 B 22 38 n
A5 PR B 5 L 1 1 s DR 2 3 5 ) BT, 38 2% Ty 7

W R 41K B UPRO24, UMA |, Cer, BUN 5 B
PRI AR TR YT ALAH B B 2 sk 2> (P<<0. 05) . 5 &P
TG 2% 22 5 Bom v | e ) o 1 38 45 O ) 2L A B
1 O PR e K BB T RE AR

RAGE J& Z Bt /& /) 40 g 32 1 32 14, J8 T e 2 Bk
EHBAEE,AGEs 5 RAGE &5 W2 5 R 4
it A1 5 I S 0 % 1 A P 200 i 3 7 1 4 n Y ok
TR ECE/NER BRI R RSN IS A EA
SEAeH, BE R AR R 9T 41Kk BB IR 41 41 RAGE
mRNA K H R KB E A RS (P<
0. 05) , S WE R AR A Y7 AL AH He L 38 2% 05 71 b | ) i
A AV K R E A2 RAGE mRNA KM
I8 W W R (P << 0. 05), SEH 4R K,
AGEs-RAGE #] fig 5 8 bR s K BB 1% B 22 | i bR
FAREE VRN G 3 4% 5 70 AT RE o 38 2o 0 b
PRI K B IE 20 41 RAGE B9 % ik, BLIr RAGE 5
AGEs 456 , & fR 47 5 E B 7E H

CTGF & — M 2F 44k 2E KX L 78 B e Y
R EH IO AR R IAARAL . B IR e
B R K R v 0 IS L AGEs (HLBR R ) L %R -
78 58 I 2R - TR [ M) R 98 4 PR R 34 RE AR Y
CTGF W35, CAMR LY. CTGF o I A &
IS 200 60 %) 40 i SR B 45 0 T G L R A A i e Y
CTGF 1y & 235 al 42 6 A B /N8 1 B2 40 i A
KU, CTGF WF LAKE 0 7 520 | IUE A 21 24 40 it
AR YRR L | R ek L A 0 A0 A Ok
PURRDOM  FEAR S G v, 8 PR AR T6 T 41 B IR 4 2
1 CTGF mRNA J 8 R B 5K IE# 40 53w
(P<C0.05), & )7l il & d '\ CTGF
mRNA K ) 235 S 800 R AR 7 4l VR Vb
4B REIR(P<<0. 05) . £ B CTGF W] B 7 & Ik AT
RVE/INBRAE AL | 8] 5T 2T 2 Ak S50 DR B A2 ot
P A7 AR R L 4% 5 R AS B G A BE T R -1l
K KR R GEN CTGFE 195235 77 AR 30 i 4
JH. ARk B W T HoA %5 % CTGF Rk Wi, ik
BN R VE ]

Ras/MEK/ERK 38 [ f& 22 24 5 1% 1k 25 11 3
(MAPK)fE 55 Sl P i) — R ETEK . S5 T
WA R E VKB L Ak DL K 4 R] Y T RE R] 2
FIVAT M e Al S 22 b A B B G L 5 RN ER &R
240 e 1 A RE A A0 B A0 35 T 3 2 A5 0 DR s B I 9
o 14 L TR 3 3 B AR 28 U A DG, PR DR B e T 2k
REFREEEZEN Y, ERK A 2 WK,
ERK1.ERK2, # i i MEK #76 J5 . — B 51+ 8
A LI B TR S A0 B O B L R AT — R A e B
B il — s S 7 PR OC LR i Rk, B
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W TEPE RS 2010 4E 10 L4 31 %

A EA 28 % ¥ RAGE 5 AGEs 454 J5 Al DL i
WOH 9 Ras fff ERK1/2 BEE2 46", ERK1/2 Hy 4l
il PD98059 HI LA il /1 B /I Bk ZR B 40 g
CTGF Wy Zis" , AR . 2 4 K B BE To-
tal-ERK1/2 & H R IR A W 0 2 7 o0 Rw AR 1R )T
2 p-ERK1/2 9335 5 1F # 41 B 3% i, 3 4% 7 1)
o A R SV I K R IE p-ERK1/2 (19
TR PR AR TR 7 4 BH 0 A AR L HE 058 4% O 7 AT R
i 3 410 DB RO K BB I RAGE 283k, 30 i b IR s
KEE WE4 20 ERKL/2 R 1k, 8 > CTGF 1y %
ik LA FIBHWT ERK1/2 {55 5% 508 8% Kk #E OR 3 5 ik
IYEH .

RN R R ST NI R S| e sl = | b= WO R
W AR B PR 9% K BL UPRO24 , UMA , Cer, BUN, 2k 3
B e b B EH 40 RAGE .CTGF J [H % 5% K B
F23A 00> p-ERK1/2 & H R A U809 B IE
PRAPAE T . 38 4 5 700 v 7] a2 5 v 70 Sk 28 00 JR ik
KA LR A BRSO R, B MK
F e A AR B W VR R R b ) 4 D R AT
RE 2GR A% 38 2% J7 70 b | e R AR RUE
IE CTGF mRNA J 8 [ 3R A3 A VD AL R A% L 4=
3 265 T3 700 X5 PR R BRUE I 9 CR-4r RT BE 5 4 o e
CTGF WREH K,

25 TR L WE PR B 0 R e I R A R R
B RPN LG AR, RIK YL R
3 45 7 SRR DR R BRI B AT O A4 L BT LR
R R 28 020 PR AR 1L B B /N BR 1 kR
A, e 5 LW RAGE-ERK1/2-CTGF {5 5 #; S
FEA G AL IS A R T — 2 SR

[Z % x #K]
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