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(RE) B8 WA I3 WA 7 3 % 38 3 b % K = 40 (advanced glycation end products, AGEs) ¥ % B i Bt # iy
27 Jig, (brain microvascular endothelial cells, BMECs) i 17 & T #1E il , 7F 2 T AGES/RAGE/NF—«B 1 # 4R i 7 3 P& 4 3 fik Jr oy 16 F
WL FFiE # 30 R SD ok LA 9 = @ 4 (FHARAR R4 K ) o 25 2122 )3 PR A a8 k07 36 gf(kg- d)JA= 0 24 [ 2 22 34 F 18.35 mg/(kg-
A7 504 27.5 me/ke- )], FHEF 1k, %45 d,f TH &S G ME, ¥ BMECs AL b = 84 BA A A )3 Bl oy 41,
JB B T A5 B TR 4L B 0 B KA K PR A 2 1K (receptor for advanced glycation end products, RAGE) #1 %1 7| (FPS—ZM1) 41 % st
%% Z Bk A 3 F B % (pyrrolidinedithiocarbamate ammonium, PDTC) 4 ,BMECs #iv A 200 mg/L. # AGEs 16 Jl 24 h &, 2 5] 7 =
Bk = A AT K T A 2 v R S TS B 5 R 4 25 d vk FPS-ZMI \PDTC T, B B A F R K CCK-8 A
I 48 HL 77 95 % K Al Western blot \RT-PCR # # 3l RAGE . # B F kB(nuclear factor kappa-B, NF—«kB)# % & f1 mRNA % £ 1 31, .
GR SFaANKR EAABBFEENE T B P<0.01); 588 4 i, 72 7 F 428 ko7 41 B R B30T +48 5 5 45 4 48 o 77 08 %
EA(P<0.05); 48 T % & 4,4 A 4 RAGE NF-kB # & & 1 mRNA % ik K-F 9 8 3 (P<0.01) ;48 & T AE AL A, A 3 8 3 ik
U7 4B M T +H 7 54 4 FPS-ZM1 41 % PDTC %4 RAGE NF—«B # % & 2 mRNA %t /& F 18 B T (P<0.05) ; 2 VA [ 4 i fik o7 44
5 FPS-ZM1 4 RAGE NF—«B # Z& 4 7# mRNA &3k Z 73 R4 it 2 X (P005), S5 74 VAP ik 7 7 i @£ 91 7% AGEs5 RAGE th 4
&, 1% AGES/RAGE/NF-«B 3 5 th 78 , 78 T i 3 4 (A 7 89 B ik, i BMECs # 2| R 97 15 .
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(Abstract] Objective To observe the therapeutic effect of Zuogui Jiangtang Tongmai Formula (ZGJTTMF) on the injury of
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rat brain microvascular endothelial cells BMECs) induced by advanced glycation end products (AGEs), and to explore the mechanism
of ZGJTTMF based on the AGEs/RAGE/NF-kB signaling pathway. Methods A total of 30 rats were randomly divided into
blank group (the same volume of distilled water), Chinese medicine group [ZGJTTMF 36 g/(kg-d)] and western medicine group
[nimodipine 18.35 mg/(kg-d) and gliclazide 27.5 mg/(kg-d)]. The rats were used to prepare medicated serum by gavage, once
a day for 5 d. BMECs were divided into blank group, model group, ZGJTTMF group, nimodipine+gliclazide group, receptor for
advanced glycation end products inhibitor (FPS-ZM1) group and pyrrolidinedithiocarbamate ammonium (PDTC) group. After adding
200 mg/l. of AGEs to BMECs for 24 h, blank serum, blank serum, ZGJTTMF medicated serum, nimodipine+gliclazide medicated
serum, FPS-ZM1 and PDTC were added. The cell survival rate was detected by morphological observation and CCK-8.
Western blot and RT-PCR were used to detect the protein and mRNA expression of RAGE and nuclear factor kappa-B (NF-
kB) in each group. Results Compared with the blank group, the cell survival rate of the model group was significantly decreased
(P<0.01); compared with the model group, the cell survival rate of ZGJTTMFE group and nimodipine+gliclazide group was increased
(P<0.05). Compared with the blank group, the protein and mRNA expression levels of RAGE and NF-kB were significantly
increased in the model group (P<0.01); compared with the model group, the protein and mRNA expression levels of RAGE and NF-
kB were significantly decreased in ZGJTTMF group, nimodipine+gliclazide group, FPS-ZM1 group and PDTC group (P<0.05);
there was no significant difference in the protein and mRNA expression levels of RAGE and NF-kB between ZGJTTMF group and
FPS-ZM1 group. Conclusion ZGJTTMFEF may protect BMECs by inhibiting the binding of AGEs and RAGE, inhibiting the
activation of AGEs/RAGE/NF-kB pathway, and down-regulating the release of downstream inflammatory factors.

(Keywords] diabetic vascular complications; advanced glycation end products; Zuogui Jiangtang Tongmai Formula; brain

microvascular endothelial cells; nuclear factor kappa—B
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hOBE DR S AH & A IE S I B W 7R 4R T EE
AL 30 AGES/RAGE/NF—B 3 i ) #0306 nT ik iR
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BMECs, 1t 7 S A A A Yy B 25 RHEA R A W
it 5 : RAT-CELL-0039,

SPF 2% {d FE M SD K EL 30 H, B 42 d, 1k
[ (220+20) g, W4 F 0 pE 07 3 58 ik SE R sh A
RS & VF T IE S . SCXK (3 )2016-0002 , - # 74
RS PNE oL/ s s N L BN = RS P P < U
KL R %, B EAROK , PREE TREE RR U AE 20~25 °C,
I KR GF o i IR T BT S SR
S B A TR O W R P s 2 KSR sh
O A R A 45 . 11202060301 .
1.1.2 259 GRS A2 I B ik O i 7R
R AL E 20 o, MIFE T 12 o, INZE R 12 g, ¥ €
30 g, 8% 10 g, M 12 ¢, FF2 20 ¢, )11 12 ¢,
K% 8 o, F1ETH 8 g, M 144 o WA IR P EEZG K
KB BEBE T 2 b SRJUK AT K AT 2 R
BIFRI i DR 2 R AR B & AR 22 g/mL, 4 CIK
M fEfrE N SR R (20 mg/h  IEREHREZ
A B 2577 H33022285 , 41t . BJ57178) ;
6 51 5545 2% B A (30 mg/ A, it 208 A o 25 45 BR 2 ]
[l 2 1 7 . H20044694 , 41t = . 1182108109) ; RAGEH!
1l 7 (FPS—ZM 1) 1tk 1% 5. — 14X %20 5k FH IR % (pyrro-
lidinedithiocarbamate ammonium, PDTC) (3£ [E Med-
ChemExpress /A #l , #it*5:945714-67-0,5108-96-3) ,

JE AR 240 B 75 A R (R AR JEAR A i B 2 )
FA RS . MED-SUP-0002) ; AL FA&E 1 .
Wy R B R — P i (€ [ Sigma 23 H], 5 .061M700V |
P9625) ; D 4 B BT AR (AL R FRHCA R A
Al L5 . G8150 YA1045); H 8 £ N K& X (K
L CHEWRHABRA ] 5 :N0521A J0520A) ;CCK-
8 WA (H A M AL 7058 B, 1L 5 . 21208262) ; fit
3t RAGE Hi#& (Y& [E Abcam A7l it 5 :ab3611) ;%
Pt NF—kB Fi ik (£ [E CST 4w, #H 5 .8242) ; 1l ¢
Pt 1gG B—actin L& (€ [E Proteintech 23wl , it
5 :SA00001 -2 60008 ) ; TRIzol ( 3£ [ Invitrogen 2%
w45 15596018) ;33 4% s 77 & (b o B i 40
BHEAT PR AL S . CW20208) 519 _Lifg A9 T
FEA A .

12 TRV RS 0 AL (B8 [ Eppendorf 28w, A5
5910R ) ; {3 & & 0 5% (1% E Olympus 2~ ] , #15 .
IX51) 5 ML VKA HL Dk Al 9% E i RCP A (26 [E Bio—

rad 23 7, 5 164-5050 . 165-8000 . 1855195) ; %%
BREAS (b 5t — AR R A R ) 45 . DYCZ-
40A) ; Z IR BEARAYL (36 EUAME AL A FRA 7] 345
Cytation3 ) ; JiE % 78 & 2% ( LW W 2% A= A A 28 T, Y
5 .RE-52AA),

1.2 ik

1.2.1 BMECs JE A4 85 3% B AR 40 i 15 5% 44
AR MAEE AR 1| mL 7 5% T 4005 W
R, FE 1~3 min, {8 & W flBE N LR, 1.5 41 il A5
[R5 i 55 R BB S 57 25 A 2 mL 58 kG 5%
WA T AL R A e e W A T 35 3R L RG T48 , 22 200 M it
% ,15 mL B0 TP ELL (B0°F42 17.8 ¢m, 800 r/min,
5 min), W& I, INA 2 mL 35384, LA mLAY
Tip Sk b F W BCBOR LT 8O M A B IR A 4] f5
RS BT BRSSO A B AR,
BT 37 C& 5% CO, B FRAI R R 7R, B 1~2 Kife
W1 IBUEAR R 4~5 A KRS RAF A0 H T 1
122 {K4Ml % AGEs  AGEs (14 &b il 45 2 IEbE
% B L, 76 A 100 mmol/L [ D—H 2 4 200 mg/L
&R 70 ng/L PKREZRA 1.5 mmol/L Wy BE i iz
- F P A B R % IR (100 mmol/L) H AL 3 FA
EH,T 37 CHEAPE 8 A, LAMFSAHEA S
Cp SR =R NN IR A S A SE (S RoN I =
S5 RS LA JC A 37 M 48 T R AL 2% v (pH 74)
o IENT 24 h BR ARG G DA, FH 0.22 wm i
FLUE B DR BR TR S B T4 CUKAE TP IR AE

1.2.3 25 FLE B & 245 107 i il & SD K U B
MM SR 1R AR A T 4 R B AL A - 3Rk 4 s
F 20 20 U W Jhk 7 4 R T8 58 3 S 4% 871 S AR 4L
AL 10 H 22 V3 B b 3 ik O 4 00 0 1 R ke sh
A 2 T AR B L ) 60 kg RN 2 A5 I R 255K
F ) 25 T H (36 gl (kg-d), B 4 ml/d], &K 1
WL S d; JE B HL T +4% 51 55 R 41 45 T e S b T
F BARBI TR R v 1 K JE ST J JAg 51 55 ¢
SR RS R A, A 4 K P % e B 4y )l
2 mg/mL .3 mg/mLIYEE, L 60 kg A 2 £ 116 R 55
BFIRREE 39 18.35 mg/(kg-d) 275 mg/kg-d)!,
4 ml/d; a8 AT UARRR BRI ZE K S . oK
WHEE R 12 h FERUGES | ha, ERE&MT
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J 2 B KR L 5 i SR 4B 11 1LV T 4 CCOKAR iR
F 7853 B [0 )5 250 (B0 2F 42 17.8 ¢m, 3000 r/min,
15 min) WV, HIR K55 56 C/K 30 min,
KA 5T -80 CUKAE .
1.3 259w Ko

225 IR 2 T A 5T 45 R0 AR BE CCK-8 45
T O3 0 B A7 3 S 3k IR e 4 30 A4 i s 50 ) R
AGEs ¥R JE 200 mg/L fEF 24 h, 22 A R4 8 ik 7 &
24 1ML 375 o 5 M T R JE S A 24 h A B % 45
2l 1) dc A A VR B S i ) K U E 709% ~80% 11
BMECs HI & AL 2 5 mL 208 1, 41t
HUE JE 40 M W E Z 10% A /mlL, 40 B AL 2>
J% 6 4G WRERE SR . 4320 Jy2s I 2H (BMECs+4H i B 5%
W4 mL) AL (BMECs+200 mg/l. AGEs 4il i 1%
FRUk 4 mL) A2 H BBl Bk )7 44 (BMECs+200 mg/L
AGEs 4 i 55 37 WK 4 mL YEF 24 h+5% /2 I B4 i
O & 2510055 4 mL) . Je B F-+4%51 57540 (BMECs +
200 mg/L. AGEs 4552 4 mLAEM 24 h+5%)¢
BT+ 5 FFRF T 25 1M 4 mL) FPS-ZM1 41 (H
RAGE #1il7] ,BMECs+FPS—ZM TiAb# 1 h+200 mg/L
AGEs #i it 5 52 W 4 mL AEH] 24 h) & PDTC 4 (H
NF-kB #17] ,BMECs+PDTC Wi4b# 1 h+200 mg/L
AGEs A1 4 mLA/EH 24 h),
1.4 CCK-8 A 41 i 47 7% %

K5 BE 70%~80% ) BMECs FH 6 25 11 i i 1k &
5 mL 2508 AU R TR 5T 0% 20 B
WS H 1 2 1000 /AL 28T 96 fLAR T, FLIN Y
AR EEHL Y N 4 425 7120 (BMECs+40 I 35 37 )
BRI 4] (BMECs+200 mg/L AGEs 40 i85 35 ) /2
T 4 38 ik 77 2H ( BMECs+5% 75 3 W 388 Jhk 7 % 24
MLE ) \JE 51V +4% 51 55 47 24H (BMECs+5% Jé 2
A8 B SRR 2500 ), B AL 100 L, I3 = Am 4
b SR A 25 FFLYE X B8 BRI 6 N AL AR,
TR IR 24 h,fF BMECs 7870 W BE 5 W H FL 4 R
MR FR I, I R AR R 1259 7 24 h,
W AGEs , in AT fef 41 0 15 % 9, 77 1) 4 L o i A
10 wL iy CCK-8 ¥l , TEXGFA N ARZEE R 15 h,
T FRACIN 22 HAE 450 nm A 9565 7 (optical density,
ODVE I AT GETH 45001, T & AN AT % 4
A SR 2 A M AT = (4 25 410D {5 -25 1
fL OD {H)/(= 141 OD fH-75 H 4L OD {8 )x100,

1.5 Western blot $5£5 il RAGE \NF-kB & [1 £k

PBS PR 45 414N B 1~2 K, A RIPA 24 i i
60 WL, VK %% 30 min, FH 40845 2407 5 19 4n
M TR RR S bl 4 CIRIR B O (B 0k
17.1 ¢m,3000 r/min, 15 min), B %5, 2K A BCA
e AR & AT e i AL AR 40 pe®R
I3, 28 2% vh A 35 i A 1 | DL 109 2% 79 I Tk
BRI LK , e fE T 80 V HL K 30 min, R RE AL 2 2y
B, PR R E 110 V 4kZ2R Yk 90 min; AL 5%
B 1M B 1 2k 55 B & B TR £ 0 (polyvinylidene
fluoride, PVDF) = ,200 mA ¥ &, %5 2 h; ] 1x
TBST FC il 5% AR W5 4, =& 1 h; VS
S35 A Bt RAGE HT4A (1:1000) K& %471 NF-«B
PUAK (1:1000) ,4 CYKFE 1 7 ; IXTBST ¥ 3 1K, B K
10 min; AT L 2EHT A 1eG (1:5000) , 37 °CAH J6 4 57
B 1 h B B 8 4R S SR AR, I AT mL
TiC 1) G 18 S 5 VR, I A 2 R B IR AR AN v A T
B0 B R (A B AR R BE (A, B R 4kl
TR BEAEI N 2 2505 I BEABL R R H ) 86 (A Rk i,
BAFERER 3K,
1.6 RT-PCR 461l RAGE NF-kB mRNA #ik

K HI TRIzol 305 12 4% 2H 40 i B mRNA, % 1
R B AEULEA T PCR AP afb 47380 5 5% 5 ) 58 1k,
J&  F BB AT Y4 . ROV A& AR 95 °C 10 min,
95 °C 15 5,60 °C 1 min, 3t 40 NEIF, 4L 34
FEA BAREAS 3 45 A #1700 5% 53¢ Bl PCR 1Y
P73 Y RN A 2K I S A5 A 3 R R A 3F I (cycle
threshold, Ct)fE., LA B—actin fE R N2, K 27440
2,38 mRNA AR R A& BHEL 3K, I
%1,

*1 SEEWEIE

sk iEF R K 1 /bp

RAGE CTGCCTCTGAACTCACAGCCAATG GTGCCTCCTGGTCTCCTCCTTC 155
NF-kB ACTATGGATTTCCTGCTTACGG ~ GCACAATCTCTAGGCTCGTT 118
B-actin ACATCCGTAAAGACCTCTATGCC TACTCCTGCTTGCTGATCCAC 223

1.7 GeiteErik

KM SPSS 21.0 Gei A AT 030 o BE LA “as”
FOR BIEFF A EA S B 22508 RN 7
253 M, P LUK ANOVA 5387 5 75 22455 0
BRAIRC K . DA P<0.05 2R A G2 E X,
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2.1 AGEs %} BMECs & 5 5 i
i T W% BMECs ARIE | B2 W BE A= K il &
Je S RGOR " HES S BE T W] UL IE A A AR R 5 A
Ji 355 6P A5 i A 200 mg/L 9 AGEs fEH] 24 h
J& 88 AU T AT I BMECs T2 25 & A= B g el 4F
2P0 if 10 s 18 0 200 B 40 B LSS A A e B OR T L
W, PEWIE L,

1 AGEs 3 BMECs 75 B9 20 25 (18] & 1 i

T ca IE W BMECs 41/ ;b.JIA 200 mg/l. AGEs /EH 24 h () BMECs 4

,%200)

2.2 AW ANMIAFTE R AL

525 4L R A A AN A S R I B T RE
(P<0.01) ; 5BIRYE L, 20 I B 3 ik 5 20 e Je B
Hb P+ 571 55 5 4 40 A 05 2 T R (P<0.01) 5 5 22 15
Reg i 308 Jik 7 4 HE A, T2 5 O+ 4 81 S R AL AN AT
TR AR (P<0.05), FEWEE 2,

% 2 %4 BMECs H 77 E 2 L8 (325 ,n=6)

4150 1715 24/ %
SHUA 100.00+7.88
BRI 2] 74.30£4.75%%
7 VA B M 38 Jok 77 2 121,192,725

JO B -+ 81 5 R4 107.82:+1.53 %4
W52 AU R, #P<0.01; 5 AT L, #P<0.01 ;5 22 T B4
i k5 41 He R, €P<0.05

2.3 #%4 RAGE NF-«B [ [ #£ 5K AL
525 (4 L, BRI RAGE \NF-«B  [13%
TRKOF B 1 (P<0.01) ; SR AI 2 A, A2 UA R
WPk T BT +4% 51 55 R 24 FPS-ZM1 4 I
PDTC 21 RAGE \NF-kB 1 [ £ ik /K- W] 2. 94
(P<0.05) ; 5 2 VA [ 38 Bk 5 40 L 3K, Je 5 3t F- +4%
5 554541 RAGE NF-«B & PDTC 41 RAGE & 1%
KPR (P<0.05) 5 5 JE S b F-+46 51 5 R 2H LU #K
FPS-ZM1 41 RAGE NF—«B {4 & [1 % ik K F I+ &

(P<0.05) ;5 FPS—-ZM1 #H It %% ,PDTC 41 RAGE & H
FIR KRR (P<0.01), TEWE 2 %3,

RAGE T N s W— w— 65 kDa
NF-kB w0 « S s o S e 45kDa
B-actin 42 kDa

A B C D E F

& 2 &% BMECs 7 RAGE NF-kB I E B RIZ Bk E
AL AL BAR RG] C 22 VA [0 38 ik 75 241 5 D.J8 55 b S+ 4% 1)
FH 4 EFPS-ZM1 41 ;F.PDTC 41,

% 3 %4 BMECs # RAGE NF-«kB & AFKiEKFE
LE 3 (v£5,1n=6)

2531 RAGE NF-xB
25 141 0.07720.018 0.128+0.038
15275 25 0.477+0.0377 0.428+0.012%
e VA R kO 4l 0.243+0.008*+* 0.253+0.035%
JESEHLT 4 5 AR 0.18720.016% % 0.1940.028
FPS-ZM1 21 0.222+0.02 1 ##2 0.2490.029% %2
PDTC 41 0.188:+0.022#5#A4 () 20600227

W52 A A, #*P<0.01 ; SRR A 4R, #P<0.05,%P<0.01; 5 72
U A 3 ik 7 4 HE3E L 4P<0.05 5 5 2 B LT 4% B1) SRR 4 LR, AP<
0.05;5 FPS-ZM1 4 It %5, 44P<0.01,

2.4 %4 RAGE NF-kB mRNA #ih/KF H 8
525 U4 i B 41 RAGE \NF-kB mRNA
FEIRKEI . EIE (P<0.01) SR e 55, 22 VA %
BEIE Ik 5 20 | Je 5L b V- + 4% 31 SRR FPS-ZM1 4
& PDTC #H RAGE NF-kB mRNA Fik/K B2 F
P8 (P<0.05) ; 5 ¢ IH B A0 Ik 75 20 Fe e, Je 5 b P+
¥ %1 5% 45 40 K PDTC £ RAGE mRNA 33k /K F f#
fIL(P<0.05) ; 15 J& 521 F-+46 51 57 R4 L4, FPS-ZM 1
41 RAGE mRNA & PDTC#{ RAGE NF-kB mRNA
FIKKF-W B TR (P<0.05), TEILE 4,

* 4 &4 BMECs 1 RAGE NF-kB B mRNA Rk Kk FE
Eb 8% (R+s ,n=6)

4151 RAGE NF-kB
A 0.778+0.214 1.034£0.044
FERIZ 12.354+1.200%* 3.07220.246%*
72 [ 38 Ik 7 4 8.580+£0.479%* 1.992+0.187*"
J@ 5L ~F-+ 45 51) 55 i 4 4.470+0.14 1 %548 1.365+0.101%%
FPS-ZM1 #1 6.763+0.525%+% 1.754£0.162%*
PDTC 41 6.336+0.354%%#5  [ 635+(),](3#AA

s 528 [ LR, #P<0.05, *#P<0.01 ; 15 85 1 21 1L 42, *P<0.05 , #P<
0.01 ;55 22 VA R 1 ik 07 41 L35, ¥P<0.05 ,%4P<0.01 5 5 JE 5 i - +4% 51
FERRL L #L , 2P<0.05, ~“P<0.01,
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AGEs REAT T 74 Bz 20 B8 F- ¥ UL 48 i o A
I 240 45 200 B 1 AR 9 1 F O35 S TR D 8, 2 5
WE IR S It RBE kB R R 2 E ) AGEs
VER T LA S 80500 & A ik A 28, BRTIAH
AR IRAR TR I A P R A B kAR B
BLiEEHW, RAGE J& AGEs 9 £ Z/E 2 14, 4 41 i
ol Ry R L 24k H B RAGE 1) e 14 5% 98 E 7 R 4R
BF, 0] 98 RAGE (3535, NF-«kB J&—Flil 1 i &
G, AR RAE R T SR T 2 —  BEXT A
240 R 3R, dn R | RORE SN A A A R
A Ak T EOIRAS B NF-kB 5 HAM 14 7 M1 45
A, VAR AL B RS AL T I s NF-kB #2 R
iE DR 0 B A3 v B S UG NF-kB 5k
A W R AL T R A, B0 5 B NF-kB R A
5T i 0 TR A 386 3 7 5 4G A T s 3R TR A
SERNFEIR  WOHG FUEA5 5 0 B, 15 45 B 9 E IRV 1
A IR R AE IR T, IR T I P A 400 A 1
PRI RE MY 2 250, S5 2 3 I/ A0 ) 45 10
NF-kB 25 TAGEs ' R 2 & F 5@ K, 5
AGEs A0 R4 F R h ke & SCHEAE H  RAGE 19
6 AE T AL R EUIR S T 1 NF-«B, i 1L )5 1 NF-«kB
MBE I8 RAGE (95 1k Fn 36 1k 8 1 s B 9 15 &
Gi | R AT SN RIONE o A B s 58 3 4 30T A% v 1t
RAETIRE M AGEs &= 2 , RAGE ik LM,
WE NF-«B, 15 5 B2 Bl 90 B, 3 A [ 72
i 1A L7 P R 407, DA 5 1A i 65 5 i 1 & A9

PRI A5 I 2R i A 368 25 8 R Il 8 B A 4 O
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