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FTY720 %8 bR 95 Rk Bl O L 9 1 5 98 28 1 B 12
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[KEIF] FTY720; HEAkwm; SR AFRE

[ ZE] HE AR -3 AE TRM3 H 3 X 1% (FTYT720) 348 i X & 2008 WUk b 8 9% E 9 1E A
Fik  H Spragure-Dawley X R 54 B st BBAL ¥ R yRAE A 205 FTY720[0.001 ¢/ (kg - d) ] & 97 40, K7 &4 Mk
T F (65 mg/kg) M ES & K RAEAISRAEAR  HE Masson F & IE S PLLEM XK &, CD34 ok mms
MER s Lk fn 55 B TUNEL %, 9% 38 St i 547 o JE A f 5 R R B o L, A4 A K B F B(TGF-B) .
o, JE LR AL UL S LT Y40 AR . Western blot M & A 4 28 JLZ6 4 F 1( VCAM-1) 93358 B F o TNF-a) F=
G@mieiF 6(IL-6) ZAKTF, ER MABEA L S R AYE=16.7 mmol/L 4E A ¥ fom B R %, 2h 69 47 &
AR P KRN FIm A R B 85% A b 5 E st BB AR AR b B AR R AR A 40 K R WLAE 8 4 e A5 AR 38
J& ,VCAM-1,TNF-a #= TL-6 # & & 7 3 ( P<0.05) ; FTY720 7% 77 283 AL VCAM-1.TNF-a 5 IL-6 #) & ik Bf B4 T 4%
R AR 40 (P<0.05) , 4B kR AL A 400 IR AL Rl B B R Y, A T A5 R I 5 ;% FTYT720 T AR 0 A == 4%
BR R mAIGIE, IR FTY720 7T A A2 45 fom K R BE Ml 8 3045 F AL — 2R P AE R,
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Protective effect of FTY720 on myocardial microvascular lesion in diabetic rat
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[ ABSTRACT ] Aim To evaluate the effect of sphingosine-1-phosphate (S1P) receptor agonist FTY720 on early dia-
betic rat myocardial microvascular lesions. Methods Male Spragure-Dawley (SD) rats were divided into three
groups; normal control group, diabetic model group, FTY720-treated group (0.001 g/kg per day orally). Diabetic model
rats received intraperitoneal injection of streptozotocin (65 mg/kg). The heart tissue structure was estimated by HE stai-
ning. The myocardial microvessel density was observed by CD34 immunohistochemistry.  The cardiac microvascular endo-
thelial cell apoptosis was analysed by TUNEL and immunofluorescence mapping. Immunohistochemical staining for TGF-
and type I collagen were observed with respect to collagen content. Western blot analysis was used to investigate VCAM-
1, TNF-a, and IL-6 protein expression. Results Multiple random blood glucose =16.7 mmol/L was as a marker of
diabetic model. In this study, the success rate of diabetic rat model was above 85%. Compared with the normal control
group, diabetic model rat myocardial microvascular wall was thickened, the expression of VCAM-1, TNF-a and IL-6 was
higher (P<0.05). The expression of VCAM-1, TNF-a and IL-6 in FTY720-treated group was significantly lower than
those in diabetic model group (P<0.05). In diabetic model group, the density of vascular endothelial cells was decreased
and the apoptotic index was significantly increased, while FTY720 could reduce the apoptosis and promote the proliferation
of endothelial cells. Conclusion  FTY720 may play a protective role in myocardial microvascular injury

in diabetic rats.
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PRI T8 A8 9 8 S JHG 981 245 o e o s 1) 9 97 3
X, 1-BE R 2 BE ( sphingosine-1-phosphate,
S1P) Z AR B 25 I FEAE (FTYT720) A4 I AR R A
28y B B A R B 24 ) T RE A8 AR R E
IO, (R EL 0 B U SR AR A R S Th R
Z RN, HAEAE K K B R PR 9 Il 5 9 kA
BOBR PR O LR B B AR E Y AR RS 12
LA A A o 107 B T A A % i R
FIS AR R R R /N B IR B A B R /N B
(I RS R R AL BE R A 1 FTY 720 58 3 80
AR S1P S22 44 K T ¥l A5 5 3 i, b0 JUL R 1t B
ARG E R AR A 2 X6 PR O LB 95
A HA B AE G B D AR SC R E Y . ARBFE R H
R A 7 (A A R B R BRUBE L, BIF ST FTY720
ST 23 X PR R RO LB I 48 s 72 7 AR A 4w
YEH

1 ##FT7E

1.1 KIesh¥#E B SI{E

SE I 5 4 6 4 6 JA ¥ B ik 4F Spragure-Dawley
MM KRR, EE 160~ 170 g, # 525 30 4 F AL 2 5K
WA EFXBA BRASEAA, BRFAEE A
KR ZEA 12 h 514 65 mg/kg 4 k£ H % (streptozo-
tocin,STZ) Heif B8 i iE 4, i 41 5 3 X5 X7 R
EXBE AR M3 A, WROE-FERZET
16.7 mmol/L PA £, M| & BA 88 R " £ A & % ik
A R T BB RO K R R R R A
R H AL FTY720 0.001 ¢/ (kg + d) 1E % FTY720
BT 4L, AU 8 mRoK, ERAFAE 20C ~
25°C , M A8 & 7 40% ~T0% 4 B L B4R 12 h B
TR, 3 AMNE - KR, BERAEH P —
HOR A ML, 3 A — AR ELKIHERE,
1.2 D AEEEHZE

A E 15 B JE, AL FLET A Vevo2100 A
/N #8 7 0 3 B AL ( VisualSonies ) A R 34T 48 %
WA, 56 T RO EEHN KT SO
ek Z Bk R, s E RN A KA 1% KA R
B 3% BE 0.5 mL/100 g 6 7 BB JE T 0% SR EE, K
RATWEML P HARER L, = 250 8 E L5
EER LRSS TR, M3 E EALE, 25 £ 0K
BMASEHER _ERB8FRLNE, £HANHE
BH#AATHEHFOHEREC L LT HRMNS LM S
it « 4T M2 2% (ejection fraction, EF) | Z & = 47 5K

K W42 (left ventricular internal diameter at end-dias-

tole , LVIDd) | 7= /& Z YK 45 #] K 77 42 (left ventricular
internal diameter at end-systole, LVIDs) | & % J& &
475K 2 K B Z (left ventricular posterior wall at end-
diastole, LVPWd) | 2 & % Jg B WX % # K B & (left
ventricular posterior wall at end-systole, LVPWs) |
45 4 K % |8 I B J¥ (interventricular septum at end-
systole, IVSs) 47 7K #1 K % 4] [ & & (interventricular
septum at end-diastole , 1VSd) | = 2R ## i i E 15 A 14
5 E/A Wa, PR Z2 8 E 45 47 4 3 (fractional short-
ening,FS) .
1.3 Western blot &l

LR, B AN E 0.3 cm F B ALA 4,
R E R P R, kBT A K, 4C B
(10000 r/min, 10 min) , B _k 7 % & & BUE, A BCA
EARAeNExa4E, EaRIEUE AR
(Tris-HCI 50 mmol/L,DTT 100 mmol/L,SDS 2% , &
B 0.1%, 45 H ¥ 10%) # % & T 100°C fm # 5
min, H X & L (12000 r/min, 10 min) , 1% & & &,
SDS-PAGE F T8t ek 2 & & B H ZE R A Z
Wi 4 3 89 i _E (Micron Separations, Inc.) ,5% it g 4
HF, An NP % 2 B EE I 2 F 1 (vascular cell ad-
hesion molecule-1,VCAM-1) | i#J& 3K 3% B F o ( tumor
necrosis factor-a, TNF-a ) X B %0 M /> & 6
(interleukin-6,1L-6) 40 {4 ,4°C 1 F 1L 7L, & ¥ ik
ENZA, 3 F E R T E, & R E R AR R
“H,ERBEF 2L, BEE TEKE S REST R
GT G, &4 5% EREE B-actin 5 1
BAEZ A EEAMENEE,
14 REZSWERBRALMERE

KEATE RAEBCHA LR, 4% FEEE, B
BAEE 4 pm BHESZY R, — 32 B F A HE,
Masson /& £ T &5 5 4T, 7 — 3 2 CD34 % {b &
K & F B (transforming growth factor-B, TGF-B) 5 1
AREEERTARCERENF, QAR
Jic R 7 A7 T Masson e s &5 | AR R & & %)k 4
FAF R KR, & TUNEL % % 7 o6 4 0 3
AR Bt A 9 R 4 MR T HEAT R AT, A
TRE R A R fat % R R A N E 2t R
CD34 By A A e ik, R Y #E 12
ANEEALE, MR CD34 % & [H oy it 4
BB, DN R <20 wm, R A K 4T TP
VR AL 4E L ot A Oy F R AR B AN R B A o
BER T Ao & % E, & iF B 200x A1 B
T84T, B & % Image Pro Plus 6.0 2% £ 5k 7] i3
51t
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1.5 SFHitEsH

BAE L xxs X, T EXHAR LERA 2 H
%7 a0, 4118 P 7t 3 R B Turkey post-hoc 42
I ,P<0.05 H ZR AR FEXL,

2 & R

2.1 PERBABRE—EERL

KT STZ v 5545 1 J& i sk 3% 0k w5 T
16 mmol/L, H 2 I [ 4 L1 /&7, 56 3 i 5 ik 3
W | SR 5 IMUBERS E 7E 20 ~ 30 mmol/L 35 Bl P i 20y, b
PRIPIAS TR 20 1t B B i L X B E (P<0.01) L, 2
TN, FTY720 3697 A14EIR YT 6 JAJa I p Lt
RETRUZH FRAR, I — T R B S 25 R, S 56 o
o BRI S FTY720 VAT KBS AET: 1
HOBERIAIZ 1 HOR RS Y) . HAR KR
AR R R R, 7R STZ B KRR E T
MRS, 55 8 JEIT i, 5 1E 5 4 B4 LA, M PR
RREAY 20 K B M i W el (P < 0.05) , #M W5 B9 T
FERKZE, BIRHE, ZKE R, B RIE 1 IR,
TRITER 4 J8  FTY720 1657 4URBE R 15 70 41 1R T 4%
TEH X BRZH W &5 R B (P<0.05) , FTY720 i6)7 45
PERIB A WA St F 227 (R 1),

x1. BHAREES MK

Table 1. Body weight and blood glucose characteristics for

each group
IR ZH PeeyEgil] VN
W M g E ORI BEPRPIREA FTY720 ¥RYT
(n=12) #H(n=10) H(n=11)
HE (g) 6 171.5x14.4 168.1x12.4 172.0x11.5

9 354.2+31.5 243.3+13.2" 255.5%13.3
12 485.4+98.2 280.5+15.2" 292.6+16.2
15 524.2+101.9 293.0+21.8" 301.0x17.5

M (mmol/L) 6 6.7£0.7  19.5+1.5*  20.3:1.6
9  7.1£04  22.11x2.2"  17.2+2.3
12 7.2£0.7  25.1%3.11° 17.2£3.4°
15  82+1.8  27.3+2.7" 15.1+2.4"

a N P<0.05, 51EH XHHEAL L5 ;b o P<0.05, SR A= Y
A Heds

22 MEREXRONEHSIHETH

FEPRPAE AL EF (FS B80E 5 % B2 BA SR AIK (P
<0.05) ,FTY720 JRIT4L EF FS {E A0 PR R 2H T
B (P<0.05) , EWRAE FTY720 #2551 KRB LA I 48

5EFkIIEe, FTY720 {697 H KB RI E 1§ E/A
FUAE B PRI T (P<0.05;% 2)

x2 BFHEHRKRONEHSHBEEN
Table 2. Changes of rat myocardial structure and function

in each group

IEH IR BEIRGIERIZL FTY720 59741

! (n=12) (n=10) (n=10)
LVIDd(mm)  7.54+0.84  6.58+0.62 6.92+0.63
LVIDs(mm)  4.67£0.72  3.62+0.58 3.93+0.59
IVSd( mm) 1.67+0.27  1.43+0.27 1.52+0.31
IVSs( mm) 2.83£0.39  2.9420.47 2.48+0.28
FS(%) 47.90+8.52  38.40+4.89"  44.50 £6.42"
EF(%) 78.20+9.03  66.20+£5.23"  73.20 £5.92
E(em/s) 103.53+19.03 83.53+13.28" 92.47+18.31"
A(en/s) 43.28+11.91 52.16£12.32° 49.27+11.26
E/A 2.38+0.44  1.60+0.25" 1.88+0.36"
a  P<0.05, 51EH % AL ELE ;b o P<0.05, S5 PRI L
2 HeEE

2.3 DAALRREZTL

HE Ze (0l 7, 1F 5 % B8 4 A B0 UL 4H A E 51
BRI RN — R Y a5 M Ah Ik
Jo A /b s W PR e A AR 20 KRR O LS TR, 0 LA
Ji B AR LI B REZE K, A0 A% AS SRR HE 3
TEAL, MUA BT B W 3 225 FTY 720 677 40K BUK
FRIFOLAS T 1E 5 X B2 55 0% bR s B R 4 =[] (&1
1), Masson %ef{f g7, O AL AN fifd e €6, 52 21 €4, [B] i
W S W R A, 1E B R A 4H A RO ILH 2 R 4T
e o3 A 345] L7 Al 5 B DR 9 A5 780 20 K B0 L PN G iR
ZH LR A 22 KL R R 2T A R L 3% 1 R DIR FHE
FNZERL, o3 A 5] R % FRL58 T 0 WL A AR &) Rl K /)
10487 BB i 5 os 2l R G G JEE 1 A5
AL VLA PR LI 5 FTY 720 1497 20 A B G BE s
BT ZF et g B MO AR 5 4, I I 2T Ak HE 5 A 4 K
FF, A ARS8 A I DR AR A s (R 2)
2.4 OiHDEZEMOIARBTERNTK

W DRI AR TR 21 K R A A I A 2 B 5 0 X TR
ZHAHEE B B8 /0 (P<0.05) 5 FTY720 3497 41K BLAY
LA 2% 5 5 08 I s A5 R0 4 A HE B S 38 (P <
0.05) . HHAFRILLCoHILAN A 0F 748 0 2 T
(P<0.01) ; FTY720 3497 410 WU I 45 444 A= B 5 44
O LA M T F5 £ B FRAIK (P<0.015 181 3)
2.5 OALEZR TGF-g #n [ BSEERAMRIE

EGIEH X BT A B, i PR o 55 780 241 fof i 7 R 14
J& TGF-B YL {7, B i 3% 75 (6.12% +0.71% [.3.42%+
0.56% ,P<0.05) , FTY720 i&¥7 4l TGF-B Yol IR
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SRR ZH B 4 B ARG (4.65% +0.31% 1 6.12%+0.71%,
P<0.05) ,{EAT = F1E 5 X HRZH (P<0.05) , M PRI
FULH 2T 2 AL A2 BE G I i 0T R 2H B S 344 155 (10.50% +
0. 82% 1. 5.85%+0.69% , P<0.05) , FTY720 1447 20 .0
LT 2 A A 2 50 08 I i A5 78 2 1) Wb B AR ( 6.73% =
0. 80% It 10.50%+0.82% , P<0.05; &1 4) .

R
EEXRA
1. EAEKXFOAEZL HE 3£ (200x)

2.6 1HALAL 1L-6,VCAM-1 #1 TNF-a BYRIE

Western blot Z55 {87~ , 0 i g 53 78 41 A RO AL
HAUIL-6 . VCAM-1 1 TNF-o B 3255 TF % X PR 2H
B 35 (P<0.05) , FTY720 JA¥7 2 1L-6, VCAM-1
FTNF-o 119 58 35 5008 DR o A5 A8 28 1] b R A1 (P <
0.05;5),

Figure 1. HE staining of rat myocardial tissue in each group(200x)

2. HEAKXFOAEL Masson & (200x)

Figure 2. Masson staining of rat myocardial tissue in each group(200x)
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a o P<0.05, 5 1E# % B4 3 ;b 2 P<0.05,

Figure 3. Immunohistochemical staining of rat myocardial CD34 and apoptosis of TUNEL in each group(n=10, 200x)
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Figure 4. Immunohistochemical staining of rat myocardial TGF-f and type I collagen in each group(n=10,200x)
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EEXRA
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a i P<0.05, 5IE% % A LA b o P<0.05, 585 R 1 4

Figure 5. Protein expression of rat myocardial IL-6, VCAM-1 and TNF-« in each group
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PRI 1IN A s T 0 5 B S A bR
S Xt LA AV 1 S R B N R T BN & 5 B 40
A B, 33007 10 52 i 255 S50 A8 28 K A
PEIR SR, SR 2 B v ek sh RG34
TIRE AR A TT AR IO 055 9208 A AE TR, T LA
FEHCRE TR Bl K L A8 7 1Y) 24 W B R
I R A S, A5 B Dy ) 2 1 s A BB
BRI I RIS TR FTY720 10 J& )5 ks
TR BRI O WU A 19 2548 . A ¢ FTY720 X
A8 HAE T 2638 19 52 & A il iy, ARk

B, 20t FTYT720 TG K B LA 2R AE K+ 1L-
6 .VCAM-1 Fll TNF-a YRR /D, iX Al g2 FTY720
R RAPYEFI LS Z — . A BF5EIERT FTY720 7]
DAGE S 1M A8 3 A= NO R, R A i 48 85 Bt o+ 3%
K, AT BE St —25 AT i A S A P A il A R T
R BTN A &7 5K B 7, DT 0 T BE X SE
HUEE FTY720 X PR S0 45 9 A8 =2 A 25 10 . A
BRI FEABF IS, FTY 720 3497 40K B B i
R, ELEE s T 0 e i AR, BE AT 9t A 2 ol
PR, AL AT BRI BR J A8 JE 2 0z, #10 fil Th
M E A BRAR , BB S AR A T g T

SIP ARSI 25 W1 Fl &2 2%, v fie [R] B J80s
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ZAAF T A /D i R E BB R R BRAA Y S1P
KEFEFETHE ES, LA Je SIP A SRIER, X —
SRR REF N, KT SIP ZK
PN FIR A FR I G 50, A WF 98 280 S1P i ad
PI3K/AKT 2% H il # NO BT M4 &7 1k 35007, T
DA Tt 4 Je B i e, A B AE R W AE Ak
PAEAI T FTY720 FEAR T B E 0 Jmy &8 i it {HL 2
KESTFFEIN R SIP 52 143 20 37) e 8 e A1 1 487 55
TR, FTY720 J2&— Fl Bl iE B 8 AR AR 09 259,
AHGEFK FTY720 0] 5.0 it 82 o0 K 55 )
S, ASBIFFE A X FTY720 %8 i A B @i 78
HEAT TR PEAL , X 2 AR I I B 2 —, BT LA
Wl ik — 251 &0 M A SR B S1P SZ ARS8, I3
B S R AR T B — AR

25 LTIR  FTY720 FE0E /R K BRSO IR fM 48
W BT AR |, 2 PR TACE 0 U SR 3l K 1k
PEER IR AR TR B, e RERE i LR
HL S L - A0 10 5 38 2 33O LET S AL R
FAAR IL-6 \VCAM-1 & TNF-o 25 IM145 R P 7323k
DKL ZEWE PR S8 P IR B R AR & SIP 3%
BB FI 2580 FTY 720 2 7543 4E 2 145 95 78 2
A NIBOLHRTE L, [A) S, X 5600 008 I A PR 9 i
P IR AR AT 3R G 11 0 JUL Bk i P9 7 4540
[ AL, 2 1 3 B SR G 4 T T I o W PR v
BEARIG O AET RS, 2 I PR I B RS0 1 G
SO P [ R 3k S 15 AR T AR DR S 10 785 A% 1Y)
YEFMLRI AT — 2505, T B4 0 19 SRl B0
(STE S
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