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° [ Abstraet] Objective To study the protective effects and its mechanism of rapa-
. mycin (RAPA) on retinal ischemia-reperfusion injury ( RIRI) of rat. Methods Seven-
¢ ty-five SPF healthy male rats were random divided into three groups: blank control
group , experimental control group and experimental group,25 rats in each group. RIRI
models were induced in experimental control group and experimental group by increas-
ing intraocular pressure via an intracameral catheter. The rats in experimental group un-
derwent the intraperitoneal injection with PAPA (2 mg - kg ') 2 hours before retinal is-
chemia,and the experimental control group with normal sodium and DMSO. The retinal
specimens of three groups were taken at 0 hour, 6 hours, 12 hours, 24 hours and 48
hours after reperfusion. The morphology of retinal ganglion cells (RGC) and inner reti-
nal layer thickness were observed or measured by HE staining, TUNEL technique was
used to examine the apoptosis of RGC,and the level of hypoxia-inducible factor 1o« mR-
NA in retinal tissue was analyzed by real-time PCR assay. Results At 0 hour after
reperfusion, the inner retinal layer thickness in experimental group and experimental
control group were (137.55 +7.76) pm and (162.26 +6.41) pm, the retinal edema in
experimental group was less than that in experimental control group,and the vacuolar
phenomenon of RGC was also less. At 6 hours later after reperfusion,the inner retinal
layer thickness of experimental group were greater than that of experimental control
group (all P<0.05). At 12 hours,24 hours and 48 hours after reperfusion,the apoptotic
cells in experimental group were obvious less than those in experimental control group
; (all P <0.05). The expressions of hypoxia-inducible factor 1o mRNA at 0 hour, 6
. hours,12 hours,24 hours and 48 hours after reperfusion in experimental group were ob-
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+ vious lower than those in experimental control group (all P <0.05). Conclusion

*

-+-os RAPA can protect the retina against RIRI, and the down-regulation of hypoxia-inducible

factor 1o may be involved in the mechanism of the protection.
[ Rec Adv Ophthalmol ,2014 ,34(5) :409-413 |
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[XgR] FhEE; Wistar XR; $8FFET Lo AUR BLs - F il 124045 ; 2 a8 =
[WE] BB #FiTF a5 &AM B Sk f-F 3 72 3 15 (retinal ischemia-reperfusion iniury , RIRI) #4237 45 A fe b4 . ik

75 R SPF 4k ettt Wistar K ALY A 3 4. X G AR Kl st B4 R4l AF4025 R, LI T R f 204707 & i
AAIZ RIRIEA, SBAAENEEEN2h 2 mg kg A SHBEHTMEL, SHTRBAKXIBEEHF SO AR LR
F2 DMSO, A EAF#:E5 0 h.6 h 12 h 24 h 48 h X 3 4L W B4R A, HE 2 & 3% I KA W LAY 2 ¥ 48 fe (retinal ganglion
cells, RGC) % A & | EAL W BE A & JZ B ; TUNEL % 46 | AL B J32 28 22 P 8 = 4n B 69 & i& ; Real-time PCR #4825 FHE F 1 o
(hypoxia-inducible factor 1 o,HIF-1 o) mRNA EALM B R R XK F, R HRESOh ZRAAMBNEZREA
(137.55 £7.76) um , AL K 32 52 o PR 4052 | SR 3 <t BB ZHAL W BE R B 5 B A4 (162.26 £6.41) um, B 523648 RGC =L 3L
FRYBREEOCh G EHHENMBERNEREYREETREZ(39H P<0.05), SBHMAFRES 12024 h 48 h o920
TH L BT 3t (3h P<0.05), A#ES0h6h12 h 24 h 48 h 5232040 40 22 HIF-1o mRNA # 3k K -F

BREI TR A P<0.05), &ig
[BERFI TR ,2014,34(5) :409-413 ]

AR PO M ffe 1fi) - - Y 51475 ( retinal ischemia-reper-
fusion injury , RIRT) J& $i5 0 [ Ji5% 25 2R ke ., 365 4 )5 K
S IR AG A I S5 17 , a0 A0 ) g v gl 2 Jok BHL2E B
DRI o 5 72 | B 7 J LA ) 6 7 S5 347 ] 3 3R
PRR) B 1L A5 1% BEL 2 , 490 o e 1t 0 70 A s 4 34 7T LA
HOOL B g P ARG o DR e B AR R R e L
L FHRA IR ST 5 By L A X Sk i PR T
FHEMM AP FAAEERZ L, SAIESHE T
1o (hypoxia-inducible factor 1 o, HIF-1a) J& G 4E 54
T T RS AR P ) — B SR T
AE -5 FE AL DR 45 5 I 30 5 2 SN S5 )i A4 7 R AR
(R LE 2800, AT BILAARAE fole ST 72 A 3 I P S, A
HFL S A ATESESRAE T dE R AR S 0 SR
. REMBFFE M, HIF-1 78 RIRI i 5 85 2E4E
F TR 2 — i KR P TS 2 S 4 o 24
Yy, FEHRX e 28 2 G T AT A0 ) A 28 O T O
i HERP 2R AN A A3, A B S 22 Ry e A
ARSEG B AR A TR AE R AN ORI R, i W RI-
RI J5 LM EZH LU S A 41 3 1 \HIF-1a mRNA
FIRTE DL, RV H AT R DR AP S AILEE, Ay s PR 1
PR A 1 S IR B .

1 HH5H®

1.1 s

1L.1.1 ZhiERRSE T HERREZSY O
PEALHY SPF G fat R BUAEHEPE Wistar KEL 75 H KT
1200 ~250 g, BEML/ A2s O RRA S0 %) B ZH A
SEERH B 25 HOR . SR 7R R B iE AT 2 h
MR TR IR 2 (2 mg - kg™') LN AL T
At DMSO FiA: BEEER KNS Js 10 o S g2 S 2 3 X
P2 AR AR 0 00 5 P 0 3 B ) B AN T, S 40 2R PR
JG50h.6 h 12 h24 h 48 h 5 B [E] &S

1.1.2 FERFIRME PR (SEE Gene Op-
eration /A &) ) , TUNEL & 5] & ( 7% & Roche /A #])
DAB B 50 & (Lt b &R A Y HE AR A IR
AT 6 B U (Olympus 23 W), 9 BREIE 3
40 (1#E LEICA A7) .

1.2 7k

1.2.1 RIRI#RIFET 4% 3 ml - kg™ BHIE

& thF A AT RIRT AR 4E R HIF-la KA KF 6 FTRTRE ZERAA X

100 g « L™K A GBI s 1 5 0 K BR2EA T 42 B R
it FHER IR T 1= R ik FIR V0 0T A A 7 2 1T JRR 8, &2 7 46
M TR MR BT IR RO . S v A i 4 4. 5 54 kAT
A R P 2 0, VR R AN O RN R AR, A= R
JKOR 3 H 6 Vs, A A VT s 2 R A 150 em, Ko e
ZEI I JC U K, e B R e 3k 2] 110 mmHg (1 kPa =
7.5 mmHg) 2247, AT LSS S IR S 04 I v 0 ) s
Fo FF2E 60 min J5 22 18 3 I A W0OR Y & B2, T AR
WA LT, 4t 2l etk

1.2.2 FRAREFLE 455 THEF/EO0h6h,
12 h .24 h 48 h >R I v S aod 2 R IR AR PR B, 3
HAMBRIR Bk, B2 S DI A4 S HERIKLL 40 ¢ -

L' ik 2 5 R i 24 h S VRS B E A K, —
AR, A WA R 3 Y R RS AR i i LA A
B rp e S A7, S g AR AR 2 A5, I IS 7 A6 400 )
RESYI R VIR 4 wm, HE Je(8 {55 il
B TSI,

1.2.3 KRUMENZEEENNE & SIRskE3
SKU R BEAT 43 A , A0 D0 R Ay ) P2 (i 00 ) B Py A e
FHMAARIZ NG AEE RS ) MBI AE12% 200 wm 4b 100
m K EE P FEHLI 4 sy )R EE . Ny 5% [ Tmage
Pro plus 6.0 %l UL S T4k R e kA Tl A o

1.2.4 JFE{LAT (TUNEL %) B8 F L H 2R
I 5 Ao JEE TR 6K 5 AR R 438 3% H, 0, =5 i 3t 1]
10 min; & [ K 54k 10 min, TUNEL Jz v/ % ( TdT
SV + FRicik) S0 pL W& 37°CIHER 60 min, §4 4k
7-POD JR &% 50 wL {4 37 CHFEF 30 min, DAB
B AR RE G IR B 1% 2 BRI 4316, 4t
T8 M B T REALE S A A
HY ( x400) , 1530 W0 B5 P 22715 4 i ( retinal ganglion
cells , RGC) JZ F PN A% )2 U T 4t Jf i) D6 85 BE (B (PR T
YA AR () |, BDOGEE BEAE = SOGR B/ S
1.2.5 Real-time PCR #& i {4 [ f& &7 HIF-1a mR-
NA Ri& BB S DB S HHRBRPL R BEHCT
BT Trizol 3058 (19 EP 4 v, 8 75 0K iR A0
P REEZH 21, S OO R FEE e 9 5L RNA L 5806 B
T e B e 2l . B2 g mRNA 3354 5% 4 eD-
NA, 479 1%, Real time PCR JZ i 7E LightCycler480
I RGP iedT, O 2514 :95 C AR 10 min; 2R )5
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4T 40 IR N (95 CAZ: 10 5,60 TRk 30 s,
72 CHEAH 20 s) . HIF-1ao mRNA FEAER £ /0@
5WZ B-actin WK S, B-actin [ JiF5[#):57 -
GTACAACCTTCTTGCAGCTCCTC-3" , FifEa|W.5 -
ACCCATACCCACCATCACACGC-3’ , ¥ 1 B Bt & 199
bp;HIF-1a |35 9.5 -CCAGATTCAAGATCAGC-
CAGCA-3’, FiEal #:.5  GCTGTCCACATCAAAG-
CAGTACTCA3’ 448 A Bt 4 100 bp,

1.3 Srit=Esbs8 N H SPSS13. 0 #1744,
A EHEAILA x £ 5 FOR R ¢ K337
HzZ S, P<0.05 hESAFIT¥E L.

2 #R

2.1 KRAMBHEAZGE =5 E0 RAR AR

FEJZ ORI , 25 2 AN HES 34 5 o 4 25 A SE 8K . S
X REA B PR JS O b, LI R 2 2K e, L e
ZRAFYEIZ 5 PN IR 2 B K i S B 2 3 i, RGC
A LZS I A TR S 6 h PRI 4% J2 B SR i
HEFNZEHL, RGC i H /b s PR IS 12 h A0 I FEEAK i
O E IR, 2 4 )2 i F-, NAZ 2B A8 1, RGC
HES ARG FEHE TR 5 24 h PR B K P 3 Aiy g, 3=
BRIN RGC B H /D, 20 AR P, w2 21 4 12 B i
A, N ZHESZE AL R AR, AMZ 2 A B Y
AL B S 48 h LI B2 A8, AT L RGC A%
(RIS . SEIGZH RIS O h AU I JIES 7K i A S 596 %o} B
52 A B P 2R /N TSR B 0 R s P S 6 h 12
h 24 h 48 h SZEGAH A IR 5 Ay J2 JEL J3E 247 8 o S 56 o) R
2, RGC HEF AL (K1) o

Figure 1 Retinal HE staining ( x400). A : Experimental control group at 12 hours after reperfusion ; B ; Experimental group at 12 hours after reperfu-
sion ; C: Experimental control group at 24 hours after reperfusion ; D : Experimental group at 24 hours after reperfusion ; E ; Blank control group i %
HE Ze@ 550 ( x400) o A FHETES 12 h SCEGX R B FEHETESS 12 h SEE02H ; C NS 24 h SEG X HRAH s D PV S 24 h SE3R 4 B

= X IR 4L

2.2 KXRUAMENEEEMILE = HXHAKR
SR PO [ PR J2 B2 B 2y (104. 00 £2. 78 ) pm, SEH Xt
255 SR 2H R B PR S A [] ] 08 o S Ay )2 5 2 )
PeB AR 1, b 1 A] - P38 5 AN [i] A ] 552 56 % B
HE IR WAL RN JZ R L TR, 22 A 4
(¥ P<0.05),

*1 LRASIENRARAMNRANEEE LR
Table 1 Comparison of inner retinal layer thick-
ness between experimental group and experimental

control group (¥ +s,n=5,/pm)

Group 0 hour 6 hours 12 hours 24 hours 48 hours
Experimental control 162.26 +6.41 73.08 £4.01 71.22£1.49 65.56 £1.84 75.27 £2.40

Experimental 137.55+7.76 85.08 £2.65 81.96 +1.85 87.51 £1.31 88.61 +3.06
t 5.487 5.512 10.095 21. 664 7.660
P 0.001 0.001 0.000 0.000 0.000

2.3 TUNEL #ALFTHEEMRIEER 2 HH
1 TUNEL Je oK DLW 8 BH A 40 0, P TEJS O h 52
6T RE 255 S5 50 A U 190 I 80 T 2 i ik P, 22 5
TG #E (P >0.05) o SLHX IRL P #ETEJS6 h
IRV A SR VU ORI N 2 VAR B 2 e 1 )
JZ512 h ST T AR PP RA W] 3 22524 h S T
20 FH PRk Gk TG, 22 L o 224 200 i J= N

JZ 548 h )5 R T 40 BH R G T iR A, EELT
RGC JZ . SEH L I 1Bl Hh B IR] S %) MR 20 4 AR A
B, PR 12 h 24 h 48 h i T 40 0 FH PR 5k
B/ DTS2 B0 IR, 22 A gt i (308
P<0.05;3k2 K2 ),

®2 THRASIENRAMMRABATILER
Table 2 Comparison of positive expression of RGC
apoptosis between experimental group and experi-
mental control group (x£s,n=5)
Group 0 hour Ghours  12hours  24hows 48 hous
Experiment control  0.28£0.02 0.37£0.03 0.51£0.22 0.62£0.03 0.48+0.03

Experimental 0.24+0.03 0.32£0.02 0.40+0.01 0.52+0.02 0.41+0.04
t 2.125 2.110 9.322 5.143 3.273
P 0. 066 0.073 0.000 0.001 0.011

2.4 Real-time PCR ] & #i ¥ f& A7 HIF-1« mR-
NA %%  7F RIRI 5, HIF-1a. mRNA 35 35
OO, AE PR IS 12 hoak B 5 g, — R s B
WG 48 h Bk EAR & 5 E X A AL,
PRI THME R (2 mg - kg™') REHE W 2 400 1
HIF-1o mRNA (3635 ,2 HAHEES 0 h 6 h 12
h.24 h ;48 h b8, Z AR FE L (N
P<0.05,033),
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Figure 2 Retinal TUNEL staining at 24 hours after reperfusion ( X400 ). A Blank control group;B: Experimental control group at 24 hours after
reperfusion ; C ; Experimental group at 24 hours after reperfusion K EFH-HEIE S5 24 h AL TUNEL Je (@ {2 ( x400) . A 25 FHXHIRZH ;B 5256

X B FEE S 24 s C o SEIR 2 FRIETE)S 24 h
®3 AW AR ER M E S5 A ) B E] HIF-1oo mR-
NA RiAZEH
Table 3 Comparison of HIF-1a« mRNA expression
at different time points after reperfusion between
experimental group and experimental control group

(x+s,n=5)

Group 0 hour 6 hours 12 hours 24 hours 48 hours
0.47+0.07 0.40+0.04 0.89+0.44 0.41£0.02 0.26£0.07

Experimental group

Experimental 0.29+0.09 0.21+0.05 0.35+0.19 0.26+0.03 0.11+0.05
t 3.345 6.121 2.487 3.564 7.385

P 0.010 0.000 0.038 0.007 0.000
3 e

RIRT AT 5| [ p A oM 2 B R R 40 B N
PSS P RGC RN Z AT TF
WFEMEE S T i MR AT 5 1 K B RIRT A5 A v fill
e A0k, 28] RGC JZ F1 N % J2 v A7 7 41 Hd 7
T2 ARSzEe AT A TUNEL 35 W< RIR 2 g
PR R ARG O, FRETE S 6 h ] DAL g A s B2
MIJET, RZALT RGC 2 FETTE 5 12 h AL 4
M T-FF 4538 2,24 h 5 0 T2 40 B PR A 3Rk R T,
Z W T RGC JZFINAZL)Z ;48 h J5 6 T 4 g BH 1 G £
FHIRW D, FE T RGC JZ ;x5 HAth 2 i pF 5%
ZERARMLT . B, I RGC YT A2 #E RGC Y
FEIE A& RIRT & 2R J5 S fiff DL 1 OGS [R] R, A S,
FH]LRIRI J5 KR RGC KiEEK,

HIF-1 B RESM T A T AL A
RN A% SR 7, HIF-1 By HIF-1 il HIF-1B8 P H
PLZE R, HIF-1 % 98 775 32 3] 2 Fp R 28 A9 5% e, HIF-1
AR NG P 2t HIF-1a $5E 1Y, H HIF-1a
JET 2 AR AL PR TR 2 A, H
F N FEEAAE M N A - ( vascular endotheli-
al growth factor, VEGF) | 21 48 }fg 4= Ji%, Z ( erythropoie-
tin, EPO ) | ¥ ¥ i i . 25 & &5 BF ( cyclooxygenasa,
COX) , B2 ML P4 T~ R 7 p53 Sy sk Ak k™|
HIF-1 45 B DA TR 0 05 202 5 40 0T i 420 1Y)
T N AR, TS A0 T 240 M7 e SR B8 T | AR A7 e

F1o PRI AN A AR I 0 B K e AR R SRR K, X
SRR M ABURR, 7E I B AT, HIF-1oc 78 A0 1) JiE
FIRMAR . Kaur 2557 WL & B BRI 199 i i 420 2>
Jei , AL L ol 2 i S5 4 B H HIF-1ae mRNA 3% 3K 38
e DLk, HIF-1 382 5 KR 58 8 1 10 Feak 8 97, iF
G % PR AT B S T K SR I S £ v 41 L HLITE-
1 EAMZFEN IR LN ps3 ik, Bt
A P53 Feom YA BEMEE S) ZEBR A BL R, L
R Ak HIF-1o 3830 5 p33 45480 SIS LT ps3
WIPHT . HIF-1 F1 p53 7E 65 % 1938 & 1k
PRZTCHET L 5 SCBEAE FH , A 3 2 [R) 428 1 o 4
PSR 2ot " HIF-1 0 78 Bl 1 00 ) s A
FH X A0 PO J5E e 2 441 Y P R A AL B9 AE o 3= ML
4R R B, RIRT BRI WF 5 v SR i S e 21 44k 2 I
RT-PCR % B, HIF-1o 4 3 1538 i1 5 463 43 i 1 400 k4
IS 200 80 1 6 2 T AH 6, #8000 H: 398 505 m R 5 R ) g
U T Y56 R Bl B A BF ST IR, LA
HIF-1 o /A8 536 7 it 80k R 190 JEE 5 o BRAS 17 A
LGRS ARSI E i g Sy RIRT (4465 750 4] 2 4iF
B, T AR R ST TR R > HIF-1a
KR TE I

TR R 20 {122 70 4R P) th i K Ayerst
TF5E T DA A R 8 P 4 85 R 114 R B0 P9 R 2t
AR TR R A RE S ] v L 3h P A A R A
#H H ( mammalian target of rapamycin, mTOR ) ) /e
MM, mTOR 2—FEBEME SIS T, 2 5%
Fofr A= PR o B ot A, JHCO 5 9 5 2 AR R 1) 43 13k 5
PR IE B A B AR T, =5 0 i g A R I
XA SCHEPR T, DS B 40 f A 4 365 22 431k
BT mTOR Tl 5 p70S6K K 4E-
BP1 #5 H A s R % VI A 2, #78 mTOR 7] fg
N R EA AN B THaBR b
YRAFTE S IEF & A A R A &, mTOR 1] &7
YA AL, DT S M R A Rk 2 S
MAEENLE . BT mTOR [ W69 7 k8 32, 40 4
mTOR {55l %52 S8 A Wk 4 sE =" . Srin-
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ivas 252 B 1 R B AMPK K mTOR B35 4k 445
(), FF HEAR T HIF-1a 1907 3, R348 T 52 503F
Wi o TRMAEE 2R AT LA 40 P ] 30 2 1 o e 35 il 1)
T AR R 1) 40 ] B 2 S {68 440 i 45 1 194 B O A %
JT:, Zhao PV HFFE W], 3 4 I 55 mTOR A G
o7 S P A0 T S, 25 4 i ) g 2K, B O B R R
PR TE T AL I BESIR A T 1 5 A5 TR v o s A B0 S T
fiE. Chen 25" 58 1 57 K FRUIK e 4 ot 1 A8 31 552
JUE s S R 0 8 2 AT D BT mTOR A5 538 i, 6 4y
HIF-1o il VEGF & K06l #h 2 4 i M 1- . mTOR
(%550 T RSB 52 HIF-1a (O F2 0k, (0 T 8 35 20
R R T R A e S A e AR

ARSI PR TR 008 2 AE AT RIRI AL, HE %y
U5 RGC B2, TUENL 3246 0 200 At 8 71 150 I
PCR 7% HIF-1a mRNA [F)3558 , 4K I RF 53 55
24 RIRI J§ RGC 1715 19 52 W, H- 90 2 B3 7= A
X—VERMALE . ARSCE HE Je s R g /R, 505
X HAZH RIRL J5 0 h BT GLAE R B ZH 2K i i, 24
h B T LA A B S 1 o B AR T S 5 2 R
FEA S O h ALK A B S 08 4%, TUNEL BHAE 41 it
BRI . 7546, N Real time-PCR £ ] 2% 5 o v]
UL, RIRL JG KBl HIF-1oo mRNA FEikBa 0, B %
REAZ I LI ] HIF-1ao mRNA ()28 fE#E RGC (1)
176 o

2E BT, A ZE % RIRL B4 9 /EH, ]
AESH N A HIF-1a mRNA 3k K& BT T-1E A %
A RIRT Ji5 A0 A8 1= s AL A2 2%, 1 B A 25 R Bk
A 3 22 A A A1 o R X B 4 A 1 0 1, L EL AR AL
AR5,

S % 3k
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