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Protective effect of betaxolol on optic nerves after experimental retinal ischemia-reperfusion injury
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[Abstract] Objective To investigate the protective effect and mechanism of betaxolol on optic
nerves after experimental retinal ischemia-reperfused injury. Methods Retinal ischemia was induced in
SD rats by increasing intraocular pressure through intracameral infusion. Sixty-eight rats were randomly
divided into 3 groups: normal control (eight rats), 0. 25% betaxolol treatment (thirty rats) and saline
control group (thirty rats). The latter two groups were subdivided into group 1 day, 3 and 7 days after
reperfusion, respectively, with 10 rats in each group. Betaxolol and normal saline was applied to the right
eyes of the rats in the treatment group and to the ones in normal saline control group. respectively. The
amplitude of b-wave of electron retinograph (ERG) was observed and the histological and ultrastructural
changes were detected by light and electron microscopy. The expression of neural nitrogen oxide synthase
(nNQS) was detected by immunohistochemistry. The content of malonyldialdehyde (MDA ) and the
superoxide dismutase (S0D) activity were measured by spectrophotometer.  Results Began from the
first day after reperfusion, in saline control group, the amplitudes of ERG b-wave reduced continuously,
the histopathological damages of retina were aggravating. the expression of nNOS increased, MDA level
increased and SOD level decreased persistently, which significantly differed from the normal control group
(P <C0.01); in contrast to the saline control group, the amplitudes of b-wave of ERG in betaxolol
treatment group after reperfusion got right obviously (P <C 0. 01), with alleviated histopathological
damages . decreased nNQOS positive neurons(7<0. 01), decreased MDA content(P<C0. 01), and increased
SOD activity (P<C0.01), in which no statistical significance of nNOS positive neurons was found between
the treatment group and normal control group (P> 0. 01). Conclusion  Betaxolol, by reducing
intracellular overfreight of Ca?",inhibiting production of NO and elevating the ability of anti-oxidation in
rat retina, can protect retinal neurons from ischemia-reperfused injury.

[Key words] Betaxolol/therapeutic use; Retina/drug effects

YE& 847430060 RINKFEARERBRA CGEE,. B LEEE ¥
B8 4 i B BEIRED
BEWAES : K44 ,Email : ronghuawdyxy@21cn. com



http://www.cqvip.com

£ 000 http://www.cqvip.d

250 chAE IR EERG ek 2005 4E 7 H 4 21 %% 4 Chin J Ocul Fundus Dis, July 2005, Vol 21,No. ¢

R 5] it 4 BE KT 1 S . S AR R B R v R Y R af
HENBRBFASHEERRBNERFABRENH G,
fEEW NG, HW M 4R R AR B SR A A 5
Z—. kR E—FE ke Bl Z RN, [F At
EAE B, R FREERT AR IRE
54 18 /R RE B 2 75 OB ER SR E B L RATA A BT
e i ) e A SO0 ) B G5 i A AR Y R4 A b V%
IR X K B A0 I i 2 LT 28 2 0 R A 4 g B AR I i o
TAMEE, AR AN EAN P HESE —-ELEAS
B (nNOS)YR) F 5K KW —B(MDA) S B .BE L
B 5 AL B (SOD) I 4 LAR 1 K B AR W0 i 5k 1t 76 4
B )a ARG R X R M AR E R R LT BB 1E
FIHLE .

1 MRMAEE

1.1 s kna

fEREALAE SD KR 68 LRI K ¥ EF LR
PR K E 220~240 g MEBEARSY L RIFELEH
BRABHFAE D, BILER 8 RRNIEEXIRA.
Hk 60 REBVLEY K 0. 25 L5 3% R iGIr A
A BRER KX BB s e v A ] L T A B 4o
WA 1.3.7d H, 8/ 4 10 LKE, 8RR AR NG
I P REEBR .
1.2 BhE R ET

AR A MEEEY, 1% ILE 248 40 mg/kg
PR 70 B TR v S R R R, 1 ot R R S R R B RR K
LA 7 S/ Lk 4T B A A BR BT B B . FH B W BOR S
BEESHBEAEES 150cm &, WS EEBRAT R
110 mm Hg(1 mm Hg=0. 133 kPa) BB )£ . WER W
REWED, £4+8~+10D HEKRBET WE, &
PR HR JEE 1 3% o B o 0 O B K b, 4E RF 60 min, TG
PSR RO = B 8 K R BRK S, S 43k, o WL ER 4%
JE 3 i, A0 Do S o Y 4K 5 B S A0 0 i ke i O O A 5
MR ST B
1.3 FERANALE

0. 25% 15 3% /R (H A& Alcon A8, KRB 5
LWL (B E Heraeus 24 8)),S0D #1 MDA 4417 &
(EREEBENEYEFHEI . "IKAR aNOS £ g
NEMANEEEZNELENYBESY
SABOREALAFRARN SR NE L ELY
TRERAED, L% EMBE(H A Olympus A H), HEK
ARG (R MEST M) ), H-600 A+ BB (HAH L
NEDBAMSERG (B AMEEAED.,
1.4 BHHHE

TE T A HE 1 B L 1A 97 40 UG IR A 0. 25 Yo ff 18 /K
REK HEBX2KR(EFIE 108 1K .BE 8
FOHEM 1R, WL 1.3.7d, B TR KT
HRA R AR s AR,

1.5 RE SRR AW E 7 i

1.5.1 WMWEAEERG WMNE KBREEEMN
30 min, 1 % B H & M 40 mg/kg M & M E K
B, 0. 5% 8 J7 Rk R PR AR , B0 Sk B, XUER %2 Bk B
PR 22 FOR AR, AR B 5 4 TR B KT AR A, AR
KRBT . SHBRETHRERD S ET e R
AHLRET (BLOE T AT i) . BfEntmokin
W, BB FF4E 200 ms, BIRE 10 od « s/m?, B [H
MEWE 3K, EBR A S A K B IE R R R
YRR, FRERFE 22~25C., 2% b HIRE 54
BAT b R0 LR, I X M X BB R A b AT AR AL
Bl b EKER, LUIERMERNAESS T EE
EEmS,

1.5.2 A¥BHMBERANHERRE 45T EE
WG 1.3.7 d 28K T &L FEA XF RL B ] SR Y7 A A4
HAXMNBEMEE KRB FTFHEEER 7d LR EYR
SHERA 10 R RR., ZEMEBRAIRER, GAHMLER 1 R
BRER, A B G A B E 7 v (AP R 50 mil vk EE RS 2
ml, 4 ml ZEBAK 3SmDFEE 72 h, X EHLE
EWL3dIEBM . ASEE., U, HAE-JH (HE)
P& EF BB T W W EANLE R,
1.5.3 B FRMBERARGERWE LA
RHIRKGHBEILR 1 RBA 2.5% % “BEE®
SE 24 h, AR TEEREY O, A IRATN L B — S PR,
MRERS, BRRE MR, 1R EE, AR
BRI A N ad -k R R o)
BT WA I B AR I A M A R .

1.5.4 nNOS AR RE KA SABC &, 4
BRIRBIIAN KU BT 40X 10 % BHMET
WL, BHPE S SR LU AR 3R o9 ) B4 38 68 1 R 3 R R
RERE, DEFERI T RZER N nNOS 1%k
(A [ IHFREE B (OD) 1A,

1.5.5 MDA S&EM SOD 5 MilE % ERFiHE
FRIBERA S AR RBRE FokAMB KD, W FAR
B, 3R IR AT B SRR, S BN BR Y, R ) B0
THEYWME, RAE RN E MDA &#, 51
W E LB W SOD 15t , Ul & 7 ¥ 4 BB g R iR
3 & U6 B AT, A5 Uk I B e ¥ P £ G o) 3 B e
R

1.6 Sit¥hik



http://www.cqvip.com

FE I e ot 2005 7 HEE 21 45 L BT Clin 1Ol Fundus Ths .

D 000 http://www.cqyi p.oom]

Tuly 2005, Vol 21 ,N0. 4 251

R AT B4 DL B+ i ifE 2 (e =) Bon. R H
SPSS11. 5 4§ [0 i 17 2 Al o 20 (] afE 77 Bl L B2t o £
U6« AN [B] I (i) 03 A B PR 28 0 25 o i ETT N FR AL
P< 0,056 fon 22547 i H PR £ 8L,

2 FR

2

1 ERG i E4s

5 A RUALR ERG 19 b il e i - A IR (160. 6 0+
7.23) uV. 2R (154. 80 1 8. 87) V. IR b 3k IR i@ 2=
SAG IR L=, 131.>0.05), JQ¥7H i
HE KRS AL ERG (19 b i S 06 04 6 5 A A5 b 3% RIS
I AR TEIN 0] 61 b PR & %8 (57. 24 +4. 54,73. 77+
9.33.80.23 = 6. 750 B & FTA ML AKX BA
(32.134+7.28,23.91+2.77,16. 514 8. 38) (+=8. 28,
1449, 19. 125 P<<0. 01 ) ; 1 o B8 fsfe i, 1650488 9 43 465 )5 B
A 7 Yk B (6] 0 BE 4, b DR OB A5k TRE . TN 7 d
Bf,b B EM BT 3d M 1d(t=7.40, 15.62;
P<0.01) , 248 ¥ /RIGH7 5 o b I 7F 45 8 1 ok 6] p 6
AXBERR.7dYBEET 3d M 1 d2=15. 46,
31.99;P<<0.01);3d 5 1d B b W ERBAGHIT2LE
X (¢=16.53,P<0.01),

R ) I e 25 ‘I'I.?ﬂllﬁu'_."kk’.b‘-ﬂﬂ b L AR R HE M AL HIE < zoo

2.2 G et R

(E “Hi A ol 100 o R 24 200 445 g 3 b L ¢ (1 1), AR
Fl A A T A TR0 T P U2 A A T 2 T A i
M B AE P  FRRETE 7 o IR R e 2 1Y A
B S B 5 9 L AR 2 HE A 25 L ATk b (1 2)
WIT AT ) A T A R kA IR AL PR 7 d, W
(R S 28 31 200 L 5710 0 3 o 440 A RS A £ AE L A )
2R O N R B LR A IR T e AR
BN A 55 A e L B
2.3 ESIH R L

1E B R LA 0 T b 25 0 A o S0 T2 A R
290 T 0 4 LR 1 40, b PR K Aok T 4 0 e A
257 40 JHe K] 80 L 8 G A R L AN
SRR AT I o B2 I K« o L S 4 T2 A i 20 P L 4 B R
VR4, U T 085 5 0 R X 5 20 M N o A T (] 5 84
CBE 5« 10 4000 M phy 7 20 o 1 1 0t T i 358 40 % 9 1k« 1
V5B IE G AL L 5 AT 20 30 0L TN o] R 2 i
A PR AT BE A W S L 2 R Rh 2R W A S
BB R A BN A A T i (I 6

LA A 75 20 U2 T 3 A MO i ik s S0 1 S &

B

4 o _
IR e R 1

B3 RNETE 7 A (R AR 20 0 S M R (R R

2 PO /L R A T S R SR B I R ol MAUR A TR 200 B4 R A BB S i (e

(A% L SR A o T O g A L s e 1

b AL A0 /) I ) O T b LS e L R S 4 £
PR O T T BN R L R B AR e (oo

SRCLIUN - B R S S S & TR L A |
CE 000 BE6 [N 1o A (I AR AT L PR e Tl R e b

Fig. 1 Photograph of Hght miceoseope of nommal cetims, Clear and dntaet retingd structure. HE 200 Fig. 2 |'|m|ugr;|p|| oof Liglyt
niernseope O reting i noemal saline control group 7 days aler reperfusion. Swelled revingd ganglion cells (RGCs) with decrensed coll

nurnber and disorganized arranged inner and cuter nuclear layer

FIE = 200 Fig: 3

Phetograph ol light micrascope of bhetgxolol

treatment gronp 7 odays ufter reperfosion. Moro RGCs allevinted edenins and denser and more repulir inner aod outer nuclear liver  HE

< 200 Fig. 4

Photograph of electron microsvope of normal eetine. Cells wath aniform merphology and symmietsieally disteibuted

nuclesr chramatm i inner auclear laver  Uranyl acetate and lomd civrm stamng 00000 Fig. 5 Photograph of clectron microseope of
retimg in normal saline conteol group | day after reperfusion. Shrunken cells inmner nuelear layer, widened interstiel spce anel

wvknosis of nuelear chromating Uranyl aeetate and lead citrate staining 3
| g

oo Fig. 6 Photograph of vlectran microseope of reting o

betuxolal trearment gronp | day alier reperfusion. Light swelling ol nuclear ehromatio of a few inner nuelear-laver cells  Uranyl neetatu

anel lead ertratn staming = 5 000



http://www.cqvip.com

[ 0 0 0 http://www.cqvip.dim|

252 ch A iR i ds Ze 7 2005 4 7 5 21 % 430 Chin J Ocul Fundus Dis, July 2005, Vol 21,No. 4

2.4 nNOS A gL A LR

TE %90 0B P A% 2 T 4B 2 0 & aNOS &
1K£€0. 638 +0.042), WHEEE 1 d B A B KXY
nNOS KK FF IR &, 3 d Bk @ g, 7 d J5 ¥ F %
HSIEFEXMBAMK. ZRERIFE X =7.439,
70.049.8. 5265 P<C0.01), 7E£5 ¥ 11 B 8] £ A%t 8% /R
B4 nNOS #y A {8 (0. 6571£0.013.0. 684+0. 058,
0.670+ 0.026) ¥l F 4= 3 £ 7k Xt B4 (1.573 £
0.353, 3.740 4+ 0. 118, 2. 460 & 0. 603) (+ = 7. 046,
65.739.8.388; P<<0.01) . SIE# X BAMHLERT
it E L (1=1.222,1.817.1. 832;P>0.05),

2.5 MDA &&H SOD iE ¥ m i &

IE % KR A M B MDA K F K (5. 104 0. 20)
nmol/ml (n = 6). SOD /K ¥ K (173.85 + 10.51)
nU/ml(n=6), HHEF 1 d. AMEF MDA KFHFih
FHE,SOD KV 46 T B . 72457 i1 6 (8] 55, AR FER K
Xt B840 MDA /K [(7.53+0.99).(7.81+1.12),
(9.2340.83) nmol/ml JBi & & F IE# XM B4 (+ =
5.87,5.80,11.82; P<C0.01),S0D 7k ¥ [(156.25+
11.09),(137.46+9.11),(121. 83+ 9. 58) nU/ml]8f
BAK T IF % 5t B84 (¢ =3.00,6.93,9.66; P<C0.01),
BT 1.3.7 d,18974 MDA §&[(5.144+0.64),
(5.48+0.96), (7. 1540. 45) nmol /ml I 4 B 5 /K *t
HE AL ) WA (A AH L B BRI (¢ = 5. 74,4. 47,6.20; P<
0.01), SOD & # [(172.60 4+ 14.67), (151.48 +
15.22),(136.90+9.04) nU/ml]JB B F & (r=2. 52,
2.24,3.24; P<<0.01),

3 itig

A Z AR 25 W 2 4 0 AR [R) ARH 3 240 2 4R
M, BEMEEEERE R SEERRE, B
U AMEFRE AT RN RS, S
0 PR % A A L BT T B B 3 [ L TR 4 o 1
R ERAHSEPHHRPRFEER L. F1HE
IRE—Fh Bl ZAKRER, ERBIE S EHTHEARY
FEER Y6897 . Osborne %54 B A G K s 52 56 op
R, R R BTG, A AN SR,
R E . Cheon IR A5 4th 3 /RYE N —Fh Ca® B
it 700 P 400 P B Gk o, £ 0 4R 4 O SE R B 9T L K BRAE
ftb 18 7% BE B 5B 50 Sk i - VEE o 0 P B 4L R 5 LB O
MG e MBI E R FERIERT A SR
BERAIER L, UM TR IR KR ) ik
i 7 7 T JS L W B 2 TR NOS (nNOS) & MDA .

SOD 7K -y w3 — 25 AT AR LE

U o i e o, P R AR ML R BT T L BT &
TESE A b A N 45 3 B A A B B B S K E A R &
PR IR R ot P VEE R AR A B R, A Rk it
FEESIEAMN Ca’ EE, MIEHHE NOS(E
nNOS FIpy 2 % NOS) NOS ik LS &R 5 78
RBEAE R NO™, NO BH AmEER . SR EL
#145 . Hangai V% AL 86 b & BUE S 8 NOS R4
9 NO 7€ 90 W Bk il P v b sl BB &t HA
LB 45 RUESE nNOS K ™4 1 NO 2 5k i # 7
A A I B A 4 AR A £ 3 /K T A E o FRL
Wi Ca™ P . 3 2 nNOS B 3TE 6 NO 14 B )
X R BEGEAR P E R . MDA R{ER A HmERH AR
R b AN A g 0 R JS 8 LAY R A AL AR E T
i W& MDA Fi4i & 46 2 45 9 B SOD. 7T LLHED A5 B
TR B REMALBHNREE. SRPRMNER
fE A3 IRIGIT L4 Bt (R B MDA S B B T 43
Rk X BE A, SOD 3% ¥ & F AR B Ak /K ot BR AL B A%
o3& R I T B RN B L BRI E A A A
R SOD Y&, M I 08 3% K BP0 FBR 5k i 45 7

i L ETR, BT R IR B A A8 R R K B
PSSR M HEERGEN AN EEERYER, T Y
TOWEE B A5 {th 7 IR /B xoF S A0 0 B ik of PV R JE B eh 3
KBTS W e B B A RO, R A A s R R —
FhRLAH 2004 B Tl KR T B ALK .

4 BEXM

1 Ronald L,Gross MD, Steven H. Retinal ganglion cell dysfunction
induced by hypoxia and glutamate: potential neuroprotective effects
of B-blocker. Surv Ophthalmol,1999,43.162-170.

2 Erkin EF, Tarhan S, Kayikcioglu OR et al. Effects of betaxolol and
latanoprost on ocular blood flow and visual fields in patients with
primary open-angle glaucoma. Eur ] Ophthalmol, 2004, 14, 211-
219.

3 Hangai M, Yoshimura N, Hiroi K, et al. Inducible nitric oxide
synthase in retinal ischemia-reperfusion injury. Exp Eye Res,1996,
63:501-509.

4 BRI B ol B B Sk R 0 R ki T o v 4R
PifR1P 15 . BRA R . 2001, 21 157-160.

5 Osborne NN,Cazevieille C, Carvalho AL,et al. In vivo and in vitro
experiments show that betaxolol is a retinal neuroprotective agent.
Brain Res,1997,751:113-123.

6 Cheon EW, Park CH, Kang SS, et al. Betaxolol attenuates retinal
ischemia/reperfusion damage in the rat, Neuroreport, 2003, 14,
1913-1917.

7 Osborne NN, Casson RJ, Wood JP. Retinal ischemia;mechanisms
of damage and potential therapeutic strategies. Prog Retin Eye
Res, 2004, 23; 91-147.

8 Goldstein IR, Ostwald P, Roth $. Nitric oxide; a review of its role
in retinal function and disease. Vision Res,1996,36;2979-2594,

(Y RE H 38 : 2005-03-25)
(EXHE RO



http://www.cqvip.com

