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Relationship between the axonal transport of the optic nerve and the optical function of the reti-

na in acute high intraocular pressure
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Abstract: Objective To study the relationship between the optical function of the retina and the axonal transport of the optic nerve

in animal models with acute high intraocular pressure. Methods The animal models with acute high intraocular pressure were

built by anterior chamber perfusion. The flash electroretinogram and visual evoked potential were measured using Roland visual

electrophysiological instruments. After intravitreally injecting fluorescent dye, the axonal transport of the optic nerve was

examined by confocal laser scanning microscope; the morphological change of the optic nerve head was observed by HE staining.

Results When the intraocular pressure was kept at 60 mmHg for 2 h, the amplitude of a-wave in the flash electroretinogram

decreased obviously, which suggested the function of the outer layer of the retina could be damaged. When the intraocular pressure

was kept at 100 mmHg for 4 h, the amplitude of a-wave, b-wave and oscillatory potentials in the flash electroretinogram and the

wave of flash visual evoked potential was dramatically decreased, which indicated the retinal dysfunction. At the same time, the

axonal transport of the optic nerve changed significantly and the morphology of the optic nerve head also changed. Conclusion

Some relationships might exist between the axonal transport of the optic nerve and the optical function of the retina in acute high

intraocular pressure.
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MIBET , B2 [T Sl £ 2 e

e MR Fs 2 [ Fsf 52 nie 490 ) B R0 400 o 22 1 D 2 1)
BB, W E H AR B R T AR AL Sl g5t w380 400 T
FES TR A 28 A 0L T T A B s S AR I A ek 22 o TR
A8 I 5 E, €] (Flash Electroretinogram, F-ERG ) J& i i
I 2 B 305 07 45 1 L8P ERG RAPEAN L 468 405
FREE, T2 i AR a Il S IEAH b IR AR, B INFE b
b — B /N 4R 35 HL A (Oscillatory potentials,
Ops) o NGB 5 A& o2 (Flash Visual Evoked Po-
tential, F-VEP ) J& 1t 5 — & I A& A W0 I Fi ot 25 oo
Bl ) AR A% 3 Bk A0 K BT )2 5 1R Y A AR Ak
Suzuki 557K HHT P A 3R K HE K SD R BUR
Tt 2 110 mmHg, 2 £F 40 min, F-ERG il & & i a
I b % F1 Ops i B T [ . Tsai %' {145 Long Evans
R BRUIR IR MR 20 T, B WL B B F-ERG 3%
Wi ot AR P = T ARG, EL B 00 s 1 B A R, 7 70
mmHg [ F-VEP A fit BRI o 20k i IR 235 e 40
W RSN ik 22 0 D2 T R, 45455 3l iy 22 W
et Pz B

e HRH T 400 o JE R0 1 22 T g 1) 72 A -5 R
AP YR AR Z B AR — e R R, Sk
AL 2 27 4 )2 1 2R SR s i U Z R A A
—RERZRN ER BRI, A0 R R R 28 S T
e SR I s i 2 [ AT BB A EER R . MFSE I
7R A B A 2 T O HR A AR 28 40140 B B I PR AR
AR ] Anderson 25 Quigley 25 1] F T
PEEE BT T e AR A AR A0 e 22 Bl 2 3 i F) 32 i)
Iy 3 BELIT 8 457 B, 2 3R MR e 7 vy il 2 BE D e ™
Hoa i BA X2 7 . R 2O AR A B
a1 A JE , IR 2 P K o a1 O AT LA S A b SR
R ke, T e R e B 1) AR P P s R 2 2 i) 81400 o
AT AT is s PR, AR SCHUE ST s R R
X A0 IO B 11 S ) 8 RN AR ot £ %) il 2 5 i ) S e
R ICHRASTR T AR 28 O SR 5E 29 0 FE A

TS R T B O R RS 2k S IR B
B IFAE R — g ], 4300 T 38 A5 i Js X 52 55 5h )
#47 F-ERG #1 F-VEP Il 5 , 3 H A HIHOL IR A i
TR AR IC R MM s I s s O, SR 5
FIIHTHE G4 AR L S AR AR 4k, 2R 43 B 2
PR IR R AL R 2 Th e I 2 5l 3R i i B AR
FLELHLUE A Z M R

1 B EFHZE

1.1 L&z
(R B4 SD e KR, AR T i 300~400 g, AR

JE IR A, A R KA RS I, JeH A 4
SN, B E M E R R 2 S iR 2, 7R =R 18~
25 °C RS 30%~40% (1385 B HP i 5% o S giad
HO B AN AT A AR B BK
1.2 RERNE

SR FFUARTT , %R BEA T MR A T A £, o
i HR A 2 A R — B B 0 B el & Al
Tonopen AVIA®HR s 25l R BRUAA O, B IR 2500
13 UG BOFAEAE iz R IR A
1.3 2HSRERE

FIF AATHE AR R il R 5, o 2R
1126 543 1m] FRUR AT 5 S A BRER K R AL A A
BioR A R Guhst 2 W R AE Ak . A AT R S Y
A PEER K AEREIR o ARTERIF S B , OGRStk R A
I}, B R H 78 50 mmHg 22 1™, B2 % 25T 80 mmHg >,
e MR A A 45 3R 5 IR T v P B R e s [ 7 Rt
YEFA . R, % B 60 F1 100 mmHg 5 2H A [/ ) 2
P e MR AR S0 R PR NI RIS S
gL SR
1.4 MEBEEENE

TEH R 12 H, SRR K B e 4wk iy (A (]
ANEH/DPT 30 min'?, 2~ 2 h), 4 20% 55703 4 5 i
P LA, %ok A HIR F3C R R 55 3 T PR IS , P A DB A
TR, LR, R 2 2% e AR PE{Y (Roland RETI-
pot32) il F-ERG FIRS A a I b I Fl Ops., 3 dJiF .l
6 H K FUAT IR IR JE T+ 2 60 mmHg -4 +5 2 h, 75406
R BA IR IR T2 100 mmHg 314545 4 h, -k
1T F-ERG &,

IEF R 12 M RREE S, A IR, 20 R 3
4, #5147 F-VEP [ & , I 2 S 508 55— 4> 1 1) 9%
(ND) BV BB —A1E [l (P1) PRI A B N T A%
5 P12 A Y HE B (N1-P1IR{E) . 3dJ .16 B
KA IRIR T+ 2 60 mmHg - 4E:52 h, /b6 HK
Bl FIR AR JE T 2 100 mmHg Jf-4E45 4 h, F U0 & F-
VEP (XS
1.5 RHEH R ITHNE

T, KERAEA 7 I JRR T 0 ) S 2 T PR P )5, 3%
BRI TS 3% MO YR 2 P i R (RITC) 5
uL Ze A7 o R s e A B ER K T R PN S 2 100
mmHg 4454 h, RITC FESTIG 24 h, B8 bl
5 IOR 245 i S ) Ak FERBCIR S, AR A AT IR BR
A2 2~3 mm, 2B IR AT 25 10 5 HoAth T4 4
AU KL LT T 4% 2 R EE 12 h K5,
FEFLK BT 30%BEMHA M P K, F 58 2 UK R
AT o ) FH R R R L A H 4T, FE-20 °C &
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T, LA 10 pm R BESEAT SR VK IR U] R 0 H il
AT E Ao Ia AL O S R AR BB (Leica
TCS SP8) MLE A 28 ¥l 2 iz S A 40 o
1.6 HARTFENE

PEWGH 3% R U0 e, 54T 95 R R -HH 41 (HE ) 4%
0, 6 S (Leica) T WREEHLFL K 3 1)
HEVE A
1.7 FitES R

K SHEI PR + bR 2R . FIF SPSS 16.0
AT T . Sk s IR R R A B 2
B 5 IZIRIEF RS TR —ZS80W A S5 13 7
XF RIS M o A v R AR I P 40 22 B 2 5 i B
5 60 AR RN 2 1 AR A R O 508 A S AT B X 2 K
BT, R IRES SR LI P<0.05 WA G4 XL,

2.1 BRIEMZ

A A 0 IR BRI R A TR OBCHR B ) £, 5 31K
FLIE B HR R Ry« 22 BR (1516 +£3.10) mmHg, 47 IR
(15.18+3.28) mmHg.
22 MEBAEENE

F-ERG 19 a A2 U5 T BG40 A 0 9 B, AR I8
FA A% Ak T2 S R A JEE A 2 T O 24 i )2 1 T g AR
A5 b PR 5 TR S A N A )2, LR M A AR A 2 B

S BRI P A 2 I T RE AR 4K s Ops — B A Ay ke
T8 PN 2 AL D0, TR Y TG K 2 200 i i 40 )
O 1 I 5 T g e S AR R 1T A ) B AR Ak B
MU, F-VEP H 221> 97 ] I R0 ] 8 40 B, g
IR S [ A8 A T DL s R Ao 28 A 2R B A 1) DI gtk
A A#F5EH, B Roland RETIpot32 2 45 1 #2
FAS R KBRS A TR B S 8, FAg Bl ok B
¥ifes| A% F-ERG F1 F-VEP I , [a]— HHR 7F
e HIR R R AR I 5 RS i 45 1) [/ — S 8004 LA LA
FOX e A 5 1 A BC R IR GE T Mg TR LR 1
M2, YR E K 60 mmHg 445 2 h i, F-ERG 1Y a
PR AE A SRR H B S 122 25 5 (P<0.05) , b i
1 Ops MY R (E A FEARENAN BA G t2% 5 L, F-VEP
(AU T 1) T8 B R R (AR 5 A BH SR AR Ak, B iy T HIR e
Hp SRR T T R N R, AL AN 2 Y RO
Y HLZTRE AT R kAR AR, A0 I BE PN 2 A 22 4 1)
AEVTRE A 2 25 . 240R 100 mmHg 4E:5 4 h
i, F-ERG f a Il \b I F1 Ops B & {8 L) M2 F-VEP #%55
— M N1-P1AIE{E] R FER(P<0.05), HEA G2
B, R TR R A 8 5 RS I 4R R i ) ]
R T RSN A0 0B A J2 T b 28 & A T g
AIRESZ BsEm, AR HEH DI BEM N1-P1 AT
I I B8k . XHIR o 100 mmHg 4EH7 4 h 1Y
St S IR A R AR S A T S S S IR

1 INFAR MR E RN E 45 5R (n=6)
Tab.1 Measurement of flash electroretinogram (F-ERG) (n=6)

F-ERG Keeping at 60 mmHg for2h  Keeping at 100 mmHg for 4 h
Amplitude ratio of a-wave 0.49+0.20* 0.21+0.15*
Amplitude ratio of b-wave 0.61+0.45 0.30+0.24*
Amplitude ratio of oscillatory potentials 0.85+0.54 0.50+0.41*
*P<0.05
=2 NAMEFR BN ELER (n=6)
Tab.2 The measurement of flash visual evoked potential (F-VEP) (n=6)

F-VEP Keeping at 60 mmHg for 2h  Keeping at 100 mmHg for 4 h

Latency time ratio of N1 0.99+0.49 0.82+0.20

Latency time ratio of P1 0.91+0.18 0.84+0.17

Amplitude ratio of N1-P1 0.81+0.19 0.41+0.31%*

*P<0.05

23 HRIZHEEENE
EFXTHR R 100 mmHg ZER5 4 h 1) 2 i IR Hps

T, F OGS 3R £ AR AT ) AL 22 1) Bl ez B
R (1), 13 B e s 2 S YR 2 LA 22
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Frig g ol o AT FEAT B (EL > BRI SR BT A S SR HRAN A 2 B Bl A s 2 D A R o R
i, LS VBRI H 5 rp O R s e i (18 A FIR IR BA GEi 8 L (P<0.05) o {EZXT IR
2), BAREARES: Z K D) AR R R I A R AR T A E RO W B A B R R A
I R AR . B WER 3, Gt o kB, R IR R RY AT RE I R S XS 0 f fedt o MR 7 A= B
RIEAHEDIRZS T, I 2 s s mE s Ar e 22 .

a: Blank group b: Control group c: Experimental group

1 MZHHRTHmIE

Fig.1 Axonal transport image of the optic nerve

a: Blank group b: Control group c: Experimental group

&2 Mimics 15.0 BB EIfE , AL HR T MBI 2 E

Fig.2 Distance measurement of the axonal transport of the optic nerve after the threshold segmentation using Mimics 15.0 software

%3 AR 100 mmHg4EF 4 h LR EHEEMIERE (mm) 2A4ARWEFENE
Tab.3 Distance measurement of the axonal transport of the optic %% W ﬁfﬁ%ﬁ?ﬂﬂ Q;%\HE *EL?L %%Ig ,fj H_Jl B2k Eﬁ I
nerve with the pressure kept at 100 mmHg for 4 h (mm) E/‘J?f{ﬁl ’ éﬁﬂﬂﬁﬁﬁ%ﬁﬁ%ﬁ ’ E*%élﬂﬂ@jﬂﬁ T%, %% ’

No. Blank group ~ Control group  Experimental group Zﬂ é,/D\ Eﬁ ﬁﬂlﬁﬁﬂ %ﬁL N :J:ﬂ H;E Qﬂ:ﬁ ’ —"%} HEE—F@’L?L% E/‘J éﬁ
: 0.90 0.98 0.4 LM RE R AR T 284k, WKL 3,

2 0.68 1.07 0.40

3 1.10 0.88 0.48

4 1.11 1.06 0.40

5 0.86 0.72 0.47

6 1.05 0.79 0.41

Mean+SD 0.95+0.17 0.92+0.14 0.43+0.04" AR
Compared with blank group, °P<0.05; compared with control a: Control group b: Experimental group
group, "P<0.05; no statistical significance was found between control 3 MFLLHE 2 EMELARSE
group and blank group (£>0.05). Fig.3 Morphological change of the optic nerve head after HE staining
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AHFFEH Y HR IR A 60 mmHg 455 2 hinf, #9158
Az PRI b A F-ERG 1Y a SRR A B 2 IAARG , 1000
A1 J2 B G AN i 2 T e Az 2 T g, FLAl Y IR
PR BB AR L, PTRE R 7R S50 i AR R
JEE 1 HIR R 4 e B ] BR PR 7K 5 R 2 ek ] 1) 2R
YER I A B B — e B, T LA H B0 B 11
JZ AR 2 7 TG A DI RE B 2 A% o AH Eb T Suzuki
SET RIS, RV AR SRR Y () 248 1 Bk ] 2 6 4 — 88
H MR R AR AR, I H B b RN Ops 14 1 {21 FA S
FRERIEDL . IEI, B-VEP B AL I A A i, 3% 5
Tsai %V IBFFEEE AL, IR 100 mmHg
HEFF 4 hift, F-ERG F F-VEP AR I E (I IRAEAR A T
B AR Ak, LI I PN A2 RN R 2l 2R ) Dl T
RERMTREAR AL T — B I o 255 PR 1)
YRR APEEIRE T, L A1 2 e B s
R T2 R FILA 4 | Grozdanic 252 BF 5% 148 PE
AR e A5 0 A0, A RN 25 5, i 2 2 e 5 7 e IR A0 )
WAHNZ LTS [ 2 45

ARG, SR A 100 mmHg 4 F& 4 h 7Y 201k
e MR AR T T i — 2 i oE . APk IR AR
T, 2 AR A 43 A 5 1E IR AR R 2 8] 47 7F
TR ZEHE , WLAh 28 1 il 2% 2 T 1 2 P I A8 e, ) o
2R RE S0, R T AR A A BB B S,
11 Anderson 55 F A B 5% RN RS Tk
WFFE T A E 5 22 A B P HE G 3R 30t 1) 5 it A5 A
R & B, #H LT Zhang 25"/ Fil Abbott 25> W 53 11
9 v AR R MR T R T S S 1 S 4 BEL I
AHIFFE % BT R R G HIR T X A 4o 2 i 22 i 1
WA AL, °T e F TR R B2t A BRI LA HE R
SEABHW . BRULAL, TR R AT AR
B A 22 5l I 5 B =2 )AL AF e — 8 250, (HJR R 2%
FERTHEZIE Y o [ AELSk i HE e (8 s, L
LA UG5 R R A T — R B IR, S5 0 R A
ARG RIS R IIRR I .

SCE S ET ARG AR E A 3 dr e — R
TR ES RSB AHZS A BIFFE T A0 I JE AR ot 2 7 W
24 T RE B2 5 5 SR 3 BE 1 RO ) il
Fm P s f R s SR DI Re A SUR S0 5 45
B, WS 2 e HR T 00 o JI8S A0 e 26 T B A T 7
ALK TE 25 B 28 AR I I 5 = 2 PR 4 AS ) HIR T A 435 4
10 ) e v MR R ABE AR | 3 B2 T figf MR /KO- Fn 4
FI e 6T 400 X 0 08 Aot 28 S ) A B8 11 ) BE 90 515 0 o
{HSZ IS BAFTE— SR 2 A . —J& A ) R 2 A

TP IR RIS (1) 9 5 LR A i, I o LR Y J2
UK, ANRETE A U B R F AT A 45 B 1] 14 225 £k
Xof 4 4] R FINEG R 18 R S, LA RIS R s 3
AR A BE A 1R s R P b MR 22 5 AP
S5 A R AS 1 52 00, AL Fi, A B 1 0 25 SR A
HEZR K

LT T LAAS 2 AR v SRR T e L4
A a4 s, BHR A 60 mmHg 2% 2 h v il fig H 2>
PG SN2 A AU e T RE . TH s BR R 2] 100
mmHg F4E 1+ 4k R[] 51 4 b, 49009 5 1Y) 9 M2 LA
P22 ()24 T REHT T REAZ 2 o AR UL A A AL
PGS S B, R IR 28 G e P S P
AR st BB AR . [RIET LS A ZUR S
b RAETARME . SEEIRIEERT , M2 n 5
H 32 B o AL DR RSS2 4 S 2 T g A2 40 =2 (1]
FREAFTE— B B AR . IR R 2ET s, wiplsk
VSRR , 7] e SO0 PP 255 TP T, 45 b
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