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The Effects of Experimental Ocular Hypertension on the
Electroretinogram and Ultrastructure of Retina
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Fig. 1. The changes of ERG in 100mmHg group.
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1 heur after elevation ¥ 7 3 bours efter elewation
Fig. 2. The changes of ERG in 80mmHg group.
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Fig. 3. The changes of ERG in 60mmHg group.
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Fig. 4. The changes of ERG in 40mmHg group.
O 200
=
Qa
= §
[f=]
@
=3
a = |00 mmHg
=150
u': b= B8O0mmHg .
§ c = 60mmHg
-
® 1 d= 40 mmHg
2]
3 100
=
2
o
@
50
a lbiec d
%
hours 5 10 5 20 25 30
Duratian of elevated intraocular pressure

Fig. 15. The change of “b” wave according to the level of IOP.
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Fig. 16. The changes of “a” wave according to the level of 10P.

Aolo] A AFKol gastd 213 AL Aol
#23] adxe] FARGG avte 60F A s
2 supernormal wave’} #I=H QT 247 o) F F4
AL AR E F dod 30T E A A
50%9 4% Belth  5~6A7 Aold gAE x4
= 9 o} (Fig. 3,15, 16).

4) o2r2 40mmHg2 f|XAME Az
watsl AR =4 veigien] Fade 26 o] 4o
supernormal 7} A5 A}, bots 2~34 7F Alo) o)
g 2A AFe]l FAL A& B 5 AUz ol F A
A aste] 4~ A Fol 3 FHae]  Fo] FalEg

I 642 F b FAE gaste] 847 Fol = 40%
A=Y Ax Fas 5 Adeh 94 F 94§

Aq Faed Bo] 1I~13AFF] = 443 £24HA

. ashE batsth vl g Peje] H3 e mely btz
o o 24 AE HA W3 deds B o Al
18~244 7kl A d B8 A A =g et 3ol A e
36A 7 ol T ol = astrl FeiglFeol A H(Fig.
4, 15, 16).

2. Uelnjd T x| HE|

D ¢ete 40mmHgz SXAZ 2 . 2T =
o] WEE AR ¢ et TR A
FE9k3} apical villis & 2ZEse g gz 08, 1S
A A3 Al (mitochondria) & wisl7h glgich A4 2 A

e A HEH] 9oz 444 AfedxE Wzl ¢
¢l <} (Fig. 5, 6).

2) otgtE 6ommHgz |X A2 2 oS
o] 2% doter AFAY o] 2F FAH
smeoth endoplasmic reticulum (SER}2] 33 A7
FEZO B Hel F4 FL ghebd Zlo] %
gt Fe8A = 7S ¥ A (fractured) g7+
ZAe]l yolx gl ol Fel molw Wi (inner
segment)2] myoide] A Golgi®l 7} =& F3= o 99
et A4z ¥ 2 nuclear envelopert 2F wlojA 9
g WA 2ZFE & Walsl BolA @gten AAAA
T AEA s 35 FAse 9313 electron-dense
body7t &4 9o} (Fig. 7,8).

3 oef2 S0mmHg=2 S XIAIZI 2 :Auteq whut
&5 T dAbatal sl SRS goh, ek o4
HEF2 w5 otz 214 FE849 Fabe] A3l
T ¥ (vacuole) &t ol Beli ArIA L cristaesl &4
ol gz Axe ARoAx Fxe] gAo] zhals
Grh Fgate] WA ellipsoide] A A7 A g F4
T Aol ALY Golgilel 4= FTEs} wgoln
RAol FaLgdd. HAZF L AMEe FFo] 3ty
%=t (Fig. 9, 10).

4) ¢ 100mmHg= |XAZ] 2 g9 vz
AAAez o % A5 gt & Haagsdze
B o gfAl =lo] Az vl FzEe] FEH




Qom A9
Qi ARdAl = °!
1= 7*3—4 elllpsmdcﬁ L,M o] Z3to] Aflee] ot
dslz v F7le] FAdE] 2o AL Axe A
b Eel g E o] AAdez #FH9d gAxF
8 sl 4 $Aedz AR A xdel o Fe] w#a
Hedvh A w38 AL Go] B wje] g 2
AE ddge] olglew] destructed debris, whirl% o]
Aol glden] Wity fel A =lAA L] 7
25 9] v

AR g o] w £xe] FAo] o] wwoln] A7
AT F4o) spelu] ) meld g Fol W
okt lamellar whirle] <i»] Az1A 235 gl cb(Fig.
11-14).

il
-

I

Aoz W Fo] HF Fled AL 3
A ] Lzl A st gel Agem slgd
2 104714 o}atel At-Tabariol a4l T4
%“’19% =uiael Aol W wEEE A
Albrecht von Graefe¥ol e F¥-& g 5
Ao AE AF F AYHFoE s ALAAE d
32 Hz2 A58 A2 Lithuania®l Amilian Adamiik
(1839~1906)0] ] =3 4719 94 s AAGe A
dete A&7 =49 A Eo 9 v (Duke-Elder, 1969)
2% o¥of o 2AAR A T 2¥t B

BE 47 fee] A8 gl 49 ATl 741 &
5o} skes](Huggert, 1957; Kalberg, 1968; 71 1972;
Quigley, 1980) = W& viye] 2 diA w4 271
Aol A% Fuadh AA, T wmr A o
A wiz lal g Aol vlek A E Fglehe] 4
zke] kA4 fia Jﬂ»}i/‘ 713 v &, E4
7171‘—} 4/110] 9]%1

ged 1D F3hE Aaks FeA 24
FA A7 A7 @ =, 2 o&o A5AE 2287
ol 98], 3 hghel oF eyl Ee Wsbekd wE
o7 ol# A 4) Agde] EE Fozx EAAEL
A BAdE o a YA stgch uiepd 2

G A Balel w7 AgAES HurA =
AR AGAdE Fo gl

At AR

e %7
eld e D F9e 4 2 39

Aol BAGE mAe] & wpubukd galot A4
A% F2 3) A0 ng R A ol g HEA
of o7 wlels ARG F gdv A Y EAA A
glou, A= % i

"Jﬁdﬂ Al Ax 74 34, infusion
Ao XARG 7Aoo 53 (5% infusionFHe] ¥%d
A% A7 B W& A z(infusion lined] A+,
EAAD 7 3, sta e 29 2031 To ¥ &
A

77\ Dewarst Wel 23 Eeo} A

& oRae LHoﬂ Qolute Arld Wste A%
o] A Egk ]Eﬂ (Berson, 1981), 9 A7 %52 A
oz Vg & g dudd A4l s o
ek #of A wkete] ZlF AEE Ve e 7 A} o
2 Je g Qb At g o =Fel A &
Aee stol A AFe o AR dF LEHI

%= u}, Brown(1961)%-2 mekol2) rleto] wlAlA
Argsle] w2 7S At aste 428 b“]'
B} 59 Fej A ”“‘35} = 842, fFele 494
A BEg A e iy 2 AZ9 astrt A
Edn Y AG Fe] a5-Ed “&“‘;’F‘ﬁv‘?—‘ﬂ i3 aﬂ}l‘-
Ao AFKez, bote & 3 F
(Brown, 1962). bsie]l A & A
Elo}] Qo] BEEals AAdelx
o AL atE BEHY b 245 E A
\414%1 Zol 4] FealEcty &8 (Henkes, 19543
Gouras, 1965) w]AlAF o2 A3 Agdl A= Miller
Axfa WA ste] mefo] butst fAbete] Miller
AxdAE avtz} WA gz md o se] FE7
oo pxel W@ wdel & e uol bt
WA 89 = Millerd £21E Hgx 9o
(Miller, 19705 Dowling, 1970). cute] wae] o)A

Aol a4

= 3okl wpehe) wlAAE A P b
A edt7t 7] B9 3 (Steomberg, 1970) A & 4w
#2485 Z2 sodium iodated %79 Ao FAF

oL

A} evte] A4 & 71A gk}t 81 o (Noell, 1954).
gt s Vet E wA e e oy A7
So] g5le] 22 Eg v Arden (1956) 5L E7¢
Alom bz} ash} k@ or GTE Hel o A R4
& @ Yot FHaded, HAfEd AL
(Fou ds, 1976:¢] 1981) gtF3&lo] bute] =4 d

AL A4E A LE Granit?] $248 A A5

ok, B A= Aol Lol Aw avte] A Ade] A
botel 2dg =A AEE & 40en ol Granity




——Youn, D.H. et al.: Experimental ocular hypertension—

o] Aol oals gldt.

Foulds(1976)<] <}s}= 14t %4l ¥ v} 10mmilgis
G 4 THAg s 4R £ A =dd = 780 A
Be] 2 A% o, bat, astz Az 4R, 53, 7%
o] Az drgl®, o (1981)e] o) epul 3~43 o]y

| a9 %7 944 248992 slgsy 242 A

++& 100mmHg2 infusiondt A S 103 olule] 914
T Ee 24 A4 F Qg

Fujino (1967)e o] slel ohgb 5ol v wlub
Al =el MalE grd dgAse o g Anke oy
v, qkgkAb ol W& blood flowe] W s @4 wlmkA] <
Lo &g vebivdxe ‘6}")4 Z °|}O.}{’r At

50201512 HAA7 A% el el x o W&
A T+ Add 50%d 4] 90"/77}7‘1 LikoR-Rogl
A=) wet orlgle R ne] WlE a3
28z vk zEhy 29 BEE 147 A 0
2 Aoz AR 47 A e dae dE A

2 ek F A A% 40mmHgs infusion
L #AY BLAE 843 | FolE FHGT a P by
2] ZAAg oz glch,

olul gt Aol ¢e A4A5E ¥ 2 ggtE
W o] Aoldx 2 flale] gle Ao Az A
A2 AARE] 2AN W) Aejagag infusiondl ¢}
5} Perkins @ Schiotz tonometer= &4 g gqtate]
e AR Hol & B £ golh

Iwao Tinuma (1966)<] & 3=l AWl 93 gt
e =AM A9 G vl A4 22 kgt
F dAsA Gtz stgde, 198D Sel o bl
Abgrel zrdbak moale] sheke] FgukAel Aolz ol
Al infusiondt it Abgel Fo] WED A
I-—J TEdE Aol v Y=(1 270, 2)X+10. 55
TA L Qs 2o E gl

Y=712¢ 9 4d<ista

X=Perkins gt} 9] =] bl = 5
bl wetd A% “J‘”a"ol dal, = ool Ze] AY
WA A =rbe WA e S o $g
WA e Fed A I 19623 Kupferis

-b-d-“

E4 Ffas 297 Z] FAL F 2405 E @
Aol A4 AEE dF5vgden 8 peFe 2
RES G HEHU T 19661 Kalvin® v] %3 4
Hol A whatd el A sld4 Wt RaE et o

et #HF Anderson (1975)% & S5Fo AlA 4+
o AutA<l A3t erldd ol Wae magRE
O RN Az 495 Bil7 2uw Ggen
T2 MillerA 28t A Az 27 Az tde) 3

Afvha duetgeh ol AR Aol st e 17
Wehdel @ BEs} sl g AL gy
o Bxs 2% afw 24538 BN #
olell A1 APl A o),
MAEA AF ckgto] OmmHed e W= Ay wiat
7 ?ul?ii C0mmHg & v 21 & wals s 4%
S O 59 Wbt Aol A%

TEel FUH 2 A $e] wo] o] moln
A del Ader weldr] AR9e g
T sl

A AGE A Fiale] A S el wAgRH ¥
VgFEel o] 277 i) l"/‘] AR A" Aes
APz 124708 e Ager APe oy Lo

Helzl gy Aoz Az, 4
ol AL WA W 20 AdaE AL o
Qlote] W hok madztEo] 3} Aol 5]
e Aztse] o] = Andersond

B 5
tu
R
X
oy,z_?ﬂ,
o
o
‘12'
~
o

[ Ste)

Moo

o o ol
2,

o 2

2N,

X e,

4 g

i —_

N yly

o,

id

\1 ¥
‘o
|

Johnson (1 602 ARA ARG Fgol AeA
GAE 3] Fo] o PE e
£l z}aifnﬂ *-“,:‘:J;J-.-z] 12 B2 waas
1 o2l £3-2 active transports}o] ”J"!} %—Ol]
sle] old] Fo] AATLFEA A3 7 2
= ub AAES) A9 80mmHge) A A = J‘"—M Ll
HEZE 832 AagdEel AR 23 wdfm 5
A FEe FY s 17} At A AT st o
{‘ 149 Wat & Aoz 444904,
e Al v EM%‘f— oA ee ke Qg
°] 40mmHgsl 7 $ol 2 o)v] Aajs) byt x 2T
el wl Al Fae] it sl Helx iz glee ofu)
e doh ela Wl e o)ale o]
oA e B el o] gl Ao Q1885 Fa
sl gl kbl Ans) WA e =) wsls) oy
] ‘E:}.}’ w2 Y oo ululdte] W3FL mof gk
el #g 48 "‘”LO] TE Y Ao n o o)
= zt, BJr~»]‘*:Jf°- e el Ee fsla ¢
el e}iﬂr H ﬁ‘]?}—?— o Qlvh mE wakAa g
Zo] WaElsl olvl glont Yol 2 wislsh g=

E.
ol
_{
=
rfe
Mo,
F_A..

2,
0
i
=
=
N
18
o)
0
l';

-

5 S ol grel 4 Lwl AdelAn wio el
SRRl Detel AJEE A8 AYAE 42y
T Aod, AR o= AxAA dFo] 4 AAAE
TAdvtes: A% A4 £ 9w *rl?'- Her &

A A AF ddANE H2 y g A9 7
oA Tz Al B ey 4y,

~ 249 —




—%E3
# 2
2.0kg} 9o WA A%ste BHEE AFeZ o

Al A4 FguPez 7] 40mmHg, 60mmHg

gommHg, 100mmHge] 48 fAA2 F, A

Astel ot webasiee] W 2 1247 AF T

wo] Wialg Sty AAGnAes dATA GEe

A3E 94+

1. 38% 4ommHgz §A470 AFE = '1}14245—‘4
Watsl AAs vhebted] bebiz LA A 1347
AR A4 £4AHYE, atE 18/*]71-4%7‘] 244
7+ ARE 94 2459 2l ekl A= 36
Az ARF 5 avtE: ol Y A& L U
.z, A4k 2v ol4 Z supernormal wave®
5AZ A% F 2 4 g o AsdE 2344
o Wzt FAAEA gt

2. oty & 60mmHgs #4449 2%E bde 2%_ A
2 WA 347 3AF A4 A, avte 5*1”

WA 647 Aclel 94 2298 % Asleh
Foh A W s A Fe A2 FAY A7 »}

el uk et
3. otg ¢ 80mmHgz #AAZ AFE bvte _%.;\17&
WA 247 A3 ¥ sbA sA=e, avte 343 3
Sx oA £48% % 5 Aich A A
@ wsish e, BFEAd dRdE FIE
o} &g
4, ¢4 S 100mmHg2 FAAD A% 103 el
zAAq JdAdEe] £4% % F Aded, @
o A Zo] A% Wt et AxdeFE TR
grobalm 1A et FEo| Axgd WEE Fdgle
o gaA zA A e 2@ WFakel Bak
o) Ate} AAR ol AALA  BHIT WA
erupul g Fzo WS Adals 2 ARE IYAEF
o] A =3t walstz ekere] 60mmHg o] 4 o
W) Al Fz9 Wi vebdA 80mmHg €]l 7
WA HEE detdivtz Azgdd

5§49 WIS

—ABSTRACT—

The Effects of Experimental Ocular
Hypertension on the Electroretinogram
and Ultrastructure of Retina

Dong Ho Youn, Young Il Kim,*
Jaeheung Lee, Bong Leen Chang
and Jin Hak Lee
Departments of Ophthalmology and Pathology.*

College of Medicine, Seoul National
Uriversity

The purpose of this study is to compare the fun-
ctional and ultrastructural changes of retina according
to the level of intraocular pressure. The experiment
was carried out by observing the changes of electr-
oretinogram and electronmicroscopic findings of retina
in rabbits which were divided into 4 groups accord-
ing to the elevated intraocular pressure level. Intra-
ocular pressure(IOP) was adjusted by means of
gravity by changing the height of saline bottle which
was connected to vitreous via an infusion needle and
manomefer.

From the experiments, following findings were
obtained.

40mmHg group: “B” wave was abolished within

11~13 hours after elevation of IOP, so as “a” wave
within 18~24 hours in 7 rabbits, but “b” wave
remained until 36 hours after elevation of IOP in
3 other rabbits. In all cascs no significant ultrastru-
ctural changes were demonstrable.

60mmHg group: “B” wave was abolished within
24 ~3 hours and “a” wave within 5~6 hours after
elevation of IOP respectively. Ultrastructurally,
slight flattening of pigment epithelium started to
appear, being accompanied with fragmentation of
the outer segments.

80mmHg group: “B” wave was abolished within
14 ~32 hours and “a” wave within 3 hours after
elevation of IOP, respectively. Ultrastructurally,
moderate flattening of pigment epithelium and
moderate edema of inner segments were observed.

100mm Hg group: Electrorctinogram was totalty
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abolished within 10 minutes after elevation of
IOP. Ultrastructurally, marked flattening of pigment
epithelium with marked distension of basal infolding
were observed.

It is of authors’ assumption that:

1. the functional changes of retina start prior to
the ultrastructural alterations following acute elev-
ation of IOP and the degree of severity manifests
in proportion to the level of IOP, and

2. the retinal ultrastructural changes develop at
the level of 60mmHg of TOP, and undergo irrever-
sible changes at the level of 80mmHg or more of
I0P.
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LEGENDS FOR FIGURES

Fig. 5. (40mmHg group): The basal infolding (BI} of the pigment epithelium (E) is well preserved,

and the mitochondria are regularly distributed. The apical villi of pigment epithelium around

the outer segment of the photoreceptor cell remain intact. (14, 000>

Fig. 6. (40mmHg group): The ganglion cell (G) shows well developed RER (rough endoplasmic reticulum)

and its mitochondria remain unchanged. (x5, 600)

Fig. 7. (60mmHg group): Aside from slight flattening of pigment epithelium, outer segments (OS) of

photoreceptor cells are loosely arranged and fragmented. (x5, G00)

Fig. 8 (60mmHg group): The photoreceptor cells illustrate rather diffuse but mild widening of nuclear

envelops (Ne). Golgi apparatus (G) is involved with mild distension of stacked cisternae.

(x5, 600)

Fig. 9. (80mmHg group): Pigment epithelium appears moderately {flattencd with widened basal

infoldings (BI) and markedly prominant vacuolar structures (V), especially around the apical
process. Mitochondria (M) are lack of cisternae. (x11,G0O)
Fig. 10. (80mmHg group): The ellipsoid region of the inner segment demonstrates patchy but profound

swelling of mitochondria with vacuoles in the myoid region. (x 14, 000)

Fig. 11. (100mmHg group): Cytoplasmic organelles are condensed by flattening of pigment epithelium as

well as marked distension of basal infoldings (BI) with vesicle formation. (14, 000)

Fig. 12. (100mmHg group): Markedly swollen mitochondria undergo disorganization of cristae and

eventually into rupture. {14, 000)

Fig. 13. (100mmHg group): Bipolar cells (BC) contain increased number of vacuolar changes of mitoch-

ondria with residual cristae.

Fig. 14. (100mmHg group): Nerve fiber layer is the seat of microvesiculation, and microfat droplets are

seen in the inner plexiform layer. (x5, 600)
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