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Predictable and systematic changes in ion distribution
across the retina during induction of refractive error

Form deprivation myopia (FDM) and refractive recovery
has been shown to be associated with systematic
changes in abundance of sodium (Na) Potassium (K)
and chloride (Cl) ions across the retina reflecting a
change in osmoregulation (Crewther et al., 2006).

FDM and refractive recovery are also characterized by
systematic ultrastructural changes indicative of variation
in the rate of fluid movement across the retina and RPE
to the choroid (Liang et al., 2004).

FDM and negative lens compensation also show similar
retinal ultrastructure (Beresford et al., 2001) leading us
to hypothesize:

(i) a similar pattern of ion changes to that seen in FD
during induction of refractive compensation to negative
lenses and (ii) that induction of refractive compensation
to positive lenses would involve the same ions but in an
opposing pattern.

Methods
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Figures 1a and 1b. Mean differences in Refractive State and Axial Length
between the two eyes of experimental animals during the induction of
myopia (blue) and hyperopia (red). Note that at 48 hrs ocular growth and
refractive compensation is clearly migrating in a sign dependent manner
and at 72 hours good and nearly complete refractive compensation is
seen. Hence 48 and 72 hours were the time-points examined.

= 18 chicks raised from post-natal day 5 for either 48hrs
or 72 hrs under standard light conditions in 3 lens
groups (+10D or -10D lenses or no lens control).

» Chicks were taken at 48 or 72 hours when refractive
compensation to positive and negative lenses was
beginning and also well underway but not completely
compensated.

= Both eyes of chicks from 3 groups were prepared for
elemental microanalysis using X-ray microanalysis
(EDX).

* The posterior eyecup was frozen in liquid propane,
and freeze dried for 72hrs. The dry tissue was then
cracked transversely and platinum coated for analysis.

» Specimens were analysed on a scanning electron
microscope using an x-ray detector with the electron
beam at 15kv and at constant 20nA.

» Sampling was taken every 20um x 20um square in
seven positions across the retina/RPE.
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Figures 2a, 2b, 2c and 2d.
Change in elemental
abundance (mmol/kg) of Na
(sodium) (2a), CI (chloride)
(2b), K (potassium) (2c) and
Ca (Calcium) (2d) when
measured at intervals (see
Figure 3) across the retina for
eyes wearing +10D, -10D or
No Lenses for 48 or 72hrs.
RPE: retinal pigment
epithelium, PIS:
photoreceptor inner
segments, ONL: outer
nuclear layer. OPL/INL: outer
plexiform layer/inner nuclear
layer, INL: inner nuclear layer
IPL: inner plexiform layer and
GLC: ganglion cell layer.
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Figure 3. Refractive error status of x-
ray tissue following optical defocus
for 48hrs and 72hrs.

Note that refractive compensation is
nearly fully compensated at 48hrs for
negative lenses and was at 48hrs for
positive lenses. At 72hrs, refractive
compensation was similar to 48hrs
suggesting that the eyes were
maintaining the refractive status.
High Na/Cl was notable in
the outer retina during
myopic development .
However, high Na/Cl in the
inner retina was notable in
both myopic and hyperopic
development but more so for
hyperopic development.
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Potassium abundances were
high during hyperopic
development in both the
inner and outer retina whilst
K was low during myopic
development.

Figure 4. Sampling of the retina using
x-ray microanalysis. Scanning was
conducted in seven regions (blue
boxes) across the retina: OS/RPE:
outer segments/retinal pigment
epithelium, 1S: inner segments, IN:
inner nuclear, IP/GC: inner
plexiform/ganglion cell.

Calcium levels were highest
in abundance at the RPE in
all groups. Slightly higher Ca
abundances were seen
during hyperopic
development.

Conclusion

Experimental induction of myopia (LIM) and hyperopia
(LIH) by refractive compensation to negative and positive
blur is accompanied by systematic predictable changes in
distribution of Na, Cl, and K ions.
* Quter retina:
* High Na and Cl with low K in the outer retina during
LIM
* High K and low Na and Cl in the outer retina during
LIH
* Inner retina:
» High Na and Cl in the inner retina during both LIM
and LIH, however this was highest for LIH and
corresponded with high K levels for LIH
Changes in ionic concentrations at the exit layers of the
retina is indicative of a change in osmolarity that could be
associated with volume change in response to blur and
supports the ion-driven fluid movement hypothesis
(Crewther, 2000).
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INTRODUCTION

It is well known that the quality of visual images fine-tunes
ocular elongation early in life. The purpose is to produce and
maintain the ability to focus over a wide range of distances
(emmetropia). Amacrine cells play key roles in this process.

Previously, using the inducible factor Egr-1 to indicate focus-
dependent cell activation, we have identified amacrines in
chick, tree shrew, and macaque as possible mediators of
growth- restraint due to plus-defocused images:
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Results were consistent with tuning to focus and/or
defocus, but state of focusing was not controlled.

4 GADG65-TRAC that are Egr-1 IR

Here we tested the hypothesis that GADG5-immunoreactive
(IR) amacrines in macaque retina respond selectively to plus-

defocused images.
METHODS

Rhesus monkeys (Macaca mulatta, n=14, 20-30 days old) were divided into 3
groups: In-Focus (n=6), Plus-Defocus (n=6); and Binocular Open (n=2). Refraction
under ketamine anesthesia and tropicamide cycloplegia revealed moderate
hyperopia.

Three days later the animals were fitted with a spectacle-holder, and a diffuser was
mounted over both eyes except in the Binocular Open group. The diffusers were
worn overnight.

The next day, midway through the light period, the diffuser over the left eye was
replaced by a fully correcting lens (In-Focus) or a lens overcorrecting by +1.50D
(Plus-Defocus). Transmission by lenses and diffusers was equalized with N.D. (=0.1)
filters.

For the next two hours, the animals viewed toys held and moved by a technician ({to
hold attention and fixation), 5 meters away across an otherwise featureless room.
Horizontal fields of view were ~50 deg monocular, and ~108 deg binocular.
Refraction while wearing lenses verified that the lenses had the desired effects,
making the animals’ viewing eye in focus, or myopically defocused by+1.5 D,
respectively, at 5 meters.

After the two-hour viewing period, animals were anesthetized deeply, fixed by
vascular perfusion with 4% PFA, cryoprotected, given a code number to hide the
identity, and stored frozen.

Later, pieces of central (macular) retina, still attached to sclera, were cryosectioned
at 12-15um. Sections of viewing (treated) and fellow diffuser-covered (control)
retinas were mounted on the same slide; double-labeled together with rabbit
antibodies to Egr-1 + non-rabbit antibodies to GAD65, GABA, nNOS or VIP; labeled
further with two different fluorophores; and viewed.

Labeled cells were counted visually in 15-29 fields (~350pm retina length) from 1-4
sections of each retina. The mean number per field of Egr-1-positive nuclei in the
amacrine cell layer gave the number of “Egr-1 labeled cells. The fraction of a specific
type of amacrine cell labeled having Egr-1-IR nuclei was taken to indicate the state
of activation of that cell type.

Figure 1. Plus-Defocus and In-Focus Conditions ACTIVATE GADGE5- IR Amacrine Cells.
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Figure 2. Plus-Defocus and In-Focus Conditions ACTIVATE GABA- IR Amacrine Cells.
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Figure 3. Plus-Defocus and In-Focus DO NOT ACTIVATE nNOS-IR Amacrine Cells.
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Figure 4. Plus-Defocus and In-Focus DO NOT ACTIVATE VIP- IR Amacrine Cells.
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In Open Control eyes (OPEN), which were not covered
with any goggle overnight or while viewing the targets,
substantial fractions of all 4 amacrine cell types were
labeled for Egr-1. The frequency of Egr-1 labeling in all
amacrine cells, of any type, was the same in both eyes.

The frequency of Egr-1 labeling of amacrine cells in eyes
that experienced In-Focus or Plus-Defocused viewing for
2 hours, was similar to frequency of labeling in Open
eyes. This was true for the four specific amacrine cell
types tested as well as for amacrine cells in general.

The frequency of Egr-1 labeling of amacrine cells in eyes
that were always covered by a diffuser (FD), and thus
never experienced In-Focus or Plus-Defocused viewing,
was significantly lower in GAD65- and GABA-labeled
amacrine cells (and amacrine cells in general) than in
eyes that experienced In-Focus or Plus-Defocused for 2
hours.

However, the frequency of Egr-1 labeling of VIP- and
nNOS-labeled amacrine cells was not altered significantly
by any treatment condition.

Therefore, the activity of GABAergic amacrine cells - likely
a specific subpopulation of such cells - is increased by
focus conditions (vision unrestricted, restricted to in-focus,
and restricted to plus-defocus) that are known to restrain
axial elongation and retard myopia development. This
subpopulation of amacrine cells is a plausible candidate
for a role in emmetropization and myopia-prevention.

Our data do not support such a role for VIP- or nNOS-
labeled amacrine cells, however.
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CHANGES IN REFRACTIVE ERROR AND ITS OCULAR COMPONENTS OF KOREAN CHILDREN
BETWEEN THE AGES OF 7 AND 11 YEARS:
Poster #56 A 2-YEARS LONGITUDINAL STUDY
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+To obtain information which can be used for further myopia preventive o

research by analyzing the correlation between changes in refractive error and ocular
components in Korean students as a function of age and gender.
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+This study investigated refractive error and ocular components changes in a group
of 81 Korean schoolchildren from age 7 to 11 year over a two year period between

Fig 3. Cumulative distribution of spherical equivalent of refractive error in first

2004 and 2006 and second measurements.
+Cycloplegic autorefraction, autokeratometry and A-scan ultrasonography (Sonomed : .
A/B Scan 5500, USA) were performed three times at 12 month intervals. Table 4. Mean SER and ocular components of subjects in 2004 and 2006.
SE CR AL AL/CR ACD Weight @ Height
Table 1. General characteristics of subjects in first, second and third measurements. 1st
measure -0.617 7.844 23.247 2.965 3.772 44.213 133.66
Nt +2.133 +£0.172 | +£1.301 +0.165 | +0.195 | +13.90 | 19.602
Each year Elementary schoolchildren (N) Drop-out rates(%o) 3rd
. -1.450 7.814 23.836 3.057 3.546 48.242 146.16
First year 185 (F96/M89) - measc | £2.474 | £0.336 | £1.242 | +0.218 | +0.318 | +14.07 | +10.04
Second year 152 (F72/M80) 18 Differ- | -0.788 | -0.033 | 0.589 | 0.022 | -0.225 | 4.029 | 12.501
Third Year 81 (F47/M34) 56 ence +0.847 10.290 | +0.642 | +0.195 | +0.293 | +3.377 | +3.121
Sta(tgt'cs 11.838 | 1.317 | -11.68 | -5.969 | 9.766 | -28.98 | -50.98
Sta(ti;s)t'cs 0.000 | 0.189 | 0.000 @ 0.000 | 0.000 | 0.000 | 0.000
Table 2. Mean values of refractive error{D) in first, second and third measurements. . o
Bl L el £
Grade 1~2 Grade 4 Total (D) Pl x Ta . F B A o
Pl a, Erate ¥ T s Pl
1st measurement 0.086+1.793 -1.5901+2.196 -0.6171+2.133 g oo **f?‘** ®E § oo IR =
< s Q a5 i
3rd Measurement | -0.798+2.258 -2.352 +2.524 -1.40512.474 EEE A N RN DN
Difference -0.88410.770 -0.76510.695 -0.788+0.847 Fig 4. Scatter plot of Change in Fig 5. Scatter plot of Change in
Statistics(t) 8.264 9.053 11.838 Axial length (A group: 1-2 grade Axial length (B group: 4 grade
o v of elementary school students) of elementary school students)
Statistics(p) 0.000 0.000 0.000
[ First measurement [ First measurement 28 i;:?s;gf‘-g:;ﬁ;;{m I 30 L;:'DU.ZE;'D.:EUQ?UM 36 i;ff;ﬁff;?w I
i I Third measurement 5 I Third measurement e
38 35 25 E 34
30 30 :E: 25 % 2 32
% 25 % 25 %ﬂza E § .
5 5 4 =12 =10 -8 £ S-;R(D)-Z 0 bed 4 =30 -2.5 -2 DCh:nng U—: SEIER(-DD)S oo 0.5 1.0 12 -10 -8 -6 S-E!tR(D)-Z 0 2 4
e ;Dhr;’icr; Iéilu;:a\;eant;ef:act?ve1Err;r(Da) t e rgSprr?er;cEa\7E5qu7|‘:'alreanlSef;;ctEe érrof{D)g L . . i . . .
1-2 grade of Elementary school 4 grade of Elementary school F|g 6. Correlation of F|g 7. Correlation of Flg 8. Correlation of
Fig 1. Distribution of refractive error Fig 2. Distribution of refractive error refractive error and change in refractlve refractive error and
(SE; D) in grade 1-2 students at firstand  (SE; D) in grade 4 students at first and axial length in 3 error and axial length AL/CR ratio in 3™
third measurements. third measurements. - measurement in 3" measurement measurement

Table 3. Change of kurtosis and skewness in grade 1-2 and 4 students during

t @
AR RS < At the end of the two year study, the mean spherical equivalent refraction(SER)

was -1.40512.474D and 53% of the schoolchildren were myopic.

+ For lower grades of students, the skewness changed from -1.0110.25 to -1.08+
0.25, kurtosis decreased from 1.721+0.49 to 1.311+0.49 and the refractive error ch-
anged from 0.09+1.79D to -0.721+2.21D.

< For higher grades of students, skewness changed from -1.021+0.29 to -0.6110.29,
3 kurtosis decreased from 2.301+0.57 to 0.8410.57 and the refractive error changed
Kurtosis 2nd 1.28510.493 1.1991+0.574 from -1.59+2.20D to -2.35+2.52D.

+The main factor in myopia progression for elementary school students is change

Statistics Grade 1-2 Grade 4

1st 1.71910.493 2.302+0.574

3rd 1.31010.493 0.84210.574 of axial length and AL/CR ratio.
1st _1.00810.249 1.01910.291 030 Korean schc_)olchllgdren develop myopia as early as 7-8 years old._ )
< In order to investigate factor which are influential toward myopia progression, a
Skewness 2nd -1.07110.249 -0.727110.291 prospective study with a longer period of observation and larger samples is impor-
tant for future research.
3rd -1.07910.249 -0.61010.291
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