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Kainic Acid-Induced Eye Enlargement in Chickens:
Differential Effects on Anterior and Posterior Segments
C. F. Wildsoet*t and J. D. Pettigrewt

Intravitreal injections of kainic acid were used to examine the significance of normal retinal activity for
eye growth in chickens, this acid being chosen because of its known, selective neurotoxic effects on
cells in the chicken retina. A 6 nmole dose of kainic significantly reduces amacrine cell numbers when
used in very young chickens, while higher doses of kainic acid also affect bipolar and horizontal cell
numbers. The effects of intravitreal injection of kainic acid on eye growth were assessed 4 weeks after
treatment. A 200 nmole dose of kainic acid, used with day-old and 14-day-old chickens, had opposing
effects on the anterior and posterior segments of the eye; while growth of the anterior segment was
inhibited, the posterior segment was enlarged, predominantly in the equatorial direction. A 20 nmole
dose of this acid similarly affected growth in 14-day-old chickens, but in day-old chickens, the anterior
segment was also enlarged and the overall eye enlargement had an axial bias. Myopia was the most
common refractive error associated with both patterns of development. A 2 nmole dose of kainic acid
was without effect on eye growth. Parallels are drawn between these eye enlargement phenomena and
those described in chickens whose visual environments have been manipulated. Our results indicate
that normal retinal activity is fundamental to normal eye growth in chickens, and furthermore, that
growth of the anterior and posterior segments of the chicken eye are independently regulated. Invest
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Environmental influences are thought to play a
part in the development of myopia in humans.' How-
ever, experiments designed to examine this possibility
are fraught with logistical problems. These problems
are largely avoided when animal models are available
and it has now been shown that myopia can be in-
duced reliably in monkeys,>? tree shrews* and
chickens® by appropriate manipulation of their visual
environments. Axial elongation of the eye is largely
responsible for the myopia in these animals just as in
humans it is axial length which undergoes the
primary change during childhood development of
myopia.’

Chickens have been used extensively in myopia
research. High myopia and eye enlargement are in-
duced in these animals by lid suturing’ and certain
forms of field occlusion.>® These procedures are used
to degrade retinal image quality and thus to disrupt
form vision. Chickens reared either in continuous
light>-'? or in total darkness'>~!* also show excessive
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eye growth, with both the anterior and posterior seg-
ments of the eye exhibiting differential growth pat-
terns for some of these treatments. Dramatic in-
creases in anterior chamber depth are induced by
full-field occlusion® and a similar pattern (though not
always as dramatic) is seen in lid-sutured animals.*'
In contrast, anterior chamber depth is reduced in an-
imals reared in continuous light'"'3 or continuous
dark.'>!'” Some treatments also appear to produce
differential growth of axial and equatorial dimen-
sions.®'®!? Frontal field occlusion'® and dark rear-
ing'® both produce greater equatorial enlargement
than axial enlargement, while full field occlusion ap-
pears to produce more symmetrical changes.®'8 All of
these treatments involve manipulation of retinal light
levels and thus presumably retinal neural activity.
The purpose of the experiments described here was
to investigate the significance of retinal activity for
anomalous eye growth in chickens. Kainic acid was
used to modify retinal activity. This acid is an analog
of glutamate which is a putative retinal neurotrans-
mitter,2° but it is also neurotoxic; its effects on
chicken retina appear to be receptor-mediated?' and
are cell-selective and dose-dependent, but irrevers-
ible.?? An appropriate intermediate dose of kainic
acid selectively eliminates retinal off-responses.??
Higher doses cause more extensive retinal cell death
and therefore are likely to be less selective in their
effects on retinal activity.?? Our experiments show
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Table 1. Ocular dimensions of chickens treated on day |
Treatment
Distilled Kainic acid Kainic acid Kainic acid
water 2 nmole 20 nmole 200 nmole
Ocular parameter (n=26) (n=7) (n=11) nm=38)
Ocular refraction (D) +1.41 £0.75 +1.41 £0.75 -3.75+11.40 —7.47 +£9.28
Corneal radius of curvature (mm) 3.80 £0.12 3.82 +0.15 3.66 + 0.13f 4.13 £0.33*
Axial length (mm) 11.14 £ 0.40 11.16 £ 0.18 11.77 £ 1.02% 11.85 £ 0.44%
Equatorial diameter (mm) 14.44 + 0.40 14.51 £ 0.27 1465+ 0.59 15.71 £ 0.72%
Corneal sag (mm) 1.92 £0.17 1.96 £ 0.09 222+ 0.49% 1.47 £ 0.19%
Corneal diameter (mm) 6.55 £0.21 6.55+0.17 6.78 = 0.33* 6.31 £0.28%

Each value represents mean + SD.

that kainic acid causes eye enlargement. The ob-
served patterns of eye enlargement, while exhibiting
both dose-dependent and age-dependent variations,
share many features with environmentally induced
patterns. Our results also provide further evidence
that growth of the anterior and posterior segments of
the chicken eye are independently regulated.

Materials and Methods
Experimental Animals

Male white Leghorn chickens were used. They
were reared in open mesh cages. Ambient lighting
was provided by fluorescent lights set to a 12 hr light/
dark cycle and heating was provided by an infrared
lamp which maintained a cage temperature of 30°C.

Treatment Details

Kainic acid (Sigma, St. Louis, MO) dissolved in
distilled water, or distilled water (control treatment),
was injected into the vitreal chamber from a temporal
site using a SGE microsyringe fitted with a fine glass
pipette. Animals were maintained under halothane
anaesthesia during this surgery. All injected solutions
were adjusted to pHs in the range 7.0 to 7.6 using
sodium hydroxide and hydrochloric acid and all in-
jected volumes were 10 pl.

Three different doses of kainic acid were studied, 2
nmole, 20 nmole and 200 nmole. Treatments were
randomly allocated so that all animals received both
kainic acid and control treatments and approxi-
mately equal numbers of right and left eyes received
kainic acid in any batch of animals, Two of the three
dose levels were used with each batch and duplicate
data were obtained for the 20 nmole and 200 nmole
dose levels. To minimize experimental bias, animals
were identifiable only by numbered leg bands during
all data collection. Day-old chickens were injected
with 2 nmole, 20 nmole or 200 nmole kainic acid and
the two higher doses were also injected into 14-day-
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Difference between treatment and control eye significant at 0.5%, (1), 1%
(1), 5% (*) level (Wilcoxon matched-pairs signed-ranks test).

old chickens. Treatment effects were assessed 4 weeks
after injection of animals.

Assessment of Treatment Effect

Animals were deeply anaesthetized using halo-
thane, and retinoscopy and photokeratoscopy?* un-
dertaken to obtain refractive error and corneal curva-
ture data respectively. In both cases, the average of
measurements made along horizontal and vertical
meridians were used in subsequent data analysis. An-
imals were then perfused with either formalin or glu-
taraldehyde fixative after receiving an overdose of
pentobarbitone. Eyes were then dissected free of
muscle and loose connective tissue and reinflated to a
pressure determined by prior intraocular pressure as-
sessment in the anaesthetized animal with an applan-
ation tonometer. Axial and equatorial diameters,
horizontal corneal diameter and corneal sag were
then measured with digital callipers. Corneal sag was
measured as the vertical distance between the corneal
apex and its limbal margin and was used to estimate
anterior chamber depth. Both horizontal and vertical
equatorial diameters were recorded and their average
used in data analysis.

Data were énalyzed using nonparametric statistics;
the Wilcoxon matched-pairs signed-ranks test was
used to test differences between treatment and con-
trol eyes of the same animal and differences between
treatments were assessed using the Mann-Whitney
U-test.

These experiments followed the ARVO Resolution
on the Use of Animals in Research.

Results

Treatment Effects Induced in Day-Old Chickens

There were dose-dependent differences in the effect
produced by intravitreal injection of kainic acid in
day-old chickens (Table 1, Figs. 1, 2). The anterior
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segment shared in the enlargement produced by a 20
nmole dose while the 200 nmole dose produced en-
largement of the posterior segment but inhibited an-
terior segment growth. These contrasting effects of
the two doses on the anterior segment were visible in
most animals (Fig. 1).

Dimensional changes: There was a trend towards
increasing equatorial diameter, corneal diameter and
corneal sag for the 2 nmole dose of kainic acid al-
though these effects were not statistically significant.
The trend towards enlarged corneas was also evident
for the 20 nmole dose of kainic acid. Both corneal
diameter and sag were significantly increased and
these changes were accompanied by a decrease in
corneal radius of curvature which was also statisti-
cally significant. Axial length, but not equatorial di-
ameter, was significantly increased. In contrast, the
200 nmole dose had a greater effect on equatorial
dimensions than axial dimensions although induced
increases in both axial and equatorial dimensions
were statistically significant here. The difference be-
tween these two doses with respect to induced
changes in axial and equatorial dimensions also
proved significant (Table 2). The effect of the 200
nmole dose of kainic acid on the anterior segment of
the eye contrasted with that seen with the interme-
diate dose; the corneas were now reduced in both
diameter and sag and flatter than control corneas
with all differences being statistically significant.
These differences between the two doses were also
statistically significant (Table 2).

Pattern analysis: The dose-dependent differences
in observed growth patterns were further demon-
strated when the relative changes in axial and equato-
rial dimensions were examined (Table 3). The ratios
of corneal diameter to corneal sag, corneal sag to
axial length, and axial length to equatorial diameter
for treatment and control eyes were compared. This
analysis shows the reduction in corneal sag produced
with the 200 nmole dose to be disproportionate with
respect to both changes in corneal diameter and axial
length. Equatorial changes also proved to be dispro-
portionately larger than axial changes. The trends for
the 20 nmole dose tended to be in the opposite direc-
tion although none were statistically significant.

Refractive error findings: The 2 nmole dose of
kainic acid did not affect refractive error, and eyes
receiving this or control treatment exhibited small
hyperopic errors. The 20 nmole and 200 nmole doses
both caused increases in scatter of the refractive error
distnbutions compared with control eyes and a shift
toward myopia (Fig. 3). Some animals in both treat-
ment groups exhibited very high myopia, but small
refractive errors and large hyperopic errors were also
recorded.
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Fig. 1. External appearance of eyes of chickens treated with (a) 20
nmole and (b) 200 nmole kainic acid, injected intravitreally; arrows
indicate treated eyes.

Treatment Effect Induced in 14-Day-Old Chickens

In older animals, kainic acid appears to have op-
posing, dose-dependent effects on the anterior and
posterior segments of the eye (Table 4, Fig. 2); en-
largement of the posterior segment and retarded de-
velopment of the anterior segment were observed.

Dimensional changes: The opposing influences on
anterior segment development of 20 nmole and 200
nmole doses of kainic acid described above were not
seen when treatment was delayed till age 14 days.
Instead, corneal sag was reduced in a dose-dependent
manner which was statistically significant in both
cases and accompanied by corneal flattening which
was significant only for the higher dose. Corneal di-
ameters were also smaller in eyes receiving the 200
nmole dose. Axial elongation was produced by both
doses and was again greatest for the 20 nmole dose
and significant only for this dose. Both doses also
produced significant equatorial enlargement, the 200
nmole dose having the greater effect. Changes in
equatorial diameter, corneal sag and corneal diame-
ter induced by the 200 nmole dose were significantly
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Fig. 2. Mean difference (with SD) in (a) axial length, (b) equatorial diameter, (c) corneal diameter and (d) corneal sag, between treatment
and control eyes, measured 4 weeks after intravitreal injection of solutions of kainic acid and distilled water (control) in day-old and
14-day-old chickens, as a function of dose of kainic acid used. Difference significant at 0.5% (***), 1% (**), 5% (*) level (Wilcoxon

matched-pairs signed-ranks test).

greater than those induced by the 20 nmole dose
(Table 2).

Pattern analysis: The effect of treatment on the
overall pattern of development was again examined
by comparing ratios for treatment and control eyes of
various parameters (Table 5). As seen in the younger
animals, the 200 nmole dose of kainic acid produced
disproportionate decreases in corneal sag relative to

Downloaded From: http://arvojournals.org/ on 02/16/2017

both corneal diameter and axial length, and equato-
rial enlargement dominated over axial changes. How-
ever in the older animals, the 20 nmole dose also
produced a disproportionate decrease in corneal sag
relative to both corneal diameter and axial length.
Refractive error findings: The same patterns of re-
fractive error distribution were seen for both doses of
kainic acid (Fig. 3) and these patterns were similar to
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those seen in younger animals treated with the same
doses of kainic acid. There was a shift towards myo-
pia and an increase in spread of the refractive error
distributions for kainic acid treated eyes relative to
that for control eyes.

Discussion
Chemically Induced Eye Enlargement

Our results demonstrate that ocular growth pat-
terns may be altered through chemical intervention.
Apparently the only other report of chemically in-
duced eye enlargement in chickens is that by
Groschke?® who observed eye enlargement in
chickens fed high amounts of free glycine in their
diet. Glycine is a putative retinal neurotransmit-
ter’®?" and there is an interesting parallel established
by the current observation that an analog of gluta-
mate, another putative retinal neurotransmitter,?%?’
also caused eye enlargement. Kainic acid-induced en-
largement was confined to the vitreal chamber when
used in a 200 nmole dose for day-old chickens and in
a 200 nmole dose or a 20 nmole dose for older
chickens. Corneas were reduced in diameter and also
flattened, indicating that corneal growth was inhib-
ited by these treatments. In contrast, the 20 nmole
dose of kainic acid given to day-old animals appeared
to stimulate corneal growth, with corneas of treated
eyes enlarged and slightly steeper; the increase in sag
dimensions also contributed substantially to the
overall axial changes.

Parallels With Chicken Eye Enlargement Patterns
Induced by Environmental Manipulation

The pattern of growth obtained with the 200 nmole
dose of kainic acid bears closest ressmblance to those
described for animals reared in continuous light or in
total darkness. In dark rearing experiments, increases
in eye weight,'® axial length'*?® and equatorial diam-
eter'>2® have been observed and, as in the kainic acid
experiments, equatorial changes appear to dominate
over axial length changes.'>?® Similarly, corneal flat-

Table 2. Significance of differences between
treatment-induced changes in ocular dimensions of
chickens treated on day 1 and day 14 (in brackets)

Compared treatments

2, 20 nmole 2, 200 nmole 20, 200 nmole

Ocular Kainic acid  Kainic acid Kainic acid

parameter (n=711) m=728) (n=118(8, 8)
Corneal radius

of curvature 1 * t(-)
Axial length * s — (=)
Equatorial

diameter — bs @)
Corneal sag — b3 ™
Corneal

diameter — } (1)

Difference between treatment effects are significant at 0.5% ($), 1% () or
5% (*) level (Mann-Whitney U-test).

tening and reduced anterior chamber depth have
been reported.'>?® These observations may also be
interpreted as inhibitory effects on anterior segment
development although in these cases, corneal diame-
ters were unaltered. Similar eye enlargement patterns
have also been described in animals reared in con-
stant light environments.*!"13.14.28

The response to the 20 nmole dose of kainic acid
used in day-old chickens resembles the described re-
sponses to lid suture>'® and the fitting of dome-
shaped, full-field translucent occluders>® in these an-
imals; with all three treatments, corneal enlargement
contributes significantly to the overall eye enlarge-
ment. Both translucent occluders and lid suture cause
overall retinal image degradation'®? and it is most
probably for this reason that the induced eye growth
patterns for these two treatments are very similar,
Both axial length and equatorial diameter are in-
creased by these three treatments but here the
changes are more symmetrical and thus do not affect
eye shape. As seen in both lid-sutured and occluded
chickens, the 20 nmole dose of kainic acid also pro-
duced increases in both corneal diameter and ante-
rior chamber depth with day-old chickens.>”:828:30

Table 3. Geometric relationship between ocular dimensions of chickens treated on day 1

Treatment
Kainic acid Kainic acid Kainic acid
Distilled water 2 nmole 20 nmole 200 nmole
Ratios of ocular parameters (n=26) (n=17) (n=11) (n=28)
Axial length: equator diameter 0.77 £ 0.02 0.77 £ 0.0t 0.80 £0.05 0.76 + 0.03%
Corneal sag: axial length 0.17 £ 0.01 0.18 £0.01* 0.22+0.11 0.12 £ 0.02%
Corneal diameter: corneal sag 342 +0.24 335+0.14 3.17£0.63 4.36 + 0.601

Each value represents mean + SD.
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Difference between treatment and control eye significant at 0.5% ($), 1%
(1), 5% (*) level (Wilcoxon matched-pairs signed-ranks test).



316 INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE / February 1988

(a) 0-4 Weeks KAINIC ACID

(nmoles)
0

2
=}
{IIIj 200

b

8
3’ ==
5 == == %
-28 -24 -20 -16 12 -8 -4 4 8 12
Refractive Error (Dioptres)
(b) 2-6 Weeks KAINIC ACID
(nmotes)
EHo
] =20
6 (D 200
ad
2
w
;Ez
o m=e
2 -10 8

-6 -3 b 0
Refractive Error (Dioptres)

Fig. 3. Refractive error distributions of treatment and control
eyes, measured 4 weeks after intravitreal injections of solutions of
kainic acid and distilled water (control) in (a) day-old and (b) 14-
day-old chickens.

This result favours a vision-dependent mechanism as
the basis for corneal enlargement over alternative
theories implicating abnormal temperature or anoxic
conditions potentially created by lid suture and oc-
clusion.?®

There are some discrepancies between corneal cur-
vature data obtained with these lid suture, occlusion
and kainic acid treatments. They are of questionable
significance, however, as it is likely that the corneas
were aspheric and different methods were used to
measure corneal curvature in these studies. Corneal

Table 4. Ocular dimensions of chickens treated on day 14

Vol. 29

steepening was obtained with the 20 nmole dose of
kainic acid used in day-old chickens but corneal flat-
tening has been recorded for lid-sutured ani-
mals.”'¢3° As Hayes and coworkers® found no signifi-
cant change in central corneal curvature for full-field
occlusion despite an apparent increase in corneal
curvature, it appears likely that the corneas were as-
pheric. Corneal aspherity in lid-sutured eyes could be
caused by mechanical interaction between the central
corneal zone and closed lids; this interpretation is
supported by recent evidence that lid suturing exag-
gerates the corneal flattening response to dark rear-
ing!” and the failure of occluders to cause corneal
flattening.® It also explains why sag calculations based
on the corneal dimensions recorded by Yinon and
coworkers'® in lid-sutured chickens predict generally
shallower anterior chambers than observed.

Kainic Acid and Retinal Function

In the current study and those cited, retinal activity
has been modified, either indirectly through the use
of occluders or directly by chemical means. This sug-
gests that the nature of retinal output, and thus visual
experience, is critical to ocular development.

Morgan and coworkers?2?*31:32 have extensively
studied the neurotoxic effects of kainic acid on
chicken retina. In 2-day-old chickens, intravitreal in-
jections of a 6 nmole dose of kainic acid caused the
selective elimination of 50% of amacrine cells. Other
classes of retinal cells were also affected when higher
doses of kainic acid were used; a 20 nmole dose of
kainic acid destroyed two-thirds of the bipolar cells
and significant loss of horizontal cells was observed
with doses of 120 nmole and 200 nmole. Miiller cells,
photoreceptors and ganglion cells were more resistent
to the neurotoxic effects of kainic acid. Structural
changes have also been reported in the retina for
chickens fitted with full-field occluders® or with su-
tured lids,'® and also in the optic tectum receiving
input from the deprived eye in lid-sutured chickens.*?

Treatment
Distilled 20 nmole 200 nmole
water Kainic acid Kainic acid
Ocular parameter (n=16) (n=38) mn=38)

Ocular refraction (D) +1.16 = 0.69 —-0.64 + 6.34 —0.64 = 5.02
Corneal radius of curvature (mm) 4.14 +£0.12 447 +0.24 443 +£0.11%

Axial length (mm) 12.20 £ 0.35 13.06 + 0.57% 12.45 + 0.80
Equatorial diameter (mm) 15.74 £ 0.52 16.89 + 0.64% 16.82 + 0.66%
Corneal sag (mm) 2.10£0.12 1.91 £ 0.25* 1.61 £0.18%
Corneal diameter (mm) 7.34 £0.23 7.46 £ 0.24 6.92 +0.28%

Each value represents mean + SD.
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Difference between treatment and control eyes significant at 0.5% (1), 1%
(1), 5% (*) level (Wilcoxon matched-pairs signed-ranks test).
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Morgan’s group has also shown that a 100 nmole
dose of kainic acid in 4- to 6-week-old chickens irre-
versibly abolishes retinal driven off-responses; on-re-
sponses remain in a simpler form.?* The equivalent
dose for day-old chickens, when allowance is made
for age-related differences in vitreal volume, is ap-
proximately 20 nmole, which is the dose used to ob-
tain growth patterns similar to those observed in lid-
sutured and occluded chickens. Is it possible that lid
suturing and full-field occlusion, through stimulus
modification, similarly modify retinal activity? The
same dose used in older animals inhibited anterior
segment growth. Does this mean that the sensitive
period for anterior segment enlargement is limited to
2 weeks? Wallman and coworkers** and Noller*® have
observed reduced sensitivity in older animals to the
effects of occlusion. However, Wallman and co-
workers found that anterior segment changes develop
only late in the course of events for chickens re-
stricted to frontal vision, although they also indicate
that anterior segment enlargement occurs much ear-
lier in chickens totally deprived of form vision. Re-
sults obtained by Yinon and coworkers'® suggest a
sensitive period much longer than 2 weeks; they ob-
served anterior segment enlargement in animals
where lid suturing was delayed till 4 weeks of age.

The 200 nmole dose of kainic acid used would be
expected to alter retinal activity more radically on the
basis of histological evidence.?? It also had a much
more dramatic effect on retinal ophthalmoscopic ap-
pearance than the lower dose (personal observation).
Electrophysiological recordings may well reveal fur-
ther similarities between changes induced by this
dose of kainic acid and by continuous light or contin-
uous dark rearing conditions, all of which appear to
induce similar eye enlargement. Intuitively it seems
that both dark rearing and the 200 nmole dose of
kainic acid would produce similar dampening of reti-
nal electrical activity; in dark rearing the stimulus for
activity has been withdrawn, whereas kainic acid de-
presses the retinal response to stimulation. However,
histological studies have not provided evidence of a
link between these treatments. Chicken retinas are
unaffected by continuous dark rearing treatment.?®
Retinal lesions are also only inconsistently described
for chickens reared under continuous light!'®!* al-
though retinal degeneration has been reported for rats
reared under similar conditions.

Mechanisms For Eye Enlargement

Is eye enlargement due to enhanced growth? We
now have evidence that both lid suture and kainic
acid-induced changes are mediated by local ocular
mechanisms and retinal, vitreal and whole eye tissue
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Table 5. Geometric relationship between ocular
dimensions of chickens treated on day 14

Treatment

Ratio of ocular Distilled Kainic acid Kainic acid
parameters water 20 nmole 200 nmole
Axial length: equatorial
diameter 0.78 £ 0.01 0.77 £ 0.01 0.74 £ 0.02¢
Corneal sag: axial length  0.17 £ 0.01 0.15+0.02f 0.13£0.01%
Corneal diameter:
corneal sag 3.50+£0.17 395+ 048t 4321037t

Each value represents mean + SD.
Difference between treatment and control eyes significant at 0.5% (}), 1%
(1), 5% (*) level (Wilcoxon matched-pairs signed-ranks test).

extracts have demonstrable growth modulatory activ-
ity.’’*? The retina alone contains a diverse range of
peptides**** of which three are known to influence
growth of other tissues.**~*® These peptides may sub-
serve a vision-dependent system of regional control
of posterior chamber growth, and their regional varia-
tions in distribution**-%¢ could underlie the differen-
tial growth rates indicated by the asymmetric nature
of some enlargement patterns described.®!%19:28

Our results support the hypothesis that growth of
the anterior and posterior segments of the eye may be
independently regulated. We have shown that en-
hanced or inhibited anterior segment growth may
occur with enhanced posterior segment growth. Ante-
rior segment growth may also be subject to retinal
influence but a second regulatory mechanism is re-
quired to explain those cases involving opposing ef-
fects on anterior and posterior eye segments. It is
possible that corneal nerves subserve both sensory
and trophic functions. Alternatively the ciliary nerve
may be involved. Wallman and coworkers showed
that ciliary nerve sectioning reduced the myopic re-
sponse induced when occluders were fitted to allow
only frontal vision.’” This result may reflect the re-
moval of a tonic influence of the ciliary muscle on
corneal curvature®® as the surgery caused corneal
flattening. However, an alternative explanation could
be based on the premise that the ciliary nerve exer-
cises a trophic influence over the anterior eye seg-
ment.

Eye Enlargement and Refractive Errors

Normal development involves both an age-depen-
dent narrowing of the refractive error distribution
and a shift of the median position towards emmetro-
pia.’® This suggests that there is coordinated develop-
ment of all refractive components. Both kainic acid
and techniques used to manipulate visual experience
disrupt this emmetropization process.

Myopia is the most common refractive error seen
with eye enlargement,>®!¢ however myopia cannot
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be considered synonymous with eye enlargement.
While it predominates when lid suture or full-field
occlusion techniques are used with chickens, both
hyperopia'*!” and myopia'>° have been reported
with eye enlargement in both dark and light reared
chickens and in our chickens with kainic acid. The
variability in the refractive outcome is not surprising
as the refractive state represents the balance positions
in a multidimensional system where induced changes
can work in opposition. For example, myopia may be
due to an increase in the separation of the cornea
from the retina, but may also arise when the vitreal
chamber is expanded by a shift of the lens toward the
cornea. The steepening of any of the optical surfaces
will also cause a myopic shift.

In our experiments, the higher dose of kainic acid
produced consistent corneal flattening which tends to
offset the myopic shift associated with the expansion
of the vitreal chamber of the same eyes. In contrast,
the corneal steepening observed in some eyes receiv-
ing the 20 nmole dose will cause a myopic shift which
will be opposed by the effects of increased corneal-
lens separation where this is not accompanied by an
equal or greater increase in axial length.

In summary, our data provide further evidence
that normal ocular development and emmetropiza-
tion in chickens is dependent on “normal” retinal
activity which is synonymous with normal visual ex-
perience and normal retinal function. Kainic acid
modifies retinal function and causes eye enlarge-
ment, the exact nature of which is both dose-depen-
dent and age-dependent. In light of the demonstrated
ability of the anterior and posterior segments to un-
dergo differential growth, due consideration must be
given in future models of ocular growth and emme-
tropization to the possibility that growth of anterior
and posterior segments are independently regulated.

Key words: kainic acid, eye enlargement, eye development,
myopia, chicken myopia
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