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Abstract. We administered a blindness-inducing substance (formoguanamine hydrochloride)
to Japanese quail in order to find whether it is effective to induce retinal degeneration in
avian species other than the chicken. We also investigated its effects on the photoperiodic
response of various organs including gonads and the entrainment of circadian locomotor
activity rhythms. Histological observation revealed conspicuous degeneration of the photoreceptor outer segments and pigment epithelium. Behavioural responses of formoguanamine
hydrochloride-treated birds to visual stimuli were completely abolished. These results proved
that this chemical substance is effective to induce blindness in avian species other than
the chicken. In formoguanamine hydrochloride-treated birds, the locomotor activity rhythm
was entrained to light-dark cycles and the photoperiodic gonadal response was almost
normal, suggesting that the extraretinal photoreceptors remained intact even after the
formoguanamine hydrochloride-treatment.
Keywords. Formoguanamine; blindness; photoperiod; gonad; circadian activity rhythm;
extraocular photoreception.

1. Introduction
Obara et al (1985) found that formoguanamine hydrochloride (FG) was a potent
chemical to induce blindness in chickens by disrupting the pigment epithelium and
photoreceptor cells in the retina. FG was also effective in preventing the eyeenlargement induced by suturing eye-lids of chicks (Oishi and Lauber 1988), as
well as the characteristic eye-enlargement of light-induced avian glaucoma (Lauber
and Oishi 1990). In this report, we administered this substance to Japanese quail
in order to find whether the retinal degeneration is also induced in avian species
other than chickens. We also investigated its effects on the photoperiodic responses
of gonads and other organs and on the entrainment of locomotor activity rhythms
by light-dark cycles in an attempt to find whether formoguanamine has any effect
on the extraocular photoreceptors as well as the retina, since the extraocular
photoreception has been known to play an important role for the photoperiodic
gonadal response in birds (Benoit 1935; Oishi and Kato 1968; Oishi and Lauber
1973a,b; Oliver and Bayle 1976; Glass and Lauber 1981).
2. Materials and methods
One day old male Japanese quail (Coturnix coturnix japonica) were obtained from
†

Corresponding author.

479

480

Τ Oishi and Υ Obara

Figure 1. Retina in control and FG-treated quail. Note the conspicuous degeneration of
the pigment epithelium (arrow) and the outer segments (arrow head) of photoreceptor cells
in the retina of FG-treated quail. Bars indicate 100 µm.

a local breeder. Fifty birds were divided into a group treated with FG and a control
group. FG (1·5 mg) dissolved in 0·1 ml of saline was injected subcutaneously in
the experimental group and 0·1 ml of saline in the control group. Injection was done
two days after hatching. These two groups were maintained in continuous light (LL)
at 35°C for 2 weeks and, then, transferred to a short photoperiod (LD 8 : 16; light on
from 10:00 to 18:00) at 25°C. After one additional week, each group was divided
further into two groups, and one group was kept in LD 8 : 16 and another in a long
photoperiod (LD 16 : 8; light on from 6:00 to 22:00) for 3 weeks at 25°C. Light
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Table 1. Effects of photoperiods on various organ weights in FG-treated quail.

Values are mean ± SE. Significant difference: *Ρ<0·05, **Ρ<0·01, ***P<0·001 (16L vs 8L),
#
Ρ<0·05, ##Ρ<0·01 (Control vs FG).

intensity was kept at 200-500 lux with incandescent lamps. At the end of the
experiment, body weight and weights of the adrenal, bursa of Fabricius, thymus
and liver were recorded. The size of the cloacal gland (a typical secondary sex
character of Japanese quail) was measured with a caliper. The eyes were dissected
out and fixed in Bouin’s solution. Paraffin sections (4 µm) were made and stained
with eosin and hematoxylin to check the extent of retinal degeneration by the
FG-treatment.
Behavioural tests were performed to check the blindness of the FG-treated birds
by moving a pencil in front of them or by observing whether they can find food
in a transparent sealed plastic petri dish.
Four birds at 34 days of age taken from control and FG-treated groups, respectively,
were transferred into individual cages and kept in LD 12 : 12 (light on from 6:00
to 18:00). The locomotor activity rhythm of these birds were recorded for 10 days
from 34 to 43 days of age with a photo-transistor system (PL-3, Hokuyo Denki
Co., Osaka) and an event recorder (R9H1 2T, Fuji Denki Seizo Co., Tokyo).
Statistical analysis was done by ANOVA, Student’s t test and Duncan’s multiple
range test using SAS computer program.
3. Results
Histological examination of the retina in FG-treated quail revealed conspicuous
degeneration of the outer and inner segments of photoreceptor cells and the pigment
epithelium (figure 1), and this clearly indicated that retinal degeneration can be
induced in avian species other than the chicken. The inner and outer nuclear layers
and ganglion cells seem to have remained intact. Since the FG-treated birds did
not respond to a moving object in front of them and could not find food in a
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Figure 2. Locomotor activity rhythms of quail under LD 12:12. The activity records for
10 days are double plotted. Distinct diurnal rhythms entrained to light-dark cycles are
observed in both control and FG-treated birds.

transparent sealed petri dish, they were considered to be blind. Electroretinogram
also showed that blindness was induced in FG-treated quail (Sasaki M, Obara Υ
and Oishi T, unpublished).
As it is shown in table 1, testicular weight and cloacal gland size of control
birds were greater in the long photoperiod (LD 16 : 8) than in the short photoperiod
(LD 6: 18), thus displaying the expected photoperiodic gonadal response. In
FG-treated quail, the testes and cloacal gland size were also significantly enlarged
under the long photoperiod in comparison with those under the short photoperiod.
Although the testicular weight was slightly smaller than that in control birds under
LD 16:8, this is probably due to significantly retarded body growth in the FG-treated
birds. Relative adrenal weight was significantly larger in LD 16:8 than in LD 8
: 16 similar to the results of the testes weight in both control and FG-treated birds.

Photoperiodic responses in blinded quail by FG

483

In contrast, relative thymus weight was larger in LD 8 : 16 than in LD 16 : 8 in
both control and FG-treated birds. Relative liver and bursa of Fabricius weights
were not significantly different between LD 16 : 8 and LD 8 : 16.
Distinct diurnal locomotor activity rhythms were observed in both control and
FG-treated blind birds (figure 2). The locomotor activity increased significantly just
after the light-on signal and decreased just after the light-off. High activity was
observed during 1 h before light-off signal. There were no significant differences
in the activity pattern between control and FG-treated blind quail.
4. Discussion
FG-treatment clearly induced blindness in Japanese quail due to degeneration of
the photoreceptor cells and the pigment epithelium similar to the result in chickens
reported by Obara et al (1985). We have reported previously that this chemical
substance was potent to prevent the development of myopia which was induced
by suturing eye-lids in chicks (Oishi and Lauber 1988) and the eye enlargement
of light-induced avian glaucoma (Lauber and Oishi 1990). Our present study proved
that FG is effective to induce blindness in avian species other than the chicken.
However, the extraocular photoreceptors such as the pineal organ (Oishi and Kato
1968) and the hypothalamus (Benoit 1964; Oishi and Lauber 1973a, b; Oliver and
Bayle 1976; Glass and Lauber 1981) seem to have kept intact, because the
photoperiodic gonadal response and the entrainment of circadian locomotor activity
rhythms were almost normal. The present study also indicates that the differences
of adrenal and thymus weights between long and short photoperiods were statistically
significant in FG-treated blind birds as well as control birds. The results of thymus
weight in control birds confirmed our previous reports (Mase and Oishi 1986,
1991). Thus, although FG disrupted vision, it does not seem to affect the function
of the extraocular photoreceptors. Since degeneration of the outer segments of
photoreceptor cells and the pigment epithelium in the retina was induced by
FG-treatment, it might have inhibited the synthesis or periodic renewal of disc
membranes of the outer segments. The reason why FG did not affect the extraocular
photoreceptors might be that the pinealocytes in the pineal of Japanese quail have
the outer segments with already degenerated membrane structure (Oishi 1972) and
that the cells in the hypothalamus do not seem to have special membrane structure
comparable to the retina. Anyhow, FG could be a useful tool to study photobiological
phenomena by differentiating the vision and the extraretinal photoreception.
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