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Background: Previous morphological studies have found degenerative retinal 
abnormalities in experimental hypopinealism. It is important to determine the 
morphology and function of the iris and ciliary body in prolonged pineal gland 
dysfunction with melatonin deficiency.
Purpose: To determine the morphology and function of the iris and ciliary body in 
rabbits maintained under conditions of prolonged around-the-clock illumination 
leading to hypopinealism and melatonin deficiency.
Material and Methods: Fifty five adult rabbits (110 eyes) were used in this experimental 
study. Animals were divided into two groups, an experimental group of 32 animals 
maintained under conditions of around-the-clock illumination to induce functional 
hypopinealism, and a control group of 23 animals maintained under natural day/night 
cycle conditions. Both groups were subdivided into 5 subgroups based on the duration 
of the experiment: 1-2 months,  3-5 months,  8-12 months, 18-19 months, and) 26-28 
months. Blood melatonin levels were assessed by an enzyme-linked immunosorbent 
assay. A comprehensive morphological study of rabbit iris and ciliary body specimens 
was conducted.
Results. Blood melatonin level at night time in the experimental group was almost 
six-fold lower than blood melatonin level in the control group. In animals maintained 
under conditions of around-the-clock illumination, marked circulatory abnormalities 
with markedly dilated and hyperemic vessels were observed in the iris and ciliary body 
at time points until 12 months. In addition, at 12 to 28 months, iris and ciliary body 
vascular circulatory abnormalities appeared to be changed by sclerotic abnormalities. 
In animals exposed to around-the-clock illumination, vascular sclerotic changes 
appeared substantially earlier, and were much more marked, than in control animals. 
The mean vascular wall thickness (VWT) in iris and ciliary body specimens for the 
experimental group was 1.5-fold higher than that for the control group (177.5 ± 
7.3×10-6 m vs 101.9 ± 4.4×10-6; р < 0.05) at 18 to 19 months, and twice higher than 
that for the control group (217.4 ± 8.7×10-6 m vs 107.2 ± 5.2 ×10-6 m) at 26 to 28 
months. The like newly formed rough bundles of collagen fibers found in an analogue 
of the Schlemm canal may exert a very negative effect on hydrodynamics of the eye.
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Introduction
The eye is directly involved in the regulation of 

circadian hormonal rhythms in humans and animals through 
retinohypotholamic and retinocortical connections. A 
natural day-night cycle (i.e., a daily alternation of the effects 
of intensive light and darkness on central nervous system 
structures) enables a rhythm of pineal gland melatonin 
production as well as the development of circadian rhythms 
[1-6]. At night blood melatonin levels are higher, whereas 
daylight suppresses melatonin production [2, 3, 5]. Pineal 
gland dysfunction with decreased melatonin production 
at night results in impaired physiological processes 
(e.g., cellular free radical processes) and contributes to 

pathological changes in different body tissues [7, 8]. It has 
been found that melatonin is produced in ocular tissues 
like the retina, ciliary processes and lens epithelium [9-13] 
and involved in aqueous humor production [14]. We have 
previously found early atherosclerotic and degenerative 
processes in the rabbit retina, similar to those seen in age-
related macular degeneration (AMD), in the presence of 
experimental hypopinealism [15].
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The purpose of this study was to determine the 
morphology and function of the iris and ciliary body in 
rabbits maintained under conditions of prolonged around-
the-clock illumination leading to hypopinealism and 
melatonin deficiency.

Material and Methods
Fifty five adult rabbits were used in this experimental 

study which was conducted at the vivarium of the 
Danilevskii Institute for Endocrine Pathology Problems. 
All animal experiments were conducted in compliance with 
the European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific 
Purposes from the European Treaty Series (Strasbourg, 
1986),  General Ethical Principles for Experiments in 
Animals, adopted by the First National Bioethics Congress 
(2001), and the Law of Ukraine on Protection of Animals 
from Cruel Treatment No. №3447-IV dated 21.02.2006.

To induce functional hypopinealism [7, 8], animals 
were maintained under conditions of around-the-clock 
illumination (natural sunlight at daytime and 30-40-lux 
illumination from 100-W incandescent lamps at night 
time). Illuminance in animal cages was measured with an 
IU-117 lux meter.

Animals were divided into two groups, an experimental 
group of 32 animals maintained under conditions of 
around-the-clock illumination and a control group of 
23 animals maintained under natural day/night cycle 
conditions. Both groups were subdivided into 5 subgroups 
based on the duration of the experiment: (1) 1-2 months, 
(2) 3-5 months, (3) 8-12 months, (4) 18-19 months, and 
(5) 26-28 months. Blood melatonin levels were assessed 
by an enzyme-linked immunosorbent assay (ELISA) using 
commercially available kits (IBL International, Hamburg, 
Germany) to investigate hormonal activity of the pineal 
gland. Photometric measurements were performed on 
an ELISA plate reader (Stat Fax 303 Plus, Awareness 
Technology Inc, Palm City, FL).

All animals were euthanized by an overdose of sodium 
thiopental in accordance with the guidelines from the 
Ministry of Health of Ukraine [16].

The eyes had been enucleated, fixed in neutral formalin 
and routinely processed into paraffin-embedded blocks. 
Blocks were cut into 4-5-μm sections which were mounted 
on slides and stained with Mallory’s hematoxylin and 
eosin and van Gieson's picro-fuchsin (to show connective 
tissue). Thereafter, low-magnification microscopy was 
used for general assessment of the tissue of interest, and 
morphological study was conducted [17, 18]. Histological 
and morphometric evaluations were carried out under 
a light microscope Olympus BX-41 (Olympus Europe 
GmbH, Munich, Germany) using appropriate software 
(Olympus DP-Soft 3.1, Olympus Europe GmbH) and 
Microsoft Excel [19].

Morphometric analysis was conducted using the field 
method [20].

Analysis of variance and alternative analysis were 
employed for statistical analysis [21].

Results
At 1 month after initiation of the experiment, blood 

melatonin level at daytime in the experimental group 
decreased to 29.12 ± 5.85 pmol/l, which was statistically 
significantly lower than blood melatonin level in the 
control group (54.41 ± 6.15 pmol/l; р < 0.05). In addition, 
blood melatonin level at night time in the experimental 
group decreased to 62.26 ± 5.27 pmol/l, which was almost 
six-fold lower than blood melatonin level in the control 
group (369.45 ± 14.35 pmol/l; р < 0.05). This level of 
melatonin production was maintained at subsequent time 
points.

Low-magnification microscopy for general assessment 
of the iris and ciliary body specimens obtained at months 
1 to 2 revealed markedly dilated and hyperemic vessels 
(small arteries and arterioles of the iris and small arterioles 
and capillaries of the ciliary body) in the experimental 
group specimens (Figs. 1 and 2). Of the cilary body 
capillaries, those of terminal processes appeared the most 
dilated and hyperemic (Fig. 2). Our morphometric study 
found that the mean relative vacular area (RVA) in iris and 
ciliary body specimens obtained at months 1 to 2 was 7.8 ± 
0.27% for the experimental group and 4.5 ± 0.21% for the 
control group, with the difference between groups at this 
time point being statistically significant (р < 0.05, Table 
1). In addition, the mean vascular wall thickness (VWT) 
in iris and ciliary body specimens obtained at months 1 to 
2 was 59.2 ± 1.2×10-6 m for the experimental group, with 
no significant difference between groups at this time point 
(Table 1).

Low-magnification microscopy for general assessment 
of iris and ciliary body specimens obtained at months 3 to 
5 revealed marked circulatory disorders in iris and ciliary 
body vessels for the experimental group (Fig. 3), and the 
morphometric study found these disorders to be increased 
compared to the previous time point. The mean RVA in iris 
and ciliary body specimens obtained at months 3 to 5 was 
17.7 ± 0.43% for the experimental group, which was more 
than 3.5-fold higher than that for the control group (4.7 ± 
0.19%, р < 0.05 ) (табл. 1).

In is noteworthy that at 3 to 5 months, the most severe 
circulatory changes were found in terminal portions of 
cilary processes, with the capillaries appearing paretically 
dilated and congested and showing signs of stasis and 
erythrocyte sludge (Fig. 3). At this time point, the 
mean VWT in iris and ciliary body specimens for the 
experimental group was 87.6 ± 3.9×10-6 m, which was 
significantly larger than that for the control group (66.1 
± 2.7×10-6; р < 0.05) as well as that at the previous time 
point (59.2 ± 1.2×10-6 ; р < 0.05) (Table 1).

Low-magnification microscopy for general assessment 
of iris and ciliary body specimens obtained at months 
8 to 12 revealed less severe circulatory disorders in iris 
and ciliary body vessels for the experimental group (Fig. 
4) than those at the previous time points. At this time 
point, the mean RVA in iris and ciliary body specimens 
for the experimental group was 11.5 ± 0.49% m, which 
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was significantly larger than that for the control group 
(4.5 ± 0.20%; р < 0.05) but less than that at the previous 
time point (17.7 ± 0.43%; р < 0.05) (Table 1). Aside of 
moderate signs of circulatory disorders, low-magnification 
microscopy for general assessment of iris specimens 
obtained at months 8 to 12 revealed small-caliber arteries 
with thickened walls (Fig. 4). Consequently, morphometric 
study found that the mean VWT in iris and ciliary body 
specimens for the experimental group was statistically 
significantly increased (136.3 ± 5.5×10-6 m, р < 0.05 ) 
(Table 1).

At 18-19 months of the experiment, low-magnification 
microscopy for general assessment of iris and ciliary body 
specimens revealed markedly thickened and sclerotic 
vascular walls (Fig. 5) for the experimental group. 
Particularly, walls of not only small iris arteries, but also 
of small iris veins of showed sclerosis, and the ciliary 
body showed sclerotic connective tissue substance and 
hyalinized capillaries. At this time point, the mean VWT in 
iris and ciliary body specimens for the experimental group 
was 177.5 ± 7.3×10-6 m (Table 1), which was significantly 
larger than that for the control group (101.9 ± 4.4×10-6; 
р < 0.05) as well as that at the previous time point (136.3 
± 5.5×10-6 ; р < 0.05). Signs of sclerosis were also seen 
in an analogue of the Schlemm canal with newly formed 
rough bundles of collagen fibers (Fig. 6).

Signs of vascular dilation and other circulatory 
disappeared at 18-19 months of the experiment, with 
the mean RVA in iris and ciliary body specimens for the 
experimental group (4.0 ± 0.19%) being significantly 
lower than that at the previous time point (11.5 ± 0.49%; 
р < 0.05) and practically the same as that for the control 
group (4.2 ± 0.17%; р > 0.05).

At 26-28 months of the experiment, there was sclerosis 
of the connective tissue proper, with markedly sclerotic 
small arteries and veins and glassy degeneration of 
arterioles (Fig. 7), for the iris and ciliary body specimens 
of the experimental group. In addition, the mean VWT 
in iris and ciliary body specimens for the experimental 
group was 217.4 ± 8.7×10-6 m (Table 1), which was 
significantly larger than that for the control group and that 
at the previous time point (р < 0.05). However, in spite 
of extensive vascular sclerosis, the mean RVA in iris and 
ciliary body specimens for the experimental group was 
significantly lower than that at the previous time point 
(3.4 ± 0.15%; р < 0.05; Table 1), indicating a reduced 
microcirculatory bed.

Discussion
Our findings of a reduction in melatonin production at 

night are in agreement with the findings of others [7, 22]. 
In animals maintained under conditions of around-the-
clock illumination, marked circulatory abnormalities were 
observed in the iris and ciliary body at time points until 
12 months. Particularly, vessels were markedly dilated 
and hyperemic, and capillaries of cilary body terminal 
processes appeared paretically dilated and congested and 
showed signs of stasis and erythrocyte sludge.

At 12 to 28 months of animal maintenance under 
conditions of around-the-clock illumination, iris and 
ciliary body vascular circulatory abnormalities appeared 
to be changed by sclerotic abnormalities. The sclerotic 
abnormalities observed in the control animals were 
interpreted as age related. It should be, however, noted, 
that, in animals maintained under conditions of around-
the-clock illumination, vascular sclerotic changes 
appeared substantially earlier, and were much more 
marked, than in control animals. In addition, there was a 
difference between groups in the type of vessels affected 
by sclerosis. Thus, in control animals, only small arteries 
were sclerotic. In animals maintained under conditions of 
around-the-clock illumination, however, not only small 
arteries, but also small veins and microcirculatory vessels 
(i.e., arterioles, capillaries, and venules) and connective 
tissue substance were sclerotic, and isolated arterioles and 
capillaries appeared hyalinized.

It may be hypothesized that the circulatory and 
subsequent sclerotic changes induced in the ciliary 
body by the conditions of around-the-clock illumination 
are functionally accompanied by abnormal aqueous 
production.

It is clear that the changes like newly formed rough 
bundles of collagen fibers found in an analogue of 
the Schlemm canal exert a very negative effect on 
hydrodynamics of the eye in general due to compromised 
aqueous outflow.
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Table 1. Mean relative vacular area (%) and mean vascular wall thickness (×10-6 m) in iris and ciliary body specimens

Time points 
for the control 

group
RVA (%) VWT (×10-6 m)

Time points 
for the 

experimental 
group

RVA (%) VWT (×10-6 m)

1 to 2 months 4.5±0.21 51.3±1.2 1 to 2 months 7.8±0.27^ 59.2±1.2

3 to 5 months 4.7±0.19 66.1±2.7 3 to 5 months 17.7±0.43*^ 87.6±3.9^*

8 to 12 months 4.5±0.20 92.6±4.2* 8 to 12 months 11.5±0.49*^ 136.3±5.5^*

18 to 19 months 4.2±0.17 101.9±4.4* 18 to 19 months 4.0±0.19* 177.5±7.3^*

26 to 28 months 3.8±0.11* 107.2±5.2 26 to 28 months 3.4±0.15* 217.4±8.7^*

Note. ^, significant difference with the controls (p < 0.05); *, significant difference with the previous time point; RVA, relative 
vacular area; VWT, vascular wall thickness
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Fig. 1. An iris and ciliary body specimen obtained at 
months 1 to 2 after initiation of the experiment. The iris 
and ciliary body vessels appeared markedly dilated (some 
of them in a cyst-like fashion) and hyperemic, indicating 
circulatory abnormalities. Mallory’s hematoxylin and 
eosin staining. Magnification, 100x 

Fig. 2. An iris and ciliary body specimen obtained at 
months 1 to 2 after initiation of the experiment. Terminal 
portions of cilary body processes appeared expanded 
in a club-like fashion and capillaries were markedly 
dilated and hyperemic.  Hematoxylin and eosin staining. 
Magnification, 200x

Fig. 3. An iris and ciliary body specimen obtained at 
months 3 to 5 after initiation of the experiment. Ciliary 
processes exhibited marked circulatory abnormalities 
like dilated and hyperemic capillaries, with the capillaries 
appearing paretically dilated and congested and showing 
signs of stasis and erythrocyte sludge. Hematoxylin and 
eosin staining. Magnification, 200x

Fig. 4. An iris and ciliary body specimen obtained at 
months 8 to 12 after initiation of the experiment. Isolated 
small-caliber arteries and arterioles exhibited moderately 
thickened walls (1). Vessels of the iris and terminal 
portions of ciliary processes appeared dilated and focally 
hyperemic (2). Mallory’s hematoxylin and eosin staining. 
Magnification, 100x 
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Fig. 7. An iris and ciliary body specimen obtained 
at months 26 to 28 after initiation of the experiment. 
Walls of iris arterioles and ciliary processes appeared 
markedly thickened, with intensive blue-stained collagen 
fibers well seen in vessel walls. Mallory’s hematoxylin 
and eosin staining. Magnification, 200x 

Fig. 6. An iris and ciliary body specimen obtained at 
months 18 to 19 after initiation of the experiment. Isolated 
iris vessels and capillaries of terminal portions of ciliary 
processes appeared appeared dilated and hyperemic 
(1). Signs of sclerosis were also seen in an analogue of 
the Schlemm canal with newly formed rough bundles of 
collagen fibers stained with blue (2). Mallory’s hematoxylin 
and eosin staining. Magnification, 200x 

Fig. 5. An iris and ciliary body specimen obtained at 
months 18 to 19 after initiation of the experiment. Iris 
venules (1) appeared sclerotic, and arterioles (2), 
sclerotic and hyalinized. Processes of the ciliary crown 
exhibited showed sclerotic connective tissue substance 
and hyalinized arterioles (3). Hematoxylin and eosin 
staining. Magnification, 200x


