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Background: Through scientific literature, there is evidence that light affects thy-
roid function in human, mice and rabbits. Constant light and sleep deprivation is 
also used as a form of human torture, as it has impact on cognitive performances. 
The present work was conducted to study the effect of constant light for short 
and long periods on the thyroid gland in the prepubertal male albino rats.
Materials and methods: A total of 30 prepubertal male albino rats were used. 
The rats separated into three groups: group I (control); group II were those rats 
put under steady encompassing light (24 h/day, light intensity of 600 lux) for  
4 weeks; and group III were the rats maintained in constant light for 3 months. 
The rat thyroid gland was subjected to histological and ultrastructural examination.  
Results: The rats exposed to light for long durations showed disturbed architec-
ture; the follicles exhibited back to back arrangement (signs of hypertrophy with 
hyperplasia), lined by multiple layers of follicular cells or were lined by vacuolated 
cells. Few thyroid follicles exhibited cystic hyperplasia. Congested blood capillaries 
were demonstrated between the follicles.
Conclusions: It can be concluded that the short-term exposure to constant light 
for 1 month had no apparent effect on thyroid gland tissues while longer exposure 
to light for 3 months had detrimental effects on the thyroid gland structure of 
male albino rats. (Folia Morphol 2019; 78, 2: 297–306)
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INTRODUCTION
The environmental 24-h light/dark cycle is involved 

in modulation of circadian rhythm in mammals. It 
regulates various biological activities including energy 
metabolism, body temperature, feeding, locomotion, 
and other types of behaviour [4, 8].

Hormone secretion is sensitive to time, which is 
necessary for achieving biological functioning. In 
mammals, the principal circadian mechanism is lo-
cated in the suprachiasmatic nucleus of the hypo-

thalamus. Through this nucleus directly or through 
pineal hormone melatonin coordinates the timing of 
circadian rhythms, including daily control of hormone 
secretion [21, 22]. Melatonin is one of the most stud-
ied biomarkers of the human physiological response 
to light [14]. The production of melatonin takes place 
almost exclusively at night. It has given rise to the 
concept that melatonin is the chemical expression 
of darkness. Continuous exposure to light leads to 
a complete suppression of melatonin release [9, 30]. 
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Melatonin supplementation inhibits thyroid growth, 
while pinealectomy stimulates it [3]. 

There is evidence in the scientific literature that 
light affects thyroid function in human [19], mice [2], 
and rabbits [40].

Vinogradova et al. [39] reported that exposure 
to constant light shortened average rat lifespan, 
increased incidence of metabolic syndrome devel-
opment, accelerated spontaneous tumorigeneses 
and contribute to accelerated age [42]. Thyroid dys-
functions contributed to development of various 
pathological states. Studies demonstrated that thy-
roid hormones (TH) and its receptors play a role in 
tumorigenesis and tumour progression [7, 16]. In line 
with hypothesis of circadian disruption, light expo-
sure at night disrupts the daily endogenous rhythm. 
Besides melatonin suppression, other mechanisms, 
including autonomic nervous system adjustment of 
different endocrine organ functions, may contribute 
to adaptation to constant light. 

Constant light (CL) and sleep deprivation is also 
used as a form of human torture, as it has impact on 
cognitive performances [34].

Light at night became an essential part of modern 
lifestyle todays. Pollution with light, defined as excess 
artificial lighting during night-time can have detri-
mental effect on human health [29]. Thyroid gland 
is specialised for production, storage and release of 
thyroid hormones thyroxine (T4) and triiodothyronine 
(T3). T4 is the dominant hormone released from the 
thyroid gland, while T3 is biologically more active 
and originates mainly from peripheral deiodination 
of T4 [5]. Thyroid hormones play essential role in 
regulation of metabolic rate, regulation of growth, 
maturation of many organs and systems, including 
brain, skeleton, reproductive organs and energy ex-
penditure [24, 37].

Rats prefer low light intensity and a well-controlled 
photoperiod will certainly contribute to stable circadi-
an rhythms. Animal’s activity and behaviour are also 
influenced by environmental intense light. Intense light 
conditions markedly suppress social play behaviour of 
Wistar rats, which is important for the animals’ de-
velopment [6]. Data on the effects of CL exposure on 
pituitary thyroid axis are incomplete and mostly limited 
to determinations of serum hormone concentrations 
[39]. Little is known about the effect of light on the 
thyroid in humans. The normal thyroid-stimulating hor-
mone (TSH) rhythm can be reset by a pulse of light [1]. 
The aim of the present work was to study the effect 

of constant light for short and long periods on the 
thyroid gland in the prepubertal male albino rats using 
histological and ultrastructural examinations. 

MATERIALS AND METHODS
Animals

A total of 30 prepubertal male albino rats were 
used in this study. The body weight of the prepubertal 
rats (4 weeks old) ranged from 80 to 100 g. Animal 
care was provided by laboratory animal house unit 
of Kasr Al-Ainy, Faculty of Medicine, Cairo Universi-
ty. The rats were acclimatised in the laboratory for 
a period of 2 weeks before carrying out the exper-
iment. They were provided with ordinary rat chow 
and were housed in wire mesh cages (4 rats/cage) 
at a controlled temperature (24 ± 1°C), with normal 
light-dark cycle. The animals were given food and 
water ad libitum. The experiment was conducted in 
accordance with the guidelines of the committee of 
laboratory animals at Kasr El-Ainy School of Medicine.

Experimental design

All control rats were housed in standard stainless 
steel cages (4 rats per cage) with galvanised iron 
wires. The size of the control cages was 41 × 28 × 
× 19 cm allowing the animals to move freely. The 
custom-designed light experiment cage had a length, 
width, and height of 45 cm, 180 cm, and 45 cm; it was 
vertically divided into four equal chambers (length, 
width, and height of 45 cm, 45 cm, and 45 cm for 
each chamber). A fluorescent lamp (light intensity: 
600 lux) was installed in every chamber and had lights 
controlled by a switch that allowed free adjustment 
of the illumination time. The rats were divided into 
three groups.

Group I (normal control)

Ten prepubertal rats, 4 weeks old [27]. The rats 
were kept under regular laboratory lighting condi-
tions (12-h light–12-h dark) during the same period. 
This was achieved by switching on the light at 7.00 
in the morning and off at 7.00 in the evening. The 
rats were sacrificed according to the experimental 
schedule.    

Group II (exposed to constant light for short period)

Ten prepubertal rats, 4 weeks old. The rats 
were placed into constant ambient light conditions 
(24 h/day, light intensity of 600 lux). The animals 
were maintained in constant light for 4 weeks [11].
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Group III (exposed to constant light for long period)

Ten prepubertal rats, 4 weeks old. The rats 
were placed into constant ambient light conditions 
(24 h/day, light intensity of 600 lux). The animals 
were maintained in constant light for 3 months [27].

The rats of groups II (prepubertal, light exposure: 
up to 4 weeks) and III (light exposure: up to 12 week) 
nearly reaching the adulthood were exposed to light 
during the prepubertal period. The rats of group I 
were controls for group II and group III.

Sacrification and thyroid extraction

To reduce variance in the physiological parameters 
due to daily rhythms, all animals were sacrificed at 
the same time point in the circadian cycle, between 
9:00 and 11:00 am. On the designated day, the rats 
were sacrificed by the end of 4 weeks for group II, 
3 months for group III while the half of the control 
group were sacrificed after 4 weeks and the rest 
after 3 months. The animals were sacrificed under 
non stress conditions by rapid cervical decapitation. 
Their necks were opened through a ventral midline 
incision and the thyroid gland was rapidly dissected 
out and immediately weighed.

Methods

Thyroid specimens were obtained from all groups; 
one lobe was allocated for light microscopic examina-
tion and stained with haematoxylin and eosin (H&E) 
and other stained with toluidine blue. The other lobe 
was allocated for ultrastructural examination using 
transmission electron microscope. 

RESULTS
Light microscopic results 
Haematoxylin and eosin stained sections

Group I. Histological examination of thyroid sec-
tions revealed thyroid follicles of different sizes; their 
cavities contained acidophilic colloid with peripheral 
vacuolations (Fig. 1a). Close observation revealed that 
the follicles were lined by cubical follicular cells that 
exhibited rounded nuclei. The follicles were separated 
from each other by narrow interfollicular spaces that 
contained minute blood capillaries (Fig. 1b).

Group II. The prepubertal rats exposed to con-
stant light for short period demonstrated disturbed 
architecture of the thyroid lobule with large periph-
eral and small central thyroid follicles. Most of the 
follicles were filled with cracked colloid. Few follicles 
were filled completely with colloid and others showed 

peripheral vacuolations (Fig. 1c). Some fields showed 
dilated congested blood vessels (Fig. 1d–f). Some 
of the follicles exhibited several cellular layers while 
others were lined by flat cells (Fig. 1e). 

Other fields confirmed widening inside the inter-
follicular spaces. A number of the follicles exhibited 
vacuolation of their cytoplasm (Fig. 1f). 

Group III. The prepubertal rats exposed to con-
stant light for long period demonstrated micro fol-
licular thyroid follicles with small amount of colloid. 
The follicles were lined by tall columnar follicular cells 
with dark nuclei (Fig. 2a, b). Other fields showed dis-
turbed architecture; the follicles exhibited back to back 
arrangement (signs of hypertrophy with hyperplasia), 
lined by multiple layers of follicular cells or were lined 
by vacuolated cells. Some follicles showed vacuola-
tions of colloid (Fig. 2b, c). Few thyroid follicles were 
cystically dilated, some of them showed ingrowth pro-
jecting into the lumen and nearly obliterating it (Cystic 
hyperplasia) (Fig. 2c). Occasionally the thyroid follicles 
became adherent to each other with focal hyperpla-
sia of the follicular cells that nearly obliterated their 
lumen (Fig. 2d, e). Congested blood capillaries were 
demonstrated between the follicles (Fig. 2a, b, c, e).

Toluidine blue semithin stained sections
Group I. Thyroid sections belonging to control 

prepubertal rats revealed thyroid follicles lined by one 
layer of cubical follicular cells with vesicular spherical 
nuclei, parafollicular cells with large pale nuclei and 
pale cytoplasm (Fig. 3a).

Group II. Thyroid sections belonging to group II 
rats revealed parts of thyroid follicles with increase in 
the height of cells lining the follicles. Most of these 
cells showed cytoplasmic vacuolations with either 
pale nuclei or pyknotic ones, whereas other follicular 
cells were ballooned with dark nuclei (Fig. 3b). 

Group III. Thyroid sections belonging to group III 
revealed degenerated thyroid follicles containing des-
quamated epithelial cells in their lumen. Dark nuclei, 
vacuolated cytoplasm and dark flattened elongated 
nuclei of some follicular cells with colloidal vacuola-
tions were noticed (Fig. 3c). 

Electron microscopic results

Group I. Ultrastructural examination of the thy-
roid gland showed the follicular cells with euchromat-
ic rounded or oval nucleus and prominent nucleolus. 
It was surrounded by regular nuclear membrane with 
nuclear pores. The cytoplasm contained organelles as 
mitochondria, rough endoplasmic reticulum, Golgi 
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apparatus and electron dense granules. The follicular 
lumen showed fine granular colloid material with 
microvilli in the free surface of the follicular cells 
(Fig. 4a, b).

Group II. Ultrastructural examination of the thy-
roid sections belonging to group II rats revealed the 
follicular cells with undulation of nuclear membrane 
and margination of heterochromatin. The cytoplasm 
showed electron dense granules as compared to 
electron lucent granules, dilated rough endoplas-
mic reticulum and mitochondria with rupture of 
their outer membrane. The luminal surface showed 
multiple detached microvilli (Fig. 5a, b). Other fields 
showed heterochromatic nucleus with widely dis-
persed chromatin and prominent nucleolus. It was 

surrounded by irregular nuclear membrane. The 
mitochondria were swollen with disrupted cristae. 
Bundles of collagen fibres were demonstrated in 
the stroma (Fig. 5c). Some fields showed corru-
gated nucleus with clumping of heterochromatin. 
The follicular lumen contained fine granular colloid 
material with almost loss of microvilli on the lumi-
nal surface of cells (Fig. 5d). Other fields showed 
follicular cells with corrugated nucleus with thin 
rim of heterochromatin, dilated rough endoplasmic 
reticulum and colloid droplets in their cytoplasm. 
The luminal surface demonstrated elongated and 
detached microvilli (Fig. 5e). 

Group III. Ultrastructural examination of the thy-
roid sections belonging to group III rats revealed 

Figure 1. Micrograph of a section of the thyroid gland: a. Control prepubertal rat (group I) showing thyroid follicles (F) of variable sizes, filled 
with vacuolated acidophilic colloid (C) and surrounded by interfollicular tissue containing blood vessels (BV); ×200; b. Control prepubertal 
rat (group I) showing thyroid follicles (F) lined by a single layer of cubical follicular cells exhibiting spherical vesicular nuclei (black arrow) and 
contain acidophilic colloid (C). The follicles are separated by narrow interfollicular spaces that contain blood vessels (BV); ×400; c. Prepubertal  
rat (group II) showing disturbed architecture of the thyroid lobule with large peripheral (F) and small central thyroid follicles (black arrow). 
Most of the follicles are filled with cracked colloid (c). Few follicles are filled completely with colloid (arrow head) and others show peripheral 
vacuolations (curved arrow). Note the parathyroid gland (p); ×200; d. Prepubertal rat (group II) showing partial disruption of the thyroid lobule 
in the form of scalloping of the colloid in the thyroid follicles of the peripheral part of the thyroid lobule (red curved arrow). Note the dilated 
congested blood vessels in the centre of the thyroid lobule (black arrow); ×200; e. Prepubertal rat (group II) showing the thyroid follicles (F). 
Most of them are lined by a single layer of cubical cells. Some of the follicles exhibit several cellular layers (black arrow) while others are lined 
by flat cells (yellow arrow). Note a dilated congested blood vessel (BV) in the interfollicular space; ×400; f. Prepubertal rat (group II) showing 
widening in the interfollicular spaces. Most of the follicles are lined by single layer of cubical cells. Some of the follicles exhibit several cellular 
layers (black arrow) while others show vacuolation in the cytoplasm of the follicular cell (thin arrow). Some of the follicles show scalloping of 
colloid (arrow head). Note the ruptured blood vessels (BV). ×400.
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Figure 2. Micrograph of a section of the thyroid gland of a prepubertal rat of (group III) showing: a. Microfollicular thyroid follicles (F) with small 
amount of colloid. Note the congested blood capillaries between the follicles (BV). Some follicles show collapsed lumen (black arrow); b. Dis-
turbed architecture of the gland; the follicles are lined by multiple layers of follicular cells in some parts (black arrow) and in other parts are lined 
by vacuolated cells (red arrow). Some follicles show vacuolations of colloid (v). Congested blood capillaries are seen (BV); c. Some thyroid folli-
cles are cystically dilated, some of them show ingrowth projecting into the lumen (red arrow) and others exhibit multiple follicular cells with dark 
nuclei (N); they nearly obliterate its lumen. Note colloid resorption droplets (V), vacuolated cytoplasm (black arrow) and congested blood vessel 
(BV); d. Thyroid follicles become adherent to each other with focal hyperplasia of the follicular cells (white arrow). Note the vacuolated colloid 
(black arrow); e. Aggregate of small follicles lined by dark nuclei and having obliterated lumen (black arrow). Note congested blood vessels (BV) 
and retracted colloid (red arrow); ×400.

Figure 3. Micrograph of a semithin section in the thyroid gland of a prepubertal rat of (group I) demonstrating: a. Thyroid follicle (F) lined by one 
layer of cubical follicular cells with vesicular spherical nuclei (black arrows), parafollicular cells with large pale nuclei and pale cytoplasm (yel-
low arrow) are seen. Note the variable densities of colloid (C); b. Degenerated thyroid follicles containing desquamated epithelial cells in their 
lumen (D). Dark nuclei (arrow head), vacuolated cytoplasm (thin arrows) and dark flattened elongated nuclei of some follicular cells are seen 
(curved arrow). Note the colloidal vacuolations (V); c. Parts of thyroid follicles (F). An apparent increase in the height of cells (red arrow) lining 
the follicles is seen. Most of these cells show cytoplasmic vacuolations (black arrow) with either pale nuclei (arrow head) or pyknotic ones 
(curved arrow), other follicular cells are ballooned with dark nuclei (B). ×1000.

follicular cells with variably shaped hyperchromatic 
nuclei, swollen degenerated mitochondria and frag-
mented rough endoplasmic reticulum. Interfollicu-
lar capillaries containing RBCs in the stroma were 
detected (Fig. 6a). Some areas showed the follicular 
cells with rarefied cytoplasm (Fig. 6b). Electron-dense 
granules similar to lysosomes and fragmented dilated 
rough endoplasmic reticulum were demonstrated 
(Fig. 6c). Some fields showed detached apical mi-
crovilli in the lumen (Fig. 6a–c); others showed the 
follicular lumen with disrupted apical membrane (Fig. 

6d). Other fields showed disrupted follicular cells with 
shrunken, condensed nuclei. Cytoplasmic vacuola-
tions, fragmented rough endoplasmic reticulum and 
detached microvilli were exfoliated in the follicular 
lumen (Fig. 6e, f). Few fields showed exfoliation of 
some cells in the fine granular colloid material. The 
exfoliated cells showed condensation of the nuclear 
chromatin with distorted, variable shapes of nuclei 
and marked reduction of cell organelles (Fig. 6g). Thin 
bundles of collagen fibres were demonstrated in the 
stroma (Fig. 6f, g).
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DISCUSSION
Light at night became an essential part of modern 

lifestyle. This causes a significant disruption of the 
daily circadian rhythm [29]. Disruption of circadian 
rhythm affects many physiological and behavioural 

functions [13]. Also it is considered a model of stress, 
because it increases serum concentration of corti-
costerone [18]. The thyroid gland is very sensitive to 
stress [20]. All metabolically active cells require TH 
for proper functioning. Therefore, thyroid dysfunc-

Figure 4. An electron micrograph of the thyroid gland of control prepubertal rat group I showing: a. A follicular cell with euchromatic nucleus 
(N) and prominent nucleolus. It is surrounded by regular nuclear membrane with nuclear pores (black arrow). The cytoplasm contains orga-
nelles as mitochondria (M), rough endoplasmic reticulum (rER) and electron-dense granules (d); ×4000; b. Follicular cells with euchromatic 
nucleus (N) and prominent nucleolus. The follicular lumen shows fine granular colloid (C) material. Note Golgi apparatus (G) and the microvilli 
(arrow head) in the free surface; ×6000.

Figure 5. An electron micrograph of the thyroid gland of a prepubertal rat of group II showing: a. Electron dense granules (white arrow) as 
compared to electron lucent granules (black arrow). The luminal surface shows multiple detached microvilli (arrow heads). The mitochondria 
(M) are relatively swollen with rupture of their outer membrane. Note the dilated rough endoplasmic reticulum (rER), undulation of nuclear  
membrane and margination of heterochromatin (N); ×6000; b. Electron dense granules (white arrow) as compared to electron lucent gran-
ules (black arrow) and swollen mitochondria with ruptured cristae are seen (M). The luminal surface demonstrates numerous detached micro-
villi in the lumen (arrow head); ×10,000; c. Heterochromatic nucleus (N) with widely dispersed chromatin and prominent nucleolus (n). It is 
surrounded by irregular nuclear membrane (arrow head). The mitochondria are swollen with disrupted cristae (M), electron lucent (black ar-
row) and electron dense (white arrow) secretory granules are shown. Note bundle of collagen fibres (curved arrow); ×10,000; d. Corrugated  
nucleus (N) with clumping and margination of heterochromatin. The mitochondria are swollen with disrupted cristae. The follicular lumen 
contains fine granular colloid material (C) with almost loss of microvilli on the luminal surface of cells (black arrow); ×6000; e. A follicular cell 
with colloid droplet (c), dilated rough endoplasmic reticulum (rER) and corrugated nucleus with thin rim of heterochromatin (white arrow). The 
luminal surface demonstrates elongated and detached microvilli (black arrow); ×10,000.
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tion can have a wide range of effects on most of 
body systems [31]. There is a functional connection 
between pineal gland, melatonin and the thyroid 
gland. Melatonin had a strong inhibitory effect on 
cell proliferation and TH synthesis [25]. This explains 
the stimulation of thyroid gland under exposure to 
constant light as it is relieved from the inhibitory 
effect of melatonin [3].

In the present work, light microscopic findings 
in rats exposed to constant light for short period 
(1 month) revealed that the thyroid gland was stimu-
lated, as evidenced by microfollicular thyroid structure 
and little or no colloid in the thyroid follicles. Similar 
results were detected by Olatunji and Sofola [30]. 
Belviranli and Baltaci [3] reported that the activity of 
the pineal gland increased and thyroid growth was 
inhibited in male rats under light restriction. This 
might be explained by increased melatonin secretion 
in response to dark condition. These results ensured 
that the thyroid gland is stimulated in constant light 

exposure (as in the present work) and inhibited in 
dark condition.  

In the current study, rats exposed to constant 
light for long period (3 months) had overstimulated 
glands, some of which exhibited hyperplastic chang-
es. The later findings were novel in this work. The 
follicles exhibited back to back arrangement (signs 
of hypertrophy with hyperplasia). Occasionally, the 
follicles were lined by multiple layers of follicular 
cells. Diffusely hyperplastic thyroid was detected in 
the form of follicles lined by tall columnar epitheli-
um and the crowded epithelial cells projected into 
the lumen. These cells were actively resorbing the 
colloid. This result was comparable with Milosevic 
et al. [28] who reported that prolonged exposure to 
light of 600 lux (the same intensity was used in the 
present study) activated stress system and stimulated 
growth and hypertrophy of adrenal zona fasciculata 
cells in female rats. In this regard, Miler et al. [27] 
mentioned that exposure to CL diminished nocturnal 

Figure 6. An electron micrograph of the thyroid gland of a prepubertal rat of group III showing: a. Follicular cells with variably shaped hyper-
chromatic nuclei (N), swollen degenerated mitochondria (M), and fragmented rough endoplasmic reticulum (rER). The luminal surface shows 
numerous, detached microvilli (arrow head). Note the capillary containing RBCs in the interfollicular stroma (white arrow); ×3000; b. Fol-
licular cells with rarefied cytoplasm (star), fragmented rough endoplasmic reticulum (rER) and hyperchromatic nuclei (N). Note detached 
apical microvilli in the lumen (black arrow); ×6000; c. Large follicular cell nucleus with dense chromatin at the periphery (N). Electron dense 
granules similar to lysosomes (white arrow) and fragmented and dilated rough endoplasmic reticulum (rER) are also seen. Note the interfolli-
cular capillary containing RBCs (arrow head) and detached microvilli from the luminal surface (black arrows); ×5000; d. Follicular cells with 
rarefied cytoplasm (white arrow), swollen degenerated mitochondria (M), fragmented rough endoplasmic reticulum (rER) (arrow head) and 
hyperchromatic nuclei with marginated condensed chromatin (N). Note the follicular lumen (L) and disrupted apical membrane (black arrow); 
×4000; e. Disrupted follicular cells with shrunken, condensed, variably shaped nuclei (N). Cytoplasmic vacuolation (V), fragmented rough 
endoplasmic reticulum and detached microvilli (black arrow) are exfoliated in the follicular lumen; ×6000; f. Ruptured follicular cells with 
shrunken, hyper chromatic nucleus (N). Note cytoplasmic vacuolation (V), fragmented rough endoplasmic reticulum (rER), electron dense 
granules (d) similar to lysosomes and detached microvilli are exfoliated in the follicular lumen (white arrow). Thin bundles of collagen fibres 
(black arrow) are seen;×4000; g. Exfoliation (EX) of some cells in the fine granular colloid material. The exfoliated cells show condensation 
of the nuclear chromatin (black arrow) with distorted, variably shaped nuclei (N). Note marked reduction of cell organelles (star) and thin bun-
dles of collagen fibres (white arrow). ×4000.
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increase in pituitary deiodinase type 2 which con-
verted T4 to biologically active T3. The decrease in 
this enzyme lowered circulating T3 levels. Therefore, 
we can conclude that the compensatory increase in 
secretion of TSH caused follicular cell hypertrophy 
and hyperplasia. Therefore, we can hypothesize that 
the function of thyroid gland was stimulated in the 
short duration group (group II). This was consistent 
with Gooley et al. [15] who reported that thyroid was 
relieved from the inhibitory effect of melatonin, as 
exposure to constant light suppressed its secretion. It 
might affect thyroid directly or indirectly by affecting 
hypothalamus-pituitary regulation [12]. 

On the other hand after prolonged exposure to 
constant light in the long duration group (group III), 
thyroid tissue became sensitised to stimulation with 
TSH. In a contradictory study, Kursawe and Paschke 
[23] demonstrated that after prolonged exposure 
to constant light conditions thyroid tissue became 
desensitised to stimulation with TSH, due to reduced 
activity and binding capacity of the thyroid tissue 
TSH receptor. This discrepancy might be attributed to 
the period and intensity of constant light. Regarding 
the shape of follicular cells in groups II and III, the 
majority of cells were high cuboidal or columnar and 
this finding was in concomitance with Qureshi and 
Mahmood [32]. This might be attributed to the stimu-
latory effect of TSH on the follicular cells to synthesize 
and secrete more hormones into the circulation due 
to the increased demand for the TH in an attempt 
to compensate for TH decrease. Degeneration and 
apoptosis of follicular cells were noticed in groups II 
and III, as evidenced histologically by dark nuclei and 
ruptured follicles in some parts with desquamation 
of cells inside the lumen. This was in accordance with 
Escribano et al. [11] who reported that exposure 
to constant light increases cellular oxidative stress, 
decreases the activity of antioxidants and increases 
apoptosis inside the gland. In this regard, Tunez and 
Montilla [38] added that melatonin had anti-oxida-
tive stress and anti-apoptotic effects on rats. Similar 
findings were reported by Talaber et al. [36] who 
detected degenerated thymic epithelial cells after 
constant light exposure. The latter suggested anoth-
er explanation: accelerated thymic epithelial aging 
caused by elevated glucocorticoids.

In the current study, most of the follicular cells in 
group III exhibited cytoplasmic vacuolations, which 
could be attributed to apoptosis. Similar finding was 
reported by Escribano et al. [11] who attributed this 

to increased lipoperoxide levels and reduced anti-oxi-
dative stress biomarkers. In agreement, Rifaai and Abd 
El Baky [35] demonstrated that 1-month period of con-
stant light caused structural changes in the rat thymus. 
These changes might cause autoimmune response. 

In the present work, the electron microscopic 
results of group II confirmed the results obtained 
by the light microscope. The follicular cells had hy-
perchromatic nuclei, fragmented and dilated rough 
endoplasmic reticulum (rER), swollen mitochondria 
with disrupted cristae and electron dense secretory 
granules. Vacuolated or rarefied cytoplasm has been 
attributed by Rajkovic et al. [33] to the presence 
of dilated cisternae of rER. These markedly dilated 
cisternae of rER in combination with other cellular 
changes might be an evidence of disruption to pro-
tein synthesis. 

Swollen mitochondria with disrupted membrane 
were observed in both group II and group III in the 
present study, which might be explained by oxidative 
stress induced by constant light exposure. This may 
lead to mitochondrial dysfunction, disruption of their 
inner membrane with increased permeability which 
allowed the solute to enter the matrix and lead to its 
swelling, followed by rupture of the outer mitochondri-
al membrane and release of the pre-apoptotic proteins. 
El Mahalawy et al. [10] reported the same finding in 
renal tubular cells. Zhang et al. [43] added that mela-
tonin counteracted oxidative damage of mitochondrial 
DNA and restored the mitochondrial respiratory control 
system. So melatonin deficiency due to constant light 
in this work might be an explanation.

The electron microscopic results of group III 
showed that some follicles were lined by high cuboi-
dal cells with clumping of peripheral heterochroma-
tin. Their cytoplasm contained several vacuoles, col-
loid vesicles, and dense lysosomes. Massively dilated 
cisternae of rER and loss of their lamellar arrangement 
were also observed. Their apical borders showed de-
tached aggregated microvilli. In some cells, nuclei ap-
peared irregular in shape, shrunken with condensed 
heterochromatin. Also, follicular hyperplasia may be 
connected with a cascade of cellular events involving 
oxidative stress, genomic DNA damage, and modula-
tion of apoptotic regulatory gene after exposure to 
constant light [43].

In the current study, exfoliated follicular cells with 
indistinct organelles in the lumen were observed in 
group III. These ultrastructural findings confirmed the 
light microscopic results and indicated that prolonged 
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exposure to constant light could induce follicular cell 
damage and follicular disruption. This result could be 
attributed to apoptosis and thyroid toxicity explained 
by Escribano et al. [11]. Congested blood vessels 
observed in this study were in accordance with that 
reported by Yu et al. [41] and Hassanin et al. [17]. They 
explained that oxidative stress and lipid peroxidation 
might affect vascular walls, leading to their dilatation 
and congestion. 

The present work revealed histological changes in 
the parafollicular (C cells) cells in group III that were 
evident at the ultrastructural level. The cells showed 
swollen mitochondria, few ribosomes, hyperchro-
matic nucleus and few lysosomes. These observations 
indicated the possibility of a relationship between the 
functional state of the thyroid gland and the activity 
of C cells. It was suggested that changes in C cells 
were in line with the alterations in the follicular cells. 
Considering that; the elevated TSH level might directly 
regulate C cells [26].

CONCLUSIONS
In the current work, it can be concluded that 

short-term exposure to constant light for 1 month 
had minimal effect on thyroid gland tissues (micro-
follicular structure with decreased luminal colloid and 
hormonal picture of early hypothyroidism). While 
longer exposure to light for 3 months had detrimen-
tal effects on the thyroid gland structure of male 
albino rats (hyperplastic and degenerative changes). 
To the best of our knowledge, this is the first report 
demonstrating that CL induced hyperplastic changes 
in the thyroid gland. These effects were more evident 
in the adult groups.
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