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What is already known on this topic?

Blue light is a natural light source. However, in recent years, exposure to blue light has increased with the use of mobile devices and
tablets. The severity of the impact of blue light exposure increases as the eye-screen distance decreases. The use of these devices in
children has increased, and melatonin suppression by blue light is known to cause disruption in circadian rhythm, increased appetite,
and obesity. However, its effects on puberty are unknown.

What this study adds?
Early puberty was observed due to exposure to blue light in the prepubertal period. When exposure to blue light increased, apoptosis
and the appearance of polycystic ovary were detected in the ovaries.

Abstract

Objective: This study was designed to examine the effect of blue light exposure and exposure time on puberty in an animal model.
Methods: Eighteen 21-day-old female Sprague Dawley rats were divided into three equal groups which were: control group (CG); blue
light-6 hours (BL-6); and blue light-12 hours (BL-12). CG rats were maintained with 12/12-hour light-dark cycles. The animals in BL-6 and
BL-12 were exposed to blue light of wavelength 450-470 nm and intensity of 0.03 uW/cm? for 6 and 12 hours, respectively. Exposure
to blue light continued until the first signs of puberty. Serum follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol,
testosterone, dehydroepiandrosterone sulfate (DHEA-S), leptin and melatonin were measured. Subsequently the ovaries and uterus were
examined histomorphologically.

Results: The median day of puberty start was 38, 32 and 30 for the CG, BL-6, and BL-12 groups, respectively (p = 0.001). FSH, testosterone,
DHEA-S, and leptin concentrations of all groups were similar. However, LH and estradiol concentrations in BL-6 were higher compared
to CG (p=0.02). There was a negative correlation between blue light exposure, exposure time, and melatonin concentrations (r=-0.537,
p=0.048). Ovarian tissue was compatible with puberty in all groups. As blue light exposure time increased, capillary dilatation and
edema in the ovarian tissue increased. Prolonged exposure was associated with polycystic ovary-like (PCO) morphological changes and
apoptosis in granulosa cells.

Conclusion: These results suggest that exposure to blue light and the duration of exposure induced earlier puberty in female rats. As the
duration of blue light exposure increased, PCO-like inflammation, and apoptosis were detected in the ovaries.
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Introduction

Sunlight contains red, orange, yellow, green, and blue
light. Light entering the retina produces a stimulus that
is transmitted to the suprachiasmatic region of the
hypothalamus and regulates circadian rhythm by controlling
the body’s biological clock. This mediates the timing of
functions, such as cortex activity, body temperature, and the
sleep-wake cycle. Evening light exposure causes a decrease in
the release of the hormone melatonin, leading to disruption
of the circadian rhythm and reduction in the antioxidative
effects of melatonin (1,2,3). Blue light exposure in daylight
during daytime increases alertness and promotes memory
and cognitive functions (4,5). However, it is known that
exposure to blue light at night has a significant melatonin-
suppressing effect (6).

Electronic mobile devices emit high-energy, short-
wavelength blue light (7). In the last century, blue light
sources such as fluorescent and LED lighting and television
became common in daily life. However, over the past ten
years, the use of touch-screen devices, such as tablets and
smartphones, has increased in all age groups (8). Blue light
exposure is more intense with these devices because of
the shorter eye-screen distance. In recent years, the age
of children using these devices has rapidly decreased (9).
Since the Coronavirus disease-2019 (COVID-19) pandemic,
screen exposure in children and adolescents has increased
substantially due to remote education and more screen time
at home during lockdowns (10,11,12). Of note, an increase
in the incidence of precocious puberty was observed during
the pandemic period compared to the pre-pandemic period
(13,14,15).

One of the factors that initiate puberty is a decrease in
melatonin. The melatonin hormone has a suppressive
effect on gonadotropin-releasing hormone (GnRH) released
from the hypothalamus at the onset of puberty. And as
melatonin level decreases, GnRH synthesis increase and
puberty begins (16). In children living near the equator
with lower melatonin concentrations because of the long
daylight hours, puberty occurs earlier than in those at higher
latitudes (17). It is known that light-exposure at night has a
suppressive effect on melatonin and it has been shown that
blue light suppressed melatonin production more than any
other color such as green, red (7).

However, the impact of this type of blue light exposure
on the pubertal process is unclear. The aim of this study
was to examine the effects of blue light exposure including
duration of exposure in an animal model of puberty.
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Methods

Animals

Eighteen prepubertal 21-day-old female Sprague Dawley
rats weighing 35-50 g were procured from the Experimental
Animal Center of Gazi University (Ankara, Turkey). The
study groups were isolated from male rats after postpartum
21 days. The rats were housed in polysulfone cages (42.5 x
26.6 x 18.5 cmin size; three rats per cage) at 21-24 °C and
40-45% humidity at the Laboratory Animals Breeding and
Experimental Research Center of the Faculty of Pharmacy,
Gazi University (Ankara, Turkey). The animals were fed
a standard pellet diet and water ad libitum during the
experimental period. All the animals were maintained by
the Guide for the Care and Use of Laboratory Animals (18),
and the experimental procedures were approved by the
Experimental Animal Ethics Committee of Gazi University
(project no: G.U.ET-21.052, date: 09.07.2021).

Light Exposure Protocol

A blue LED strip (FSHI. 1048.B020.6012, HI-LED, FLEX
honor-, ILED- Istanbul, Turkey) was the source of the
blue light at a wavelength of 450-470 nm was placed
approximately 20 cm above the center of each cage in the
experimental groups (Figure 1).
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Figure 1. Experimental set-up of the room
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In the experimental setup, the blue light source was used
at an intensity that lowered rat melatonin concentrations
but would not cause retinal damage (19,20,21). This was
determined to be an irradiance level of 0.03 uW/cm? at the
eye level of the animals. The irradiance in the entire area of
the cage where the rats were housed was measured with a
spectroradiometer and adjusted to the same level.

Experimental Design

The rats were randomly divided into three groups of six
rats: the control group (CG), blue light-6 hours (BL-6), and
blue light-12 hours (BL-12). CG rats were maintained under
standard conditions with 12/12-hour light-dark cycles. The
light/dark cycle condition for the BL-6 and BL-12 groups
were exposed to blue light (450-470 nm) for 6 hours (light
time 6:00 a.m.-6:00 p.m.; blue light time 6:00 p.m.-12:00
p.m.; dark time 12 p.m.-6:00 a.m.); for 12 hours (light time
6:00 a.m.-6:00 p.m.; blue light time 6:00 p.m.-06.00 a.m.),
respectively.

The rats were weighed at the beginning and end of the
experimental procedure, and the percentage weight gain
was calculated with the formula Weight gain (%) = (Last
day-First day)/First day x 100.

Vaginal Examination and Cytology

Vaginal opening is one of the external signs of puberty
in rodents (22). The rats were examined daily, starting at
22 days of age, to detect vaginal opening. After vaginal
opening, vaginal smear samples were collected to determine
the estrus stage. To do this, a moistened cotton swab was
inserted into the vagina. Cells from the vaginal lumen and
walls were gently taken and transferred to a glass slide.
After the samples were allowed to air-dry, they were stained
with Giemsa stain and examined under a light microscope.

The stages of the estrous cycle were classified as
proestrus (oval nucleated epithelial cells), estrus (irregular-
shaped, cornified squamous epithelial cells), metestrus
(fragmented, cornified epithelial cells and smaller, darker
stained leukocytes), and diestrus (nucleated epithelial,
predominantly leukocytes) (23). Rats were exposed to blue
light until the first estrus stage after vaginal opening.

Termination of the Experimental Procedure

At the first estrus stage, all the rats were sacrificed by taking
blood from the heart at 8:00 p.m. to determine the peak
melatonin rhythm of the rats (24) under general anesthesia
(10 mg/kg xylazine hydrochloride and 50 mg/kg ketamine
hydrochloride). After the anesthesia procedure, blood
samples were obtained by the intracardiac puncture. The
blood samples were centrifuged at 3000 rpm (906 x @)

for 15 minutes and the serum was separated. The serum
samples were stored at -80 °C until analysis. The height of
the ovarian tissues was measured by a micrometer, and the
uterine and ovarian tissues were dissected and weighed.

Determination of Biochemical Parameters

The collected blood was centrifuged at 3000 rpm for
10 minutes at +4 °C and stored at -80 °C. The serum
concentration  of the follicle-stimulating — hormone
(FSH), luteinizing hormone (LH), estradiol, testosterone,
dehydroepiandrosterone sulfate (DHEA-S), leptin, and
melatonin were evaluated by enzyme-linked immunosorbent
assay (ELISA) (Rat-specific ELISA, Bioassay Technology
Laboratory, China).

Histopathological Methods

The right and left ovaries and the uterus were weighed after
dissection, then the ovaries and the uterus were fixed in
Bouin’s fixative and embedded in paraffin blocks using
standard procedures. Sections of 4-5 micron thickness were
taken from the prepared paraffin blocks and stained with
hematoxylin and eosin. The samples were examined for
histomorphological changes by light microscopy using the
Leica DM4000 (Leica, Germany) computer-assisted imaging
system, and images were obtained using the Leica-Qwin
program.

Statistical Analysis

Statistical Package for the Social Sciences, version 26 was
used for statistical analysis (IBM Inc., Armonk, NY, USA). The
Kruskal-Wallis test was used when comparing the medians
of three independent groups for data that did not fit the
normal distribution, and the Mann-Whitney U test were
used when comparing the medians of two independent
groups. While investigating the associations between non-
normally distributed and/ordinal variables, the correlation
coefficients and their significances were calculated using the
Spearman’s test. All data are given as median (minimum-
maximum). Bonferroni correction was used in post hoc
tests. Statistically, p < 0.05 was considered significant.

A power analysis was performed using G*Power version
3.1.9.7 to determine the minimum sample size required to
test the study hypothesis. Results indicated that a sample
size of n =18 is required to achieve 80 % power for detecting
a large effect at a significance of o= 0.05.

Results

The means=stardard deviation (SD) initial weight of the
female rats in CG, BL-6, and BL-12 were 42.5x4.7, 42+3 4,
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and 42.3x2.7 ¢, respectively (p=0.91). The median day
of puberty onset was 38", 32" and 30" days in the CG,
BL-6 and BL-12 groups, respectively. Puberty onset was
significantly earlier in BL-12 compared to the CG (p=0.001)
(Table 1). The age of onset of puberty decreased as the
duration of blue light exposure increased (r=-0.910,
p<0.001). The mean=SD weight at onset of puberty were
85.1+9.7g,91.6+£55¢, 80+5 ¢ in CG, BL-6, and BL-12
groups, respectively. The weight at onset of puberty in BL-6
was significantly greater than in BL-12 (p = 0.04).

Median percentage weight gain in CG, BL-6, and BL-12 was
110%, 117%, and 93 %, respectively. Percentage weight
gain was higher in BL-6 compared to CG, while rats in BL-12
had the least weight gain (Table 1).

Serum concentrations of FSH, estradiol, testosterone and
DHEA-S in the blue light-exposed groups were similar to
those of controls (p>0.05) (Table 2). LH concentrations
were higher in BL-6 than in CG (p=0.027). The high
concentrations of LH and estradiol in BL-6 can be attributed
to the hormonal peak during estrus. The estrus stage of the
rats in the BL-12 group was observed in the earlier hours of
the day and the time between the estrus stage and time at
sacrifice was longer. Therefore, LH and estradiol surges were

not detected. On the contrary, we detected LH and estradiol
surges in the BL-6 group due to the shorter estrus stage and
earlier time of sacrifice.

Serum concentrations of leptin showed no significant
difference among the groups (p > 0.05) (Table 1). There was
no correlation between percentage weight gain, leptin, and
the day of puberty onset (p > 0.05).

Median (minimum-maximum) melatonin levels were 144
(126-197) ng/L in CG, 143.7 (132-152) ng/L in BL-6, and
121 (116-151) ng/L in BL-12 (p>0.05). Melatonin levels
decreased as the duration of exposure to blue light increased
(r=-0.537, p=0.048).

The ovarian size, ovarian weight, or uterine weight of groups
were similar (p > 0.05) (Table 3). On histologic examination,
ovarian tissue was compatible with puberty in all groups.
Primary, antral, and tertiary follicles and corpus luteum
were observed in CG (Figure 2) and BL-groups. Edema and
congestion in the medulla increased as the exposure time to
blue light increased.

When the ovarian tissue of BL-6 was examined, a lower
antral and Graafian follicle density and higher preantral
follicle density were noted in BL-6 compared to the CG group.

Table 1. Timing of puberty onset, percentage weight gain, and leptin concentrations of the groups

Control BL-6 BL-12 p value
Puberty onset (day) 39 (38-40) 33 (30-34) 30 (30-32) #0.001
Weight gain (%) 110 (67-133) 117 (98-152) 93 (56-110) 0.09
Leptin (ng/mL) 3.1 (2.6-4.1) 3.2 (2.5-4.4) 3.4 (2.7-11.3) 0.51
Values represent median (minimum-maximum). ‘Control vs. BL-12.
BL-6: blue light-6 hours, BL-12: blue light-12 hours
Table 2. The hormone and melatonin concentrations of the groups

Control BL-6 BL-12 p value

FSH (IU/mL) 16.6 (9.6 -20.2) 19.4 (6.6-24.2) 9.2 (6.3-17.8) 0.07
LH (IU/mL) 67.5 (38.4-99.8) 106.9 (79-153.2) 82 (42.1-101.7) *0.02
Estradiol (pmol/L) 92.5 (57.5-166.2) 110.9 (89.6-150.5) 99.6 (46.7-123.1) 0.60
DHEA-S (umol/L) 1.13 (1.01-1.13) 1.26 (0.90-1.57) 0.99 (0.64-1.54) 0.15
Testosterone (nmol/L) 335 (229-439) 243 (239-534) 261 (134-290) 0.30
Melatonin (ng/mL) 144 (126-197) 143 (132-152) 121 (116-151) 0.11

Values represent median (minimum-maximum). *Control vs. BL-6 p =0.03.

BL-6: blue light-6 hours, BL-12: blue light-12 hours, FSH: follicle stimulating hormone, LH: luteinizing hormone, DHEA-S: dehydroepiandrosterone sulfate

Table 3. Ovary length and ovary and uterus weights of the groups

Control BL-6 BL-12 p value
Right ovary (mm) 4.5(3.7-5.5) 3.8 (2.3-4.9) 4.9 (4.5-5.5) 0.06
Left ovary (mm) 4.5 (4.4-6.2) 4.3 (2.3-5.6) 4.5 (4.4-6.4) 0.43
Ovary weight (mg) 120 (40-130) 120 (20-140) 110 (60-150) 0.31
Uterus weight (mg) 410 (210-820) 510 (300-650) 640 (250-900) 0.21

Values represent median (minimum-maximum)
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Perivascular edema and capillary dilation were prominent
in the medulla of the BL-6 group (Figure 3a). At high
maghnification, extracellular edema in the granulosa cells in
the preantral follicles and the presence of apoptotic cells
with pyknotic nuclei in the granulosa layer of antral follicles
were noted (Figure 3b). The most remarkable finding in the
examination of BL-12 ovarian tissue was the presence of
the corpus luteum covering most of the organ. In contrast

to CG and BL-6, numerous Graafian follicles were noted
in BL-12 group (Figure 4a). At high magnification, it was
evident that the Graafian follicles had a thinner granulosa

Figure 2. Histological findings of ovary-control group (H&E x40).
All developing preantral, antral, and Graafian follicle structures
and stroma appeared normal. Normal structure and distribution
of blood vessels (&)

PF: preantral follicle, GF: Graafian follicle, AF: antral follicle

layer than in the CG. This appearance was consistent with
an appearance of polycystic ovary (PCO). In addition, the
extracellular edema in the granulosa cells and the presence
of apoptotic cells with pyknotic nuclei in the granulosa layer
of the antral follicles were more pronounced in BL-12 than
in BL-6 (Figure 4b). Blue light exposure appeared to induced
granulosa cell apoptosis, and the number of apoptotic cells
increased with longer exposure time.

Histological examination of uterine tissue from control
rats was normal (Figure 5). In BL-6, the most remarkable
histomorphological finding in the proliferative phase uterus
was that the uterine epithelium thickened and became high
prismatic epithelium, compared to CG (Figure 6). In BL-12,
the uterine and gland epithelium in the proliferative phase
uterus had a similar histological appearance to the samples
from BL-6. The most prominent change in BL-12 was vessel
dilation in the endometrial lamina propria and the capillaries
reaching the surface (Figure 7). This finding was consistent
with the endometrium entering the secretory phase with
changes consistent with ovulation.

Discussion

To the best of our knowledge, the present study is the first
to demonstrate the effects of blue light exposure on puberty
in experimental animals. Blue light is the dominant light
used for increasing screen brightness of mobile devices. The
wavelength of blue light is between 450 and 490 nm and
exposure is exacerbated with the reduction of eye-screen
distances (7,25). In the last decade, several studies have
suggested that night-time exposure to blue light emitted by
devices, such as phones and tablets, can impair the normal

)
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Figure 3. a) Histological findings of ovary-BL-6 group (H&E x40). At low magnification, the lower AF and GF density and higher
PF density were noted in the cortex. Small CL structures were observed. There was prominent capillary dilation (&) and especially
perivascular edema (+). b) Histological findings of ovary-BL-6 group (H&E x200). Extracellular edema (<) in the granulosa cells of the
PF and apoptotic cells («) in the granulosa cells of the AF were prominent

PF: preantral follicle, AF: antral follicle, GF: Graafian follicle, CL: corpus luteum, BL-6: blue light-6 hours
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Figure 4. a) Histological findings of ovary-BL-12 group (H&E x40). Pronounced thinning of the granulosa layer of the follicles () was
noted. There was increased edema (%) in the medulla and pronounced capillary dilation (&). b) Histological findings of ovary-BL-12
group (H&E x200). Pronounced thinning of the granulosa layer of the follicles (¢) was noted

& capillary dilation, **: perivascular edema, PF: preantral follicle, AF: antral follicle, GF: Graafian follicle, CL: corpus luteum, BL-12: blue

light-12 hours

Figure 5. Histological findings of uterus-CG (H&E x40). Uterine
tissue from control rats revealed normal UE of proliferative phase
endometrium, a small number of UG in the lamina propria,
and spiral arterioles that had not yet reached the surface. The
myometrial structure was typical

UE: uterine epithelium, UG: uterine glands, BV: blood vessels, MM:
myometrium, BL-12: blue light-12 hours

function of the biological clock, alter sleep-wake cycles, and
induce metabolic changes (26,27). The effect of prepubertal
exposure to blue light on puberty, however, has not been
previously investigated.

The results of the present study suggest that blue light was
associated with early puberty in female rats, with blue
light exposure and exposure time accelerating the onset
of puberty. The levels of FSH, LH, and estradiol in the CG
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Figure 6. Histological findings of uterus-BL-6 (H&E x40). UE
height was relatively increased. UG were more numerous and
epithelial height increased. BV advanced towards the surface,
the number of UG was also relatively increased in BL-6 group,
and UG epithelial cells were larger than in CG. The endometrial
vessels spread superficially. All these findings indicated that the
uterus was entering the secretory phase

UE: uterine epithelium, UG: uterine glands, BV: blood vessels, BL-6: blue
light-6 hours

demonstrated that puberty initiated in the hypothalamic-
pituitary-gonadal axis. The lack of a difference in hormone
levels between the control and both BL groups suggests
that puberty also had a central onset in the BL groups. The
high concentrations of LH in BL-6 may be attributed to the
hormonal peak during estrus. Furthermore, we did not
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Figure 7. Histological findings of uterus-BL-12 (H&E x40). UE
height was relatively increased, UG were more numerous and
epithelial height increased. BV extend to the surface and appear
dilated

UE: uterine epithelium, UG: uterine glands, BV: blood vessels, MM:
myometrium, BL-12: blue light-12 hours

detect LH and estradiol surges in the BL-12 group. On the
contrary, we may have detected LH surges in the BL-6 group
due to the shorter estrus stage and earlier sacrifice time. The
histological findings of the ovarian tissue in all groups were
consistent with puberty, providing additional evidence that
all the rats had entered puberty.

Through its effects on the hypothalamic center, blue light
exposure increases food intake by reducing the release of
leptin, which regulates hunger signals (28). Light exposure
at night was also shown to increase body weight and body
fat in mutant mouse experiments (29), and there are reports
that weight gain accelerates puberty onset in rats (29,30).
In our study, the group with the longest exposure to blue
light had the lowest percentage of weight gain. There was
no correlation between percentage weight gain, leptin, and
the day of puberty onset. Therefore, this study may rule out
weight gain and leptin as factors that accelerate puberty due
to blue light.

Another factor contributing to puberty with exposure to blue
light could be decreased melatonin secretion. We observed
that melatonin levels decreased with increased blue light
exposure time and puberty occurred earlier. The melatonin
release pattern during the human lifespan involves an
increase in melatonin concentrations from the neonatal
period to the pubertal period, followed by a decrease at the
onset of puberty (31). Neuroendocrine control of the sexual
maturation process is influenced by the pattern of melatonin

secretion resulting from the light-dark cycle. High melatonin
concentrations are thought to have an inhibitory effect on
the GnRH (32). In vitro studies of cultured prepubertal rat
pituitary glands demonstrated that melatonin plays a role in
the timing of developmental stages by inhibiting the release
of GnRH and, therefore LH (33). A study comparing girls
with precocious puberty and age-matched controls found
that lower melatonin concentrations were associated with
early puberty (32). Lee et al. (34) found that blue light
exposure in the evening suppressed melatonin more in
children than adults, even if the exposure was shorter. A
study examining the effect of light on the circadian system
of children in early puberty and mid-puberty showed that
children in early puberty were more sensitive to evening light
and their melatonin concentrations were more suppressed
(35). During the COVID-19 pandemic, online education via
electronic mobile devices and an increased time at home
resulted in longer screen exposure in the younger age group.
Studies have shown an increase in precocious puberty and
accelerated puberty during pandemic-related lockdown
compared to the pre-pandemic period (13,14). Among these
studies, Stagi et al. (13) compared data from the pandemic
period and the five years before the pandemic and reported
that the incidence of newly diagnosed precocious puberty
cases increased, and the rate of puberty was accelerated.
They found a significant increase in body mass index (BMI)
and pre-sleep screen device usage time among patients
diagnosed and followed up during the pandemic.

Similarly, Chioma et al. (14) reported an increase in
precocious puberty cases during the pandemic compared
to the corresponding months of the previous year. Although
there was no difference in BMI between the groups, the
authors observed an increase in the duration of electronic
device use and a decrease in physical activity. Our study
demonstrated the effects of blue light exposure on puberty
and the relationship with increased exposure time.

Early-life stress exposure is one of the common risk factors
for psychopathology and deviations in pubertal timing.
Several studies have demonstrated that stress promotes
puberty in girls and female rats (36,37). Exposure to blue
light may have induced stress in the rats. Stress may have
also contributed to early puberty.

The histological findings in the ovarian tissue samples were
striking. There was increased edema and capillary dilation in
the ovarian medulla, accompanied by increased granulosa
cell apoptosis, and histomorphological changes consistent
with PCO in the BL-12 group. PCO syndrome (PCOS) is
a common endocrine disorder in adolescence. Genetic
abnormalities, lifestyle, prenatal hormonal imbalances,
and environmental factors have been implicated in the
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etiology of PCOS (38). Simon et al. (39) demonstrated that
the effects of circadian rhythm disruption may contribute
to PCOS in humans. In a PCOS study in which 6-week-old
rats were exposed to continuous light for four weeks, PCOS-
like results were discovered in the ovarian tissue of the rats.
The authors suggested that constant light exposure appears
to induce PCOS-like changes although they detected no
differences in serum concentrations of FSH, LH, estradiol,
or testosterone (40). In another rat study, 6-week-old rats
were exposed to 600 lux light for 16 weeks. The study was
conducted to model PCOS in rats and revealed PCOS-like
histological findings in the ovaries and increased testosterone
concentrations (41). In both studies, it was observed that
prolonged light exposure in mature rats appeared to induce
PCOS. In our study, BL-12 showed a thin granulosa layer
in the Graafian follicles, which was a PCO-like finding
(42,43). The absence of other signs of PCO and the lack of
difference in androgen concentrations may be related to the
duration of blue light exposure, irradiance level, and early
sacrifice of the rats. In the present study, increased edema
and capillary dilation in the ovarian medulla and apoptosis
of the granulosa cells was observed in the rats exposed to
blue light. There are no previous publications associating
blue light exposure with apoptosis in the granulosa cells
of ovarian tissue. However, increased edema and capillary
dilation in the ovarian medulla may have been triggered in
the experimental groups due to reduced melatonin and the
subsequent increase in the pro-inflammatory process (44).

Study Limitations

As one of the limitations of our study, groups exposed to
daylight should have been included. In the female rat
study in which light-dark, continuous light and continuous
darkness were applied, no difference was found in the days
of puberty-onset (45). Furthermore, the reason for excluding
other wavelengths of light from this investigation arises from
the fact that the inhibitory impact of these wavelengths on
melatonin was comparatively weaker as compared to blue
light. Consequently, we excluded these groups from our
study to comply with the 3R rule (46), which pertains to
using a minimum number of animals in our research. The
high concentrations of LH in BL-6 may be attributed to the
hormonal peak during estrus. Furthermore, we did not
detect LH and estradiol surges in the BL-12 group. Rats were
sacrificed at the time interval when melatonin levels were
highest (23). However, at this time, the gonadotropin levels
were not at peak in the cycle due to the difference between
puberty onset time and the time of sacrifice. We could not
show a direct effect of melatonin on Kisspeptin and GnRH.
A further limitation was that hormonal measurements
were performed with ELISA. Liquid chromatography-mass
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spectrometry/mass spectrometry or high-performance
liquid chromatography methods may have provided a
greater degree of accuracy and sensitivity for hormonal
measurement.

Conclusion

The blue light exposure and duration of exposure caused
earlier onset of puberty. With increased blue light exposure
duration, signs of PCO, inflammation, and apoptosis were
detected in the ovaries. In the future, human studies are
needed to demonstrate that blue light accelerates puberty
onset and determine its short- and long-term effects on
ovaries.

Ethics

Ethics Committee Approval: The study was approved
by the Experimental Animal Ethics Committee of Gazi
University (project no: G.U.ET-21.052, date: 09.07.2021).

Informed Consent: Animal experiment.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: Aylin Kiling Ugurlu, Aysun Bideci, Design: Aylin
Kiling Ugurlu, Aysun Bideci, Murside Ayse Demirel, Gllnur
Take Kaplanoglu, Duygu Dayanir, Ozlem Giilbahar, Tuba
Saadet Deveci Bulut, Esra Déger, Mahmut Orhun Camurdan,
Data Collection or Processing: Aylin Kiling Ugurlu, Mirside
Ayse Demirel, Duygu Dayanir, Tuba Saadet Deveci
Bulut, Esra Ddéger, Analysis or Interpretation: Aylin Kiling
Ugurlu, Aysun Bideci, Mirside Ayse Demirel, Gulnur Take
Kaplanoglu, Duygu Dayanir, Ozlem Giilbahar, Esra Doger,
Literature Search: Aylin Kiling Ugurlu, Aysun Bideci, Mirside
Ayse Demirel, Gulnur Take Kaplanoglu, Ozlem Gilbahar,
Esra Déger, Mahmut Orhun Camurdan, Writing: Aylin Kiling
Ugurlu, Aysun Bideci, Murside Ayse Demirel, Gulnur Take
Kaplanoglu, Ozlem Giilbahar, Esra Doger.

Financial Disclosure: This study was funded by Gazi
University Scientific Research Projects Unit (project number:
7286).

References

1. Akacem LD, Wright KP Jr, LeBourgeois MK. Sensitivity of the circadian
system to evening bright light in preschool-age children. Physiol Rep
2018;6:€13617.

2. Santhi N, Thorne HC, van der Veen DR, Johnsen S, Mills SL, Hommes V,
Schlangen L], Archer SN, Dijk DJ. The spectral composition of evening
light and individual differences in the suppression of melatonin and
delay of sleep in humans. ] Pineal Res 2012;53:47-59. Epub 2011 Oct
24



] Clin Res Pediatr Endocrinol
2023;15(4):365-374

Kiling Ugurlu A et al.
Effects of Blue Light on Rats Puberty

11.

13.

15.

17

Albarran MT, Lopez-Burillo S, Pablos MI, Reiter R], Agapito MT.
Endogenous rhythms of melatonin, total antioxidant status and
superoxide dismutase activity in several tissues of chick and their
inhibition by light. ] Pineal Res 2001;30:227-233.

Cajochen C, Miinch M, Kobialka S, Kréuchi K, Steiner R, Oelhafen P,
Orgul S, Wirz-Justice A. High sensitivity of human melatonin, alertness,
thermoregulation, and heart rate to short wavelength light. J Clin
Endocrinol Metab 2005;90:1311-1316. Epub 2004 Dec 7

Chang AM, Scheer FA, Czeisler CA, Aeschbach D. Direct effects of
light on alertness, vigilance, and the waking electroencephalogram in
humans depend on prior light history. Sleep 2013;36:1239-1246.

Tahkdmo L, Partonen T, Pesonen AK. Systematic review of light exposure
impact on human circadian rhythm. Chronobiol Int 2019;36:151-170.
Epub 2018 Oct 12

Gringras P, Middleton B, Skene DJ, Revell VL. Bigger, Brighter, Bluer-
Better? Current Light-Emitting Devices - Adverse Sleep Properties and
Preventative Strategies. Front Public Health 2015;3:233.

Bagot KS, Tomko RL, Marshall AT, Hermann |, Cummins K, Ksinan A,
Kakalis M, Breslin F, Lisdahl KM, Mason M, Redhead |N, Squeglia LM,
Thompson WK, Wade T, Tapert SF, Fuemmeler BE Baker FC. Youth
screen use in the ABCD® study. Dev Cogn Neurosci 2022;57:101150.
Epub 2022 Sep 1

Paudel S, Jancey ], Subedi N, Leavy ]. Correlates of mobile screen
media use among children aged 0-8: a systematic review. BM] Open
2017;7:e0174585.

. Bergmann C, Dimitrova N, Alaslani K, Almohammadi A, Alrogi H,

Aussems S, Barokova M, Davies C, Gonzalez-Gomez N, Gibson SP,
Havron N, Horowitz-Kraus T, Kanero |, Kartushina N, Keller C, Mayor
J, Mundry R, Shinskey ], Mani N. Young children’s screen time during
the first COVID-19 lockdown in 12 countries. Sci Rep 2022;12:2015.

Viner R, Russell S, Saulle R, Croker H, Stansfield C, Packer ], Nicholls
D, Goddings AL, Bonell C, Hudson L, Hope S, Ward |, Schwalbe N,
Morgan A, Minozzi S. School Closures During Social Lockdown and
Mental Health, Health Behaviors, and Well-being Among Children and
Adolescents During the First COVID-19 Wave: A Systematic Review.
JAMA Pediatr 2022;176:400-409.

. Lau EYH, Lee K. Parents’ Views on Young Children’s Distance Learning

and Screen Time During COVID-19 Class Suspension in Hong Kong.
Early Education and Development 2021;32:863-880.

Stagi S, De Masi S, Bencini E, Losi S, Paci S, Parpagnoli M, Ricci E Ciofi
D, Azzari C. Increased incidence of precocious and accelerated puberty
in females during and after the Italian lockdown for the coronavirus
2019 (COVID-19) pandemic. Ital ] Pediatr 2020;46:165.

. Chioma L, Bizzarri C, Verzani M, Fava D, Salerno M, Capalbo D,

Guzzetti C, Penta L, Di Luigi L, di lorgi N, Maghnie M, Loche S, Cappa M.
Sedentary lifestyle and precocious puberty in girls during the COVID-19
pandemic: an Italian experience. Endocr Connect 2022;11:€210650.

Acinikli KY, Erbas IM, Besci O, Demir K, Abaci A, Béber E. Has the
Frequency of Precocious Puberty and Rapidly Progressive Early
Puberty Increased in Girls During the COVID-19 Pandemic? | Clin Res
Pediatr Endocrinol 2022;14(3):302-307. Epub 2022 May 31

. Tsutsui K, Ubuka T, Bentley GE, Kriegsfeld L]. Review: regulatory

mechanisms of gonadotropin-inhibitory hormone (GnlH) synthesis
and release in photoperiodic animals. Front Neurosci 2013;7:60.

. Dossus L, Kvaskoff M, Bijon A, Engel P, Verdebout J, Fervers B, Boutron-

Ruault MC, Clavel-Chapelon FE, Mesrine S. Latitude and ultraviolet
radiation dose in the birthplace in relation to menarcheal age in a large
cohort of French women. Int ] Epidemiol 2013;42:590-600.

. Albus U. Guide for the Care and Use of Laboratory Animals (8th edn).

Laboratory Animals 2012;46:267-268.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36

37.

Rea MS, Figueiro MG, Bullough ]JD, Bierman A. A model of
phototransduction by the human circadian system. Brain Res Brain
Res Rev 2007;56:270.

Lucas RJ, Freedman MS, Munoz M, Garcia-Fernandez M, Foster RG.
Regulation of the mammalian pineal by non-rod, non-cone, ocular
photoreceptors. Science 1999;284:505-507.

Wu ], Seregard S, Spangberg B, Oskarsson M, Chen E. Blue light
induced apoptosis in rat retina. Eye (Lond) 1999;13:577-583.

Gaytan F, Morales C, Leon S, Heras V, Barroso A, Avendano MS,
Vazquez M], Castellano JM, Roa |, Tena-Sempere M. Development
and validation of a method for precise dating of female puberty in
laboratory rodents: The puberty ovarian maturation score (Pub-Score).
Sci Rep 2017;7:46381.

Cora MC, Kooistra L, Travlos G. Vaginal Cytology of the Laboratory Rat
and Mouse: Review and Criteria for the Staging of the Estrous Cycle
Using Stained Vaginal Smears. Toxicol Pathol 2015;43:776-793. Epub
2015 Mar 3.

Barassin S, Saboureau M, Kalsbeek A, Bothorel B, Vivien-Roels B, Malan
A, Buijs RM, Guardiola-Lemaitre B, Pévet P. Interindividual differences
in the pattern of melatonin secretion of the Wistar rat. ] Pineal Res
1999;27:193-201.

Smith AK, Conger JR, Hedayati B, Kim ]J, Amoozadeh S, Mehta M.
The Effect of a Screen Protector on Blue Light Intensity Emitted
from Different Hand-held Devices. Middle East Afr ] Ophthalmol
2020;27:177-181.

Arendt ], Skene DJ. Melatonin as a chronobiotic. Sleep Med Rev
2005;9:25-39.

Driller MW, Jacobson G, Uiga L. Hunger hormone and sleep responses
to the built-in blue-light filter on an electronic device: a pilot study.
Sleep Sci 2019;12:171-177.

Fonken LK, Aubrecht TG, Meléndez-Fernandez OH, Weil ZM, Nelson RJ.
Dim light at night disrupts molecular circadian rhythms and increases
body weight. ] Biol Rhythms 2013;28:262-271.

Ahima RS, Dushay ], Flier SN, Prabakaran D, Flier JS. Leptin accelerates
the onset of puberty in normal female mice. J Clin Invest 1997;99:391-
395.

Farooqi IS. Leptin and the onset of puberty: insights from rodent and
human genetics. Semin Reprod Med 2002;20:139-144.

Touitou Y. Human aging and melatonin. Clinical relevance. Exp
Gerontol 2001;36:1083-1100.

Waldhauser F, Boepple PA, Schemper M, Mansfield MJ, Crowley WF Jr.
Serum melatonin in central precocious puberty is lower than in age-
matched prepubertal children. J Clin Endocrinol Metab 1991;73:793-
796.

Martin JE, Sattler C. Selectivity of melatonin pituitary inhibition
for luteinizing hormone-releasing hormone. Neuroendocrinology
1982;34:112-116.

Lee SI, Matsumori K, Nishimura K, Nishimura Y, Ikeda Y, Eto T, Higuchi
S. Melatonin suppression and sleepiness in children exposed to blue-
enriched white LED lighting at night. Physiol Rep 2018;6:€13942.

Crowley SJ, Cain SW, Burns AC, Acebo C, Carskadon MA. Increased
Sensitivity of the Circadian System to Light in Early/Mid-Puberty. ] Clin
Endocrinol Metab 2015;100:4067-4073. Epub 2015 Aug 24

. Belsky J, Ruttle PL, Boyce WT, Armstrong JM, Essex M]. Early adversity,

elevated stress physiology, accelerated sexual maturation, and poor
health in females. Dev Psychol 2015;51:816-822. Epub 2015 Apr 27

Li XE Hu MH, Li SY, Geach C, Hikima A, Rose S, Greenwood MP,
Greenwood M, Murphy D, Poston L, Lightman SL, O’Byrne KT
Overexpression of corticotropin releasing factor in the central nucleus

373



Kiling Ugurlu A et al.
Effects of Blue Light on Rats Puberty

] Clin Res Pediatr Endocrinol
2023;15(4):365-374

38.

39.

40.

41.

of the amygdala advances puberty and disrupts reproductive cycles
in female rats. Endocrinology 2014;155:3934-3944. Epub 2014 Jul 22

Wen L, Liu O, Xu J, Liu X, Shi C, Yang Z, Zhang Y, Xu H, Liu ], Yang
H, Huang H, Qiao ], Tang F, Chen ZJ. Recent advances in mammalian
reproductive biology. Sci China Life Sci 2020;63:18-58. Epub 2019 Nov
29

Simon SL, McWhirter L, Diniz Behn C, Bubar KM, Kaar JL, Pyle L,
Rahat H, Garcia-Reyes Y, Carreau AM, Wright KP, Nadeau K], Cree-
Green M. Morning Circadian Misalignment Is Associated With Insulin
Resistance in Girls With Obesity and Polycystic Ovarian Syndrome. |
Clin Endocrinol Metab 2019;104:3525-3534.

Chu W, Zhai |, XuJ, Li S, Li W, Chen ZJ, Du Y. Continuous Light-Induced
PCOS-Like Changes in Reproduction, Metabolism, and Gut Microbiota
in Sprague-Dawley Rats. Front Microbiol 2020;10:3145.

Kang X, Jia L, Shen X. Manifestation of Hyperandrogenism in the
Continuous Light Exposure-Induced PCOS Rat Model. Biomed Res Int
2015;2015:943694. Epub 2015 May 3

374

42.

43.

44.

45.

46.

Mannerés L, Cajander S, Holmang A, Seleskovic Z, Lystig T, Lénn
M, Stener-Victorin E. A new rat model exhibiting both ovarian and
metabolic characteristics of polycystic ovary syndrome. Endocrinology
2007;148:3781-3791. Epub 2007 May 10

Stener-Victorin E, Padmanabhan V, Walters KA, Campbell RE, Benrick
A, Giacobini P, Dumesic DA, Abbott DH. Animal Models to Understand
the Etiology and Pathophysiology of Polycystic Ovary Syndrome.
Endocr Rev 2020;41:bnaa010.

Berbets AM, Barbe AM, Yuzko OM. Constant light exposure terminates
pregnancy in rats with pineal gland dysfunction, low melatonin level
and pro-inflammatory response. Melatonin Res 2019;2:9-24.

Constantino DB, Tonon AC, de Oliveira MAB, Amando GR, Freitas |],
Xavier NB, Ribeiro R], Idiart M, Hidalgo MPL. Effects of lighting patterns
in pubertal development and metabolism of female wistar rats. Physiol
Behav 2022;243:113641. Epub 2021 Nov 6

Hubrecht RC, Carter E. The 3Rs and Humane Experimental Technique:
Implementing Change. Animals (Basel) 2019;9:754.



