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‘What is already known on this topic?
Blue light is a light source in our lives. However, in recent years, our exposure to blue light has increased with
tablets. The severity of the impacts of blue light exposure increases as the eye-screen distance decreases. Theffse of
increased, and melatonin suppression of blue light is known to cause disruption in circadian rhythm, incre appetite, &
effects on puberty are unknown.

devices and
in children has
1 obesity. However, its

‘What does this study add?
Early puberty was observed due to exposure to blue light in the prepubertal period. When expo to blue light incr& Wd, apoptosis and
polycystic ovary appearance were detected in the ovaries.

ABSTRACT

Purpose: This study was planned to examine the effect of blue light exposure and g
Methods: Eighteen 21-day-old female Sprague Dawley rats were divided into
(CQG), Blue Light-6 hours (BL-6), and Blue Light-12 hours (BL-12). CG rats
and BL-12 were exposed to blue light(450-470nm/irradiance level
blue light until the first signs of puberty. Serum FSH, LH, Estradiol,
method. Ovaries and uterus were dissected for histomorphological e
Results: The medians of the pubertal entry days of the CG, BL- ere 38,32 and 30" days, respectively (p:0.001). The FSH,

with 12/12-hour light-dark cycles. The rats of BL-6
d 12 hours, respectively. Rats were exposed to
cptin, and melatonin were studied by the ELISA

posure time, and melatonin concentrations (r=-0.537,
s. As the blue light exposure time increased, capillary dilatation and
ovary-like (PCO) morphological changes and apoptosis in granulosa

p=0.048). Ovarian tissue was compatible with the pubertal pe
edema in the ovarian tissue increased. Prolonged expg

e duration of exposure lead to early puberty in female rats. As the duration of
blue light exposure increased, PCO-like, in osis were detected in the ovaries

Keywords: Apoptosis, blue light (470 nm

Aylin Kiling Ugurlu, M.D., Ankara
aylin@ugurlu.org
0000-0003-1265-4952

30.12.2022

09.05.2023

1, Pediatric Endocrinology Clinic, Ankara-Turkey

Published: 22.05.2023

e hypothalamus and regulates circadian rhythm by controlling the body’s biological clock. This mediates the timing
ctivity, body temperature, and the sleep-wake cycle. Evening light exposure causes a decrease in the release of the
ng to disruption of the circadian rhythm and reduction in the antioxidative effects of melatonin (1-3). Blue light
daylight increases alertness and promotes memory and cognitive functions (4,5). However, it is known that exposure to blue

and LED lighting and television became common in our daily lives. However, over the past ten years, the use of touch-screen devices
ets and smartphones has increased in all age groups (8). Blue light exposure is more intense with these devices because of the shorter
een distance. In recent years, the age of children using these devices has rapidly decreased (9). Since the COVID-19 pandemic, screen

¢z Josure in children and adolescents has increased substantially due to remote education and more screen time at home during lockdowns (10—

. And also, an increase in the incidence of precocious puberty was observed during the pandemic period compared to the pre-pandemic period
(13-15).

One of the factors that initiate puberty is the decrease in melatonin. 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 (16). We know that the light-exposed at night has a
suppressive effect on melatonin. It was shown that blue light suppressed melatonin production more significantly than any other color (7).



However, the impact of this exposure on the pubertal process are unclear. Our study aimed to examine the effects of blue light exposure on rat’s
puberty.

MATERIALS AND METHODS

2.1. Animals

Eighteen immature 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 x26.6 x 18.5 cm in size; 3 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(17), and the experimental
procedures were approved by the Experimental Animal Ethics Committee of Gazi University (G.U.ET-21.052).

2.2. Light exposure protocol

A blue LED strip (FSHI. 1048.B020.6012, HI-LED, FLEX honor) providing blue light at a wavelength of 450-470 nm was placed approxi

20 cm above the center of each cage in the experimental groups (Figure 1).

In the experimental setup, the blue light source was used at an irradiance level that lowered rat melatonin concentrations but wq

the cage where the rats were housed was measured with a spectroradiometer and adjusted to the same level.

2.3. Experimental design

The rats were randomly divided into three groups of six rats: the Control Group (CG), Blue Light-6 hours (BL-6), ant
12). CG rats were maintained under standard conditions with 12/12-hour light-dark cycles (light time 6:00 a.m.- 6:00
6:00 a.m.). The rats’ light/dark cycle condition in BL-6 and BL-12 were exposed to blue light (450-470 nm) {3
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,
p.m.-06.00 p.m), respectively.

Weight gain (%) = (Last day—First day)/First day
2.4. Vaginal examination and cytology

The vaginal opening is one of the external signs of puberty in rodents(21). The rats were exaigi
vaginal opening. After vaginal opening, vaginal smear samples were collected to determi
was inserted into the vagina. Cells from the vaginal lumen and walls were gently taken a

The stages of the estrous cycle were classified as proestrus (oval nucleated epithg
cells), metestrus (fragmented, cornified epithelial cells and smaller, darker sta'
leukocytes)(22). Rats were exposed to blue light until the first estru
2.5. Termination of the experimental procedure

of rats (23) under general anesthesia (10 mg/kg xylazine hydrochloride Kg netamine hydrochloride). After the anesthesia procedure,
blood samples were obtained by the intracardiac puncture. Th entrifuged at 3000 rpm (906xg) for 15 minutes and the

serum was separated. The serum samples were stored at -80° ian ti
and the uterine and ovarian tissues were dissected and weigh

1.6. Determination of Biochemical Parameters

hormone (FSH), luteinizing hormone (LH), estradf™i e, Dehydroepiandrosterone sulfate (DHEA-S), leptin, and melatonin were
it; Bioassay Technology Laboratory, China).

1.7. Histopathological method
The right and left ovaries and the uterus i ssection, then the ovaries and the uterus were fixed in Bouin’s fixative and
embedded in paraffin blocks using s cedures. Sections of 4-Smicron thickness were taken from the prepared paraffin blocks and
stained with hematoxylin and eosj ere examined for histomorphological changes by light microscopy in the Leica DM4000
(Germany) computer-assisted ima ages were obtained using the Leica-Qwin program.

Statistics
SPSS 26 program was u;
in the data that did not f
groups. While the inves
significance we

ion, and the "Mann-Whitney U" test were used when comparing the medians of two independent
bciations between non-normally distributed and/ordinal variables, the correlation coefficients and their

A power analsi med using GPower version 3.1.9.7 to determine the minimum sample size required to test the study hypothesis.
le size of n=18 is required to achieve 80% power for detecting a large effect at a significance of o =0 .05.

ht of the female rats in CG, BL-6, and BL-12 were 42.5+4.7, 42+3.4, and 42.312.7 gr, respectively (p:0.91). The
berty onset was 38", 32, and 30" days. Puberty onset was significantly earlier in BL-12 compared to the CG (p=0.001) (Table

ared’to CG, while rats in BL-12 had the least weight gain (p>0.05) (Table 1).
S concentrations of FSH, estradiol, testosterone and DHEA-S in the blue light-exposed groups were similar to those of controls (p>0.05)
¢ 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

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 sacrification was longer. Therefore, we could not detect LH and estradiol surges. On the contrary, we detected LH and
estradiol surges in the BL-6 group due to the shorter estrus stage and sacrification time.
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).



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). As, 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 pubertal period in all groups. Primary, antral, 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 than in the CG. Perivascular edema and capillary dilation were prominent in the medulla of the BL-6 group (Figure 3a). At high
magnification, 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. Unlike the other groups, numerous Graafian follicles were noted in BL-12 grou
(Figure 4a). At high magnification, it was pointed out that the Graafian follicles had a thinner granulosa layer than in the CG. This appear:

was consistent with polycystic ovary (PCO). Prolonged exposure caused PCO-like morphological changes in the ovary. In addition, the
extracellular edema in the granulosa cells and the presence of apoptotic cells with pyknotic nuclei in the granulosa layer of the ai )
were more pronounced in BL-12 than in BL-6 (Figure 4b). Blue light exposure induced granulosa cell apoptosis, and the numb
cells increased with longer exposure time.

Histological examination of uterine tissue from control rats revealed normal (Figure 5). In BL-6, the most remarkable hi
in the proliferative phase uterus was that the uterine epithelium size increased and became high prismatic epithelium,
6). In BL-12, the uterine and gland epithelium in the proliferative phase uterus had a similar histological appearance a: .
prominent change in this group was vessel dilation in the endometrial lamina propria and the capillaries reaching the igure 7). This
finding indicated that the endometrium was entering the secretory phase. In conclusion, histological results i i
secretory phase had started, with changes consistent with ovulation.

DISCUSSION

To the best of our knowledge, our study is the first to demonstrate the effects of blue light exposure on pube: s the dominant light
in increasing the screen brightness of mobile devices. The wavelength of blue light is betw& 450 and 490 nand m), but the main
problem here is that we are exposed to light at high brightness and illumination level with the ction of eye-scret 'stances (7,24). In the last
decade, several studies suggested that nighttime exposure to blue light emitted by devices sug ones and tablets impair the normal
function of the biological clock, alter sleep-wake cycles, and induce metabolic changes (2§76). Th&{ ect of prepubertal exposure to blue light
on puberty was one of the unknown topics in the literature.

Our study showed that blue light was associated with early puberty in female rats. The rest blue light exposure and exposure time
accelerate puberty onset. The control group's FSH, LH, and estradiol levels demg itiated in the hypothalamic-pituitary-

BL groups. The high concentrations of LH in BL-6 can be attribute
and estradiol surges in the BL-12 group.-On the contrary, we may h

ing estrus. Furthermore, we could not detect LH
the BL-6 group due to the shorter estrus stage and

signals(26). Light exposure at night was also shown to increa:
that weight gain accelerates puberty onset in rats (28,29). In
of welght gam There was 1o correlation between percentage

y fat in mutant mouse experiments (27), and there are reports
up with the longest exposure to blue light had the lowest percentage
tin, and the day of puberty onset. Therefore, this study may ruled

involves an increase in melatonin concentr: f al period to the pubertal period, followed by a decrease at the onset of puberty
(30). Neuroendocrine control of the sex o
cycle. High melatonin concentrations
studies of cultured prepubertal rat pi
the release of GNRH and, thereft

ait mhibitory effect on the gonadotropin-releasing hormone (GNRH) (31). In vitro
demonstrated that melatonin plays a role in the timing of developmental stages by inhibiting
comparing girls with precocious puberty and age-matched controls found that lower
puberty (31). Lee et al. (33) found that blue light exposure in the evening suppressed
melatonm more in chlldre A if the exposure was shorter. A study examining the effect of light on the circadian system of children
children in early puberty were more sensitive to evening light and their melatonin concentrations
COVID-19 pandemic, online education via electronic mobile devices and the increased time at home

e younger age group. Studies have shown an increase in precocious puberty and accelerated puberty

pared to the pre-pandemic period (13), (14). Among these studies, Stagi et al. (13) compared data from
years before the pandemic and reported that the incidence of newly diagnosed precocious puberty cases

erty was accelerated. They found a significant increase in body mass index (BMI) and pre-sleep screen device usage
ed and followed up during the pandemic.

) from Italy reported an increase in precocious puberty cases during the pandemic compared to the corresponding

were more suppressed (
resulted in longer scree

se and a decrease in physical activity. Our study demonstrated the effects of blue light exposure on puberty and the
creased exposure time.

er striking finding in our study was histological results of ovary. There was the increase in edema and capillary dilation in the ovarian
ulla, granulosa cell apoptosis, and histomorphological changes consistent with PCO in the ovarian tissue of the group with prolonged blue

Polycystic ovary syndrome (PCOS) is a common endocrine disorder in adolescence. There are genetic abnormalities, lifestyle, prenatal hormonal
imbalances, and environmental factors in etiology of the PCOS (37). Simon et al. (38) demonstrated that the effects of circadian rhythm
disruption are among the environmental factors that may contribute to PCOS in humans (38). 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 emphasized that



constant light exposure is an essential environmental factor in PCOS development. Hormonally, they detected no differences in serum
concentrations of FSH, LH, estradiol, or testosterone (39). 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
(40). In both studies, it was observed that prolonged light exposure to mature rats caused the appearance of PCOS. In our study, BL-12 showed a
thin granulosa layer in the Graafian follicles, which is one of the PCO-like findings (41,42). 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. Short-
term exposure to blue light during the prepubertal period induced PCO-like symptoms in the ovaries. In our study, the increased edema and
capillary dilation in the ovarian medulla and apoptosis of the granulosa cells 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 i
pro-inflammatory process (43).

As one of the limitations of our study, groups exposed to daylight could have been included. However, in our study, the groups were deter
according to the 3R rule. Previous studies have shown that blue light is the light that suppresses melatonin the most compared to g
wavelengths of light. In a study in which light, dark cycle and light cycle during the day were applied to female rats, the averag
onset was determined to be between 34 and 35 days, consistent with the rats' physiology (44) . The time in which the rats were
determined to catch the melatonin concentration at the optimal level. Rats were sacrificed at the time interval when mela;
(23). However, at this point, we could not capture the gonadotropin peaks in the cycle due to the difference between t
the sacrificed time. We could not show a direct effect of melatonin on Kisspeptin and GnRH. And one of the llmltatlo ssatements
were performed with ELISA. Liquid chromatography—mass spectrometry/ mass spectrometry or high-performance i
methods could make differences better for interpretation.
CONCLUSION

bn, signs of PCO,

osure durz
{ ight accelerates

hat bl

puberty onset and determine its short- and long-term effects on ovaries.
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uberty onset, weight gain(%), and leptin_concentrations of the groups

Control BL-6 BL-12 p value
Onset (day) 39 (38-40) 33(30-34) 30 (30-32) *0.001
eight Gain (%) 110 (67-133) 117 (98-152) 93 (56-110) 0.09
Leptin (ng/mL) 3.1(2.6-4.1) 32(2.5-44) 3.4 (2.7-11.3) 0.51




Values represent median (minimum-maximum)
“Control vs. BL-12 p=0.001

Table 2. The hormone and oxidative-antioxidant marker concentrations of the groups

Control BL-6 BL-12 p
FSH (IU/mL) 16.6 (9.6 -20.2) 19.4 (6.6-24.2) 9.2 (6.3-17.8)
LH (IU/mL) 67.5(38.4-99.8) 106.9 (79-153.2) 82 (: “0.02
Estradiol (pmol/L) 92.5(57.5-166.2) 110.9 (89.6-150. 99.6 0.60
DHEA-S (nmol/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) 261 (134-290) 0.30
Melatonin (ng/mL) 144 (126-197) 121 (116-151) 0.11

Values represent median (minimum-maximum)
“Control vs. BL-6 p=0.027

Table 3. Ovary lengths / Ovary and uter

nt BL-6 BL-12 p value

Right ovary (mm) -5.5) 3.8(2.3-49) 49 (45-55) 0.06
Left ovary 4.5(4.4-6.2) 43(2.3-5.6) 45(44-6.4) 043

ioht 120 (40-130) 120 (20-140) 110 (60-150) 031
Uterhweight (mg) 410 (210-820) 510 (300-650) 640 (250-900) 021

represent median (minimum-maximum)



Figure 1. Experimental Set-up of the Room
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Figure 3a. H{stological Findings of Oary — 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 S kere rved. There
was prominent capillary dilation (&) and especially perivascular edema (+*).

ary — B roup (H&E X200)

Figure 3b. Histological Findings o
ells of the PF and apoptotic cells (4¢) in the granulosa cells of the AF were prominent.

Extracellular edema (<) i ulo




Figure 4a. 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'¥
capillary dilation (3).

: capillary giation, <%: alar edema
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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 | propria, and spiral
arterioles that had not yet reached the surface. The myometrial structure was typical.

Figure 6. Histological Findings of Uterus - BL-
UE height was relatively increased. UG were mot epithelial height increased. BV advanced towards the surface,
d UG epithelial cells were larger than in CG. The endometrial vessels spread

ering the secretory phase.

erine epithelium, UG: uterine glands, BV: blood vessels, MM: myometrium

gure 7. Histological Findings of Uterus - BL-12 (H&E X40)
E height was relatively increased, UG were more numerous and epithelial height increased. KD: BV extend to the surface and appear dilated.
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