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Abstract: 

Background: Diminished ovarian reserve is increasingly 

reported in young women as well, it is an important cause 

of infertility. Widespread screen use and artificial lighting 

have increased exposure to blue light in the short-

wavelength range, which may threaten ovarian reserve 

(OR). Growth hormone (GH) may counteract this injury by 

modulating the insulin‑like growth factor‑1/insulin‑like 

growth factor‑1 receptor (IGF‑1/IGF‑1R) axis. Aim: To 

evaluate the impact of blue light on OR and determine 

whether GH protects the ovary through IGF‑1/IGF‑1R 

restoration. Methods: After 7 days of acclimatization, 

twenty‑four prepubertal female rats were randomized into 

four groups (n = 6) for a 10‑day experiment: control 

(natural room light, saline subcutaneous (s.c.) once daily 

from day 4 to day 10); GH (natural room light, GH 1 mg/kg 

s.c. from day 4 to 10); blue light (450–480 nm for 12 

h/night, 6:00 p.m.–6:00 a.m., from day 1 to day 10 plus 

saline s.c. from day 4 to 10); and blue light + GH (same 

light protocol plus GH 1 mg/kg s.c. from day 4 to 10). On 

day 11, estradiol, FSH, anti‑Müllerian hormone (AMH), 

melatonin, oxidative‑stress markers (Reduced glutathione 

(GSH), Malondialdehyde (MDA)), caspase‑3, and serum 

and ovarian Insulin-like growth factor-1 (IGF‑1) were 

determined, and ovarian IGF‑1R immunohistochemistry 

with histopathology were performed. Results: Blue light 

significantly reduced estradiol, AMH, melatonin, serum and 

ovarian IGF‑1, and GSH, while increasing MDA, 

caspase‑3, and IGF‑1R expression. GH co‑treatment 

reversed these changes. Conclusion: Blue‑light exposure 

impairs OR through oxidative and apoptotic mechanisms 

and disruption of the IGF‑1/IGF‑1R axis, while GH exerts a 

potent photoprotective effect. 

Keywords: Blue light; ovarian reserve; IGF-1/IGF-1R axis; 

growth hormone; melatonin. 
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Introduction 
The ovary is a highly sensitive organ to 

circadian disruption. Evidence suggests 

that short-wavelength light can alter 

gonadal function through both central and 

peripheral mechanisms, including 

suppression of melatonin, dysregulation of 

steroidogenesis, and direct oxidative 

damage to ovarian cells [1]. Importantly, 

the ovarian reserve (OR) reflects the pool 

of primordial and growing follicles 

particularly susceptible to oxidative stress, 

mitochondrial dysfunction, and apoptotic 

activation [2].  Anti-Müllerian hormone 

(AMH), a reliable indicator of ovarian 

reserve, is released from granulosa cells of 

pre-antral and tiny antral follicles, 

rendering it an indispensable biochemical 

indicator for the assessment of ovarian 

injury [3].  

Among the pathways that influence 

ovarian survival, the insulin-like growth 

factor 1/ its receptor (IGF-1/IGF-1R) axis 

plays a central protective role. IGF-1 

supports proliferation of granulosa cells, 

follicular development, mitochondrial 

stability, and anti-apoptotic signaling [4]. 

Growth hormone (GH) is an upstream 

regulator of IGF-1 synthesis and is also 

known to enhance ovarian steroidogenesis, 

promote antioxidant defense, and reduce 

apoptosis [5]. Several experimental and 

clinical studies demonstrate that GH 

supplementation increases AMH, 

improves follicular responsiveness and 

restores IGF-1 signaling. However, the 

potential role of GH in counteracting blue 

light–induced ovarian injury has not been 

comprehensively explored [6,7].    

Exposure to artificial lighting has 

increased markedly with the global shift 

toward light-emitting diode (LED) 

illumination and prolonged screen use [8]. 

Blue light, particularly within the 450–470 

nm spectrum, is biologically active and has 

been shown to disrupt circadian timing, 

suppress nocturnal melatonin secretion [9].  

Melatonin, a key regulator of reproductive 

physiology, is essential in maintaining 

ovarian redox balance and supporting 

follicular survival; thus, its suppression 

renders the ovary vulnerable to damage. 

Excessive reactive oxygen species disturb 

ovarian redox homeostasis and trigger 

mitochondrial apoptotic signaling. 

Caspase‑3 is a central executioner in this 

pathway and serves as a key marker of 

oxidative stress‑induced apoptosis [10].   

Despite increasing global exposure to blue 

light, especially among children and 

adolescents, data on its direct impact on 

OR remain limited, and the interaction 

between blue light, melatonin suppression, 

and IGF-1/IGF-1R dysregulation is poorly 

defined.  

Therefore, the aim was to assess the effect 

of blue-light exposure on OR in 

prepubertal rats, with specific focus on 

hormonal profile, oxidative status, 

apoptosis, and IGF-1/IGF-1R signaling. 

Additionally, it also evaluated whether GH 

administration could mitigate blue-light–

induced ovarian injury and improve 

hormonal, biochemical, and 

histopathological outcomes. This work 

provides mechanistic insights into the 

interplay between light exposure and 

ovarian health and explores a potential 

protective strategy of GH to counteract 

blue-light–induced reproductive 

dysfunction.  

Materials and Methods 
Experimental Animals 

This prospective experimental study was 

conducted on 24 female albino rats, aged 

21 days and weighing 55 ± 5 grams. The 

experimental rats were procured from 

Laboratory Animals Farm Unit, Faculty of 

Veterinary Medicine, Zagazig University. 

The rats were placed at suitable room 

temperature for 7 days acclimatization 

period before experiment started. The 

experimental procedure was done in the 

Physiology department, Benha University 

for 10 days from (7 to 16 November 

2024).  No rats died throughout the 

experiment  .The committee of the ethics of 

animal experiments at the Faculty of 

Medicine, Benha University, revised and 
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authorised the experimental protocol 

(Approval No. MD7.4.2024). Following 

completion of study, animals were 

humanely sacrificed and incinerated at 

Benha University Hospital in accordance 

with ethical guidelines [11].     

Chemical used: 

Recombinant human growth hormone 

(somatropin 1.6 mg/4 IU inj., Lot No. 

202310AK044) was procured from 

SEDICO Pharmaceuticals, Egypt. 

Estradiol kits (Lot No. MBS263466) and 

follicle‑stimulating hormone (FSH) kits 

(Lot No. CEA830RA) were provided by 

Biodiagnostic, Egypt. Anti‑Müllerian 

hormone (AMH) kits (Lot No. A79765) 

were obtained from Beckman Coulter, 

Ireland. Melatonin kits (Lot No. 

ab213978), malondialdehyde (MDA) kits 

(Lot No. ab118970), and caspase‑3 kits 

(Lot No. ab39401) were supplied by 

Abcam Biochemicals, Cambridge, UK. 

IGF‑1 ELISA kits (Lot No. DG100) were 

obtained from Quantikine, R&D Systems, 

Minneapolis, MN, USA. Reduced 

glutathione (GSH) assay kits (Lot No. 

K464‑100) were obtained from KAMIYA 

Biomedical Company, Seattle, USA. 

Antibodies for immunohistochemical 

detection of IGF‑1 receptor (IGF‑1R) (Lot 

No. PA5‑79444) were obtained from 

Thermo Fisher Scientific, Waltham, MA, 

USA. 

Experimental design: 

The female rats were allocated into four 

groups (6 rats in each group): 

Group I (Control group): rats were 

maintained under natural standard 

surrounded lighting conditions without a 

specialized light-dark cycle for 10 days 

and received daily subcutaneous (S.C.) 

saline at a volume of (2 mL/kg/day) from 

day 4 to day 10. Group II (GH group): 

rats were maintained under natural 

standard surrounded lighting conditions 

without a specialized light-dark cycle for 

10 days, while receiving daily S.C. 

injection of growth hormone (somatropin) 

(1 mg/kg), from day 4 to day 10 [12]. 

Group III (Blue Light exposed group): 

rats of this group subjected to blue light 

(450–480 nm) for 12 h/night (6 p.m.–6 

a.m.) and standard light for 12 h/day for 10 

days and concurrently received daily S.C. 

saline at a volume of (2 ml/kg/day) from 

day 4 to day 10 [13].  Group IV (Blue light 

+ GH): rats were subjected to the same 

blue‑light protocol as Group III and 

concurrently received S.C. injection of 

growth hormone (somatropin) (1 

mg/kg/day) from day 4 to day 10. 

Procedure of the experiment: 

Protocol of blue light exposure 

The blue light was obtained from light 

emitting diode (LED) lamp with 

wavelength of 460- 480 nm,10 WATT 

(manufactured in Korea, 

www.abusimbelmedical.com). The LED 

lamp was positioned 20 cm above the 

center of each cage in the blue light-

exposed rats (Group III and Group IV), 

with each cage housing three rats to ensure 

equal exposure conditions [13,14].    

Blood and Ovarian tissue sampling: 

Rats were anaesthetized with thiopental 

sodium (40 mg/kg, i.p.) at the end of the 

experiment. Blood samples were obtained 

from the retro-orbital venous plexus, 

permitted to coagulate at room 

temperature, and thereafter centrifuged at 

3000 rpm for 15 minutes The serum was 

separated and preserved at −80 °C for 

subsequent evaluation of FSH, oestradiol, 

AMH, melatonin, and IGF-1 levels. [15,16].    

Following blood sampling, A 3-cm 

midline laparotomy was made along the 

linea alba, incising skin, fascia, and 

peritoneum. The animal was gently tilted 

~45° to expose the ovary. Both ovaries 

were then removed [17]. Both ovaries were 

then rinsed in ice‑cold saline. One ovary 

from each rat was stored at −80 °C for 

biochemical analyses, including GSH, 

MDA, caspase‑3 activity, and ovarian 

IGF‑1 levels, whereas for 

histopathological examination and 

immunohistochemical evaluation of IGF‑1 

receptor expression the contralateral ovary 

was fixed in 10% neutral‑buffered 

formalin [18]. 
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Statistical analysis: 

The data were performed by Statistical 

package for social science (SPSS) version 

23.0 (SPSS Inc., Chicago, IL, USA, 2000). 

In the statistical comparison among the 

different groups, the significance of 

difference was evaluated by one-way 

analysis of variance (ANOVA) after which 

Least Significant Difference (LSD) test for 

comparison among every two groups. The 

p-values < 0.05 were regarded as 

statistically significant. 

Results 
Impact of blue light & GH 

administration on serum AMH, 

melatonin, estradiol and FSH (Table 1). 

Our study found that blue-light exposure 

significantly decreased AMH, melatonin 

and estradiol in comparison to control and 

GH groups (p < 0.05), whereas FSH 

remained unchanged (p > 0.05). 

Consistently, GH administration to blue 

light exposed rats significantly improved 

AMH, melatonin and estradiol relative to 

blue light group (p < 0.05). GH alone 

produced a non-significant change in these 

parameters when compared with the 

controls (P ˃0.05). 

Impact of blue light & GH 

administration on  serum and ovarian 

IGF-1 and IGF-1R expression (Table 2, 

Figure 1). 

Similarly, the blue light group had 

significantly reduced serum and ovarian 

IGF-1 levels in comparison to control and 

GH groups (p < 0.05). Conversely, GH 

co‑treatment with blue light restored IGF‑1 

levels toward control values relative to the 

blue light group (p < 0.05). In the GH‑only 

group, serum and ovarian IGF‑1 

expression non-significantly changed 

comparable to those of the control group 

(p > 0.05). 

Regarding ovarian IGF‑1R, 

immunohistochemical analysis showed 

normal expression in the granulosa and 

theca cells in the control and GH groups 

(Figure 1A, 1B respectively). On contrast, 

the blue light group showed stronger IGF-

1 R immunoreactivity in granulosa cells 

compared to control and GH groups 

(Figure 1C). However, the blue light group 

that received GH exhibited moderate 

expression in granulosa and theca cells 

(Figure 1D). 

Consistently, the semi‑quantitative IGF1R 

immunohistochemical score was 

significantly higher in the blue light group 

than in the control and GH groups (p < 

0.05), while GH administration to blue 

light exposed rats significantly reduced 

this score compared with blue light alone 

(p < 0.05). In the GH only group, IGF‑1R 

expression score was non-significantly 

changed in comparison to the control 

group (p > 0.05). 

Impact of blue light & GH 

administration on oxidative stress 

markers and caspase-3 (Table 3). 

There was significant decrease in the 

antioxidant enzyme, GSH, while 

significant elevated in the MDA levels in 

blue light group in comparison to the 

control and GH group (P<0.05). On the 

other hand, GH administration to blue light 

exposed rats resulted in significant rise in 

GSH and significant decline in MDA 

levels compared to the blue light group 

(P<0.05) . 

Concerning the apoptotic protein, caspase-

3, it was significantly augmented in blue 

light group versus the control and GH 

group(P<0.05). Fortunately, GH 

administration to blue light exposed rats 

led to significant decrease compared to 

blue light group (P<0.05). 

Furthermore, there was nonsignificant 

change in caspase-3 levels between GH 

and control groups. 

Impact of blue light & GH 

administration on ovarian 

histopathological changes (Figure 2). 

Ovarian sections from the control and GH 

groups showed well‑preserved 

architecture, with follicles at various 

developmental stages, intact oocytes, 

regularly arranged multilayered granulosa 

cells and normal stromal tissue, without 

evident edema or vascular congestion 
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(Figure 2A, 2B respectively). In contrast, 

the blue light group showed marked 

structural disruption, including extensive 

follicular atresia, thinning and 

disorganization of granulosa cell layers, 

oocyte degeneration, stromal edema and 

prominent vascular congestion (Figure 

2C). On the other hand, ovaries from the 

blue light + GH group exhibited 

developing follicles with largely intact 

oocytes and granulosa layers, accompanied 

by only mild stromal congestion and focal 

atresia, indicating substantial structural 

preservation compared with blue light 

exposure alone (Figure 2D).  

Correlation between ovarian IGF1and 

AMH, oxidative and apoptotic markers 

and IGF1R scoring (Figure 3) . 

Ovarian IGF-1 demonstrated a statistically 

significant positive correlation with serum 

AMH (r = 0.916) and ovarian GSH levels 

(r = 0.813). In contrast, ovarian IGF‑1 was 

negatively correlated with IGF‑1R 

immunohistochemical score (r = −0.851), 

ovarian caspase‑3 activity (r = −0.793) and 

MDA levels (r = −0.814). 

 

Table (1): Serum Melatonin, Estradiol, FSH and AMH levels in different experimental 

groups: 

Data are represented as mean ± standard deviation (SD). P < 0.05 is significantly tested by one way analysis of variance 

(ANOVA) and post hoc multiple comparison LSD method. 

 a P < 0.05 vs. control group; b P < 0.05vs. GH group; c P < 0.05 vs. BL group. 

Abbreviations: BL; blue light, GH; growth hormone, FSH; Follicle-Stimulating Hormone, AMH; Anti-Müllerian Hormone. 

 

 

Table (2): Serum and ovarian IGF1, in addition to IGF1R immunohistochemical scoring in 

different experimental groups: 
Data are represented as mean ± standard deviation (SD). P < 0.05 is significantly tested by one way analysis of variance 

(ANOVA) and post hoc multiple comparison LSD method. 

 a P < 0.05 vs. control group; b P < 0.05vs. GH group; c P < 0.05 vs. BL group. 

Abbreviations: BL; blue light, GH; growth hormone, IGF1; Insulin-Like Growth Factor 1, IGF-1R; Insulin-like Growth 

Factor-1 Receptor. 

 

 

 

 

 

 

 

 

 

GROUP 

n = 6 

GROUP I 

(Control group) 

GROUP II 

(GH group) 

GROUP III 

(BL group) 

GROUP IV 

(BL + GH group) 

Melatonin 

(ng/mL 

179.3±8.04 179±4.56 a,b 101.5±5.46 a,b,c133.16±4.02 

Estradiol (pg/ml) 29.3±1.31 30.15±0.36 a,b2619.56±1. a,b,c924.13±0. 

FSH (ng/ml) 23±1.62 23.27±.91 22.58±1.04  23.7±0.25  

AMH  (ng/ml) 5.31±0.24 5.64±0.11 a,b3.04±0.16 a,b,c23 4.18±0. 

GROUP 

n = 6 

GROUP I 

(Control group) 

GROUP II 

(GH group) 

GROUP III 

(BL group) 

GROUP IV 

(BL + GH group) 

SerumIGF1 (ng/ml) 193±5.36 204±4.93 155.16±3.71 a,b 189.8±2.85 c 

Ovarian IGF1 level  

(ng/mg) 

9.8±0.34 10.33±0.53 7.63±0.41 a,b 8.46±0.48 a,b,c 

IGF1R 

immunohistochemical 

scoring 

1.5±0.14 1.6±0.14 3.3±0.14 a,b 2.55±0.11 a,b,c 
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Table (3): Ovarian GSH, MDA and Caspase-3 in different experimental groups: 

Data are represented as mean ± standard deviation (SD). P < 0.05 is significantly tested by one way analysis of variance 

(ANOVA) and post hoc multiple comparison LSD method. 

 a P < 0.05 vs. control group; b P < 0.05vs. GH group; c P < 0.05 vs. BL group. 

Abbreviations: BL; blue light, GH; growth hormone, GSH; Reduced Glutathione, MDA; Malondialdehyde, Caspase-3; 

Cysteine-aspartic protease-3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Representative photomicrographs of ovarian sections immunostained for IGF-1R 

expression in different experimental groups: 

(1 A) Control: normal IGF-1R expression in granulosa cells; oocytes negative, (1 B) GH: 

normal expression, comparable to control, (1C) BL: marked overexpression in granulosa 

cells, (1 D) BL + GH: moderate expression. Scale bar: ×400. 

 

 

 

 

 

GROUP 

n = 6 

GROUP I 

(Control group) 

GROUP II 

(GH group) 

GROUP III 

(BL group) 

GROUP IV 

(BL+ GH group) 

GSH (nmol/gm 

tissue) 

2.66±0.04 2.66±0.04 2.25±0.067 a,b 2.65±0.02 c 

MDA (nmol/gm 

tissue) 

9.95±0.49 9.9±0.4 12.95±0.5 a,b 11± 0.26 a,b,c 

Caspase-3 (nmol/mg 

protein) 

2±0.12 2±0.15 3.6±0.25 a,b 2.53±0.15 a,b,c 

1 A 1B 

1 C 1D 
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Figure 2. Representative photomicrographs of ovarian sections stained with hematoxylin and 

eosin (H&E) in the different experimental groups  

Magnification: Ai (×100), Aii (×400), Bi (×200), Bii (×400), Ci (×200), Cii (×400), Di 

(×200), Dii. (×400) 

Control group (A): Normal follicular architecture showing intact oocytes (O), organized 

granulosa cells (G), and clear zona pellucida (Z).GH group (B): Preserved ovaria). 

BLphology with developing follicles and intact stroma.BL group (C): Marked follicular 

atresia (A), disorganized granulosa cells (G), stromal edema (E), and vascular congestion (V). 

BL + GH group (D): Improved architecture with more organized granulosa cells (G) and 

reduced atresia (A). 

G 

o E 

A 

Ai 

Bi 

Di 

Ci 

Aii 

Bii 

Cii 

Dii 
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Figure 3. Scatter plots illustrate the correlations between ovarian IGF-1 levels and:(A) serum 

AMH, (B) IGF-1R immunohistochemical score, (C) ovarian caspase-3 activity, (D) Ovarian 

GSH and (E) Ovarian MDA. 
It was analyzed using Pearson’s correlation coefficient (r) 2-tailed test. A p value of less than 0.05 was considered 

statistically significant. AMH; Anti-Müllerian Hormone. 

IGF1; Insulin-Like Growth Factor 1, GSH; Reduced Glutathione, MDA; Malondialdehyde, Caspase-3; Cysteine-aspartic 

acid protease-3. 
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Discussion  
This study presents new experimental 

evidence demonstrating that blue-light 

exposure induces a significant decline in 

ovarian function in prepubertal female 

rats, affecting hormonal balance, oxidative 

status, apoptotic activity, and the IGF-

1/IGF-1R axis. These findings support the 

growing body of literature indicating that 

artificial light at night acts as a potent 

endocrine disruptor capable of altering 

reproductive physiology. 

In our study, blue-light exposure resulted 

in a profound suppression of melatonin, a 

key circadian hormone essential for 

normal ovarian steroidogenesis and 

follicular maturation. Consistent with 

earlier reports, blue light significantly 

suppressed serum melatonin, most likely 

through melanopsin-mediated activation of 

suprachiasmatic nucleus (SCN) pathways 

that inhibit pineal output [19,20]. This 

decline in melatonin was accompanied by 

a reduction in estradiol, in line with 

previous evidence that melatonin supports 

aromatase expression and protects 

granulosa cells from oxidative stress [21]. 

FSH levels, however, remained unchanged 

an observation that agrees with studies on 

prepubertal rats exposed to short-duration 

blue light [22]. This stability is attributed to 

the immaturity of the GnRH/FSH axis and 

the non-cyclic hormonal pattern at this 

age. Longer exposure paradigms in adult 

animals have demonstrated FSH elevation, 

highlighting the influence of both age and 

exposure duration on gonadotropin 

response [23].    

AMH, a sensitive marker of OR, was 

significantly reduced after blue-light 

exposure, reflecting early compromise of 

granulosa-cell function. Previous 

mechanistic data support this effect, 

showing that melatonin enhances AMH 

expression and protects granulosa cells 

from oxidative injury [24,25].    

A major finding of this study is the 

pronounced suppression of serum and 

ovarian IGF-1 with concomitant  

 

 

upregulation of IGF-1R expression. This 

pattern is consistent with prior evidence 

that IGF1 ligand deficiency triggers 

compensatory receptor overexpression in 

an attempt to maintain signaling [26,27]. 

Notably, disruption of circadian light–dark 

cycling has been shown to alter GH 

secretory patterns, thereby limiting 

downstream IGF-1 availability [28]. The 

resulting disruption of IGF-1/IGF-1R 

balance may contribute to impaired 

follicular growth and steroidogenesis, as 

IGF-1 is essential for granulosa cell 

proliferation and the responsiveness to 

FSH [29].  

Oxidative stress and apoptotic damage 

played a central role in mediating ovarian 

injury. Blue-light exposure significantly 

decreased GSH and elevated both MDA 

and caspase-3, indicating lipid 

peroxidation and exaggerated apoptosis. 

These outcomes are consistent with 

previous studies demonstrating that 

circadian disruption increases ROS 

generation [30,31] and activates caspase-

dependent pathways in reproductive 

tissues [32].    

Our results were supported with 

histopathological changes revealing clear 

structural disruptions in ovarian 

morphology in the blue-light exposed 

group characterized by reduced healthy 

follicles, increased follicular atresia, 

granulosa cell disorganization These 

changes are in line with experimental 

evidence showing that light-at-night 

disrupt ovarian architecture through 

circadian dysregulation and oxidative 

stress–mediated follicular damage, 

ultimately promoting apoptosis and 

degenerative remodeling of ovarian tissue 
[13, 33].    

Importantly, co-administration of growth 

hormone (GH) exerted a marked protective 

effect across nearly all evaluated 

parameters. GH significantly increased 

AMH, supporting its protective action on 

granulosa cells and preservation of OR, as 
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previously demonstrated in ovarian‑injury 

models [34]. Histologically, GH 

co‑treatment mitigated blue‑light–induced 

architectural damage, showing reduced 

follicular atresia and improved 

granulosa‑cell integrity, in line with 

reports that GH attenuates ovarian fibrosis 

and structural deterioration in various 

injury models [34,35]. 

Importantly, GH administration in the 

treated group resulted in elevation of 

serum and ovarian tissue IGF‑1 

concentrations, accompanied by moderate 

IGF‑1R expression in granulosa cells, 

reflecting reactivation of the ovarian 

GH/IGF‑1 axis. These outcomes are 

aligning with experimental evidence that 

GH enhances local IGF‑1 synthesis and 

improves ovarian responsiveness to 

gonadotropins [36,37].  

GH restored melatonin toward normal 

values, an effect likely mediated by 

activation of the GH/IGF‑1 axis, which 

enhances pineal melatonin synthesis 

through upregulation of arylalkylamine 

N‑acetyltransferase (AANAT), the key 

regulatory enzyme in melatonin synthesis 

[38].In a complementary bidirectional 

manner, accumulating evidence indicates 

that melatonin and GH mutually reinforce 

each other’s secretion and endocrine 

actions, thereby supporting coordinated 

circadian and reproductive regulation [39].  

Estradiol levels were elevated in the 

blue‑light + GH cohort, indicating partial 

recovery of ovarian steroidogenic function, 

most likely mediated by GH‑dependent the 

ovarian IGF‑1/IGF‑1R axis activation, 

which enhances granulosa‑cell aromatase 

activity and estradiol synthesis, consistent 

with previous reports of GH and 

IGF‑1‑driven stimulation of ovarian 

steroidogenesis [12]. 

Moreover, GH markedly improved the 

redox profile by elevating GSH and 

reducing MDA, and lowered caspase‑3 

activity. This antioxidant and anti-

apoptotic effect align with earlier studies 

demonstrating GH-induced activation of 

PI3K/Akt signaling, which strengthens 

antioxidant defenses and inhibits caspase-

3–mediated apoptosis [35,40].  

Correlation analysis further strengthened 

the mechanistic interpretation: ovarian 

IGF-1 showed a statistically significant 

positive correlation with serum AMH and 

ovarian GSH levels and these data were in 

line with Kim et al [35], Yücel et al [41]and 

Hayes et al [42]. Conversely, there was a 

negative correlation between ovarian IGF-

1 and IGF-1R immunohistochemical 

scoring, ovarian caspase-3 activity, and 

MDA levels. These data were in line with 

Rieger and O’Connor [43] and Eckstein et 

al [44]. 

Taken together, the present data suggest 

that blue-light exposure disrupts ovarian 

function through multiple convergent 

mechanisms including hormonal 

suppression, IGF-1 deficiency, oxidative 

stress, and apoptosis, while GH provides 

partial but meaningful protection by 

restoring growth promoting and 

antioxidant pathways. 

The proposed mechanisms underlying blue 

light–induced ovarian dysfunction and the 

modulatory role of growth hormone are 

illustrated (Figure 4). 
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Figure 4. Proposed mechanism linking nocturnal blue-light exposure to ovarian reserve 

impairment and the modulatory role of growth hormone (GH). Created with BioRender.com. 

 

Conclusion  
Blue-light exposure for 10 days markedly 

impaired OR in prepubertal rats, as 

evidenced by reduced AMH, IGF-1, 

melatonin, estradiol and antioxidant 

capacity, together with upregulated IGF-

1R expression and increased caspase-3 

activity. Co-administration of GH 

maintained hormonal balance, improved 

oxidative status, reduced apoptosis, and 

prevented histological damage. These 

findings support the protective role of GH 

against nocturnal blue light–induced 

ovarian dysfunction through modulation of 

the IGF-1/IGF-1R axis. 
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