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Abstract 
 Exposure to light at night disrupts circadian homeostasis and suppresses endogenous melatonin production. 
Melatonin is crucial for blood pressure regulation and exhibits potent antioxidant properties. Sustained oxidative stress in 
the aorta contributes to endothelial dysfunction and premature aging. This study investigated the effect of nighttime light 
exposure on plasma melatonin levels, blood pressure, and molecular markers of vascular stress and senescence in rats. 
Sprague–Dawley rats were assigned to five groups: Control, Dim light (DL), DL with melatonin (DL + Mel), continuous 
light exposure (CLE), and CLE plus Melatonin (CLE + Mel). Melatonin (10 mg/kg) was administered orally. ELISA 
quantified plasma melatonin concentrations, and aortic tissue was analyzed to measure glutathione (GSH) content, 
intercellular adhesion molecule-1 (ICAM-1), interleukin-6 (IL-6), senescence-associated β-galactosidase (SA-β-Gal) 
activity, and melatonin receptor type 1 (MT1) gene expression. Nighttime light exposure was associated with a marked 
reduction in circulating melatonin and an elevation in blood pressure. Melatonin supplementation partially restored 
melatonin levels and attenuated both systolic and diastolic hypertension. In the aorta, DL and CLE exhibited increased 
ICAM-1 and IL-6 expression, enhanced SA-β-Gal activity, upregulated MT1 expression, and depleted GSH levels. These 
molecular alterations were mitigated by melatonin treatment. Collectively, these findings demonstrate that nighttime light 
exposure induces circadian disruption that drives hypertension, endothelial dysfunction, and premature vascular 
senescence, whereas melatonin supplementation confers significant protective effects. 
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Introduction 
 Circadian rhythms regulate a wide range of 
physiological processes [1], and their disruption by light 
at night (LAN) has significant implications for 
endocrine function, metabolic regulation, and 
cardiovascular health [2,3]. LAN suppresses melatonin 
production and alters circadian gene expression in both 
central and peripheral tissues, contributing to hormonal 
imbalance and oxidative stress. Although the effects of  

 
LAN on melatonin regulation are well established, its 
impact on vascular aging and blood pressure regulation 
remains insufficiently defined [4,5]. 
 Reduced melatonin increases reactive oxygen 
species (ROS), promoting chronic vascular oxidative 
stress, endothelial dysfunction, and premature arterial 
aging—key contributors to hypertension [6,7] 
Epidemiological studies further show that night-shift 
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workers experience substantially higher rates of 
hypertension and cardiometabolic disease, underscoring 
the clinical importance of circadian misalignment [8-
12]. 
 Melatonin plays a multifaceted role in 
cardiovascular homeostasis, acting through receptor-
mediated pathways and potent antioxidant effects 
[6,13,14]. Disrupted melatonin secretion can disturb the 
normal circadian pattern of blood pressure, while 
elevated ROS induces ICAM-1 expression, 
inflammation, and senescence-associated phenotypes in 
vascular cells [15-17]. 
 Despite growing evidence, the mechanistic links 
between circadian disruption, oxidative injury, and 
vascular aging remain incompletely understood. This 
study, therefore, evaluated blood pressure, plasma 
melatonin, IL-6, and ICAM-1 expression, senescence-
associated β-galactosidase (SA-β-Gal) activity, and the 
GSH/GSSG ratio in rats exposed to nighttime light to 
elucidate early molecular markers of vascular 
dysfunction. 
 
Material and methods  
 Experimental design 
 This is an in vivo experimental study that 
employed a post-test–only group design. Adult male 
Sprague–Dawley rats (8 - 10 weeks old, 200 - 250 g) 
were obtained from the Indonesian National Agency of 
Drug and Food Control of Indonesia (BPOM Indonesia). 
The animals were randomly assigned to 5 groups: The 
control group (C); Dim light–at–night group (DL); Dim 
light with melatonin group (DL + Mel); Continuous 
light exposure group (CLE); and the CLE with 
melatonin group (CLE + Mel). Each group consists of 
five rats, based on Federer’s formula [18]. 
 The study was conducted at the Animal Research 
Facility of the Indonesian Medical Education and 
Research Institute (ARF-IMERI) and the Department of 
Biochemistry and Molecular Biology, Faculty of 
Medicine, Universitas Indonesia. All procedures were 
approved by the Health Research Ethics Committee, 
Faculty of Medicine, Universitas Indonesia (Approval 
No. KET-278/UN2.F1/ETIK/PPM.00.02/2024). 

 
 Chemicals and reagents 
 Melatonin powder (SIGMA Aldrich M5250), 
Ethanol 96 %, NaCl 0.9 %, Ketamin-Xylazine (KET-A-

XYL®), Phospat Buffer Saline (PBS) 0.01 M pH = 7.4 
(SolarBio P1020), T-GSH/Oxidized Glutathione 
(GSSG) Colorimetric Assay Kit (Elabscience E-BC-
K097-M), Rat Melatonin ELISA Kit (Elabscience E-
EL-R0031), Rat IL-6 ELISA Kit (Finetest ER0042), Rat 
ICAM-1 ELISA Kit (Finetest ER0028), β-
Galactosidase Activity Assay Kit (Elabscience E-BC-
K631-M), Tripure Reagent (AMT Bio ATB2700), 
DEPC Treated Water (Himedia ML024), SensiFAST 
SYBR No.-ROX One-Step Kit (Bioline BIO-72005). 
 
 Melatonin preparation 
 Melatonin solution was prepared by weighing 36.4 
mg of melatonin powder and dissolving it in a total 
volume of 35 mL of Aquadest, after first dissolving it in 
365 μL of 96% ethanol. Oral melatonin treatment was 
performed at 10 mg/kg of body weight, delivered in an 
average administration volume of 2.5 mL. The 
procedure of melatonin preparation was carried out in 
dim conditions to avoid exposure to light. The solution 
was stored in a dark bottle. Rats in DLAN + Mel and 
CLE + Mel groups were given oral treatment of 
melatonin at a dose of 10 mg/kg/BW every day at 5:30 
p.m. using an oral gavage [19]. 
 
 Experimental protocols 
 Light exposure at night was provided for 5 weeks 
to the treatment group. The control group received 
normal light, which was 12 h of light (200 lx) and 12 h 
of darkness (0 lx). Meanwhile, the treatment group was 
exposed to light at night: Dim light (5 lx) and bright light 
(200 lx). The other two treatment groups were dim- and 
bright-light exposure, each accompanied by daily oral 
administration of melatonin. This procedure was based 
on the method proposed by Verma et al. [20] with 
modifications. 
 Each cage, measuring 54×41×33 cm3, contains 
three rats. It was placed in a temperature-controlled 
room with free access to food and water (ad libitum). 
The lights were switched off at 6:00 a.m and back on at 
6.00 p.m. and turned on at 6:00 p.m. All rats were placed 
in an acclimatization cage for a week before the 
experiment started. Light was emitted by dimmable 
LED strip/downlight lamps placed on the upper wall on 
a shelf facing the cages. The dimmer switch is used to 
control the intensity of light provided inside the cage. 
Light intensity was measured with a luxmeter.  
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 Blood pressure measurement 
 Blood pressure was measured at the end of the 
experimental period using a non-invasive tail-cuff 
system (CODA®, Kent Scientific, USA). This method 
is widely used in rodents and is appropriate for detecting 
relative differences between experimental groups. Even 
though it remains susceptible to restraint-induced 
disruption compared with the telemetry-based method. 
Rats were gently restrained in acrylic holders and 
acclimatized for 10 - 15 min before measurement to 
minimize stress-related variability [21,22]. The tail was 
positioned through an occlusion cuff equipped with a 
volume-pressure recording sensor. For each animal, 3 - 
4 consecutive measurements were obtained, and the 
average value was used to determine systolic and 
diastolic blood pressure. 
 
 Blood sampling and organ collection  
 Blood sampling was obtained from the retroorbital 
plexus, 2 - 3 mL, in the morning, and stored in an 
Ethylenediaminetetraacetic acid (EDTA) tube. Plasma 
separation was performed after 30 min of standing in 
EDTA tubes. The samples were then centrifuged (4 °C, 
15 min, 1,000 g). The plasma fraction was collected and 
tested immediately or aliquoted and stored at –80 °C. 
Blood plasma samples were used for melatonin 
hormone measurement using the Enzyme-Linked 
Immunosorbent Assay (ELISA) method.  
 After blood sampling, the abdominal aorta was 
isolated and weighed. The tissue was used for several 
biochemical analyses. Tissue to be used for biochemical 
analysis was stored at –80 °C until needed for 
subsequent procedures. 
 
 Measurement of plasma melatonin  
 Melatonin hormone levels were measured using a 
Rat Melatonin ELISA testing kit (Elabscience E-EL-
R003), according to the manufacturer’s instructions. 
This ELISA kit uses the competitive ELISA principle. 
The micro ELISA plate provided in this kit has been pre-
coated with Rat MT. During the reaction, Rat MT in 
samples or Standard competes with a fixed amount of 
Rat MT on the solid phase supporter for sites on the 
Biotinylated Detection Ab specific to Rat MT [23]. 
Sample absorbance was read using Thermo Scientific 
Varioskan LUX Multimode Microplate Reader at a 
wavelength of 450 nm. Hormone levels were 

determined by interpolating the sample absorbance 
values against a melatonin standard curve [24]. 
 
 Homogenate preparation 
 Tissue homogenate was prepared separately for 
each biochemical parameter test of the tissue. The tissue 
was homogenized using different solvents based on the 
manufacturer’s instructions. As much as 60 mg of aortic 
tissue was homogenized with 540 μL solvent, which is 
recommended in the kit.  
 Homogenates for ICAM-1 and IL-6 protein assay 
were prepared with PBS. It was centrifuged at a speed 
of 5,000 g at a temperature of 4 °C for 5 min. The 
homogenate for the SA-β-Gal enzyme activity assay 
was prepared with the buffer solution from the kit. 
Meanwhile, the homogenate for GSH/GSSG ratio 
measurement was prepared with protein precipitator 
solution. The homogenate was then centrifuged at 
10,000 g for 10 min at 4 °C. The supernatant was 
separated, aliquoted, and kept at –80 °C until being used 
for further testing.  
 
 Measurement of ICAM-1 and IL-6 
 The ICAM-1 and IL-6 levels of the aortic tissue 
samples were then measured using ELISA methods, 
which were a double-antibody sandwich ELISA 
detection kit and had a 4-hour assay duration. The 
microplate included with this kit has been pre-coated 
with anti-ICAM-1 (Finetest ER0028) and anti IL-6 
antibodies (Finetest ER0042) [25]. The protein content 
of the supernatant was determined using the Bradford 
Method [27]. 
 
 Measurement of SA β-galactosidase enzyme 
activity 
 β-Galactosidase enzyme activity as a marker of 
cellular senescence was measured using the β-
Galactosidase Activity Assay kit (Elabscience E-BC-
K631-M). In the enzyme activity test, 20 µL of standard 
or sample was placed in a well. 30 µL of substrate 
working solution was added to the sample well, while in 
the standard and control wells, 30 µL of buffer solution 
was added. 10 µL of activator agent was then added to 
each well and homogenized using a shaker incubator at 
37 °C for 10 min, avoiding light exposure. After 
incubation, the optical density (OD) of the sample was 
measured using a Thermo Scientific Varioskan LUX 
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Multimode Microplate Reader at a wavelength of 400 
nm. The absorbance of the sample would be interpolated 
with the standard curve, and with calculations using the 
formula from the procedure kit, the β-Galactosidase 
activity contained in 1 g of protein per hour in 
hydrolyzing the substrate into 1 µmol p-nitrophenol at a 
temperature of 37 °C is defined as 1 unit of enzyme 
activity [28]. Protein levels in the samples were 
determined using the Bradford Method [27]. 
 
 T-GSH and GSH/GSSG ratio assay 
 T-GSH content and GSH/GSSG ratio assay using 
the Total Glutathione (T-GSH/Oxidized Glutathione 
(GSSG) Colorimetric Assay Kit, 96T) (Elabscience E-
BC-K097-M). The supernatant was neutralized and 
divided for measurement of total GSH and free GSH. 
For total GSH, samples were reacted with DTNB in the 
presence of glutathione reductase and NADPH, and 
absorbance at 412 nm was recorded. Free GSH was 
measured directly under the same conditions, whereas 
GSSG was determined by first derivatizing GSH with 2-

vinylpyridine, followed by enzymatic reduction and 
colorimetric detection. The concentrations were derived 
from standard curves, and the GSH/GSSG ratio was 
established as an indication of cellular redox 
homeostasis [29]. 
 
 Quantitative real-time polymerase chain 
reaction 
 Total RNA was extracted from frozen aorta tissue 
samples using TriPure reagent. The relative gene 
expression level of aorta melatonin receptor type 1, 
MT1 (Accession number NM 053676.1), was 

determined using SensiFAST TM SYBR® No-ROX 
One-Step Kit on a Thermo Cycler (Bio-Gener, Gene 
Amp PCR System, Q3202) according to the 
manufacturer’s instructions. GAPDH (Accession 
number NM_017008.4) was used as a housekeeping 
gene for normalization. The relative gene quantification 
was performed using Livak’s method [30]. Table 1 lists 
the primers used for RT-qPCR.

 
Table 1 List of primers [31]. 

Gene of interest Primer sequences 

GAPDH F: 5’- TGCTGAGTAYGTCGTGGAGTC -3’ 

 R: 5’- TTGGTGGTGCAGGAKGCATTGC-3’ 

MT1 F: 5’- CTACATTTGCCACAGTCTC -3’ 

 R: 5’- CATATCCTTAAGTAGCAGAAAG-3’ 
 
 Statistical analysis 
 All parameters were analyzed and displayed in 
tables, graphs, and figures using GraphPad Prism 10 
(GraphPad Software Inc.). Descriptive statistics were 
shown as mean ± SEM. Bivariate analysis was used to 
evaluate hypotheses, with a one-way ANOVA test 
followed by Tukey’s HSD post hoc test if the data were 
normally distributed. The data normality is tested using 
Saphiro-wilk test. Kruskal-Wallis test followed by 
Dunn’s test if the data were not. p < 0,05 indicated 
statistical significance. 
 
Results and discussion 
 Our current study demonstrated that exposure to 
light at night, either DL or bright continuous light, 
induces an elevation in blood pressure in rats. The 
animals exhibited circadian rhythm disruption, 

characterized by increased body weight and reduced 
circulating melatonin. The upregulation of MT1 gene 
expression under circadian disruption was associated 
with a vasoconstrictive response. Since the role of 
melatonin is as an endogenous antioxidant, the decline 
in plasma melatonin induced oxidative stress, evidenced 
by reduced T-GSH levels and a lower GSH/GSSG ratio. 
Notably, these alterations were ameliorated in rats 
receiving oral melatonin supplementation. The 
oxidative stress of aortic tissue due to reduced melatonin 
levels appeared to correlate with increased ICAM-1 
expression, indicative of endothelial dysfunction. 
Furthermore, elevated IL-6 expression of protein and 
relative mRNA levels, accompanied by enhanced SA-β-
galactosidase activity in rats exposed to light at night, 
support the occurrence of cellular senescence associated 
with circadian rhythm disruption. 
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 Rat body weight profiles 
 During the experiment, the rat’s weight was 
measured weekly. The data showed an increase in 
weight except for the 2 groups, the DL+ Mel and CLE + 
Mel groups. These two groups that received melatonin 
treatment showed a stable body weight profile by the 
third week of the experiment. The changes in rat weight 
are illustrated in Figure 1. Our findings showed that 
disruption of the circadian rhythm is associated with a 
significant increase in body weight of the rats. 
Furthermore, melatonin administration inhibits weight 
gain in rats. While body weight increased in the control 
and light at night groups, melatonin administration 
prevented body weight gain from week 2 to week 5 in 
the group with melatonin supplementation. This finding 
was consistent with a study by Meng et al., who 
discovered that circadian rhythm disruption caused 

decreased muscle mass, protein quality, and melatonin 
production but increased visceral fat levels and insulin 
resistance in women aged 31 - 40 years, implying that 
disruption to the circadian rhythm may be a factor for 
increasing the risk of cardiovascular disease and 
diabetes in the age group [8]. Chronic circadian rhythm 
disruption for 6 months in rats causes adipocyte 
hypertrophy followed by inflammation and fibrosis in 
adipose tissue [32]. In another study, it was found that 
deletion of the Bmal1 gene, a gene that regulates 
circadian rhythms and plays a role in adipocyte fat 
metabolism, disrupts fat metabolism regulation and 
leads to obesity. This is similar to the condition of 
circadian rhythm disorders, where the condition can 
affect the expression pattern of the Bmal1 gene, thereby 
affecting target genes related to fat metabolism [33].

  

 
Figure 1 Body weight profile and mean body weight comparison in each treatment group per week. (A): Body weight 
profile, (B): Body weight of control group, (C): Body weight of DL Group, (D): Body weight of DL + Mel, (E): Body 
weight of CLE group, (F): Body weight of CLE + Mel. Data are shown as mean ± SEM and tested according to one-way 
ANOVA followed by Fisher’s LSD Test between groups. Significant difference * (p ≤ 0.033), ** (p ≤ 0.002), *** (p ≤ 
0.001). Control: Group that was not exposed to light at night; DL: Group that was exposed to dim light (5 lx) at night; 
CLE: Continuous Light Exposure, Group that was exposed to bright light (200 lx) at night.  
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 Plasma melatonin level and the expression of 
melatonin receptor type 1 (MT1) in the rat aortic 
tissue after circadian rhythm disruption 
 Low-intensity (5 lx) and high-intensity (200 lx) 
light exposure at night altered plasma melatonin 
profiles. Light exposure at night decreased melatonin 
production in the treatment groups relative to the control 
group. Figure 2(A) showed that plasma melatonin 
levels increased in the DL group given melatonin (DL + 
Mel) orally compared to the DL group only. However, 
this was not observed in the CLE group, where 
melatonin administration did not show a significant 
difference between the CLE and CLE + Mel groups.  

 Figure 2(B) shows a comparison of MT1 gene 
expression between the control group and the treatment 
group. The results showed that there is upregulated MT 
1 expression in rat aortic tissue of the DL and CLE 
groups, with no significant difference compared to 
controls. On the other hand, the groups with melatonin 
administration showed a decreased MT1 gene 
expression, even though they did not elicit significant 
changes compared with the non-melatonin-treated DL 
and CLE groups. Remarkably, MT1 expression was 
lower in rats exposed to dim light with melatonin 
supplementation compared with those subjects under 
continuous light, regardless of melatonin administration 
status (Dunn’s test p < 0.05).

 

 
Figure 2 Melatonin concentration and MT1 gene expression. (A) Comparison of the melatonin plasma level between 
groups. (B) Comparison of melatonin receptor type 1 (MT1) expression in the aorta samples between groups. Significant 
difference * (p ≤ 0.033). 
 
 Our analysis of plasma melatonin revealed that 
circadian disruption alters plasma melatonin profiles. 
Exposure to light at night resulted in a lower plasma 
melatonin concentration than that observed in the 
control group. Melatonin production at night is 
regulated by the circadian rhythm controlled by the 
suprachiasmatic nucleus (SCN) in the hypothalamus 
[34]. Exposure to light at night disrupts the circadian 
rhythm and affects changes in the pattern of melatonin 
hormone production [35]. Insufficient melatonin 
production due to exposure to light at night can disrupt 
the circadian rhythm and affect the body’s metabolism. 

Oral melatonin supplementation significantly 
elevated plasma melatonin levels in the DL + Mel group 
compared to the DL group. A comparable trend was 
observed in the CLE + Mel group, which demonstrated 
a significant increase relative to the DL group. Still, the 
difference remained non-significant when compared 
with both the control and CLE groups. Our findings 
showed that oral administration of exogenous melatonin 
(10 mg/kgBW/day) increased plasma melatonin levels 
in rats of the DL group compared with those that did not 
receive melatonin. This was in line with previous 
studies, which found that exogenous melatonin 



Trends Sci. 2026; 23(9): 12912  7 of 16 

administration exerts a protective antioxidant effect in 
several animal models induced by oxidative stress [36-
39]. However, while melatonin administration can 
increase plasma melatonin in rats with circadian rhythm 
disruption due to dim light exposure, it did not increase 
plasma melatonin in rats exposed to continuous light in 
the CLE group. Previous experimental studies support 
these mechanisms: Under continuous light conditions, 
even when melatonin was administered, plasma 
melatonin might not rise significantly due to complete 
suppression of endogenous pineal gland synthesis [40]. 
 This study also found that there was an effect of 
nighttime light exposure on changes in gene expression 
of melatonin receptor type 1 (MT1) in aortic tissue. In 
this study, MT1 gene expression in aortic tissue showed 
an increase in the group exposed to light at night, where 
the relative MT1 expression in the CLE group was 
significantly higher than in the control group, although 
the DL group did not show a significant difference. The 
biological clock and melatonin levels influence the 
expression of MT1 by modulating circadian genes such 
as the bmal1 gene [41]. 
 MT1 upregulation may represent a compensatory 
or adaptive response to reduced circulating melatonin 
under conditions of circadian disruption, aimed at 
preserving melatonin signaling sensitivity rather than 
initiating vascular dysfunction [42,43]. Meanwhile, in 
other hand, MT1 receptor activation has also been 
linked to vasoconstrictive responses, contributing to 
elevations in blood pressure [44]. Recent 
comprehensive reviews indicate that MT1 and MT2 

melatonin receptors are heterogeneously expressed 
throughout the vascular system, with MT1 often linked 
with vasoconstrictive responses and MT2 with 
vasorelaxant effects [44]. Meanwhile, the functional 
outcomes of the receptors depend on vascular bed, 
receptor density, and context rather than the simple 
causality of expression alone [45]. These divergent 
vascular actions are attributed to the differential cellular 
distribution of melatonin receptors within the 
vasculature. Specifically, MT1-mediated modulation of 
vascular tone has been observed in multiple vessels, 
whereas MT2 activation is generally associated with 
endothelial nitric oxide-dependent vasodilation, 
suggesting diverse receptor roles related to changes in 
receptor expression at different tissue sites, with MT1 
receptors primarily expressed in vascular smooth 
muscle cells and MT2 receptors predominantly 
localized to endothelial cells, particularly in the aorta 
[45,6]. 
 
 Effects of circadian rhythm disruption on blood 
pressure 
 In systolic and diastolic data, there were 
significant differences between the control group, the 
DL group, and the CLE group, as well as between the 
CLE group and the group receiving oral melatonin 
treatment (Dunn’s test, p < 0.05). This indicates that 
exposure to light at night affects blood pressure profile 
in the treatment group compared to the control group, 
and with the administration of melatonin, it reduces the 
impact of light exposure on blood pressure.

 

 
Figure 3 Comparison of systolic (A) and diastolic and (B) blood pressure between groups. Significant difference * (p ≤ 
0.033), ** (p ≤ 0.002), *** (p ≤ 0.001).  
 
 There was a significant increase in blood pressure 
profiles, both in systolic and diastolic, in the groups  

 
exposed to dim light (5 lx) and bright light (200 lx) 
compared to the control group (Figure 3). In this study, 
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the result showed an increase in blood pressure in the 
group exposed to both DL (5 lx) and bright light (200 
lx) compared to the control group. Meanwhile, the group 
exposed to light at night had decreased melatonin levels 
compared to the control group.  
 The antihypertensive effect of melatonin is 
significant, as evidenced by lower blood pressure in the 
melatonin-treated group (CLE + Mel) compared to the 
untreated group (CLE). In this study, the group that 
received oral melatonin treatment had lower blood 
pressure (both systolic and diastolic) than the group that 
did not. One of the physiological processes regulated by 
the circadian rhythm in the body is blood pressure in the 
cardiovascular system. This indicates indirect functional 
evidence, where blood pressure is regulated by 
melatonin based on the interaction of this hormone with 
its receptors in the blood vessel tissue [46,47]. 
Furthermore, with melatonin’s role as an antioxidant 
through its interaction with one of the melatonin 

receptors in the cytoplasm, the effect of increased blood 
pressure due to oxidative stress can be suppressed 
[46,47]. Additionally, MT1 provides a significant role in 
vasoconstriction. Higher MT1 gene expression 
increases vasoconstriction associated with increased 
blood pressure [48,49]. 

 
 Antioxidant capacity profile in the aortic rat 
tissue after circadian rhythm disruption  
 Exposure to the DL and CLE at night showed to 
decrease the antioxidant capacity (T-GSH and 
GSH/GSSG ratio) in the aortic rat tissue compared to the 
control group (Dunn’s test, p < 0.05). Furthermore, in 
the groups given melatonin treatment (DL + Mel and 
CLE + Mel), both T-GSH content and GSH/GSSG ratio 
were higher than in the groups that did not receive 
melatonin treatment (DL and CLE). However, this was 
not found to be statistically significant (Dunn’s test, p > 
0.05) (Figure 4).

 

 
Figure 4 Antioxidant capacity profile of the rat aorta. (A) Comparison of T-GSH Level between groups. (B) Comparison 
GSH/GSSG ratio between groups. Significant difference * (p ≤ 0.033), ** (p ≤ 0.01) *** (p ≤ 0.001). 

 
 Our study provides evidence that disruption of 
circadian rhythm can modulate antioxidant capacity, 
reflected in both T-GSH levels and the GSH/GSSG 
ratio. These 2 variables showed identical trends, which 
had decreased after exposure to light at night and were 
lower than in the control group. Some previous studies 
indicate that circadian disruption, as in the fibrosis 
model rat, can affect oxidative stress, and that the time-

restricted feeding and exercise models can increase 
proinflammatory markers [50-52]. In contrast, after 
administration of melatonin, T-GSH and GSH/GSSG 
ratio were increased compared to the group that did not 
receive the treatment. This indicated that melatonin’s 
antioxidant activity was working, although it could not 
yet match the control group’s antioxidant profile 
[6,37,53]. T-GSH represents the total glutathion pool 
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available to combat oxidative stress, whereas the 
GSH/GSSG ratio shows the redox balance inside cells 
or tissues [54,55]. Oxidative stress and inflammation act 
primarily as upstream drivers of cellular senescence, 
triggering DNA damage, mitochondrial dysfunction, 
and other hallmarks [56]. Reactive oxygen species 
(ROS) generated during oxidative stress cause 
macromolecular damage and activate senescence 
pathways, often synergizing with pro-inflammatory 
cytokines like IL-6, IL-8, TNF-α, and IL-1β to 
accelerate this process [57,58]. 
 

 Intercellular adhesion molecule-1 (ICAM-1) 
protein level in the aortic rat tissue after circadian 
rhythm disruption  
 Exposure to both DL and CLE at night induced an 
increase in ICAM-1 levels in aortic rat tissue. ICAM-1 
levels in the CLE group were significantly higher than 
in the control group. Furthermore, very high levels of 
ICAM-1 were found in the CLE group, which was 
significantly different from the CLE group that received 
melatonin treatment (CLE + Mel) (Dunn’s test, p < 0.05) 
(Figure 5).

 
Figure 5 Comparison of Intercellular Cell Adhesion Molecule-1 (ICAM-1) between groups. Significant difference *(p ≤ 
0.033), *** (p ≤ 0.001). 
 
 This finding provides indirect but biologically 
relevant functional evidence of vascular alterations 
associated with the change of circadian rhythm. 
Therefore, specific examinations of melatonin receptor 
function, such as vascular reactivity studies or 
pharmacological inhibition, will be important to conduct 
in the future. This clarification confirms that there is no 
overinterpretation of the research data on melatonin 
receptor expression, which is also a limitation of this 
study. 
 The recent study showed that the elevation in 
blood pressure was likely associated with vascular 

structural alterations, as indicated by increased ICAM-1 
levels in both the DL and CLE group. Furthermore, 
melatonin administration improved blood vessel repair, 
as evidenced by decreased ICAM-1 protein levels in the 
melatonin-treated group. These findings were relevant 
to the role of melatonin as an antioxidant, whose 
decreased levels can lead to increased oxidative stress in 
cells and tissues [59-61]. A shortage of the melatonin 
hormone can cause increased inflammation, in which 
vascular adhesion molecules play an important role. 
Intercellular adhesion molecule-1 (ICAM-1) is an 
adhesion molecule found on the endothelial cell 
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membrane that regulates leukocyte adhesion and 
migration to the vascular endothelium [62]. 
 
 Senescence biomarker 
 SA β -Gal activity of the aortic rat tissue after 
circadian rhythm disruption 
 The DL group exhibited higher SA β-Gal activity 
than the control group. Activity of the enzyme decreased 
in the DL group with melatonin, compared to the DL 
group, although no significant difference. The current 
study found that the intensity of light exposure (5 and 
200 lx) at night did not show different effects in the SA 
β-Gal activity. The DL group showed higher SA β-Gal 
activity than the CLE group; however, this difference 
was not statistically significant (Figure 6).  
 To assess the potential for aortic senescence, we 
measured SA β-Gal activity and IL-6 expression at 
protein and mRNA levels. The activity of the SA β-gal 
enzyme and the IL-6 profile are widely used as 

biomarkers of senescence in tissues and cell cultures. In 
our study, we found that SA β-Gal activity increased in 
the DL-exposed group compared to the control group, 
although the difference was not significant. Cells that 
age due to cellular aging accumulate in the arteries with 
aging, regardless of whether a person has age-related 
vascular disorders or not [63]. Stress during normal 
aging can induce cellular aging in cells associated with 
atherosclerosis [64]. Furthermore, the DL group that 
received melatonin treatment showed a decrease in SA 
β-Gal enzyme activity compared to those who did not 
receive melatonin. However, the CLE group did not 
show any significant difference in enzyme activity after 
receiving melatonin. Allegedly, the inability of 
melatonin treatment under continuous light exposure in 
rats to decrease the enzyme activity in the CLE group 
was primarily due to extreme suppression of 
endogenous melatonin and loss of its antioxidant role 
[40].

 

 
Figure 6 Comparison of senescence-associated β-galactosidase (SA β-Gal) enzyme activity between groups. 
 
 IL-6 expression in the aorta tissue after 
circadian rhythm disruption  
 The current study showed a non-significant 
reduction in IL-6 protein levels in rats with circadian 
rhythm disruption treated with melatonin, with ELISA 
results displaying a similar downward trend to that 
observed in relative IL-6 expression measured by real-

time PCR. However, unlike the protein data, IL-6 
mRNA levels were significantly reduced in the DL and 
CLE groups receiving melatonin compared to their 
untreated counterparts, indicating a more substantial 
melatonin effect at the transcriptional level (Dunn’s test, 
p < 0.05) (Figure 7).
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Figure 7 IL-6 Expression of the aortic rat tissue. (A) Comparison of IL-6 protein level and (B) Comparison of IL-6 
relative mRNA level. Significant difference * (p ≤ 0.033), ** (p ≤ 0.01). 

 
 mRNA and protein levels of IL-6 increase in the 
group exposed to light, although only genetic expression 
differs significantly between the control and treatment 
groups. IL-6 is a well-established and robust biomarker 
of the senescence-associated secretory phenotype 
(SASP) [65,66]. However, in this study, we found that 
SA β-gal enzyme and the IL-6 protein levels are indirect 
or supportive indicators in senescence rather than 
definitive markers. Although increased IL-6 expression 
in aortic tissue in the current study represents an indirect 
indicator of cellular senescence rather than a primary 
functional determinant, melatonin administration 
markedly suppressed IL-6 mRNA expression, 
supporting a transcriptional anti-inflammatory effect of 
melatonin that may contribute to its senescence-
modulating properties.  
 Melatonin exhibits well-documented anti-
inflammatory effects, particularly through 
transcriptional suppression of pro-inflammatory 
cytokines like IL-6 [67]. Melatonin suppression of IL-6 
occurs during chronic inflammation phases, without 
broadly inhibiting acute healing responses [68]. In a 
vascular context, this ties to reduced oxidative stress and 
senescence markers via pathways like SIRT/Nrf2, 
which could explain its protective role against circadian 
disruption-induced endothelial dysfunction [69]. 
Inhibition of IL-6 transcription by melatonin supports 
broader aging-modulating effects, including 
mitochondrial preservation and anti-aging in vascular 
smooth muscle cells. It places melatonin as a promising 
therapy for hypertension models involving circadian 
rhythm imbalance [68,70]. 

 In this study, we used animal models to evaluate 
the effects of circadian rhythm disruption on phenotypic 
alterations, specifically the elevation of blood pressure, 
which is hypothesized to occur via oxidative stress and 
inflammatory pathways. Exposure to light at night 
induced increases in blood pressure, oxidative stress, 
endothelial dysfunction biomarkers, and senescence 
supportive indicators. We examined the effects of 
nighttime light exposure at two intensities—DL and 
CLE—and evaluated whether exogenous melatonin 
administration could mitigate the pathological outcomes 
associated with circadian disruption. The direct 
assessment of aortic tissue further supports the 
relevance of this study to blood pressure–related 
phenotypes. The absence of histological and complete 
senescence marker analyses was the limitation of this 
study. Therefore, definitive confirmation of vascular 
senescence will be important for future studies 
incorporating established senescence markers and 
histopathological assessments.  
 
Conclusions  
 In conclusion, this study demonstrated that 
nighttime light exposure, whether dim light or 
continuous light exposure, elevated blood pressure in 
rats due to circadian disruption, increased body weight, 
and reduced circulating melatonin. Upregulation of 
MT1 expression is a compensatory response to reduced 
melatonin availability rather than a direct contributor to 
vasoconstriction, while melatonin decline induced 
oxidative stress, evidenced by decreased T-GSH levels 
and a lower GSH/GSSG ratio. Oral melatonin 
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supplementation mitigated these effects. Oxidative 
stress in aortic tissue correlated with increased ICAM-
1, indicating endothelial dysfunction. Elevated IL-6 
expression and enhanced SA-β-galactosidase activity 
were indirect evidence and supported the induction of 
cellular senescence associated with circadian disruption. 
Melatonin treatment was effective in the DL group but 
showed limited efficacy in the bright light (CLE) group, 
due to suppression of endogenous melatonin synthesis 
by high-intensity light. 
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