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Abstract

The aging process is characterized by circadian rhythm disruption, in physiology and behavior, which could result from weak
entrainment. Light is the most potent cue that entrains the central circadian clock, which in turn synchronizes peripheral
clocks in animal tissues. Period 2 (Per2) is one of the clock genes that respond to light. Moreover, oxidative stress could
entrain the clock. Therefore, the present work aimed to investigate the role of light when applied late at night on the Per2,
B cell lymphoma 2 (Bcl2) gene expression, and oxidative status in aged rats. Aged rats were divided into a control group
and a group exposed to a 30-min light pulse applied daily during the subjective night at 5 am (ZT 22) for 4 weeks. Per2 and
Bcl2 gene expression were quantified in liver tissue. To evaluate oxidative status, Glutathione (GSH), nitric oxide (NO), and
malondialdehyde (MDA) were estimated. The light pulse reduced the expression levels of Per2 and Bcl2 mRNA. Although
it diminished the levels of malondialdehyde (MDA), nitric oxide (NO) levels were elevated and the glutathione (GSH) levels
were declined. In conclusion, the light pulse late at night abolished Per2 mRNA circadian rhythm and reduced its expression
in the liver of the aged rat. Similarly, it diminished the anti-apoptotic gene expression, Bcl2. Moreover, it might attenuate

oxidative stress through the reduction in MDA levels.
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Introduction

Circadian rhythm orchestrates many features of physiol-
ogy and behavior, affecting hormonal rhythms, metabo-
lism, locomotor activity, sleep/wake cycles, and cognitive
performance [1]. It originates from a master clock in the
suprachiasmatic nuclei (SCN) of the hypothalamus [2]. The
molecular mechanism responsible for generating intracellu-
lar circadian rhythms is a transcriptional-translational feed-
back loop consisting of positive and negative limbs [3]. The
positive loop comprises of CLOCK and BMALI proteins,
that initiate the transcription of Perl-2 and Cryl-2 genes.
The negative limb consists of PER and CRY proteins which
translocate back into the nucleus and bind with the CLOCK/
BMALI complex to inhibit their transcription. After 24 h,
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proteins are broken down, resulting in the re-activation of
transcription by CLOCK/BMALL [4].

In mammals, the master SCN clock is entrained to the
outer environment by time cues (zeitgeber). The most impor-
tant time cue is light [5]. The SCN endogenous rhythms is
adjusted to the environment by light received from the retina
via the retinohypothalamic tract [6]. The photic stimuli gen-
erate a pathway in the SCN that end with the initiation of
Perl and Per?2 transcription via the cAMP response element
binding protein. These events cause an advance or delay to
the clock gene's circadian rhythm in SCN [7].

The liver, the essential metabolic organ in the body, is
synchronized mainly by the SCN clock through the poly-
synaptic autonomic neural pathways [8]. Other evidence has
shown that peripheral clocks are also regulated by light and
hormones independent of the SCN. Besides, the liver clock
is entrained by other factors, such as feeding cues, glucocor-
ticoids, insulin, and ghrelin [9].

The aging process is mainly associated with circadian
rhythm disruption that is characterized by variations in the
physiological state and behavior of many species. Rhythm
disturbances include weak coupling with environmental
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rhythms and alterations in the daily rhythm of hormone
secretion. Age-related disruption of circadian rhythms may
be due to neurobiological changes in the SCN that includes
a diminish in the number of its cells and its volume [10].

With proceeding in age, the uncontrolled cellular metabo-
lism leads to a rise in free radicals production and hence the
elevation of reactive oxygen species (ROS) that overwhelm
the antioxidant scavenging response of the cells resulting in
impaired homeostasis [11]. Consequently, elderly people
are more vulnerable to infections and disabilities. To obtain
a healthy aging and long life span, the ROS levels should
be decreased. Previous studies on longevity, such as caloric
restriction, stimulated basal metabolic rate and led to the accu-
mulation of ROS and increased oxidative stress [12]. There-
fore, new avenues are required to overcome the rise of ROS
during aging and enhance well-being. In previous study, we
found a fundamental role of light exposure during the night, at
5 am (ZT 22), to attenuate neurodegenerative signs accompa-
nying the aging process [13]. Herein, we wanted to investigate
whether light, as an entraining signal for the circadian clock,
could induce Per2 gene expression and reduce oxidative stress
in aged rat liver when applied at late night (ZT22).

Material and methods
Animals

The study was performed on aged male rats (Rattus norvegi-
cus) 18-24 months old, weighing 340-360 g. Sixty rats were
purchased from the breeding unit of the Animal House of the
National Research Center (Giza, Egypt). They were kept to
acclimatize under moderate temperatures 24 °C and 12:12
light—dark cycle (LD 12:12) with free access to water and
chewing rodent food for 1 week. Rats were handled under
the standards and ethics of laboratory animal care at the
zoology department, faculty of science, Helwan University.
Approval No. HU-IACUC/Z/RE2408-33.

Experimental protocol

Rats were divided into two groups. The aged control group
(n=30), was maintained under LD 12:12 with light onset at
7:00 am (ZT 0) and offset at 19:00 pm (ZT12). The aged light
pulse group (7 =30) was maintained under LD 12:12 and sub-
jected to artificial normal light (100 Ix) at late night for 30 min
from 5:00am (ZT 22) to 5:30am then the light was switched off
until the beginning of the subjected day at 7:00 am (ZT 0). ZT
22 was chosen for the timing of light pulse as it was proven to
induce Per2 mRNA in the SCN of adult grass rats [14]. Hence,
the nocturnal light may exert its effect on the liver through both
autonomic and hormonal pathways from the SCN [15].
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The experiment lasted for a month then five rats from both
groups were sacrificed at ZT 0, ZT 4, ZT 8, ZT 12, ZT16,
and ZT20 during the 24 h cycle. The liver was removed for
physiological and molecular investigations.

RNA isolation and RT-PCR

RT-PCR (Real-time reverse transcription followed by poly-
merase chain reaction) was performed in GIS (Cairo, Egypt)
company according to the method of Sladek et al. [16]. Total
RNA was isolated from 20-50 mg of homogenized liver
tissue. 1 pg of RNA was reverse transcribed to cDNA. The
cDNA reaction was diluted and then amplified in a 20 pl
PCR reaction containing commercial SYBR Green and
Hot Start Taq polymerase mix (QuantiTect SYBR Green
PCR kit) with specific primers for Per2, Bcl2 or housekeep-
ing gene (B-2 microglobulin). Primer sequences used were
as follows: Per2 (GenBank accession no. NM_031678)
forward: 5'-CACGCAACGGGGAGTACATCACAC-3;
reverse: 5'-CAAGGGGAGGCTGCGAACACAT-3', Bcl2
(GenBank accession no. NM_016993.1) forward: 5'-CTG
GTGGACAACATCGCTCTG-3"; reverse: 5'-GGTCTGCTG
ACCTCACTTGTG-3', B-2-m (GenBank accession no. 012
12) forward: 5'-CGCTCGGTGACCGTGATCTTTCTG-3";
reverse: 5'-CTGAGGTGGGTGGAACTGAGACACG-3'.
Real-time PCR reactions were performed on a Light Cycler
system (PR0241400824, version PCR 2.3.2, RT 1.1.12.23)
with the following thermo profile: initial denaturation at 95
°C for 15 min, 55 cycles with 15-s denaturation at 94 °C,
20-s annealing at 55-62 °C (primer specific temperature),
and 10-s elongation at 72 °C. At the termination of each
run, melting curve analysis was performed to ascertain the
occurance of a single amplicon. The expression of Per2
clock gene and Bcl2 was normalized to the expression of
B-2-microglobulin.

Measurement of oxidative status
Estimation of MDA level

Liver tissue was homogenized in 50 mmol of Tris—HCl
buffer (pH 7.4). MDA, the end product of lipid peroxidation,
the level was measured in the supernatant by the thiobarbi-
turic acid reaction method [17].

Estimation of nitrite/nitrate (NO) level

The principle for NO estimation is based on the conversion
of nitrate to nitrite that is acidified and then react with Gre-
iss reagents [sulfanilamide (1% in 5% H3PO4) to produce
the diazonium ion then combines with naphthalene diamine
dihydrochloride (0.1%) forming reddish purple azo dye].
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The chromophoric azo dye resulting from the Greiss reac-
tion was measured at 515 nm by spectrophotometer [18].

Estimation of GSH

To estimate GSH, samples were deproteinized then Ellman’s
reagent (5,5-dithiol-bis-(2-nitrobenzoic acid); DTNB) was
added. The formed yellow chromagen was then measured by
a spectrophotometer at 412 nm [19].

Statistical analysis
The data obtained in the present study were represented as

mean + S.E and were analyzed using Graph pad prism ver-
sion 8. Significant differences between the two groups were

determined by 2-way ANOVA followed by Sidak's multi-
ple comparison test. Differences between time points in the
same group were represented as box and whisker plots and
were analyzed by Tukey’s multiple comparison test. Results
with p < 0.05 were considered significant.

Results

Influence of light pulse on Per2 mRNA expression

In the aged control group (Fig. 1A), box and whisker plots
showed differences in the Per2 mRNA expression during

different time points because all boxes with median values
did not overlap. The significant elevation (p <0.05) in this

Fig. 1 A, B Box and whisker B Aged light pulse aro
plots showing the distribution Aged control group 9 Ight pulse group
of Per2 mRNA levels in the 30-
liver tissue among different time 304 *
points in aged control group c S
(A) and aged light pulse group o ; g
(B). * significance at ZT0, ZT4, & — o % 20-
and ZT8 vs ZT16. C A daily 2 g 204 g c
profile of Per2 mRNA levels 3 s o2
in the liver tissue of both aged 2 -5 * <Zt .g
control group and aged light 2o X o
[ * - E [ 10_
pulse group. Data represented 0 104 = l
as mean + SE. *Significance at E w l g + —
ZT16 between the 2 groups S — —_— Q T - T
d T o
0 T T T T T T
T T T T T Q ™ & NV o O
A A AS NV N
S @ b o oD AT
2N A 2 P A
Time points Time points
-O- Aged control group
30- -2 Aged light pulse group
: #
9
@
£ & 20+
e c
X ®
0 =
< ©
2o
= S 10-
S
Q
0 I | I I 1 |
0 4 8 12 16 20

@ Springer



184

Sleep and Biological Rhythms (2024) 22:181-190

group was noticed at ZT16 compared to other time points
(ZT0,ZT4,ZT8, ZT12) indicated by Tukey's multiple com-
parisons tests. These results showed a circadian rhythm of
Per2 mRNA in aged rat liver with the maximum value at
early night. The aged group subjected to a light pulse at
ZT22 (Fig. 1B) did not show any differences in Per2 mRNA
levels between time points except at ZT 16 compared to ZT8
and ZT12, which was indicated by the box and whisker
plots. These differences were not significant which means a
loss of Per2 mRNA rhythm after exposure to a 30 min light
pulse. Two-way ANOVA showed a significant effect of time
(» =0.0007), a significant effect of group (p =0.0002), and
a significant interaction effect (p <0.0001) between the two
groups. Per2 mRNA expression was decreased significantly

at ZT16 in the aged light pulse group compared to the aged
control group, which was indicated by Sidak's multiple com-
parisons test (Fig. 1C). Thus, Per2 mRNA circadian rhythm
was repressed by light pulse exposure at late night.

Influence of light pulse on Bc/2 mRNA expression

In aged rats, the Bc/2 mRNA expression showed differ-
ences at ZT0 and ZT12 compared to other time points that
appeared by box and whisker plots. The significant increase
(p <0.05) was at ZT12 compared to other time points,
ZT0, ZT4, 7718, ZT16, and ZT20, (Fig. 2A). Similarly, rats
exposed to a 30-min light pulse showed a significant increase
(p <0.05) at ZT12 above other time points. But box and
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whisker plots showed another difference in Bcl2 mRNA
between ZT8 and other time points (Fig. 2B) as their boxes
with median values did not overlap. Two-way ANOVA
revealed a significant effect of time (p <0.0001). The effect
of the group was not significant. The significant interaction
(p <0.0001) between groups showed a significant difference
between them at specific time points. Bc[2 mRNA expres-
sion was reduced significantly (p < 0.05) in the aged light
pulse group compared to the control group at ZT12. These
results clarify a circadian rthythm in BcI2 mRNA with a peak
at ZT12 in both groups which was not affected by the light
pulse (Fig. 2C).

Effect of light pulse on oxidative status
MDA levels

MDA levels in the aged control group varied during differ-
ent time points (ZT0, ZT4 vs ZT8, ZT16, ZT20 and ZT12
vs ZT8, ZT16, and ZT20) that appeared in the differences
between boxes and median values of box and whisker plots.
A significant elevation (p < 0.05) was during the day at ZTO,
ZT4, and ZT8 compared to ZT20, and at ZT8 compared
to ZT16 (Fig. 3A). Variations in MDA levels, in the aged
light pulse group, appeared during all time points except
between ZTO0 and ZT4 as shown by box and whisker plots.
A significant increase in MDA levels was noticed at ZT12,
at the beginning of the night, compared to ZT20 (Fig. 3B).
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Two-way ANOVA revealed a significant effect of time
(» <0.0001), a significant effect of group (p =0.0006), and
a significant interaction effect between groups (p < 0.0001).
A significant decline (p <0.05) in MDA levels was noticed
in the aged light pulse group compared to that in the aged
control group at ZT 0 as indicated by Sidak's multiple com-
parisons test (Fig. 3C).

NO level

Box and whisker plots showed differences in NO level dur-
ing all time points except between ZT8 and ZT12, in the
aged control rats. NO level showed the minimum value at
7ZT20, whereas the maximum significant values (p <0.05)

were recorded during the afternoon and at the beginning
of the dark phase at ZT4, ZT8, and ZT12. Additionally,
the values of NO at ZT4 was significantly higher than that
at ZT16 (Fig. 4A). In the aged-light pulse group, non-sig-
nificant changes were detected in NO level during the dif-
ferent time points, but box and whisker plots showed dif-
ferences in NO level during all-time points except at ZT4,
ZT8, and ZT16 (Fig. 4B). Two-way ANOVA revealed a
significant effect of time (p < 0.0026), a significant effect
of group (p =0.0007), and a significant interaction effect
between groups (p <0.0001). NO levels were elevated sig-
nificantly in the aged-light pulse group compared to the
aged control one at ZT16, which was indicated by Sidak's
multiple comparisons test (Fig. 4C).
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GSH levels

Levels of GSH in aged control rats recorded great vari-
ations during all-time points represented by box and
whisker plots. The significant maximum value (p < 0.05)
was at ZT16 compared to all time points (Fig. 5SA). In the
same way, rats exposed to a 30-min light pulse showed
differences during all-time points, which was indicated
by box and whisker plots. Significant values (p < 0.05)
of GSH level were at ZT12, ZT16, and ZT20 compared
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Discussion

Light is the powerful entraining factor used to combat dis-
ruptions of the circadian clock and improve disturbances
caused by shift work [20]. Moreover, our previous study
clarified the significance of light pulse in ameliorating cir-
cadian rhythm disturbances associated with the aging pro-
cess. Light pulse at late night (ZT22) attenuated age-related
neurodegeneration in rats [13]. Circadian rhythm distur-
bances during aging are characterized by a diminish in the
clock gene expression in the SCN and peripheral organs.
The downregulation of the Per2 clock gene is implicated in
signs of aging [21].

Per2 mRNA is expressed in the liver of adult rats with
a peak at night, during its activity phase, and a reduc-
tion within the light period [22]. In the present study, we
noticed the same circadian rhythm in Per2 mRNA in aged
rat liver with a peak at the dark phase and a trough during
the light phase. The Per2 gene is the clock component that
responds to external signals such as light [23]. Herein, the
treatment with 30 min light pulse late at night, at ZT 22,
abolished Per2 circadian rhythm and downregulated its
gene expression in the liver. Similarly, Fonken and Nelson,
[15] reported that chronic dim light at night suppressed
the Perl and Per2 gene expressions in the liver but attenu-
ated their rhythm in the SCN around the light/dark transi-
tion. In another study, dim light at night did not influence
the rhythm of clock gene expression in the SCN or liver
of zebra finch [24]. Furthermore, the application of light
pulse late at night, CT 19, induced Per2 mRNA in the
SCN of aged hamsters [25]. The first explanation of Per2
mRNA arrhythmicity in the liver, of the present study,
may result from using low-intensity light (100 1x). Hamada
et al. [26] found that only high-intensity light (1000 1x, but
not 100 1x), induced Per2 mRNA expression in the olfac-
tory bulb of mice. On the contrary, it failed to induce Per2
gene expression in the parietal cortex [26]. Second, the
peripheral clocks shift more slowly and in different ways
than in SCN [15]. Third, the lack of circadian rhythm in
the peripheral organs does not mean the cells lose their
rhythmicity, but it may be due to intercellular desynchro-
nization [27].

In the present study, gene expression of Bcl2, the anti-
apoptotic member of the Bcl-2 family, was diminished in
the liver of aged rats after applying a light pulse late at
night. Nahata et al. [28] brought to light the inverse rela-
tion between the autophagy process in the liver of aged
mice and Bcl2 gene expression. Bcl2 mRNA increases
in the liver with aging and is associated with diminished
autophagy capacity of it. The autophagy process is essen-
tial for hepatic cells to perform metabolic functions such
as gluconeogenesis and B-oxidation. Thus, exposure to a
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light pulse in this study may enhance the autophagy pro-
cess in the liver through the downregulation of the Bcl2
gene.

Aging is associated with increased proinflammatory pro-
cesses and tissue remodeling without a compensating stim-
ulation of antioxidant response genes. Therefore, shifting
the balance toward a pro-oxidant and proinflammatory state
“inflamm-aging” [29]. Moreover, Dato et al. [12] clarified
that the continuous reduction of free radicals by antioxi-
dants is harmful to healthy aging. They explain the value
of ROS production during aging by its ability to generate
a hormetic mechanism. Mitochondrial hormesis considers
ROS as a signal produced in mitochondria and transported
to other cellular organelles in response to pathophysiological
stimuli. ROS signals activate specific cascades resulting in
an improvement in the antioxidant state, delay age-related
changes and promote longevity.

Hepatic aging is associated with the accumulation of lipid
peroxidation products and oxidized/carbonylated proteins in
rhesus monkeys [30]. Light pulse late at night, in the current
study, enhanced the reduction of the lipid peroxidation pro-
cess, represented as MDA decrement, in the hepatic cells of
the aged rat. In addition, it was not capable of reducing NO
or induce the production of the antioxidant, GSH. Mohamed
et al. [31] found a decrease in ROS, MDA, NO, NF-kB p65,
TGF-B1, pro-inflammatory mediators, and increased anti-
oxidant defenses in the liver of rats after performing low-
level laser therapy. On the contrary, continuous blue light
application, but not a green light, elevated liver ROS, MDA
and reduced the activity of GSH Peroxidase resulting in
inadequate antioxidant capacity in the liver. Moreover, it
disrupted the expression of clock genes in the hypothalamus,
elevated the plasma corticosterone level, and increased glu-
tathione reductase synthesis and transport which in turn led
to oxidative stress in the liver [32].

Critical oxidative stress induces casein kinase II (CKII)
which in turn activates the circadian clock genes, Bmalland
Clock, that results in the upregulation of the Nrf2 gene.
Nrf2 protein then activates antioxidant genes that encode
glutathione s-transferase-alpha2 enzyme [33]. Upon encoun-
tering a xenobiotic, the glutathione s-transferase enzyme
catalyzes the conjugation of glutathione with the xenobiotic
[34]. This reaction may explain why GSH was decreased in
this study.

The activation of CKII with ROS leads to the phosphoryl-
ation of Bmall and heat shock factor, which in turn induces
the transactivation of per2 and other genes so resetting the
clock [33]. In response to oxidative stress, Per2 regulates
cell death by modulating the redox state of a cell. Addition-
ally, the redox state of a cell plays a vital role in the regu-
lation of clock gene transcription via the NAD-dependent
enzyme SIRT1 [35]. Overexpression of Per2 in the carci-
noma cell line leads to a downregulation of the Bcl2 gene
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and increased apoptosis [36]. Furthermore, Magnone et al.
[37] revealed an increase in the resistance to oxidative stress
in the cell line of mice with a mutation in the Per2 gene.
Taken together, the Per2 gene optimizes the balance between
cell death and cell survival and affects the cellular response
to oxidative stress in a manner that influences cancer devel-
opment and the aging process [37].

Conclusion

In conclusion, the light pulse at late night abolished the
rhythm of Per2 mRNA and downregulated its expression
in aged rat liver. Additionally, Bcl2 gene expression was
downregulated, which might induce apoptosis in the aged
liver. Furthermore, it might reduce oxidative stress partially
by decreasing MDA levels in hepatic cells.

Acknowledgements Special thanks to Prof. Dr. Mona Abdel-Rahman
for her kind support, advices, and revising the manuscript. The research
was performed in the laboratories of the Zoology and Entomology
Department, Faculty of Science, Helwan University, Egypt.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Declarations

Conflict of interest The authors have no competing interests to declare
that are relevant to the content of this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Foster RG, Kreitzman L. The rhythms of life: what your body
clock means to you! Exp Physiol. 2014;99:599-606.

2. Moore RY, Eichler VB. Loss of a circadian adrenal corticosterone
rhythm following suprachiasmatic lesions in the rat. Brain Res.
1972;42:201-6.

3. Reppert SM, Weaver DR. Coordination of circadian timing in
mammals. Nature. 2002;418:935-41.

4. Preitner N, Damiola F, Lopez-Molina L, et al. The orphan nuclear
receptor REV-ERBalpha controls circadian transcription within
the positive limb of the mammalian circadian oscillator. Cell.
2002;110:251-60.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

Foster RG, Provencio I, Hudson D, et al. Circadian photorecep-
tion in the retinally degenerate mouse (rd/rd). J Comp Physiol.
1991;169:39-50.

Moore RY, Speh JC, Card JP. The retinohypothalamic tract origi-
nates from a distinct subset of retinal ganglion cells. J] Comp Neu-
rol. 1995;352:351-66.

Hughes S, Jagannath A, Hankins MW, et al. Photic regulation of
clock systems. Methods Enzymol. 2015;552:125-43.

Hirota T, Fukada Y. Resetting mechanism of central and periph-
eral circadian clocks in mammals. Zool Sci. 2004;21:359-68.
Zhang S, Daib M, Wang X, et al. Signalling entrains the peripheral
circadian clock. Cell Signal. 2020;69: 109433.

Pang KCH, Jonathan P, Miller JP, et al. Age-related disruptions
of circadian rhythm and memory in the senescence-accelerated
mouse (SAMPS). Age (Dordr). 2006;28(3):283-96.

Sastre J, Pallard6 FV, Viiia J. Mitochondrial oxidative stress plays
a key role in aging and apoptosis. [IUBMB Life. 2000;49:427-35.
Dato S, Crocco P, D’Aquila P, et al. Exploring the role of genetic
variability and lifestyle in oxidative stress response for healthy
aging and longevity. Int J Mol Sci. 2013;14:16443-72.
Abdel-Rahman M, Abdel-Kader S, El-Masry H, El-Hennamy
RE. Light exposure during late night attenuates the risk of sco-
polamine-induced Alzheimer disease in aged rats. Egypt J Basic
Appl Sci. 2020;7(1):126-40.

Ramanatan C, Campbell A, Tomczak A, Nunez A, Smale L,
Yana L. Compartmentalized expression of light-induced clock
genes in the suprachiasmatic nucleus of the diurnal grass rat
(Arvicanthi niloticus). Neuroscience. 2009;161(4):960-9.
Fonken LK, Nelson RJ. The effects of light at night on circadian
clocks and metabolism. Endocr Rev. 2014;35(4):648-70.
Sladek M, Jindriakova Z, Bendova Z, Sumova A. Postnatal
ontogenesis of the circadian clock within the rat liver. Am J
Physiol Regul Integr Comp Physiol. 2007;292:R1224-9.
Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem.
1979;95(2):351-8.

. Green LC, Wagner DA, Glogowski J, et al. Analysis of nitrate,

nitrite, and [15N]nitrate in biological fluids. Anal Biochem.
1982;126(1):131-8.

Sedlak J, Lindsay RH. Estimation of total, protein-bound, and
nonprotein sulfhydryl groups in tissue with Ellman’s reagent.
Anal Biochem. 1968;25(1):192-205.

Touitou Y, Reinberg A, Touitou D. Association between light
at night, melatonin secretion, sleep deprivation, and the internal
clock. Health impacts and mechanisms of circadian disruption.
Life Sci. 2017;173:94-106.

Lee CC. The circadian clock and tumor suppression by mam-
malian period genes. Methods Enzymol. 2005;393:852-61.
Mavroudis PD, DuBois DC, Almon RR, Jusko W. Modeling
circadian variability of core-clock and clock-controlled genes
in four tissues of the rat. PLoS ONE. 2018;13(6): e0197534.
Albrecht U, Zheng B, Larkin D, et al. MPerl and mper2 are
essential for normal resetting of the circadian clock. J Biol
Rhythms. 2001;16:100—4.

Alaasam V], Liu X, Niu Y, et al. Effects of dim artificial
light at night on locomotor activity, cardiovascular physiol-
ogy, and circadian clock genes in a diurnal songbird. Life Sci.
2022;307:12087.

Kolker DE, Fukuyama H, Huang DS, Takahashi JS, Hor-
ton TH, Turek FW. Aging alters circadian and light-induced
expression of clock genes in golden hamsters. J Biol Rhythms.
2003;18(2):159-69.

. Hamada T, Sato HS, Honma K. Light responsiveness of clock

genes, Perl and Per2, in the olfactory bulb of mice. Biochem
Biophys Res Commun. 2011;409(4):727-31.

@ Springer


http://creativecommons.org/licenses/by/4.0/

190

Sleep and Biological Rhythms (2024) 22:181-190

217.

28.

29.

30.

31.

32.

33.

Husse J, Eichele G, Oster H. Synchronization of the mammalian
circadian timing system: Light can control peripheral clocks inde-
pendently of the SCN clock. BioEssays. 2015;37(10):1119-28.
Nahata M, Mogami S, Sekine H, et al. Bcl-2-dependent autophagy
disruption during aging impairs amino acid utilization that is
restored by hochuekkito. npj Aging Mech Dis. 2021;7:13.
Finlay LA, Michels AJ, Butler]J A, et al. 1,28R-a-lipoic acid does
not reverse hepatic inflammation of aging, but lowers lipid anabo-
lism, while accentuating circadian rhythm transcript profiles. Am
J Physiol Regul Integr Comp Physiol. 2012;302(5):R587-97.
del Castro MR, Suarez E, Kraiselburd E, et al. Aging increases
mitochondrial DNA damage and oxidative stress in liver of rhesus
monkeys. Exp Gerontol. 2012;47(1):29-37.

Mohamed AE, Mahmoud AM, Mohamed WR, Mohamed T. Fem-
tosecond laser attenuates oxidative stress, inflammation, and liver
fibrosis in rats. Possible role of PPARy and Nrf2/HO-1 signaling.
Environ Pollut. 2021;282:117036.

Guan Q, Wang Z, Cao J, et al. Monochromatic blue light not green
light exposure is associated with continuous light-induced hepatic
steatosis in high fat diet fed-mice via oxidative stress. Ecotoxicol
Environ Saf. 2022;239: 113625.

Tamaru T, Hattori M, Ninomiya Y, Kawamura G, Vares G, Honda
K, Mishra DP, Wang B, Benjamin I, Sassone-Corsi P, Ozawa T,

@ Springer

34.

35.

36.

37.

Takamatsu K. Stress resets circadian clocks to coordinate prosur-
vival signals. PLoS ONE. 2013;8(12):e82006.

Sheehan D, Gerardene-Meade G, Foley VM, Dowd CA. Structure,
function and evolution of glutathione transferases: implications for
classification of non-mammalian members of an ancient enzyme
superfamily. Biochem J. 2001;360:1-16.

Nakahata Y, Sahar S, Astarita G, et al. Circadian control of
the NAD+ salvage pathway by CLOCK-SIRTI1. Science.
2009;324:654-7.

Sun CM, Huang SF, Zeng JM, et al. Per2 inhibits k562 leukemia
cell growth in vitro and in vivo through cell cycle arrest and apop-
tosis induction. Pathol Oncol Res. 2010;16:403-11.

Magnone MC, Langmesser S, Bezdek AC, et al. The mammalian
circadian clock gene Per2 modulates cell death in response to
oxidative stress. Front Neurol. 2014;5:289.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Alterations in Per2, Bcl2 gene expression, and oxidative status in aged rats liver after light pulse at night
	Abstract
	Introduction
	Material and methods
	Animals
	Experimental protocol
	RNA isolation and RT-PCR

	Measurement of oxidative status
	Estimation of MDA level
	Estimation of nitritenitrate (NO) level
	Estimation of GSH
	Statistical analysis

	Results
	Influence of light pulse on Per2 mRNA expression
	Influence of light pulse on Bcl2 mRNA expression

	Effect of light pulse on oxidative status
	MDA levels
	NO level
	GSH levels

	Discussion
	Conclusion
	Acknowledgements 
	References




