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ABSTRACT
Advances in technology and modern life style cause a production of 24h society, that accompanied by increased
exposure to light at night. This phenomenon may have harmful effects on human health that result from disruption
of the body circadian rhythm. The present study aimed to examine the effect of altered light-dark cycle on the
circadian rhythm of Bmal 1 gene expression in liver as well as the changes in serum cholesterol, and triglycerides
concentrations and their daily profiles. Rats were divided into two groups, a control group kept under normal 1212 light –dark cycle and a group exposed to 12 hours phase delay of the light-dark cycle followed by altered lightdark cycle for one week. The daily profiles of cholesterol, triglycerides and Bmal1 mRNA after one week of the
study, were shifted in the altered light-dark cycle group as compared with control. Cholesterol and triglycerides
levels were increased significantly in the altered light-dark cycle group than control. It is concluded from the
present study that the shift in the clock gene Bmal1 expression in liver cause alteration in the daily profile of
cholesterol and triglycerides and increase in their concentration which may be due to its action on the metabolic
genes.
KEYWORDS: circadian rhythm, light- dark cycle, cholesterol, triglycerides, Bmal1 gene.
INTRODUCTION
Circadian rhythm (Latin, circa: ―approximate‖; dies:
―day‖) is a cyclical biological processes that repeats
every 24h approximately.[1] Circadian rhythms are
generated by the master clock in the suprachiasmatic
nucleus (SCN) of the hypothalamus that synchronize
peripheral oscillators in almost all cell types and
tissues.[2] Daily light/dark cycles are the main entraining
agent, or Zeitgeber (time giver) that synchronize the
SCN clock to the external environment. Lights pass from
the eyes to the SCN through the retinohypothalamic
tract.[3] Non-photic cues such as food, social interaction,
or exercise can also entrain the SCN clock.[4] The SCN
then processes the information given by these Zeitgebers
and, through complex neurological pathways, affects
hormonal, behavioral and biochemical outputs that
synchronize peripheral tissues to central timing.[5]
The circadian clock consists of a group of genes that are
transcribed rhythmically, and which are interconnected
in transcriptional, translational, and post-translational
loops.[6] Protein products of the core clock genes Clock
(circadian locomotor output cycles kaput) and Bmal1
(brain and muscle ARNT-like 1), that represent the
positive limb, heterodimerize, then translocate to the
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nucleus, and bind to E-box promoter sequences of the
clock genes Per1 and 2 (Period) and Cry1 and 2
(Cryptochrome) to initiate their transcription. The
translated PER and CRY proteins, the negative limb,
translocate to the nucleus and interact with
CLOCK/BMAL1 to inhibit their own transcription. The
PER/CRY complex then degraded via phosphorylation
by casein kinase, causing the release of CLOCK/BMAL1
from suppression; this feedback loop takes
approximately 24 h to complete. The nuclear receptors
retinoid-related orphan receptor α (RORα) and REVERBα, an additional regulatory loop, compete for the
ROR response element (RORE) binding site in the
Bmal1 promoter to activate or inhibit its transcription,
respectively.[7]
Various metabolites involved in carbohydrate, amino
acid, lipid, and nucleotide metabolic pathways, oscillate
in liver and controlled by circadian clock.[8] Fatty acid
oxidation, fatty acid and cholesterol synthesis and bile
acid biosynthesis are also under circadian control in the
liver.[9, 10] This circadian control make the body able to
form lipids, emulsify fats, or transport and oxidize lipids
at the right time according to the eating cycle.[11]

50

El-Hennamy et al.

European Journal of Biomedical and Pharmaceutical Sciences

Shift work and long-term exposure to light at night cause
a circadian disruption that are linked with cardiovascular
disorders[12], metabolic syndrome and obesity.[13] It has
been also accompanied with increased risk of breast
cancer.[14] The present study aimed to investigate the
influence of altered light-dark cycle on the circadian
rhythm of the clock gene Bmal 1 expression in liver, as
well as the changes in serum cholesterol, and
triglycerides concentrations and their daily profiles. An
animal model of shift work was designed by exposing
rats to 12 hours of phase delay followed by altered lightdark cycle for one week.
MATERIAL AND METHODS
Animals
Adult male rats ( Rattus norvegicus ) weighing (100-120
g), were purchased from the breeding unit of the Animal
House of National Research Center (Giza, Egypt) and
maintained for one week under the normal environmental
conditions of temperature and humidity for
accommodation on the environment. They were kept
under the normal light-dark cycle with 12 h of light and
12 h of darkness (LD12:12) per day with free access of
food and water. The ethics of animal use and care was
followed in this study.
Experimental design
36 Male rats were divided into 2 groups. The first group
of rats were maintained under normal light-dark cycle
(LD 12:12) with lights on from 0700h till 1900h (control
group). The second group of rats were exposed to 12h
delay of one light period, so that the light was switched
on at 1900h instead of being switched on 0700h. After
the 12 h delay, rats were maintained under altered lightdark cycle with lights on from 1900h in the evening till
0700h in the morning for one week. The food was
introduced to all rats ad libitum.
Blood and tissue sampling
After one week at a four-hour- interval throughout 24 h
cycle (at 0700h, 1100h, 1500h, 1900h, 2300h and
0300h), rats from each group were anaesthetized with
diethyl ether then dissected. Blood was collected, then
centrifuged for 10 min at 5000 rpm. Serum was then
stored at -70 ˚C until analysis. The liver was rapidly
removed and quickly frozen at -70 ˚C till used.
Cholesterol and triglycerides determination
Cholesterol[15] and triglycerides[16] were estimated by the
enzymatic colorimetric method according to the
manufacturer instruction and
purchased from
Biodiagnostic, Cairo, Egypt.
RNA isolation and RT-PCR.
RNA isolation and RT-PCR (Real-time reverse
transcription followed by polymerase chain reaction)
were performed in Sigma company according to the
method of Sládek et al.[17] Total RNA was isolated from
20–50 mg of homogenized liver tissue. 1 μg of RNA was
reverse transcribed to cDNA. The cDNA reaction was
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diluted then amplified in a 20 μl PCR reaction containing
commercial SYBR Green and Hot Start Taq polymerase
mix (QuantiTect SYBR Green PCR kit) with specific
primers for Bmal1 or housekeeping gene (β-2
microglobulin). Primer sequences used were as follows:
Bmal1 (GenBank accession no. AB012600) forward: CAATGCGATGTCCCGGAAGTTAGA-3 ; reverse.
-TCCCTCGGTCACATCCCTGAGAAT-3. B-2-m
( enBan accession no.
012 12) forward:
CGCTCG T CC T TCTTTCT - 3 ; reverse: CT
T
T
CT
C C - 3 . Realtime PCR reactions were performed on a Light Cycler
system (PR0241500615, 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 (primerspecific temperature), and 10-s elongation at 72°C. At
the end of each run, melting curve analysis was
performed to ascertain the presence of a single amplicon.
The expression of Bmal1 clock gene was normalized to
expression of β-2-microglobulin.
Statistical analysis.
The data obtained in the present study were represented
as mean ± S.E and were analyzed using Graph pad prism
version 6. Data of different time points in the same
group were analyzed by one-way ANOVA and Tu ey’s
multiple comparison test.
Significant differences
between the 2 groups were determined by 2-way
ANOVA followed y ida s multiple comparison test.
Changes in body weight among the 2 groups were
evaluated by unpaired t- test. Results with P < 0.05 were
considered significant.
RESULTS
Body weight of rats exposed to 12 hours phase delay
followed by altered light-dark cycle for one week
increased significantly (P < 0.05) as compared with
control group (Fig. 1). Liver weight of the control group
rose significantly at 7h,15h, 23h,3h as compared with
19h (P < 0.05). Liver of rats maintained under altered
light-dark cycle has minimum weight at 11h, then began
to increase significantly at 15h until reach maximum
value at 23h. Two –way ANOVA for comparison of the
2 groups reveal significant effect of group (F = 103.3, P
< 0.0001), a significant effect of time (F = 21.08
P<
0.0001) and a significant interaction effect (F = 12.24, P
< 0.0001). The liver weight increased significantly in the
altered light-dark cycle group at 19h, 23h, 3h compared
with control group (Fig.2).
Cholesterol levels in rats exposed to normal light-dark
cycle (control group) showed significant differences
during different time points as revealed by one way
ANOVA. Cholesterol levels were increased significantly
(P < 0.05) at 03h as compared with all-time points as
revealed by Tu ey’s multiple comparison test. After 12
hours of phase delay and exposing rats to altered lightdark cycle for one week, the cholesterol levels increased
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Similarly, triglycerides levels of the control group
increased significantly at 3 h compared with 7h, 11h, 15h
(P < 0.05). In the altered light-dark cycle group, the
triglyceride level increased at 19h as compared with 15h,
and 3h. Two way ANOVA revealed a highly significant
effect of group (F= 18.9, P = 0.0002), significant effect
of time (F = 3.755, P = 0.0119) and interaction effect (F=
4.355, P = 0.0058). A significant increase (P < 0.05) in
triglycerides levels were observed in rats exposed to
altered light-dark cycle at 19 h, as compared with control
group (Fig.4).
Bmal1 gene expression in rats exposed to normal lightdark cycle were increased significantly (P < 0.05) at 7h
compared with 15h, 19h, 23h, 3h and at 11h as compared
with 19h, 23h, 3h. The minimum expression was at 19h.
After one week of altered light-dark cycle, the Bmal1
gene expression began to increase significantly at 15h,
the maximum increase was at 23h and 3h as compared
with 7h (P < 0.05). For group comparison, two way
ANOVA showed a highly significant interaction effect (
F=29.75, P < 0.0001). Bmal1 gene expression decreased
significantly at 7h, 11h and increased significantly (P <
0.05) at 19h, 23h, 3h in the altered light-dark cycle group
as compared with control group (Fig.5).
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Fig. 2: Daily profile of liver weight of rats kept under
altered light-dark cycle for one week.
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Fig. 3: Daily profile of serum cholesterol level of rats
kept under altered light-dark cycle for one week
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significantly (P < 0.05) at 11h compared with 07h and
19h. To compare the differences between the two groups,
two way ANOVA showed a highly significant effect of
group (F= 12.04, P < 0.0001), significant effect of time
(F = 3.601,
P = 0.0143) and significant interaction
effect (F = 4.805, P = 0.0035). Sidak›s multiple
comparisons test revealed a significant increase in the
cholesterol levels in the altered light-dark cycle group at
11h, 15h (P < 0.05) as compared with the control group
(Fig. 3).
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Fig.1: Body weight of rats kept under altered lightdark cycle for one week.
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Fig. 4: Daily profile of serum triglyceride level of rats
kept under altered light-dark cycle for one week
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periods (resting phases). In another study, wild type mice
subjected to constant bright or dim light had increased
body weight, decreased glucose tolerance, and ate more
food during the daytime compared with those maintained
under a normal light/dark cycle.[28] In addition, liver
weight in this study was increased during the dark phase
that correspond to the day of the altered light-dark cycle
as compared with control. The fluctuation of liver weight
may be due to changes in triglycerides and cholesterol
levels at different time points as indicated by Yoshida et
al.[29] who found rhythmic changes in the liver weight of
mice subjected to different feeding regimes that
correlated with increase in hepatic triglycerides and
cholesterol.
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Fig. 5: Daily profile of Bmal 1 gene expression of rats
kept under altered light-dark cycle for one week. The
gene expression levels of (Bmal1), were estimated by
RT-PCR. The expression of clock gene was
normalized to expression of β-2-microglobulin. Each
point represents the mean of 3 animals +/- SE.
DISCUSSION
The circadian clock has a major role in the regulation of
plasma and tissue lipids, including triglycerides,
cholesterol and free fatty acids.[18] Circadian disruption,
sleep deprivation, and shift work are associated with
hyperphagia, hyperinsulinemia, weight gain, and
hypertriglyceridemia.[19] Several studies attributed
metabolic disorders and weight gain caused by circadian
disruption to changes in hormonal pathways and
conflicting physiological signals that regulate
metabolism.[5] Sleep restriction in healthy humans
results in altered circulating levels of leptin[20], and it is
thought that loss of neurohormonal control of appetite
and energy balance could participate in the weight gain
(though only partially due to overeating) associated with
circadian disruption and shift work.[21] Leptin expression
in fat cells regulated by melatonin[22] and cortisol[23] in
the presence of insulin. These hormones are shifted due
to shift work[24] and reversed light-dark cycle.[25, 26]
In the present study, cholesterol and triglycerides from
control group rose normally at the dark phase of the
light-dark cycle. After exposing rats to 12h phase delay
followed by altered light-dark cycle, cholesterol and
triglycerides levels were increased accompanied with
body weight gain. On the other hand, cholesterol
circadian rhythm was delayed by 8 hours and rose
during day time that corresponds to the dark phase of
the altered light-dark cycle. Likewise, triglyceride daily
profile of the altered light-dark cycle was shifted toward
the beginning of the illumination period. In the same
way, Stanhope et al.[27] revealed an increase in
lipogenesis after meals in both humans and nocturnal
rodents. In nocturnal rodents, lipogenesis rises during
dark periods (active phases) and declines during light
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Taken together these studies and the present result, it is
obvious that constant light or altered light dark cycle
cause a shift in meal time and consequently shift the
lipogenesis rhythm and increase body weight.
The circadian clock has been reported to control
metabolism and energy homeostasis in peripheral
tissues[30] by mediating the expression and/or activity of
certain metabolic enzymes and transport systems.[31]
Furthermore, a large number of nuclear receptors
implicated in glucose and lipid metabolism[32] as well as
hormones involved in metabolic processes, has been
found to exhibit circadian rhythmicity.[33]
Most genes regulating processes such as mitochondrial
oxidative phosphorylation, carbohydrate metabolism and
transport, cholesterol synthesis and degradation, and
lipid biosynthesis, can oscillate in expression depending
on the environment.[34, 35] CLOCK:BMAL1, the positive
limb of the molecular clock, has several metabolic target
genes which include peroxisome proliferator-activated
receptor
alpha
(Ppara),
nicotinamide
phosphoribosyltransferase (Nampt), Dec1, Dec2,
estrogen-related receptor alpha (Erra) and proper
homeobox 1 (Prox1). BMAL1 is an upstream regulator
of Ppara gene expression, producing a regulatory
feedback loop for peripheral clocks. Another gene,
Nampt[36, 37] is the rate-limiting enzyme that converts
Nicotinamide (NAM) to Nicotinamide Mononucleotide
(NMN), which is a key reaction required for the
intracellular save of Nicotinamide Adenine Dinucleotide
(NADþ) a key molecule in metabolism.[38]
Bmal1 gene expression in liver of control group in this
study reached to the maximum value at the beginning of
the light phase then declined until reached its minimum
value at the beginning of the dark phase. A phase shift in
the circadian rhythm of Bmal1 gene expression was
observed in the altered light-dark cycle group. The
increase in Bmal l mRNA was shifted toward the dark
phase that corresponds to the illumination period of the
altered light-dark cycle (2300h, 0300h). The phase shift
in the circadian rhythm of Bmal1 mRNA caused by
altered light-dark cycle was accompanied with weight
gain, a shift in the daily profile of cholesterol and
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triglyceride as well as an increase in their levels.
Likewise, Barclay et al.[39] exposed mice to sleep
restriction for two weeks, that simulating shift work and
found a suppression of core clock mRNA rhythms that
followed by metabolic disruption. Molecular studies
have proven the association of BMAL1 activity in the
control of adipogenesis and lipid metabolism in mature
adipocytes. Loss of BMAL1 expression cause a
significant decrease in gene expression of several key
adipogenic/lipogenic factors and adipogenesis. In
addition, over-expression of BMAL1 in adipocytes cause
an increase in lipid synthesis.[40] Correspondingly,
studies on Bmal1−/− mice show impaired glucose
tolerance, gluconeogenesis, altered triglyceride rhythms
and increased body fat.[41, 42] The impairment of the
adipose clock and Bmal1 depletion, led to alteration in
circadian energy intake and obesity in mice.[43]

4.

5.

6.

7.

8.

9.
Phase shift in liver Bmal1 gene expression, cholesterol
and triglycerides associated with the increase of
cholesterol and triglycerides levels that caused by altered
light-dark cycle in the present study may be due to
desynchronization between the molecular clock in SCN
and liver resulted from altered environmental conditions.
As indicated by
Roberto et al.[44] who stated that,
feeding and forced activity during the rest phase
desynchronizes the rhythm between the SCN and the
liver and disturbs internal molecular rhythms within the
liver, particularlly the relationship between the clock
genes and the metabolic genes.
CONCLUSION
From the present study, it could be concluded that altered
light –dark cycles as night shift work cause an increase
in serum triglycerides and cholesterol levels and a shift
in their circadian rhythms as a result of a phase shift in
the circadian rhythm of the clock gene, Bmal1,
expression. Bmal1 clock gene exerts its effect through
down regulating metabolic genes.
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