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ABSTRACT

Introduction: IL-1 and IL-6 are proinflammatory cytokines produced due to the binding of Advanced Glycation
End-products (AGEs). in diabetics, molecularly, diabetes mellitus can be caused by disturbances in the circadian
rhythm system. This study aims to determine the role of IL-1B and IL-6 in type 2 diabetes mellitus and their rela-
tionship to circadian rhythm. Materials and Methods: This study was conducted on male wistar rats treated with
circadian rhythm and increased dietary glucose levels, then measured blood sugar and blood draw from the heart
to measure levels of IL-1B and IL-6 using ELISA. Data analysis used One-way ANOVA, repeated measure ANOVA,
and Pearson Correlation Test. Results: The dark group showed a significant increase in blood glucose at week 7 (p =
0.039) and 9 (p = 0.002). There was a significant increase in blood glucose at week 9 (p = 0.000) in the light group.
There were significant differences between normal, dark, and light groups (p <0.05) at the 9th-week blood glucose
level (p = 0.000). In the correlation test, there was a significant relationship with the positive correlation of Interleukin
1 B and blood glucose levels in rats (r = 0.599; p = 0.009), there was a significant relationship between Interleukin 6
and blood glucose levels with positive correlation (p = 0.003; r = 0.652). Conclusion: Circadian rhythm affects the

role of Interleukin 1B (IL-1B) and Interleukin 6 (IL-6) in wistar rat with diabetes mellitus.
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INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder that
affects human body in terms of physical, psychological,
and social health which was the leading cause of death
in 2016 (1, 2). The world health organisation, the World
Health Organization (WHO) predicts diabetes mellitus
will afflict more than 21 million Indonesians in 2030.
The threat of diabetes mellitus is undoubtedly one of the
leading health problems that need significant attention
in Indonesia (3, 4). Demographic transition combined
with urbanization and industrialization has resulted in
drastic changes in lifestyles globally and associated with
an increased risk of related disease patterns like diabetes,
obesity, cardiovascular disease, and cancer (5, 6).

The circadian rhythm system is an internal regulator

in the human body that coordinates physiological
and behavioral activities in a 24-hour cycle (7, 8). In
mammals, circadian rhythms are regulated by the
suprachiasmatic nucleus (SCN) which is located in
the anterior hypothalamus and other are managed by
“laborer” vibration separate in brain sector or body
tissues. It's responsible for receiving information about
the light-dark cycle through particular neural pathways,
namely the retinohypothalamicfibers that pass to the SCN
that drives the daily regulation (24h) of physiological,
biochemical, and endocrine rhythms (9, 10). Efferent
nerve-fibers from the SCN initiate signals that act on the
circadian rhythm so that they can affect the secretion
of ACTH, growth hormone (GH), melatonin, Thyroid-
Stimulating Hormone (TSH), cortisol, ghrelin, and leptin
(11, 12). Some of the causes of a person experiencing
circadian rhythm disorders are eating at night and
sleeping during the day, increasing the risk of metabolic
syndrome (13).

Rats have a 24-hour circadian rhythm with a 12-hour
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dark and 12-hour light cycle. Rats are nocturnal animals
that are active for exploration, eating, and drinking at
night (14). Bright light at night in nocturnal animals
will improve sleep quality and decrease food intake
(15). Meanwhile, constant-dark conditions will fight the
physiology and behaviour of rats, resulting in disturbed
circadian rhythm (16). Molecular disturbances in the
circadian rhythm system can trigger metabolic disorders,
diseases, and tumours (17). Normal blood glucose levels
in rats are 50-135 mg/dL (18).

IL-1B and IL-6 are proinflammatory cytokines produced
as a result of Advanced Glycation End-products (AGEs)
binding to their receptors (RAGE) and can be found
in saliva (19, 20). In normal healthy adults, the serum
concentration of IL-1f is about 0.5 — 12 pg/mL, and IL-6
is about 0.5 to 5 pg/mL. In normal healthy Wistar rats,
the serum concentration of IL-1 is around 300-700 pg/
mL and IL-6 is about 4.627 ng/L (21).

Currently, many companies are implementing a shift
work system, but the current work schedule prevent
people from getting enough sleep (22). Based on some of
the findings above, if these conditions are left unattended
and do not receive attention, it will have a systematic
effect on workers’ health. Therefore, serious attention
is needed from company leaders and support from all
related parties in solving these problems. Present study
among the Railway employees according to the scale
about 12.05% employees had Pre-Diabetes and 8.49%
were suffering from Diabetes. Altered blood sugar level
may lead to various disease, so diabetes control and
management programs are needed for its prevention
(23). Based on existing theory or data, the researchers
conducted a study to determine the concentration of IL-
1B and IL-6 in diabetes mellitus due to circadian rhythm
disturbances in experimental Wistar rats. IL-1B and IL-6
concentrations were measured using ELISA (Enzyme-
linked Immunosorbent Assay) because this tool has high
sensitivity and specificity, and the examination process
is relatively fast and straightforward.

METHODS

Samples

This research has been approved with ethical clearance
from the Committee of Dental Medicine, Universitas
Airlangga, Indonesia (No. 320/HRECC.FODM/VI1/2020).
This type of research is an experimental laboratory
study with a pre-post-test control group design using
18 male Wistar rats (Rattus norvegicus), eight weeks
old, weighing 140-200 grams, healthy characterised by
active movement, no defects in all parts of the body,
there is no tooth decay and has been adapted for one
week. There were three groups in this study (dark,
normal, light) which each group consisted of 6 samples.

Preparation of the light exposure to animal model
The normal group is the sample group treated with 12

hours of light and 12 hours of darkness treated with
circadian rhythms in the form of a photoperiod. The
dark group is the sample group treated with 24 hours
of dark and 0 hours of light (did not receive any light).
The light group is the sample group treated with 24
hours of light (did not receive any dark period). The
length of treatment for Wistar sacrifice is eight weeks
with high carbohydrate feed and who gave drinking
water ad libitum with a feed composition of 65-70%
carbohydrates, 20-25% protein, and 5-12% fat, and the
total calories are 2900 kcal/kg while 10-15% fructose
solution in drinking water (24). Photoperiod treatment
with fluorescent lamps and a time switch to adjust the
duration of the light in each group. The distance between
the floor of the lighting room and the light source is £75
cm. The amount of light received by rats ranges from
100-110 lux. Rat body weight measurements were
carried out every seven days with an analytical balance
at an accuracy of 0.1 grams.

Measurement of Interleukin 1B and Interleukin 6 levels
The rat blood serum was taken from the tail end of the
tested animal (Wistar rats) every two weeks to measure
the blood sugar levels. Blood is dripped on a glucometer
strip to read at the blood glucose levels on a glucometer
monitor (25). To measure Interleukin 1B and Interleukin
6 levels, the rat blood serum was taken through the
heart surgically. Then the needle was inserted directly
into the heart (intracardiac) so that the rats needed to
be sacrificed (26). At least 3 mL of blood was taken and
stored in a vacutainer, then centrifuged at 3000 rpm
for 10 minutes. After centrifugation, the blood will be
separated into two parts: the serum on the top and the
red blood cells on the bottom. The serum formed was
taken using a micropipette, then placed in a vial tube
and stored at -80 C. According to the manufacturer’s
regulations, the blood serum is used to measure
Interleukin 1B and Interleukin 6 levels, tested using a
sandwich rat ELISA kit.

Statistical analysis

After the Wistar rats were sacrificed, it was continued
with the measurement results from the first week until
the ninth week were summed and calculated for one
preparation.  The results were compared between
the control group and the treatment group. The data
obtained were analysed using the Kolmogorov-Smirnov
Test, Shapiro Wilk test, Levene test, one way ANOVA,
Repeated Measure ANOVA and Pearson Correlation
tests.

RESULTS

The examinations carried out on the subjects of this
study were the analysis of Interleukin 1B and Interleukin
6 using ELISA taken from rat blood serum and random
blood sugar test. The results obtained mean and standard
deviation (SD) in each group from all the data obtained.
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Blood Sugar Levels Data Results

Based on Table I, the light group’s mean blood sugar
levels in the first week were the greatest compared to
the normal and dark groups. But at the third and fifth
week, the normal group’s mean blood sugar levels were
the greatest compared to the dark and tight groups. Then
in the seventh and ninth week, the dark group’s mean
blood sugar level was the greatest compared to the
normal and light groups. So, it was found that the blood
sugar levels in the dark group experienced a significant
increase compared to the light and normal groups.

Blood sugar levels above were tested for normality using
the Kolmogorov Smirnov and Shapiro-Wilk test to see
if the data were normally distributed, then followed by
a different test using measured ANOVA in each group
to see if there was an increase in blood glucose levels
from the first week until the ninth week in each group.
The normality test results show that all data variables
were normally distributed (p>0.05). The repeated
measure ANOVA test shows that the increase in glucose
levels from the first week until the ninth week could be
performed.

Data Results of Interleukin 1

Based on Table Il, the average level of Interleukin 18
and Interleukin 6 of Wistar rats in the dark group was the
greatest compared to the normal and light groups. So,
it was found that Interleukin 1B in the dark group was
higher than the normal and light group.

Repeated measure ANOVA test of blood glucose levels
in the normal group, it can be interpreted that there is

Table Il: The mean and standard deviation of Interleukin 1B
and Interleukin 6 of the three groups of Wistar rats

Data Sample Mean sD
Type Group (pg/mL)
Normal 6 701.137 132.851
Interleu-
kin 1B Gelap 6 899.585 71.860
Terang 6 798.924 113.088
Normal 6 4.702 0.940
Interleu-
Kin 6 Gelap 6 5.482 0.525
Terang 6 5.015 0.572

no significant difference between the first week until the
ninth week with the significance value (p>0.05) (Table
). Repeated measure ANOVA test of blood glucose
levels in the dark group, it can be interpreted that
initially, there was an increase in blood glucose levels at
the third week but not significant (p>0.05). Blood sugar
levels began to decrease in the fifth week but were not
significant (p>0.05). There was a substantial increase in
blood sugar levels (p<0,05) (Table 1V). Based on Table V,
repeated measure ANOVA test of blood glucose levels
in the light group, it can be interpreted that there was an
increase in the blood glucose levels from the first week
until the seventh week but not significant (p>0.05). Then
in the ninth week of observation, there was a substantial
increase in the blood glucose levels (p>0.05).

Blood glucose levels at the ninth week show that
Interleukin 1B and Interleukin 6 have a normal data
distribution. So that a different test was carried out using
one way ANOVA, but before the other test was carried
out, the data was tested for homogeneity with the Levene

Table I: The mean and standard deviation of the three groups of wistar rats in 8 weeks to measure the blood sugar levels

Data Normal Dark Light
Weeks
Type N Mean SD N Mean SD N Mean SD
13t 6 108.167 8,750 6 108.833 8.495 6 111.500 6.411
Blood 3rd 6 126.667 16,318 6 112.833 5.811 6 115.833 7.250
Glucose 5t 6 116.500 7.765 6 106.167 7.305 6 113.833 6.555
(mg/dL) 7t 6 122.167 7.414 6 124.833 7.055 6 118.000 6.603
9th 6 120.000 5.727 6 158.500 5.128 6 134.167 7.935
Description:
a. 1*Week: 9 October 2020
b.  39Week: 23 October 2020
C. 5" Week: 6 November 2020
d. 7" Week: 20 November 2020
€. 9" Week: 2 December 2020
Table IlI: The results of measure anova blood glucose levels test in the normal group
. | D i
Group Time Mean * SD ncr?ﬁ;eit(;'% g?acr;asﬁse( ) Value (p)
1**Week (9 October) 108.17 £ 8.75
rd
14 Week 3rdWeek (23 October) 126.67 +16.32 + 18.50 0.589
Normal 5 Week (6 November) 116.50 + 7.77 +8.33 0.890
(9 October)
7" Week (20 November) 122.17 £ 7.41 +14 0.221
9" Week (2 December) 120.00 £ 5.73 +11.83 0.268

*there is a significant increase/decrease in a = 0.05.
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test first. The homogeneity test results of the three groups
of Wistar rats using the Levene test is p>0.05. It shows
that the data is homogeneous or has the same variance.
Results of the different tests using one way ANOVA
in the normal-dark-light group obtained p=0.000 or
p<0.05, which means a significant difference in blood
glucose levels in the normal-dark-light group. The result
of blood glucose levels data at the ninth week was tested
for correlation with Interleukin 1B and Interleukin 6, but
a normality test was carried out first. Blood glucose levels
and Interleukin 1B were tested for normality using the
Shapiro-Wilk test, and it was found that both variables
were normally distributed because all the p-value were
more than 0.05 (p>0.05). After all of the tests, such
as the different and normality tests, continue with the
correlation test using the Person Correlation.

Results of the correlation between the blood sugar levels
and Interleukin 1B shows that there is a significant
relationship (p>0.05), indicating that the relationship
between the two is moderate, meaning that the higher
the blood sugar is, the higher the Interleukin 1B, and
vice versa. Results of the correlation between the blood
sugar levels and Interleukin 6 also show a significant
relationship (p>0.05), indicating that the relationship
between the two is moderate, meaning that the higher
the blood sugar is, the higher the Interleukin 6, and vice
versa.

DISCUSSION

The habit of eating at night can increase the chance of
Night Eating Syndrome (SMM) (27). This is evidenced
by the continuous activity carried out by rats in the dark,
resulting in an increase of cortisol which can cause an
increase of hormone ghrelin which increases appetite

(28). In the dark group, the amount of intake consumed
by the Wistar rats was more or twice that of the normal
group, which was 100 grams/day per rat. This is per the
theory, which says that one of the risk factors supporting
obesity is a disturbance in the performance of the
circadian rhythm, which acts as a regulator of the body’s
biological functions and behaviour (17).

Overweight and obesity lead to serious health
consequences based on the progressively increases
of body mass index (BMI), such as cardiovascular
disease, musculoskeletal disorders, and some cancers
(29). Obesity can trigger inflammation and metabolic
disorders that will result in increased oxidative stress
and is a strong predictor of diabetes mellitus (30, 31).
Obesity is a major risk factor for the development of type
2 diabetes (32). Obesity can also lead to hyperglycemia,
which produces AGEs and forms inflammatory cytokines
such as IL-1B and IL-6 (33). IL-1B contributes to cell
failure, and also an increase in IL-6 levels can occur in
patients with diabetes mellitus (34, 35).

AGEs can cause tissue damage in patients with diabetes
mellitus because increased blood glucose levels can
trigger an increase in glycation, so that the absorption
of glycated proteins by receptors will activate Nf-kB
transcription to then form proinflammatory molecules
and cytokines (36). The accumulation of fat that cannot
be metabolized by insulin will worsen insulin resistance
and cause pancreatic beta cell death (37). This condition
usually occurs in individuals who are overweight
or obese. Decreased pancreatic beta cell function
causes insulin resistance to increase and then chronic
hyperglycemia occurs (38). Insulin resistance can also
inhibit glucose uptake into weak muscles and cells so
that blood glucose increases (39). When pancreatic

Table IV: The results of measure anova blood glucose levels test in the dark group

Increase(+)/ Decraese(-)

Group Time Mean = SD (units in grams) Value (p)
1 Week (9 October) 108.83 + 8.50
1% Week 34Week (23 October) 112.83 +£5.81 + 4.00 1.000
Dark 5" Week (6 November) 106.17 = 7.31 -2.67 1.000
(9 October) 7" Week (20 November) 124.83 + 7.05 +16.00 0.039°
9t Week (2 December) 158.50 £ 5.128 +49.67 0.002"
*there is a significant increase/decrease in a = 0.05.
Table V: The results of measure anova blood glucose levels test in the light group
Increase(+)/
Group Time Mean = SD Decraese(-) Value (p)
(units in grams)
1*Week (9 October) 111.50 + 6.41
1 Week 3dWeek (23 October) 115.83 £7.25 +4.33 1.000
Light 5" Week (6 November) 113.83 £ 6.55 +2.33 1.000
(9 October)
7" Week (20 November) 118.00 £ 6.60 +6.50 1.000
9" Week (2 December) 134.17 £7.93 +22.67 0.000"

*there is a significant increase/decrease in a = 0.05.
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beta cells can no longer produce insulin secretion high
enough to compensate for insulin resistance, fasting
hyperglycemia and diabetes will occur (40, 41).

Human beings are diurnal creatures, so they are active
and eat during the day and sleep at night when dark (42).
Rats are nocturnal rodents that make gene expression
times 180° opposite to diurnal animals. So that the
circadian rhythm of the mouse body also experiences
the opposite 180° from that of human beings (43, 44).
Rats have diabetes mellitus when blood glucose levels
are more than 150 mg/dL (45).

Blood glucose levels were measured every two weeks.
Based on table |, it was found that there was an increase
and decrease in blood glucose levels in the first week
until the seventh week, but when viewed from the
seventh to the ninth week, it shows that there was an
increase in blood glucose levels in the dark-normal-light
groups. The results of this study are per the hypothesis,
namely that the highest blood glucose levels in the
ninth week is in the dark group, which the light group
then followed, and the lowest was the normal group.
Normally, rats experience a cycle of 12 hours dark, 12
hours light and have blood glucose levels of 50-135 mg/
dL (18).

Based on table |, the results also show that the dark
group has an average blood glucose level exceeding the
threshold for diabetes mellitus, so it can be concluded
that the rats in the darkroom and behavioural, Physiology
have diabetes mellitus (45). This is consistent with the
results of other studies, which also state that if rats are
in the dark for several weeks or experience long-term
light deprivation, they will show different behavioural
and anatomical characteristics and may be involved
in the aetiology of depression that can exacerbate
oxidative stress (16). Stress conditions of rats can cause
disturbances in controlling blood glucose levels. The
rat’s body will produce the hormones epinephrine and
cortisol, which can cause an increase in blood glucose
levels automatically (46). In 24-hours light conditions,
rats showed a continuous increase in blood glucose
levels. However, the average blood glucose level was
still within the normal threshold, so that it had not yet
been classified as diabetes mellitus (47). Rats in this light
group also experienced increased serotonin but not as
much as the dark group. This is per the statement that
light at night can cause a decrease in norepinephrine
stimulation of the pineal gland, so that serotonin activity
decreases (48).

Interleukin 1B and Interleukin 6 levels were examined
by taking serum from rats, then measured using the Rat
ELISA kit. As shown in table Il, it is known that the mean
levels of Interleukin 1B and Interleukin 6 were higher in
the dark group compared to the normal and light groups.
This is per the statement that increasing food intake
can lead to obesity which can lead to hyperglycemia

that produces AGEs. Ages bind to RAGE and produce
Interleukin 1 and Interleukin 6, high levels of Interleukin
1B in the dark group indicate that hyperglycemia in
rats with diabetes mellitus will activate monocytes and
increase interleukin 1B (35). Meanwhile, the high levels
of Interleukin 6 in the dark group indicate that these
results are appropriate because Interleukin 6 can indeed
cause insulin resistance by impaired phosphorylation of
insulin receptors and insulin receptor substrate-1 (IRST)
late-night, so that Interleukin 6 is considered to be
involved in the pathogenesis of diabetes mellitus (35).
This explains therelationship between increased blood
glucose levels and increased levels of Interleukin 1 and
Interleukin 6, in humans, interleukin levels in patients
with diabetes mellitus with retinopathy are higher than
in patients with diabetes mellitus without retinopathy
(43).

CONCLUSION

Circadian rhythm affects the role of Interleukin 1B (IL-
1B) and Interleukin 6 (IL-6) in Wistar Rat with Diabetes
Mellitus.
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