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ABSTRACT. Sleep deprivation (SD) can modulate the production of various cytokines, including pro-inflammatory cytokines 

such as IL-6, TNF-α, and IFN-γ, and anti-inflammatory cytokines such as IL-10. Paradoxical sleep deprivation (PSD) increases 

the risk of inflammation but can be relieved by sleep recovery (SR). This study aimed to determine the differences in levels of 

cortisol and inflammatory cytokines (IL-6, IL-10, TNF-α, dan IFN-γ) in male Wistar rats (Rattus norvegicus) after induction of 

various sleep deprivation stress models. Twenty-five of male Wistar rats were randomly divided into five groups: control, PSD 

(20 hours of SD/day for five days), Total Sleep Deprivation or TSD (24 hours of SD/day for five days), PSD+SR (PSD followed 

by SR), and TSD+SR (TSD followed by SR). The plasma cortisol levels were measured with ELISA, and inflammatory cytokine 

levels were measured with immunoassay and calculated with fold change. Mean cortisol levels were significantly increased 

in treatment groups compared to the control group (p=0.029). Multivariate analysis showed no statistically significant 

difference in inflammatory cytokine levels of IL-6 (p=0.658), IL-10 (p=0.065), TNF-α (p=0.399), and IFN-γ (p=0.283) in 

all groups. In conclusion, various sleep deprivation stress models affect cortisol levels but not inflammatory cytokine levels 

of IL-6, IL-10, TNF-α, and IFN-γ among male Wistar rats. 

 

Keywords: cortisol, inflammatory cytokines, sleep deprivation, sleep recovery 

 

INTRODUCTION 

Sleep plays a vital role in life by maintaining the 

optimal physiological function of the human body. It 

combines stimulation of afferent nerve delivery to the 

brain and activation of functional neurons in specific 

brain areas (Chokroverty et al., 2017). Good sleep is 

determined by the quality of sleep, how deep a person 

sleeps, and the quantity of sleep, amount of time as a 

person sleeps (Patrick et al., 2017). According to the 

National Sleep Foundation, a young adult (18-25 

years) or adult (26-64 years) needs 7-9 hours of sleep 

daily, but not less than 6 hours or more than 11 hours 

for young adults or 10 hours for adults. Otherwise, an 

older adult (65 years and over) requires at least 7-8 

hours of sleep daily, but not less than 5 hours or more 

than 9 hours (Lichtenstein, 2015). People who live in 

developed countries are chronically sleep-deprived 

because of their cultural and socioeconomic 

environments. Incidence of symptoms related to sleep 

deprivation has recently increased, suggesting its 

long-term detrimental health effects are more 

abundant than expected (Chokroverty & Ferini-

Strambi, 2017). 

A study by Hirshkowitz et al. (2015) showed that > 

30% of men and women between the ages of 30-64 

years sleep less than 6 hours per day, and 5-15% of 

the world population suffer from sleep disorders. 

Another study indicated that 40-70% of older adults 

have chronic sleep disorders that are more prominent 

in people with medical or psychiatric comorbidity 

(Praharaj et al., 2018). The National Sleep Foundation 

stated that 70% of Indonesian people experience sleep 

disturbances at least once a week, and 30 million 

people have sleeping difficulty every night (Lestarianto, 

2014). A survey of the healthy lifestyle index by 

American International Assurance (AIA) in 2013 

demonstrated that Indonesian people have an 

average sleep duration of 6.8 hours per day due to 

increased activity and decreased sleep duration from 

its normal range, indicating many Indonesian people 

are suffered from sleep deprivation (Putri et al., 2017).  

The relationship between sleep duration and the 

inflammation process has not been studied 

extensively, despite showing a similar correlation 

between sleep duration and mortality. People with 

long sleep duration (>8 hours/night) and short sleep 

duration (<7 hours/night) have a 30% and 12% 

greater risk of death, respectively, compared to people 

with moderate sleep duration (7-8 hours/night). 

Physiologically, sleep affects two major effector 

systems, the Hypothalamus-Pituitary-Adrenal (HPA) 

axis and the sympathetic nervous system, which 
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simultaneously increases the release of pro-

inflammatory cytokines and markers of systemic 

inflammation through β-adrenergic activation. The 

activity of sympathetic nervous system decreases when 

a person is sleeping, which may explain the 

relationship between sleep disorder, short sleep 

duration, and elevation of inflammatory markers 

(Chen et al., 2017). Patients that pathologically tend 

to fall asleep during daytime and easily get tired 

exhibit an increase in IL-6, a pro-inflammatory 

cytokine, in the circulatory system due to activation of 

the HPA Axis. People suffering from sleep deprivation 

produce more IL-6 during the day and less IL-6 at 

night, whereas good sleep reduces pro-inflammatory 

exposure to tissues. Furthermore, sleep deprivation 

upregulates pro-inflammatory cytokines through NF-

kB activation, generating a pro-inflammatory state. 

Overexposure to the pro-inflammatory cytokines 

caused by sleep deprivation will increase tissue 

damage, decrease brain function, and increase the 

expression of IL-6 (Vgontzas et al., 2000). 

Sleep deprivation correlates with the increase in 

TNF-α, indicating a pathological condition caused by 

sleep disorders (Chennaoui et al., 2011). Moreover, 

TNF-α is expressed in neurons and plays a role in 

brain neuroplasticity (Rockstrom et al., 2018). On the 

other hand, a clinical trial showed that IFN-γ was 

found in cases of fever, flu, and drowsiness, whereas 

IFN-γ can be somnogenic in the presence of TNF-α. 

Therefore, IFN-γ has a significant role in sleep 

regulation during viral infection (Van Dongen et al., 

2011). 

Studies suggest that cortisol levels as a 

physiological stress marker and systemic inflammatory 

marker may increase in sleep-deprived conditions. 

Sleep deprivation triggers the release of 

adrenocorticotropic hormone (ACTH) via the HPA axis, 

inducing the adrenal gland to release cortisol. Along 

with other stimulations, including norepinephrine and 

radical oxygen species (ROS), cortisol triggers 

inflammatory activation in the brain and peripheral 

immune cells by increasing the expression of pro-

inflammatory cytokine genes such as IL-1, IL-6, and 

TNF-α via transcriptional regulator of pro-

inflammatory gene expression such as NF-κB. These 

pro-inflammatory cytokines then enter the systemic 

circulation inducing the increase of leukocytes, mainly 

neutrophils, CD4+ T-cells, B-cells, and monocyte 

leading to inflammatory reactions (Garbarino et al., 

2021).      

Sleep deprivation (SD) can be categorized into 

paradoxical sleep deprivation (PSD) and total sleep 

deprivation (TSD), and studied using the Modified 

Multiple Platform Method (MMPM). While both types 

can induce stress, total sleep deprivation causes poor 

decision-making control, triggers repetitive errors in 

working memory, and abolishes individual 

spontaneity in communication, making the subjects 

appear lazy, lethargic, and unmotivated (Gunn et al., 

2017).  

Previous studies showed that sleep deprivation 

affects cortisol and inflammatory cytokine levels in rats 

or humans by interfering with homeostatic sleep 

patterns and disrupting HPA axis activation 

(Chennaoui et al., 2011; Medic et al., 2017; Neto et 

al., 2010; Wright  et al., 2015). While sleep recovery 

may restore rat deteriorating conditions caused by 

sleep deprivation, no studies clearly define the effect 

of sleep recovery on pro-inflammatory and anti-

inflammatory cytokine levels. This study directly 

compared cortisol and inflammatory cytokine level 

among rats treated with PSD, TSD, and sleep recovery 

after PSD and TSD treatment. Considering that many 

people have experienced sleep deprivation, this study 

is essential as initial research to determine the effect of 

sleep deprivation and sleep recovery on the levels of 

cortisol and inflammatory cytokines that impair 

various metabolic functions in mammals. 

 

EXPERIMENTAL SECTION 

Research Design 

This study was an experimental study using a post-

test only with control group design.  

Subject 

Wistar rats (Rattus norvegicus) with characteristics 

of male, 8-12 weeks old, and 200-300 grams of 

weight were obtained from the Laboratorium 

Penelitian dan Pengujian Terpadu (LPPT) 4 Universitas 

Gajah Mada. Sleep deprivation experiments were 

performed using the Modified Multiple Platform 

Method (MMPM) to prevent the rats from sleeping. A 

total of 25 rats were randomly divided into five groups 

containing five rats in each group: control (no SD), 

PSD (20 hours of SD per day at 11.00 a.m. - 07.00 

a.m. for 5 days and 4 hours rest at 07.00 a.m. - 11.00 

a.m.), TSD (24 hours of SD per day at 11.00 a.m. - 

11.00 a.m. for 5 days without rest), PSD+SR (PSD 

treatment for 5 days followed by sleep recovery (SR) 

for 5 days at 07.00 a.m. - 07.00 a.m.), and TSD+SR 

(TSD treatment for 5 days followed by sleep recovery 

for 5 days at 11.00 a.m. - 11.00 a.m.). 

Research Procedure 

Modified Multiple Platform Method (MMPM) tanks 

measuring 123 x 44 x 35 cm were used for the sleep 

deprivation stress model. The tanks were filled with 

water and equipped with 12 platforms of 6.5 cm in 

size with a distance of 10 cm between the platforms as 

a foothold for the rats that are instinctively avoiding 

water. Each tank contains five experimental rats 

equipped with a muscle atonia device, an instrument 

that gives an automatic shock effect every 10 minutes 

to keep the rats awake. The experiments were 

conducted in the Anatomy Laboratory of the Faculty of 

Medicine of Jenderal Soedirman University from 

August to September 2021. 
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Observation 

Cortisol levels were measured by drawing 2 ml of 

rat blood for each group at 07.00-09.00 a.m. via 

retroorbital vein using a microhematocrit pipette into 

an EDTA tube, centrifuging for 15 minutes at 2,000-

3,000 rpm, and storing in -20 °C. A total of 50 mL of 

collected plasma was examined with the Enzyme-

Linked Immunosorbent Assay (ELISA) method and 

read by the ELISA reader in 450 nm absorbance 

(Zabidi et al., 2015).  

For inflammatory cytokines level measurement, rat 

blood plasma samples were collected from the 

retroorbital plexus as much as 55 mL. The levels of 

inflammatory cytokines of IL-6, IL-10, TNF-α, and IFN-

γ were then measured using multiplex bead-based 

immunoassay from MILLIPLEX® MAP kit with Luminex 

technology in the Integrated Laboratory of Faculty of 

Medicine, Universitas Indonesia. Briefly, the frozen 

samples were thawed, stirred thoroughly with a vortex, 

and centrifuged to remove particulates before the 

immunoassay. The processed samples were then 

placed on the plate, added with conjugated beads 

from the MILLIPLEX® MAP kit, and incubated for 2 

hours at 20-24 ˚C or overnight at 4-8 ˚C. After 

incubation, the beads were washed, incubated in 

biotinylated-detection antibodies, added with 

Streptavidin-PE (SAPE), and further incubated. The 

beads were then washed, resuspended in an 

appropriate buffer, and placed on Luminex 

technology to measure cytokine levels. The plasma 

cytokine levels were analyzed based on the fold 

change value by comparing the treatment and the 

control group. 

Statistical analysis 

Normality analysis was performed by the Shapiro-

Wilk test, and data homogeneity was analyzed by 

Levene’s test. The multivariate analysis was then 

performed by the One-Way ANOVA and Post-hoc 

Least Significant Difference (LSD) to determine 

differences between groups. Kruskal-Wallis and 

Mann-Whitney tests were performed for non-

parametric analysis.  

All procedures were approved by The Medical 

Research Ethics Commission of The Faculty of 

Medicine of Jenderal Soedirman University on May 

10, 2021 (reference number: 097/KEPK/V/2021). 

 

RESULT S AND DISCUSSION 

Measurement and analysis results of mean cortisol 

levels among all groups are shown in Figure 1. Since 

the plasma cortisol levels were not normally distributed, 

non-parametric tests were used for further analysis. 

Kruskal-Wallis analysis showed substantial differences 

in cortisol levels between at least two groups for the 

assessed variables (p=0.029). Further post-hoc 

analysis with the Mann-Whitney test obtained 

significant results between every intervention group 

and the control (p<0.05). PSD for 20 hours/day 

increased cortisol levels in the afternoon and evening 

in rats by two times compared to control (Olayaki et 

al., 2015). Cortisol levels increased in the first six 

hours after PSD induction caused by HPA axis 

activation to maintain metabolism changes that were 

occurred during sleep deprivation (Galvão et al., 

2009). Consistent with a study by Olayaki et al. (2015) 

demonstrating that TSD for five days increased cortisol 

levels compared to the control, this study pointed out 

that the TSD group had the highest mean cortisol 

levels among all groups (56.23±26.29 ng/mL). 

The PSD group showed lower mean cortisol 

levels than the TSD group because PSD has a sleep 

period daily, thus the negative impact of sleep 

deprivation can be relieved. Two hours of an 

afternoon nap after one night of sleep deprivation 

decreased the secretion of cortisol hormone caused by 

inhibition of the HPA axis at the slow wave sleep (SWS) 

phase that reduces cortisol levels (Pejovic et al., 2013). 

The effects of sleep deprivation that impair HPA 

function cause an increase in evening cortisol levels as 

a result of an elevation in its secretory pulses 

amplitude, suggesting that the negative feedback of 

glucocorticoid mediated by hippocampal function may 

be affected by sleep-deprived condition (Hirotsu et al., 

2015). Cortisol levels were higher in the subjects who 

stayed awake than in subjects who slept sufficiently, 

indicating that sleep deprivation affects the cortisol 

levels as a result of stress responses (Bassett et al., 

2018). Cauter et al. (2008) emphasized that the initial 

consequence of partial sleep loss is a cortisol level 

increase in the evening.  While under normal 

conditions, cortisol levels decrease rapidly and reach 

the minimum level just before sleeping time. Kantasa 

et al. (2016) stated that cortisol can suppress the 

immune system and induce an inflammatory pathway, 

making the body vulnerable to various diseases. 

PSD + SR group exhibited lower cortisol levels than 

TSD + SR, and both PSD + SR and TSD + SR showed 

lower cortisol levels than PSD and TSD. A study by 

Mattice et al. (2011) showed that subjects induced by 

TSD for 24 hours and 48 hours followed by sleep 

recovery for 24 hours relieved their sleep deprivation 

effect for 72% and 42%, respectively. Sleep recovery 

for three days decreases cortisol levels and 

ameliorates the impact of sleep deprivation by 

restoring the HPA axis interaction (Pejovic et al., 2013). 

Sleep recovery also decreases lipid peroxidase and 

free radical production by increasing glutathione and 

other enzymatic antioxidants (Hirotsu et al., 2015). 

Glutathione increases after sleep recovery for two 

days, indicated by the elevation of 6-PGD, an enzyme 

that acts on the pentose phosphate pathway in the 

carbohydrate metabolism that protects cells from 

oxidative stress in the form of NADPH, thus inhibiting 

stress oxidative that has a role in cortisol increase (Kim 

et al., 2022). Taken together, these results indicate 

that sleep recovery is able to decrease cortisol levels 

which increase after induction of PSD or TSD. Results 

of data analysis showing the value of minimum, 
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maximum, mean, median, and standard deviation for 

each group are shown in Table 1. 

Normality analysis by the Shapiro-Wilk test and 

homogeneity analysis by the Levene's test showed a p-

value >0.05 in all groups, indicating data of 

inflammatory cytokine levels were normally distributed 

and homogenous. Multivariate analysis using the 

One-Way ANOVA test demonstrated a p-value >0.05 

in all groups, indicating no significant difference in 

inflammatory cytokine levels among the treatment 

groups, as shown in Table 2. The inflammatory 

cytokine levels were then compared among the 

treatment and control groups using fold change. The 

results demonstrated the highest increase in 

inflammatory cytokine levels was in the TSD treatment 

group (Figure 2). However, the multivariate analysis of 

the fold change of inflammatory cytokine levels using 

the One-Way ANOVA test did not show a significant 

difference (p > 0.05) in IL-6 (p=0.658), IL-10 

(p=0.085), TNF-α (p= 0.313), and IFN-γ (p=0.283). 

Sleep deprivation triggers a stress response in 

animal models by increasing pro-inflammatory 

cytokines and activates the main stress axis in humans, 

the HPA axis. IL-6 can stimulate cortisol secretion 

directly in the adrenal gland or via activation of the 

hypothalamus that induces the release of 

adrenocorticotropic hormone (ACTH) from the 

anterior pituitary gland. On the other hand, a slight 

elevation of IL-6 level in plasma induces the anti-

inflammatory cytokines, IL-1ra and IL-10, along with 

c-reactive protein (CRP). Recent studies stated that 

apart from injury and infection, sleep deprivation 

triggers the pro-inflammatory response through the 

increase of pro-inflammatory cytokines secretion 

(Medic et al., 2017; Simpson & Dinges, 2007; 

Sukendra, 2015). 

Activation of inflammatory responses caused by 

sleep deprivation can increase the levels of anti-

inflammatory cytokines to prevent excessive 

inflammatory responses. IL-10, a potent anti-

inflammatory cytokine, inhibits the activation of 

macrophages and dendritic cells, leading to the 

reduction of cytokine levels produced by T-helper1 

(Th1) cells (Welsh et al., 2011). IL-10 also potently 

inhibits the production of IL-10 itself, IL-12, L-1α, IL-

1β, IL-6, macrophage-colony stimulating factor (M-

CSF), granulocyte-colony stimulating factor (G-CSF), 

granulocyte macrophage-colony stimulating factor 

(GM-CSF), tumor necrosis factor (TNF), leukemia 

inhibitory factor (LIF), and platelet-activating factor 

(PAF) from activated monocytes and macrophages 

(Saraiva & O’Garra, 2010).
 

This study showed that sleep deprivation did not 

significantly affect levels of IL-10 in each variable (p = 

0.065). This result is consistent with the study of Neto 

et al. (2010), showing that sleep deprivation did not 

impair levels of anti-inflammatory cytokines, including 

IL-10. Otherwise, they also observed sleep deprivation 

increased IL-10 levels in different adipose tissue 

depots and decreased the TNF-α levels in the brain. 

Therefore, the profile of systemic anti-inflammatory 

cytokines after sleep deprivation remains 

controversial.
 

 

 

Figure 1. Mean cortisol levels in male Wistar rat (Rattus norvegicus). Control: no SD; PSD: 

20 hours of SD with 4 hours rest for five days; TSD: 24 hours of SD for five days; PSD+SR: 

PSD followed by SR; TSD+SR: TSD followed by SR. SD: sleep deprivation, SR: sleep recovery, 

PSD: paradoxical sleep deprivation, TSD: total sleep deprivation. Error bars represent 95% 

confidence intervals. Statistical analysis was performed using Kruskal-Wallis test (p = 0.029) 

and Mann-Whitney test for post-hoc analysis. *Post-hoc Mann-Whitney test compared to 

control, p < 0.05. 
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Table 1. Levels of inflammatory cytokine in male Wistar rat (pg/mL).  

Group N 

Min. Max. Mean±SD 

IL-6 IL-10 
TNF-

α 
IFN-γ IL-6 IL-10 

TNF-

α 
IFN-γ IL-6 IL-10 TNF-α IFN-γ 

Control 5 311.14 15.14 2.89 736.59 1706.25 83.31 12.06 1375.77 974± 504 34.42±11.92 6.91±3.28 1038.08±272.26 

PSD+SR 5 452.10 17.52 4.54 754.54 3103.86 93.76 23.89 1001.67 1281±1056 53.07±12.98 9.75±8.05 847.45±102.73 

TSD+SR 5 311.14 57.89 6.54 718.80 2518.29 317.89 26.13 1001.67 1578±928 87.06±47.99 14.17±8.17 865.83±112.95 

PSD 5 520.98 44.84 6.90 781.54 1858.94 74.98 12.24 1385.65 1192±544 59.47±5.44 9.39±2.62 1046.28±239.32 

TSD 5 382.22 33.52 1.76 700.85 1365.64 178.02 14.17 1824.71 952±373 68.06±25.53 8.01±4.39 1167.39±432.52 

 

 

Table 2. P-value of normality, homogeneity, and One-Way ANOVA test in the levels of inflammatory cytokines in male Wistar rat. 

Group 

Shapiro-Wilk (p-value) Levene’s (p-value) One-Way Anova (p-value) 

IL-6 IL-10 TNF-α IFN-γ IL-6 IL-10 TNF-α IFN-γ IL-6 IL-10 TNF-α IFN-γ 

Control 0.832 0.941 0.389 0.640 

0.256 0.352 0.697 0.075 0.658 0.065 0.399 0.283 

PSD+SR 0.884 0.482 0.081 0.409 

TSD+SR 0.812 0.909 0.096 0.921 

PSD 0.067 0.845 0.200 0.610 

TSD 0.622 0.500 0.615 0.750 
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Figure 2. Mean of the fold change of inflammatory cytokine levels of IL-6, IL-10, TNF-α, and 

IFN-γ in male Wistar rat (Rattus norvegicus). Control group: no SD; PSD+SR: PSD followed 

by SR; TSD+SR: TSD followed by SR; PSD: 20 hours of SD with 4 hours rest for five days; 

TSD: 24 hours of SD for five days. SD: sleep deprivation, SR: sleep recovery, PSD: 

paradoxical sleep deprivation, TSD: total sleep deprivation. 

 

A study by Patel et al. (2009) also demonstrated 

that sleep deprivation did not affect levels of anti-

inflammatory cytokines such as IL-1 and IL-10. They 

explained that the different responses of sleep 

deprivation on the levels of anti-inflammatory 

cytokines may depend on the differences in the effect 

of sleep on inflammatory components in each 

individual, the half-life of each inflammatory 

component, and the instrument performance for 

cytokine measurement. Intriguingly, anti-inflammatory 

cytokine levels increase in chronic sleep deprivation 

that lasts over weeks, months, or years.
 

Wright  et al. (2015) demonstrated that sleep 

deprivation significantly increased levels of IL-10 on 

day 26 to day 28 measured with ELISA. Sleep 

deprivation induces circadian rhythm impairment that, 

over weeks, will increase levels of anti-inflammatory 

cytokine (IL-10), the pro-inflammatory protein (TNF-

α), and CRP. Otherwise, cortisol levels increase during 

acute sleep deprivation, indicating that acute and 

chronic sleep deprivation provoke different responses 

of circadian rhythm impairment. Therefore, acute 

sleep deprivation is associated with physiological 

stress or metabolic response of increased cortisol 

levels, whereas chronic sleep deprivation is associated 

with physiological adaptation as a response to 

decreased cortisol levels followed by increased pro-

inflammatory and anti-inflammatory cytokines.
 

No significant difference in TNF-α levels after 

induction of various sleep deprivation stress models in 

this study (p = 0.366) is consistent with the study by 

Ruiz et al. (2012), showing that total sleep deprivation 

for two days or paradoxical sleep deprivation for four 

days followed by sleep recovery for three days did not 

alter TNF-α levels. Other studies also demonstrated 

that ten days of sleep deprivation did not increase 

TNF-α or its receptors, regardless of sex characteristics 

(Shearer et al., 2001; Xu et al., 2015). In contrast, a 

study by Irwin et al. (2006) exhibited that sleep 

deprivation increased TNF-α production. Sleep 

deprivation probably induced TNF-α cellular 

expression through the activation of nuclear factor NF-

kB, a key component in controlling the cellular 

expression of pro-inflammatory cytokines.
 

In agreement with the study by Crooks et al. (2019) 

that demonstrated no significant result between sleep 

quality and IL-6 levels, this study approved that there 

was no significant result between the levels of pro-

inflammatory cytokines, IL-6, with various sleep 

deprivation stress models (p = 0.658). Conversely, a 

study by Siregar (2017) showed a significant result 

between sleep quality and IL-6 levels. Sleep 

deprivation may affect components of the immune 

system through modification of CD4+ cells, CD8+ 

cells, NK cells, and levels of pro-inflammatory 

cytokines such as TNF-α, INF-γ, and IL-6 (Ibarra-

Coronado et al., 2015). Collectively, these results 

indicate that pure TSD and PSD or TSD and PSD 

followed by sleep recovery did not affect plasma 

cytokine levels of IL-6 and TNF-α. 

Multivariate analysis among the treatment groups 

showed no significant difference between sleep 

deprivation and IFN- levels (p=0.283). This result is 

consistent with the study by Hirotsu et al. (2012), 

demonstrating that there was no significant difference 

in IFN- levels in psoriasis rats model induced by 

paradoxical sleep deprivation for 48 hours. IFN- 

production is generally unaffected by sleep 
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deprivation, instead is increased at the end of sleep 

recovery. These insignificant results may be affected by 

sample processing that caused cytokine stability 

disruption, cytokine degradation by protease, or 

cytokine binding to its soluble cellular receptors. These 

alterations may also explain the decrease in cytokine 

levels over time during sample storage (Hennø et al., 

2017).
 

The main limitation of this study is that it only 

examined the level of inflammatory cytokine levels in 

plasma but not in the tissue resulting in an insignificant 

increase in inflammatory cytokine levels after sleep 

deprivation treatment. Induction of inflammatory 

cytokine release is likely more prominent in the brain 

or other tissues, which are initially released by immune 

and glial cells in the brain after activation of the HPA 

axis (Garbarino et al., 2021). Another limitation is that 

the stress induction protocol by sleep deprivation in 

this study was not enough to induce an increase in the 

cytokine level in plasma. Various sleep deprivation 

protocols may also cause different results in 

inflammatory cytokine levels among studies. 

Furthermore, variation in the circadian cycle may also 

affect the production of various cytokines, which 

confounds the levels of circulating cytokines in this 

study (Ruiz et al., 2012). 

To date, studies concerning sleep deprivation and 

inflammatory cytokines remain elusive. Sleep 

deprivation indeed increases the main stress hormone, 

cortisol, which plays a role in various disease 

development, such as hypertension and 

cardiovascular disease (Sá Gomes e Farias et al., 

2022). On the other hand, some studies indicated 

that people with sleep disorders showed an 

alteration in circulating levels of TNF-α and IL-6. 

However, other studies failed to demonstrate the 

change in TNF-α and IL-6 levels between normal 

and sleep-deprived subjects (Crooks et al., 2019; 

Irwin et al., 2006; Shearer et al., 2001; Siregar, 

2017). Although this study showed insignificant 

results, sleep deprivation also has a potency to 

increase the pro-inflammatory cytokine expression 

that is associated with inflammatory reaction-related 

diseases such as cancer, neurodegeneration, and 

cardiovascular disease (Garbarino et al., 2021). 

Establishing how far sleep deprivation can affect 

cortisol and inflammatory cytokine levels and how 

much sleep recovery is required to alleviate the 

physiological disruption caused by sleep deprivation is 

essential to making recommendations for a healthy 

lifestyle. Furthermore, in this modern era, night shift 

job is increasing in various sectors, and the future 

development of this study can be used to make 

recommendations for working regulation to create 

work-life balance.  

 

CONCLUSIONS 

Stress induction by the various models of sleep 

deprivation modifies cortisol levels but not 

inflammatory cytokines levels of IL-6, IL-10, TNF-α, 

and IFN-γ in male Wistar rats (Rattus norvegicus). 

These results indicate cortisol levels can be used as a 

stress indicator induced by sleep deprivation, but 

inflammatory cytokines levels of IL-6, IL-10, TNF-α, 

and IFN-γ may not be used for this purpose. 

Furthermore, although not statistically different, sleep 

recovery restores the levels of cortisol and 

inflammatory cytokines after PSD or TSD treatment, 

suggesting sleep recovery able to bring back 

homeostasis conditions after stress. Further 

exploration of sleep deprivation and sleep recovery 

protocols is required to get valuable outcomes. 
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