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Effect of sleep deprivation and daylight restriction on the immune 
response to Escherichia coli-induced septicemia in Wistar rats
Abayomi O. Ige a, Esther O. Agboa, Dorcas J. Browna, Olakunle O. Mebudeb 

and Elsie O. Adewoyea

aApplied and Environmental Physiology Unit, Department of Physiology, University of Ibadan, Ibadan, Nigeria; 
bMicrobiology Unit, Faculty of Biological Sciences, Kola Daisi University, Ibadan, Nigeria

ABSTRACT
Circadian rhythms influence the immune response. Its disruption can therefore 
alter the immune response of the host to pathogens. This study was designed 
to investigate the effects of two circadian disruptors, sleep-deprivation (SD) 
and daylight-restriction (DLR), on the immune response to septicemia which 
was induced using low-dose Escherichia coli (0.1 mL i.p.) (ECIS). Forty-eight 
Wistar rats (150–180 g) were grouped into six (n = 8): I(control), II(control+ECIS), 
III(SD12hrs+ECIS), IV(SD96hrs+ECIS), V(DLR12hrs+ECIS), and VI(DLR96hrs+ECIS) 
respectively. Following either SD or DLR in experimental groups, ECIS was 
induced and systemic immune response was evaluated after 7 days. Innate 
(leucocytes, eosinophils, IFN-γ and TNF-α) and adaptive (immunoglobulin -G 
and -M) immune responses was altered in short and long-term sleep deprived 
ECIS groups while only innate immune responses were impaired in the short- 
term daylight-restricted group. Spleen histology exhibited pathologies that 
worsened with increasing durations of SD and DLR. In conclusion, the immune 
response in Wistar rats to systemic infection is weakened to a greater extent by 
sleep-deprivation than by daylight-restriction.
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Introduction

Circadian rhythms are endogenous, entrain-
able biological oscillations, including physical, 
mental, and behavioral rhythms, of about 24 
hours and are driven by the circadian clock [1]. 
They have major adaptive significance to an 
organism as they help synchronize the organ-
ism to periodic fluctuations in the external 
environment and also facilitate integration of 
the organisms’ internal milieu [2]. The secre-
tion of many enzymes and hormones that are 
essential to life have been reported to follow 
a circadian secretory pattern that more often 
than not, aligns with the photoperiod [3]. 
Furthermore, various systems in the body 

have also been observed to follow a circadian 
rhythm in ensuring homeostasis. Circadian 
clocks that drive these rhythms may be con-
sidered as an internal time-keeping system 
found essentially within all eukaryotic cells 
[1]. Studies have reported that sleep, light, 
the circadian system, and the immune system 
are often integrated to anticipate environmen-
tal changes and optimize adaptations of the 
organism to such changes [4]. Alterations in 
the normal 24-hour circadian rhythm have 
been reported to exert physiological and 
behavioral impacts in the body [2]. This phe-
nomenon, often termed circadian rhythm dis-
ruption [5], has been linked with various 
chronic health conditions such as sleep 
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disorders [6], obesity, diabetes [7], depression, 
bipolar disorder, seasonal affective disorder 
[8], heart attacks, atherosclerotic plaques [9], 
and increased susceptibility to infections and 
allergies [10]. It has been suggested that one 
of the most common health consequence of 
circadian rhythm disruption, may be the dys-
regulation of the immune system [11].

Sleep is a recurrent physiological and beha-
vioral state of bodily rest and reduced conscious-
ness that serves multiple functions including the 
consolidation of memory and enhancement in 
immune defense [12]. It is a state of immobility, 
resulting from the decreased ability to respond 
to external stimuli, which is rapidly reversible 
[13]. Sleep deprivation (SD) can be described as 
a consequence of societal pressure experienced 
by individuals, with repercussions for autonomic 
function, the neuro-endocrine system and the 
immune system [14]. Alterations of the sleep/ 
wake cycle affect the number of circulating lym-
phocytes, NK cells, and Ab titers in humans and 
rodents as well as increased inflammatory cyto-
kines such as IL-6, C-reactive protein, and TNF-α 
[15]. When a challenge to the immune system is 
presented, the effects of these changes translate 
into impaired immune function [11].

Light provides the main input to the master 
clock in the hypothalamic suprachiasmatic 
nucleus (SCN) that coordinates the sleep-wake 
world [16]. In mammals, environmental light is 
the main input that synchronizes the master 
circadian clock in the hypothalamic suprachias-
matic nucleus (SCN) to the outside world [17]. 
A well-timed light exposure can entrain the cir-
cadian system, which is important for positively 
affecting an individual’s sleep quality, mood, cog-
nitive abilities and health. Daylight is the natural 
cue (zeitgeber) for synchronization of the circa-
dian rhythm and the sleep-wake cycle. Exposure 
to constant dim light or total darkness results in 
de-synchrony of circadian rhythms. Hence, work- 
hours that displace sleep to the daytime and 
work to the nighttime have been reported to 
interfere with the circadian and homeostatic reg-
ulation of sleep [17]. This working hours-induced 

disruption of normal light exposure and sleep/ 
wake cycle has been suggested to constitute 
a health problem resulting in cardiovascular dis-
eases, accidents, and cancer [18].

In a previous report that investigated the cir-
cadian rhythm disruptive effect of sleep depriva-
tion and daylight restriction on immune 
response indices [19], it was observed that the 
onset of anti-immune and oxidative stress effects 
of daylight-restriction is more sudden than that 
of sleep-deprivation in male Swiss mice. In this 
study, acute and chronic effects of sleep- 
deprivation (SD) and daylight-restriction (DLR) 
on the systemic immune response to low-dose 
Escherichia coli-induced septicemia (ECIS) – an 
inflammatory response to bacteria model, was 
investigated.

Materials and methods

Animals and experimental design

Forty-eight rats of Wistar strain (150–180 g) 
were housed and acclimatized for 14 days, 
prior to experimental procedures, in well- 
aerated cages, maintained on standard rat 
chow with free access to drinking water ad 
libitum, and exposed to natural 
alternating day and night cycles. All experi-
mental procedures were carried out in accor-
dance with the Guide for the Care and Use of 
Laboratory Animals [20], published by 
National Academy Press, 2101 Constitution 
Ave. NW, Washington, DC 20055, USA. After 
acclimatization, animals were randomly 
divided into six groups (n = 8) as follows. 
Group I was control and were not exposed 
to sleep deprivation (SD), daylight restriction 
(DL) or Escherichia coli-induced septicemia 
(ECIS). Animals in group II were exposed to 
ECIS only but not SD or DL, while animals in 
groups III and IV were exposed to SD for 12 
and 96 hours and thereafter ECIS, respec-
tively. Animals in groups V and VI were 
exposed to DL for 12 and 96 hours and 
thereafter ECIS, respectively.
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Procedure for sleep deprivation

Sleep deprivation was induced using the mul-
tiple platform method [21]. Briefly, the sleep 
deprivation chamber was made up of large 
acrylic tanks (69 × 69 × 31 cm) with 16 ele-
vated platforms measuring 6 cm in diameter 
and 10 cm high pedestal (covered with wire 
gauze) surrounded by water to about 1 cm 
below the platform surface. The top of the 
compartment was closed with a perforated 
lid. Perforated plates which had the feed 
attached to them were clipped to the lid. 
Water bottles containing drinking water were 
also inserted through the perforated lid over-
head. The design of the feeding plates and 
water bottles was such that the rat had to 
stand with its head face upwards while feed-
ing. While residing on the platform, a rat can 
obtain some level of non-rapid eye movement 
(non-REM) sleep but upon entering rapid eye 
movement (REM) sleep, muscle tone becomes 
lost and this causes the rat to either make 
partial contact with the water or completely 
fall into the water resulting in the animal 
being awakened and having to climb back 
up to the platform with the aid of wire 
gauze wrapped around the elevated pedestal. 
Under these conditions’ experimental animals 
in group III and IV were exposed to sleep 
deprivation for 12 hours (6:30am to 6:30pm) 
and 96 uninterrupted hours (4 days) starting 
from 6:30am in the morning, respectively.

Procedure for daylight-restriction

Daylight restriction was induced in experimental 
animals in groups V and VI as previously 
described [19]. Briefly, animals were transported, 
while still in their cages, to a ventilated dark 
room that was restricted from daylight. The 
experimental animals in group V–VI were fed, 
had access to water and kept in this dark room 
for 12 hours (6:30am – 6:30pm) and 96 uninter-
rupted hours (4 days) also starting from 6:30am 
in the morning, respectively.

Procedure for induction of systemic 
inflammation

Systemic inflammation was induced using low- 
dose Escherichia coli [ATCC 25922) induced septi-
cemia as described by 22. Briefly, experimental 
mice received an intraperitoneal dose (0.1 mL] of 
2 to 5 × 107 CFU of freshly cultured E. coli (ATCC 
25229) diluted with saline. Animals were there-
after transferred to their laboratory cages and 
7 days later blood samples were collected for 
biochemical analysis.

Blood collection and biochemical 
analysis

After exposure to ECIS for 7 days, blood samples 
from each animal per group were obtained from 
the retro-orbital sinus using a heparinized capil-
lary tube, after light diethyl ether anesthesia into 
plain and ethylenediaminetetraacetic acid 
(EDTA) lined sample bottles. Blood collected in 
the EDTA-lined sample bottles were analyzed for 
total and differential white blood cell (neutro-
phils, eosinophil, monocytes, lymphocytes) 
counts (hemocytometer and Wright’s staining 
method respectively). Blood samples collected 
in the plain bottles were allowed to stand at 
room temperature for 10 minutes and then cen-
trifuged for 10 mins at 3500 rpm. The clear 
serum obtained was analyzed for interferon 
gamma (IFN-γ) (BioLegend, UK), tumor necrosis 
factor-alpha (TNF-α) (BioLegend, UK), and immu-
noglobulin -G and -M (Abcam, UK) using com-
mercially available ELISA kits, respectively. The 
spleen of animals in each group were subse-
quently excised and analyzed for histological 
differences using Hematoxylin and Eosin stains, 
respectively.

Statistical analysis

Data obtained are expressed as mean ± SEM. 
Statistical significance within and between experi-
mental groups was taken at p < 0.05 using 2-Way 
ANOVA and Newman Keuls’ post-hoc test.
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Results

Total and differential white blood cell count 
in control and experimental groups

The total white blood cell count (count/μL) in 
groups II (the Escherichia coli-induced septi-
cemia (ECIS) only) IV (sleep deprivation 
(96 hours)+ECIS) and V (daylight restricted 
(12 hours)+ECIS) were decreased (p < 0.05) 
compared to group I (controls) while values 
in groups III (sleep deprivation (12 hours) 
+ECIS) and VI (daylight restricted (96 hours) 
+ECIS) were increased (p < 0.05) compared 
to group II (Figure 1).

Neutrophil count was increased (p < 0.05) 
in group II (ECIS only) (28.0 ± 0.8) compared 
to control (21.4 ± 1.7%). However, values 

obtained in groups III (20.0 ± 0.6%), IV 
(21.2 ± 0.4%), V (23.8 ± 0.5%) and VI 
(18.6 ± 0.7%) were comparable to control 
but significantly reduced compared to group 
II. Lymphocyte count did not differ signifi-
cantly between control and all other experi-
mental groups. However, compared to 
controls, eosinophils were decreased in 
groups II–VI, while compared to group II, eosi-
nophil values were decreased in groups IV, 
V and VI respectively. Monocyte values com-
pared to control (1.4 ± 0.2%), were increased 
(p < 0.05) in groups IV (2.2 ± 0.2%) and VI 
(2.2 ± 0.2%) while in III (2.0 ± 0.3%) and 
V (1.4 ± 0.3%) values obtained were not sig-
nificantly different from controls and groups II 
(1.8 ± 0.4%), respectively (Table 1).

Figure 1. Total White blood cell count in control and experimental groups. Data is expressed as mean ± SEM 
(n = 8). *indicates values that are significantly different compared to group II (p < 0.05); # indicates values that are 
significantly different compared to Group I (p < 0.05).I = Control; II = Control + ECIS; III = SD12 + ECIS; IV = SD96 
+ ECIS; V = DLR 12 + ECIS; VI = DLR96 + ECIS.

Table 1. Differential white blood cell count in control and experimental groups.
Groups Neutrophil (%) Lymphocyte (%) Eosinophil (%) Monocyte (%)

I 21.4 ± 1.7 74.2 ± 1.8 2.8 ± 0.4 1.4 ± 0.2
II 28.0 ± 0.8# 70.8 ± 1.7 1.6 ± 0.2# 1.8 ± 0.4
III 20.0 ± 0.6* 74.8 ± 0.5 1.6 ± 0.3# 2.0 ± 0.3
IV 21.2 ± 0.4* 74.2 ± 1.6 0.6 ± 0.2#* 2.2 ± 0.2#

V 23.8 ± 0.5* 74.0 ± 1.3 1.0 ± 0.2#* 1.4 ± 0.3
VI 18.6 ± 0.7* 75.8 ± 0.9 1.1 ± 0.1#* 2.2 ± 0.2#

Data is expressed as mean ± SEM (n = 8). * indicates values that are significantly different compared to group II 
(p < 0.05); # indicates values that are significantly different compared to Group I (p < 0.05). 

I = Control; II = Control + ECIS; III = SD12 + ECIS; IV = SD96 + ECIS; V = DLR 12 + ECIS; VI = DLR96 + ECIS.
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Interferon-γ (IFN-γ) level and tumor 
necrosis factor-α (TNF-α) levels in 
control and experimental groups

Interferon-γ levels (pg/mL) in the group III 
(8.73 ± 0.24) and IV (8.95 ± 0.33) was signifi-
cantly increased compared to controls 
(7.21 ± 0.17) and ECIS only group (6.34 ± 0.30). 
Values obtained in groups V (7.00 ± 0.23) and VI 
(7.38 ± 0.31) were not significantly different 
from controls and ECIS only (Figure 2). Tumor 
necrosis factor-α levels (pg/mL) in groups III 
(42.70 ± 1.36), IV (46.83 ± 0.67) and VI 
(43.42 ± 1.52) were significantly increased com-
pared to control (21.5%, 33.7% and 23.56%, 
respectively) and ECIS only (30.0%, 42.5% and 
32.1%, respectively). Values obtained in con-
trols, ECIS only, and group V were not signifi-
cantly different from each other (Figure 3).

Immunoglobulin G and M levels in 
control and experimental groups

The immunoglobulin-G (IgG) values (mg/dL) 
obtained in the groups II (2.48 ± 0.08), III 
(2.66 ± 0.08), IV (2.64 ± 0.09) and VI 
(2.33 ± 0.10) were significantly (p < 0.05) 

increased compared to controls (1.40 ± 0.10). 
However, values obtained in group V were 
23.7% reduced (p < 0.05) compared to group 
II, the ECIS only group. The differences in IgG 
values between control and group V was 
observed to be statistically insignificant 
(p > 0.05) (Figure 4). Immunoglobulin-M (IgM) 
values (mg/dL) in group II increased by 20.5% 
compared to control while values obtained in 
groups III, IV and VI were 22.7%, 33.4% and 
34.4% reduced compared to group II (ECIS 
only), respectively. The IgM values obtained 
groups IV and VI were also significantly reduced 
(p < 0.05) compared to control, respectively 
(Figure 5).

Histological evaluation of the spleen in 
control and experimental groups

An assessment of spleen samples is shown in 
Figure 6 (A-F). Samples in group I, the control 
group, showed spleen with normal architecture 
that had normal white pulp with no observable 
lesions (A). Spleen samples from animals in 
group II (ECIS only) exhibited follicular lym-
phoid hyperplasia (B) while samples in group 

Figure 2. Interferon gamma levels in control and experimental groups. Data is expressed as mean ± SEM (n = 8). * 
indicates values that are significantly different compared to group II (p < 0.05); # indicates values that are 
significantly different compared to Group I (p < 0.05).I = Control; II = Control + ECIS; III = SD12 + ECIS; IV = SD96 
+ ECIS; V = DLR 12 + ECIS; VI = DLR96 + ECIS
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III (Sleep deprived (12 hours) + ECIS) showed 
congestion of the vascular spaces and moder-
ate melanomacrophage hyperplasia (C). In 
group IV (Sleep deprived (96 hours) + ECIS), 
spleen samples exhibited moderate follicular 
lymphoid hyperplasia with tingible body 
macrophages (D). Spleen samples in group 
V (Daylight restricted (12 hours) + ECIS) showed 
moderate follicular lymphoid depletion (E) 
while samples in group VI (Daylight restricted 

(96 hours) + ECIS) exhibited moderate follicular 
lymphoid and melanomacrophage hyperplasia 
as well as numerous tingible body macro-
phages (F).

Discussion and conclusion

The disruption of circadian rhythms in the body 
has been associated with the development of 
diverse health conditions [19,23–25]. A previous 

Figure 4. Immunoglobulin G levels in control and experimental groups. Data is Mean ± SEM n = 8, * indicates 
values that are significantly different compared to group II (p < 0.05); # indicates values that are significantly 
different compared to Group I (p < 0.05). I = Control, II = Control + ECIS, III = SD12 + ECIS, IV = SD96 + ECIS, 
V = DLR 12 + ECIS; VI = DLR96 + ECIS.

Figure 3. Tumor necrosis factor alpha (TNF-α) levels in control and experimental groups. Data is expressed as 
mean ± SEM (n = 8). * indicates values that are significantly different compared to group II (p < 0.05); # indicates 
values that are significantly different compared to Group I (p < 0.05).I = Control; II = Control + ECIS; III = SD12 
+ ECIS; IV = SD96 + ECIS; V = DLR 12 + ECIS; VI = DLR96 + ECIS
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study on the effect of sleep deprivation and 
daylight restriction on the immune system 
[19], described early onset of anti-immune and 
oxidative stress effects of daylight restriction 
compared to sleep deprivation in Swiss mice. 
This study investigated the effect of these cir-
cadian rhythm disruptors on the immune 
response to systemic inflammation caused by 
low-dose Escherichia coli-induced septicemia 
(ECIS), more so that Escherichia coli is the most 
reported isolated gram-negative organism in 
adult patients with bacteremia [26], and severe 
cases may lead to death [27]. The presence of 
E. coli in the bloodstream often results in the 
induction of a vigorous host inflammatory 
response that triggers both leukocytosis and 
leukopenia resulting eventually in sepsis [28]. 
It is likely that the reduced total white blood cell 
and eosinophil counts observed in the ECIS- 
only group may be attributed to bacteria- 
induced systemic inflammation resulting in 
impeded bone marrow function and increased 
leukocyte–platelet interaction as has been 
reported in blood septicemia [29,30]. 
Furthermore, the increase in neutrophil and 

monocyte counts observed in the ECIS group 
may be ascribed to bone marrow response to 
the presence of bacterial infection in the per-
ipheral circulation [31–33].

However, interferon-γ (INF-γ) and tumor 
necrosis factor-alpha (TNF-α), which are both 
proinflammatory cytokines [34], were not ele-
vated in the ECIS group. This suggests that the 
induced septicemia in this group may not have 
activated chronic proinflammation cytokines at 
the time of sample collection (7 days post expo-
sure). The consequent lymphoid hyperplasia 
noted in this group is however associated with 
the presence of systemic infection [35]. In addi-
tion, the elevated levels of immunoglobulin G, 
an antibody that protects against and controls 
infection, and immunoglobulin M that serve as 
the first line of host defense against infection 
and play important roles in immune regulation 
and tolerance [36], in the ECIS group suggested 
activation of immune response.

The alterations in the innate and adaptive 
immune parameters resulting in increased 
infection risk have been documented to be 
associated with sleep deprivation, especially 

Figure 5. Immunoglobulin M levels in control and experimental groups. Data is Mean ± SEM n = 8, * indicates 
values that are significantly different compared to group II (p < 0.05); # indicates values that are significantly 
different compared to Group I (p < 0.05). I = Control, II = Control + ECIS, III = SD12 + ECIS, IV = SD96 + ECIS, 
V = DLR 12 + ECIS; VI = DLR96 + ECIS.
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when prolonged [15,37]. The decreased total 
WBC and increased monocytes (Table 1) in the 
prolonged sleep-deprived group (SD96hrs + 
ECIS) but not short-term sleep-deprived group 

(SD12hrs + ECIS) compared to ECIS only and 
control appears consistent with other reports 
and suggests a breakdown of the host defense 
mechanisms against microorganisms in 

Figure 6. (A-F). Photomicrograph of the spleen in control and experimental groups (x400, Scale bar 50 μm). 
Sections in group I (A) shows spleen with normal white pulp with no observable lesions. Animals in group II (B) 
exhibited follicular lymphoid hyperplasia, while the spleen samples from group III (C) showed congestion of the 
vascular spaces and moderate melanomacrophage hyperplasia. In group IV (D), samples exhibited spleen with 
moderate follicular lymphoid hyperplasia with tingible body macrophages. Samples from group V (E) showed 
moderate follicular lymphoid depletion, while samples in group VI (F) exhibited moderate follicular lymphoid and 
melanomacrophage hyperplasia as well as numerous tingible body macrophages.
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prolonged sleep-deprived animals [37,38]. Both 
sleep-deprived groups however exhibited 
a decline in neutrophils compared to ECIS only 
which is also consistent with previous studies 
[12,39] and hence result in likely compromise of 
innate immune mechanisms. Furthermore com-
pared to ECIS only, IFN-γ, TNF-α, and IgG values 
(components of both the innate and adaptive 
immune mechanisms) were elevated in both 
sleep-deprived ECIS groups while IgM was 
reduced compared to ECIS, supporting an 
ongoing infection.

Mature leukocytes are reported to peak in 
the circulation during the resting phase (night 
for humans and day for rodents) and decrease 
during the active period [40,41]. This study used 
rodents (Wistar rats) which are largely nocturnal 
animals as an experimental model [42]. The 
observed reductions in total WBC, neutrophil 
and eosinophil counts observed in group 
V compared to ECIS only may be due to the 12- 
hour extended active phase (darkness) of these 
animals. This might have been worsened by 
E. coli-induced systemic inflammation.

In addition to this, it has been reported that 
limited exposure to sunlight and or prolonged 
darkness reduces vitamin D levels, which may 
result in immunosuppression and activation of 
proinflammatory cytokines [43,44]. This may 
have also contributed to the decline in white 
cell and neutrophil counts as well as increased 
monocytes, immunoglobulin G levels, and 
spleen follicular lymphoid depletion observed 
in this 12-hour extended dark period group 
(group V). The immunoglobulin M, IFN-γ and 
TNF-α values respectively, did not however 
change when compared to both control and 
ECIS only suggesting that a complete compro-
mise of the immune system was not present in 
this treatment group as at the time of sample 
collection. Interestingly, animals that had an 
extended period of darkness for 96 hours 
before systemic inflammatory challenge 
(group VI) exhibited reduced differential neu-
trophils and eosinophils, increased monocyte 
count, TNF-α and immunoglobulin G as well as 

reduced immunoglobulin M suggesting the 
likely presence of systemic inflammation and 
infection risk. However, total WBC and IFN-γ 
values observed in this 96-hour extended dark 
period group were comparable with controls. 
Melatonin, whose secretion increases during 
dark periods and is reported to enhance the 
innate and cellular immune system by stimulat-
ing the production of progenitor cells of gran-
ulocytes, agranulocytes and macrophages [45], 
might play a role and be responsible for this 
observation.

Leukocytosis following extended dark peri-
ods in rodents has been reported and asso-
ciated with cell movement from other 
lymphoid organs [46]. It is therefore not unlikely 
that the WBC count in animals exposed to an 
extended dark period of 96 hours may have 
initially been suppressed as has been sug-
gested to occur during the active phase (night 
for rodents) and following an extended dark 
period, WBC count increased as a result of 
mobilization from the lymphoid organ (lym-
phoid hyperplasia as seen in this study). 
Increased melatonin secretion arising from 
extended dark period exposure, may also have 
resulted in enhanced activation of innate and 
cellular immunity, and activation of anti- 
inflammatory processes. Following induction 
of ECIS, systemic inflammation may have then 
led to a decline in white cell count that perhaps 
may have continued if the septicemic duration 
had been extended beyond 7 days. However, 
melatonin and total WBC and other inflamma-
tory indices values were not evaluated immedi-
ately after daylight restriction periods 
respectively, and thus represents a limitation 
in making these assumptions.

Lymphocytes, that helps the production of 
antibodies and direct cell-mediated killing of 
virus-infected and tumor cells [47] were not 
different across groups, perhaps because, this 
study deals with bacterial and not viral infec-
tion [48].

The report of this study with the low-dose 
ECIS-model of bacteria-induced systemic 
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inflammation, after either sleep deprivation or 
daylight restriction, suggests that sleep depri-
vation, whether acute or chronic impairs the 
immune system such that its ability to recover 
from a systemic inflammatory challenge 
becomes compromised. Regular and adequate 
sleep has been reported to foster immune sys-
tem activities through support to Th1 cell- 
mediated immunity and facilitating the mount-
ing of an effective adaptive immune response 
to a microbial challenge [15]. Therefore, in sleep 
deprivation (especially when prolonged) these 
mechanisms stated above would be reversed 
resulting in a diminished ability or breakdown 
of the host defense mechanism and an increase 
in inflammatory mechanisms.

The immune response from animals that were 
restricted from daylight and thereafter exposure 
to ECIS on the other hand, showed a response 
that suggests that the experimental animals may 
still recover from the systemic inflammatory 
challenge. Exposure to light has been described 
as being crucial to controlling circadian rhythms 
that regulate and influence human physiology. 
Immune functions, in particular, have been said 
to follow circadian oscillations that coincide with 
environmental light exposure (day and night), 
which allows the host immune system to antici-
pate and handle pathogenic threats more effi-
ciently [19,25]. The precise timing of day and 
night cycles has been said to result in leucocyte 
entrainment that is directed at facilitating 
prompt response to pathogen attack [11]. 
Studies have also shown that serum Vitamin 
D and melatonin levels, which are known to 
influence the potency of the immune system, 
free radical scavenging, anti-inflammatory, and 
antioxidant activities in the body, are affected by 
the duration of exposure to sunlight [45,49].

In conclusion, though alterations in environ-
mental cues (day/night exposure periods) may 
trigger an immune response much faster than 
alterations in sleep duration and pattern [pre-
viously reported in 19], the response of the 
immune system in the presence of an inflamma-
tory challenge is considerably much more 

weakened by sleep deprivation than by daylight 
restriction, as seen in this study. This perhaps may 
be due to a diminished ability or breakdown of 
host defense mechanisms and, an increase in 
inflammatory mechanisms in sleep deprivation 
while for daylight restriction, the actions of mela-
tonin, which would be increased following pro-
longed exposure to darkness, could offer some 
protection through its activities to the host, while 
facilitating a re-entrainment of circadian rhythmic 
control of the immune and other systems in the 
host.
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