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ABSTRACT

The mechanisms through which sleep deprivation leads to impairment of the immune
system are poorly elucidated. The objectives of the present work were to study the
effects of the common, real-life situation - partial sleep deprivation (PSD) on some
immune aspects particularly the serum level of interleukin-6 (IL-6) which is
implicated to mediate sleep-immune interaction and to investigate the impact of
ghrelin, a growth hormone releasing and orexigenic hormone, expressed by the
stomach and peripheral blood mononuclear cells (PBMCs) on such interaction.
Knowledge gained from basic research into sleep in animals has led to marked
advances in the understanding of human sleep, with important diagnostic and
therapeutic implications and neurobiological studies of sleep deprivation that require
invasive procedures are facilitated by the development of animal models. Short-term
PSD (7 days) and long-term PSD (14 days) were associated with an increase in total
leukocytes, significant reduction in the proinflammatory cytokine IL-6 and a
progressive increase in ghrelin mRNA expression by both the stomach and PBMCs
compared to control group. Furthermore, a significant negative correlation was
found between the level of IL-6 and the expression of ghrelin by PBMCs and stomach.
Interestingly, recovery sleep for 4 days had significantly increased the levels of IL-6
and partially decreased the abnormalities in ghrelin expression of sleep-deprivation
although it failed to return these parameters to control group levels. Considering the
data presented herein, it seems plausible that sleep is a restorative process that is
important for the proper secretion of IL-6 and suggest a functional role of ghrelin as
a modulator of cytokine production in sleep restriction.
Key words: sleep, ghrelin, IL-6
INTRODUCTION system. Many studies have reported
alteration in immune function in
response to prolonged and total sleep

Sleep is a fundamental Onse !
deprivation. For example, sustained

physiologic process that is critical for

health and life while sleep deprivation
is believed to promote disease
processes.  Therefore, sleep is
hypothesized to be a restorative
process that is important for the
proper functioning of the immune

sleep loss in rats lasting about sixteen
days produced septicemia and death,
an effect that has been attributed to a
failure of host defense mechanisms .
Although the clinical outcome in the
total sleep-deprived animals reflected
immune suppression, the clinical
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immune parameters measured
suggested immune activation pointing
to  competing anti-inflammatory
processes or interference with immune
effector functions during sleep
deprivation®. Despite  some
inconsistencies across studies of total
sleep deprivation (i.e, 4872 hours
without sleep) in humans, the findings
generally suggested that total sleep
deprivation is associated with immune
activation, namely increased white
blood cell (WBC) count and alteration
in granulocyte, monocyte,
lymphocyte, and NK cell counts, as
well as increased NK cell activity 9.
However, the pattern of results of
partial sleep deprivation (PSD), that
resembles the kind of sleep loss found
in many clinical populations on the
immune system, has been different in
the few partial sleep deprivation
experiments conducted & 9.
Accumulating data suggest an
interaction among sleep, circadian
rhythms, and interleukin-6 (IL-6)
implicating disordered sleep and sleep
loss in alteration of the release of IL-
6", which has been proposed as
mediator of an unfavorable metabolic
profile, a higher risk of cardiovascular
adverse events, and decreased
longevity®”.  IL-6  and  other
proinflammatory cytokines are
secreted by macrophages and other
immune cells in response to infectious
challenge and play a key role in the
differentiation, maturation, and
proliferation of T and B cells &'
Although these data are fairly
consistent in demonstrating an effect
of sleep deprivation on immunity, the
actual physiological underpinnings
and the clinical significance of these

immune  changes are  poorly
elucidated.

Few  recent studies have
demonstrated an effect of sleep
deprivation on plasma ghrelin
level’™™® . Ghrelin, a recently
described endogenous ligand for the
growth hormone secretagogue
receptor (GHS-R), is produced mainly
by stomach cells, however recent
studies have demonstrated ghrelin to
be widely distributed in the body
throughout several major organ
systems including the immune
system™.  Interestingly,  ghrelin
mRNA is expressed in peripheral T
cells, B cells, neutrophils 9 a5 well
as monocytes"®. Major focus of
research with ghrelin has been
primarily related to the regulation of
food intake. Ghrelin plays a central
role in the energy balance by
increasing food intake and body
weight, coupled with a reduction in fat
utilization. However, given the
capacity ~of  multiple immune
subpopulations to produce this
orexigenic peptide and the wide
distribution of its receptor on various
immune cell subsets ¥, it was
hypothesized that this peptide may
exert immunoregulatory effects on
immune cell subpopulation; however
the functional role of ghrelin in
regulation of immune responses in
sleep deprivation states remains
undefined.

Therefore, the objectives of the
current study were to 1) demonstrate
the effects of partial sleep deprivation
for 7 and 14 days as well as recovery
sleep on circulating white blood cell
counts, blood leukocyte differentials
and serum IL-6. 2) Study the effects
of partial sleep deprivation and
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recovery sleep on ghrelin mRNA
expression by stomach cells as well as
by immune cells. 3) Investigate a
possible relation of ghrelin expressed
by either the stomach or peripheral
blood mononuclear cells with any
change that might occur in serum IL-6
in response to partial sleep
deprivation.

MATERIALS & METHODS

Forty two age matched male
Sprague-Dawely rats were included in
the study. Mean weight = SD of the
rats was 140430 g. at the beginning of
the study. All animals had free access
to commercial rat chow diet and
water. Rats were divided into the
following groups:

Group 1: control group (n=16).
Blood samples were gathered from 8
control rats and the animals were
sacrificed to obtain the stomach.
Similar 8 control rats were used to
follow up their body weight at 7, 14
and 18 days for comparison of body
weight with the corresponding groups.

Group 2: (n=8) rats were
subjected to partial sleep deprivation
(PSD) (4 hours each day from 12:00
a.m. to 04:00 a.m.) for 7 days.

Group 3: (n=9) rats were
subjected to partial sleep deprivation
(4 hours each day from 12:00 a.m. to
04:00 a.m.) for 14 days.

Group 4: (n=9) rats were
subjected to partial sleep deprivation
(4 hours each day from 12:00 a.m. to
04:00 a.m.) for 14 days, which was
followed by 4 days of recovery sleep.

Partial sleep deprivation was
induced by applying audio visual
stimuli by a special apparatus"®.
Briefly, the apparatus produced either

sound alone, light alone or both of
them simultaneously at random
intervals.

All animals were weighed before
the start of each experimental protocol
and the mean percentage change of
body weight of each group were
assessed at the end of the protocol.
Also, retroorbital venous blood
samples and smears were collected at
the end of the experimental protocol
between 09:00 and 10:00 a.m for
assessment of total and differential
leukocytic counts, IL-6 levels in
blood, and gene expression of ghrelin
in peripheral blood mononuclear cells.
Animals were sacrificed and stomach
tissue was obtained and stored at -
80°C in lysis buffer that contained
guanidium  thiocyanate and f-
mercaptoethanol for RNA extraction
and subsequent assessment of stomach
ghrelin gene expression.

Studies that evaluated the 24-hour
secretory pattern of IL-6 in rats had
demonstrated that IL-6 levels vary
across the light-dark cycle among
different tissues"”. Therefore, blood
samples in the current study were
gathered between 09:00 and 10:00
a.m. in all groups.

Leukocyte Count and Differential
Immediately following blood
collection, 5 ul of blood was used to
prepare blood smears, which were
stained with Leishman and Giemsa
stain for differential leukocytic
counts. For the total leukocyte count
(TLC), blood was diluted with 3 %
acetic acid in saline solution as to lyse
all the erythrocytes. Dilutions of 1:20
were prepared and all samples were
mixed using a Vortex prior to
evaluation. Leukocytes were counted
using a hemocytometer. Numbers and
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proportions of polymorphonuclear
neutrophils including band
neutrophils, monocytes and
lymphocytes were determined.
Detection of ghrelin gene expression
by RT-PCR:

RNA extraction:

RNA was extracted from both
stomach tissue after homogenization
and whole blood after ficoll separation
of peripheral blood mononuclear cells
using SV- total RNA isolation kit
(Promega, Madison, USA) according
to manufacturer's instructions. The
concentration of extracted RNA was
measured by spectrophotometer at 260
nm.

Reverse Transcription and
Polymerase chain reaction (RT-
PCR):

For amplification of the targets,
reverse transcription and PCR were
run in two separate steps. The cDNAs
were generated from total RNA using
AMV-RT and oligo(dT) primers.
Briefly, total RNA (6 pg) were heat
denatured and reverse transcribed by
incubation at 42°C for 90 min with
12.5 U avian myeloblastosis virus
(AMV) reverse transcriptase
(Promega, Madison, USA), 20 U
ribonuclease inhibitor RNasin
(Promega, USA), 200 nM deoxy-
nucleoside 5'-triphosphate mixture,
and 1 nM oligo(dT) primer in a final
volume of 30 pl of Ix avian
myeloblastosis virus reverse
transcriptase buffer. The reactions
were terminated by heating at 97°C
for 5 min and cooling on ice. The
cDNA samples were amplified in 50
ul of 1x PCR buffer in the presence of
25 U Taq DNA polymerase
(Promega, Madison, USA), 200 nM
deoxy-nucleoside 5'-triphosphate

mixture, and the appropriate primer
pairs (1 nM of each primer). These
sets of primers were according to the
published c¢cDNA sequences of rat
ghrelin "®; ghrelin sense: 5-TTG
AGC CCA GAG CAC CAG AAA-3'
and ghrelin antisense: 5-AGT TGC
AGA GGA GGC AGA AGC T-3".

PCR consisted in a first
denaturing cycle at 97°C for 5 min,
followed by 35 cycles of amplification
defined by denaturation at 96°C for
1.5 min, annealing for 1.5 min, and
extension at 72°C for 3 min. A final
extension cycle of 72°C for 15 min
was included. Annealing temperature
was adjusted at 55°C. The PCR
product yielded a 347 bp fragment.
Agarose gel electrophoresis:

All  PCR  products  were
electrophoresed on 2% agarose
stained with ethidium bromide and
visualized by UV transilluminator.
Semi-quantitative determination of
PCR products:

Semi-quantitation of the PCR
products was performed using the gel
documentation  system  (BioDO,
Analyser) supplied by Biometra.
According to  the  following
amplification  procedure, relative
expression of ghrelin gene (R) was
calculated following the formula: R=
Densitometrical units of ghrelin gene/
Densitometrical units of [-actin
gene",

PCR detection of B-actin

The “house-keeping” gene J3-
actin was assessed by PCR for the
presence of RNA in all samples and
for  semi-quantitation of PCR
products. cDNA was generated from
lpg of total RNA extracted with
AMYV reverse transcriptase for 60 min
at 37°C. For PCR, 4ul cDNA was
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incubated with 30.5 pl water, 4 pl 25
mM MgCl,, 1 pul dNTPs (10 mM), 5
ul 10x PCR buffer, 0.5 ul (2.5U) Taq
polymerase and 2.5 ul of each primer
containing 10 pmol B-actin primers

(forward 5'
TGTTGTCCCTGTATGCCTCT 3
and reverse 5

TAATGTCACGCACGATTTCC 3').
The reaction mixture was subjected to
40 cycles of PCR amplification as
follows: denaturation at 95 °C for 1
min, annealing at 57 °C for 1 min and
extension at 72 °C for 2 min. The
PCR product yielded a 206 bp
fragment.

Measurement of IL-6:

Serum level of IL-6 was
measured by enzyme  linked
immunosorbent assay (ELISA) using
a kit supplied by Biosource
Diagnostics, USA according to the
manufacturers' instructions.
Statistical Analysis:

The results were analyzed using
SPSS computer software package,
version 10.0 (Chicago-IL, USA) @
Data were presented as mean = S.D.

Differences among the parameters of
the different groups were compared
by one-way analysis of variance
(ANOVA). Median was used in
attempt to show the differences
between band neutrophils among the
different studied groups. The results
were considered statistically
significant at P<0.05.

RESULTS

Body weight

Sleep-deprived  rats  showed
significant progressive weight loss
compared to the control group. The
percentage of body weight loss was
only 8.1% in sleep-deprived rats after
7 days of PSD (group 2), and
eventually body weight had dropped
by 164 % after 14 days of PSD
(group 3). Four days of recovery sleep
led to a decrease in the percentage of
body weight loss compared to group
3, however it did not reach statistical
significance (Figure 1).
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Figure 1: Mean % change of body weight in the 4 studied groups
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Total and differential leukocytic
counts

PSD for 7 days had significantly
increased the total leukocytic counts
compared with the control group;
however that increase was reduced by
extending the PSD for 14 days (group
3) resulting in a non significant
difference between group 3 and the
control group. On the other hand,
recovery sleep after 14 days of PSD
led to further reduction of TLC with
values comparable to those of group 1
(Figure 2 and table 1).

Neutrophils as a proportion of
total leukocytes increased
significantly (Table 1) from 16.38 +
7.6% in the control group to 35.63 +
9.27% after 7 days of PSD in group 2
(P<0.01). However, group 3, which
was subjected to 14 days of PSD,
showed a smaller increase in the
proportion of neutrophils compared to
group 1, as 21.11 £ 2.93% of the total
leukocytes, while recovery sleep in

group 4 caused a further decrease in
the proportion of neutrophils to 14.11
+ 5.73% to become comparable to
those of group 1.

Among neutrophils, the mean
proportion and number of bands
(immature neutrophils) were
significantly increased in group 2
compared with group 1 (P<0.05)
(table 1 and figure 3). There was also
an increase in the mean proportion
and number of band neutrophils in
group 3 compared to group 1,
although it did not reach statistical
significance. Also, the median value
of band neutrophils in group 3
(median=2) was higher compared to
that of group 1 (median= 0.5, P<0.05).

The  proportion of  blood
leukocytes composed of lymphocytes
were significantly decreased in group
2 compared to the control group while
they returned to near baseline value in
group 3 and 4 (Table 1). The mean
number of lymphocytes did not differ
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significantly between the control
group and either group 2 or 3.

As a proportion of total
leukocytes, monocytes did not differ
between group 1 and 2, although a
significant decrease in monocyte
proportion was observed in group 3

and 4 compared to either group 1 or 2.
The mean number of monocytes
increased significantly in group 2 and
decreased significantly in group 3
compared to the control group
(P<0.05).

16000

Figure 2: Mean total leukocytic counts and numbers of neutrophils, monocytes
and lvmnhocvtes (cells/mm®)
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Regarding the mean total leukocytic counts;

*: Significant compared to group 1 at p<0.05.
t: Significant compared to group 2 at p<0.05.
t: Significant compared to group 3 at p<0.05.

Table (1): Means and standard deviations (SD) of TLC; neutrophil, monocyte
and lymphocyte as proportions of TLC in the 4 studied groups.

TLC Neutrophils Band . Monocytes | Lymphocytes
Cells/mm? %) “e“t(gggh"s (%) (%)
Group (1) | 7000+2267.7 | 16.38+7.61 0.6+0.7 8.37+1.5 75.25+7.45
Group (2) | 11975+£2672.4% | 35.63+£9.27* 3.242 4% 8.62+3.06 55.25+9.42*
Group (3) | 9000+2137.7 | 21.11+2.93+ | 2.00+1.32 | 2.89+1.05*F | 76+2.82%
Group (4) | 6600+£1964.61 | 14.11+5.73+ | 2.11+1.45 | 3.33+£1.11*%F | 82+5.31%

*: Significant compared to group 1 at p<0.05.
t: Significant compared to group 2 at p<0.05.
t: Significant compared to group 3 at p<0.05.
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Figure 3: Means and SD of neutrophil (3A), band neutrophil (3B) monocytes (3C)
and lymphocytes (3D) numbers in the 4 studied groups
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*: Significant compared to group 1 at p<0.05.
*4 t: S!gn!f!cant compared to group 2 at p<0.05.
t: Significant compared to group 3 at p<0.05.
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Serum IL-6

To further evaluate the effects of
PSD on immune system, morning
serum level of the pro-inflammatory
cytokine IL-6 was measured in the 4
groups. Figure 4 shows significant
reduction of serum IL-6 in group 2

with further reduction in group 3
compared to that of group 1. Serum
IL-6 levels were significantly higher
after recovery sleep for 4 days
compared to those of group 3,
although significantly lower than
group 1.
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figure 4: means and SD of morning serum IL-6
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*: Significant compared to group 1 at p<0.05.
t: Significant compared to group 2 at p<0.05.
t: Significant compared to group 3 at p<0.05.

Expression of ghrelin

To study the effects of PSD on
ghrelin expression and the relation
between ghrelin and the immune
function, ghrelin mRNA  was
measured in both the PBMCs and
stomach tissues. As figure 5 reveals,
ghrelin expression by the stomach and
PBMCs were highly responsive to
PSD, displaying statistically
significant increase after 7 days of
PSD (group 2) with further increase in
group 3 (14 days of PSD) compared to
group 1. Although ghrelin expression
by stomach and white blood cells

decreased significantly in response to
recovery sleep when compared to
group 3, it was still significantly
overexpressed compared to the control
group.

Considering the recent notion that
ghrelin is a peptide endogenously
produced by immune cells that is
affected by sleep deprivation, and
plays a role in controlling immune
functions, the relation between the
expression of ghrelin and serum IL-6
was studied in the present work
(Figure 6). A negative correlation was
found between the expression of
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ghrelin by PBMCs and morning level the expression of ghrelin in the
of serum IL-6 (r = -0.740, P<0.01) in stomach and level of serum IL-6 (r = -
the studied groups. A  similar 0.729, P<0.01).

correlation was also detected between

Figure 5: Means and SD of Ghrelin expressed by stomach and white blood
cells
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*: Significant compared to group 1 at p<0.05.
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t: Significant compared to group 3 at p<0.05.
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Figure 6: Relationship between serum IL-6 and Ghrelin mRNA expression

32



Bull. Egypt. Soc. Physiol. Sci. 28 (2) 2008

Youssef et al.

M 1

3 4

Figure 7: An agarose gel electrophoresis showing PCR products of gherlin gene
expression (347 bp): Lane M: PCR marker (50, 150, 300, 500, 700, 1000 bp), Lane
1: PCR product in control group, Lane 2: PCR product in group 2 (PSD for 7 days),
Lane 3: PCR product in group 3 (PSD for 14 days), Lane 4: PCR product in group 4

(Recovery sleep for 4 days).

M 1

3 4

Figure 8: An agarose gel electrophoresis showing PCR products of beta actin gene
expression: product size (206 bp). Lane M: PCR marker (50, 150, 300, 500, 700,
1000 bp), Lane 1: PCR product in control group, Lane 2: PCR product in group 2
(PSD for 7 days), Lane 3: PCR product in group 3 (PSD for 14 days), Lane 4: PCR

product in group 4 (Recovery sleep for 4 days).

DISCUSSION

Sleep loss is endemic in society,
and loss of sleep during only part of the
night is one of the most common
complaints of persons who experience
environmental or psychological stress,
travel across time meridians, engage in
shift work, or suffer from a psychiatric
disorder. The specific systems and
mechanisms  affected by  sleep
deprivation that may perpetuate disease
processes  still are  speculative.
Knowledge gained from basic research
into sleep in animals has led to marked

advances in the understanding of human
sleep, with important diagnostic and
therapeutic implications®.
Neurobiological — studies of  sleep
deprivation that require invasive
procedures are facilitated by the
development of animal models®?.
Significant detrimental effects on
immune functioning have been reported
after a few days of total sleep
deprivation. However, most studies
applied  short-lasting  total  sleep
deprivation and not restriction of sleep
over a longer period of time, as often
occurs in human society. One of the
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goals of the present study was to
evaluate some of the effects of partial
sleep deprivation (PSD) on the immune
system. To this end, circulating white
blood cell counts, differential counts as
well as the level of serum IL-6 were
assessed in an animal model in response
to PSD for 7 days (group 2) and 14 days
(group 3) as well as recovery sleep for 4
days (group 4) .

In the present study, PSD for 7 days
showed a significant increase in total
leukocytes compared with control
values. With more prolonged PSD for
14 days the TLC was still higher than
the controls, although did not reach
statistical significance. After 4 days of
recovery sleep, TLC returned to
baseline levels. Leukocytosis induced
by sleep deprivation has been a
consistent finding in most animal and
human sleep deprivation studies®*?,
although few studies had reported
absence of any effect of PSD on total
WBC count in humans®?. However, the
study from which that notion was drawn
examined the effects of only 2 nights of
PSD.

The findings of the present study
showed that PSD altered some classes
of leukocytes. PSD for 7 days is
associated with a significant rise in
neutrophils and monocytes as well as a
significant decrease in lymphocytes
compared to controls. This was
associated with the appearance of a
significant increase in circulating band
neutrophils.  These findings are
compatible with the assumption that
sleep  deprivation is  commonly
associated with bacterial infection of
internal  tissues® and  increased
vulnerability to opportunistic
pathogens®®. These possible bacterial
infections have been commonly

attributed to suppression of host defense
mechanisms  against  pathogens"*”
particularly that suppression of different
types of immunity after PSD has been
pronounced in many studies *4**29.
This is consistent with what was
reported in clinical populations who
show disordered sleep due to stress or a
variety ~ of  diseases, including
depression, alcohol dependence, and
human immunodeficiency virus (HIV)
infection, in whom decrements in
natural and cellular immunity coincide
with disturbances of sleep architecture
and loss of sleep @3V,

The present findings of altered
leukocyte populations in PSD are
consistent with those reported by
Everson® in rats and Kerkhofs et
al.®? in postmenopausal women.
Also, Ruiz et al.®® observed that loss
of sleep induced lymphopenia in a
type 1 diabetes model and suggested
that sleep deprivation should be
considered a risk factor in the onset of
autoimmune disorders. Other studies
had reported absence of an effect of
sleep deprivation®~9. These different
outcomes in terms of leukocyte
numbers could be attributed to
different deprivation schedules.

Moreover, in the present study
more prolonged PSD (14 days) led to a
trend towards increased TLC and
increased neutrophils associated with
rise in immature granulocytes compared
to control group which may suggest
persistence  of  infection  while
monocytes were significantly decreased
compared to control. Although the stress
induced by PSD appears as one of the
putative mechanisms involved in the
present findings, it has been observed
that serum corticosteroids are not
increased by sleep deprivation®®”
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suggesting that glucocorticoid excess is
not a leading mediator. These data

implicate sleep in the modulation of

leukocyte populations and demonstrate
that even a modest disturbance of sleep
for 7 days alters the immune outcome
particularly in terms of leukocyte
numbers and types. This is further
supported by the finding that after 4
days of recovery sleep, TLC and
neutrophils returned to baseline levels.

White blood cells are known to
produce the inflammatory biomediator
IL-6 ®® and recently, Dimitrov et al
®% have suggested that the underlying
sleep-immune interaction appears to
rely critically on cytokines, like IL-6
that combine effects on immune and
neuronal functions. Although, PSD
was associated with an increase in
total leukocytes, the results of the
present study showed a significant
decrease in the level of serum IL-6 in
both short and long-term PSD
compared to the control group.
Recovery sleep had significantly
increased the levels of IL-6 compared
to long term PSD although it failed to
return to control group levels.

There is considerable
heterogeneity in studies linking sleep
deprivation and the secretion of IL-6.
In agreement with our results and
consistent with the idea that sleep has
a restorative function, normal sleep
was found to be associated with
enhancement of IL-6 release® while
loss of sleep served to decrease IL-6
levels with effects on the integrity of
immune system function®. Dimitrov
et al.®” demonstrated that sleep
enhances serum IL-6 and induces IL-6
trans-signaling, potentiating greatly its
effect on the immune system.
Therefore, loss of sleep during part of

the night may be one factor
exacerbating immunological
alterations in persons who experience
psychological stress or suffer from a
psychiatric disorder and commonly
complain of insomnia “?.

On the other hand, other studies
were apparently at odds with the
present work. For example, Irwin et
al.,® reported an increase in monocyte
production of IL-6 after one night of
PSD. Such discrepant results may be
explained by the fact that IL-6 is
produced by numerous types of
immune and non immune cells “" and
only about 20% of circulating IL-6 is
derived from peripheral blood cells
@2 Tn another study, increased serum
IL-6 has been reported in subjects
whose sleep was reduced to 6 hours
for 1 week ” and some studies have
failed to find effects of sleep loss on
IL-6 ©*. Although these discrepant
results may be explained in part by
differences in experimental design, it
should be noted that findings of
increased serum IL-6 have been called
into question on the basis of evidence
that local cytokine production in
response to indwelling venous
catheters and implanted cortical
electrodes used in most of the
previously mentioned studies, may
create false-positive findings “Y.

Among the mechanisms
underlying the reverse relation
between sleep loss and IL-6 secretion,
the body weight and melatonin
secretion need to be considered.
Regarding the body weight, it was
found that IL-6 correlates positively
with body mass index “¥ and up to
30% could be derived from adipose
tissue®?. Therefore, in the present
study it may seem that the weight loss
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observed with short and long PSD
may be one of the factors contributing
to  decreased circulating  IL-6.
Previous studies have shown that,
during sleep deprivation, rats are
hyperphagic but, paradoxically, losing
weight which has been attributed to
increased energy expenditure and loss
of fat content * or as a response to
infectious processes“”. However,
recovery sleep for 4 days did not
significantly reduce the percentage
change of body weight in comparison
to that of prolonged PSD, but it had
significantly raised IL-6 levels. Thus,
in view of previously reported data
that melatonin  enhances IL-6
production by PBMCs™*® and that
melatonin secretion decreases with
sleep  disruption®”, it can be
postulated that the sleep deprived rats
may have a low melatonin level and
subsequently low levels of serum IL-
6.

Finally, the sleep loss associated
modulation in the proinflammatory
cytokine IL-6 levels may be mediated
by other endocrine parameters. It has
been reported that the recently
discovered hormone, ghrelin has potent
anti-inflammatory effect®. Ghrelin is a
peptide hormone originally identified as
the endogenous ligand of the growth
hormone secretagogue receptor. Given
the potent effect of ghrelin on cytokine
expression™® and its strong link to sleep
deprivation™, it can be hypothesized
that ghrelin may function as a key signal
coupling the neural axis to the immune
system. Ghrelin which is predominantly
produced by the stomach was recently
detected in lymphoid organs® and
various leukocyte subsets"*!¥,
suggesting a possible immunoregulatory
effect of ghrelin produced by immune

cells in sleep deprived situations.
Therefore, in the present study, we
attempted to study ghrelin expression in
PBMCs and stomach in response to
PSD and find a possible correlation
between ghrelin expression and serum
IL-6.

The results of the present study
demonstrated that PSD for 7 or 14 days
resulted in a significant increase in the
expression of ghrelin in both PBMCs
and stomach tissue compared to controls
with a significantly higher level in long
term compared to short term PSD.
Recovery sleep had partially decreased
the abnormalities in ghrelin expression
of PSD. The current findings are in
accord with studies which showed that
short sleep duration leads to higher
levels of serum ghrelin®*%% Also,
Taheri and colleagues' study ©¥ is
congruent with the idea that inadequate
sleep enhances ghrelin secretion, which
in turn acts as an endogenous sleep
factor. There is evidence that
administration of ghrelin can promote
sleep®®, although these studies did
not examine the expression of ghrelin in
different tissues in response to sleep
restriction.

The mechanisms through which
sleep restriction achieves such a rapid
effect on ghrelin mRNA expression
are not known. Loss of body weight
with PSD observed in the present
work could be one factor contributing
to the significant elevation in ghrelin
expression in both the stomach and
PBMCs. However, it could not be the
sole factor because recovery sleep for
4 days did not significantly reduce the
percentage change of body weight in
comparison to that of prolonged PSD,
but it had significantly lowered the
expression of ghrelin in both types of
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cells. Reduction in BMI was reported
to be associated with an increase in
ghrelin and a decrease in leptin®”.
Based on current knowledge, ghrelin
released during negative energy
balance situations plays an important
role in maintaining GH release and
stimulating appetite“®. Therefore, it
can be hypothesized that high ghrelin
level could contribute for increased
appetite but not for weight loss found
with sleep restriction. Similarly, it has
been established that circulating
ghrelin concentrations under
conditions presenting with low body
fat mass, as for example in cancer
cachexia ®® and anorexia nervosa ©”
are significantly elevated, suggesting
a  compensatory  rather  than
contributory effect of ghrelin in these
situations. In addition, Taheri et al.*
reported that experimental curtailment
of sleep increases serum ghrelin
independent of body mass index, age,
sex and other possible confounding
factors.

Based on current published data
demonstrating the presence of systemic
infection and inflammation in sleep
deprived rats ®>*”_ high ghrelin levels
might be part of a complex immuno-
neuro-endocrine response activated by
systemic infection and inflammation V.
Recent studies have shown that sleep
deprivation induces an elevation of
some inflammatory proteins such as; E-
selectin, ICAM-1, IL-lbeta, and IL-
1ra®”. Therefore, the other possible role
of ghrelin in sleep restriction might be
its novel anti-inflammatory
properties®”. This is of particular
interest in light of recent findings
revealing that treatment with ghrelin
significantly down-regulates circulating
levels of pro-inflammatory cytokines in

rat models of endotoxemia and sepsis
6369 and the potential therapeutic use of
ghrelin  in the management of
inflammation.

Interestingly, a significant negative
correlation was found in the present
work between the expression of ghrelin
by PBMCs and the level of serum IL-6,
possibly implicating ghrelin produced
by WBCs in reducing IL-6 production
and suggesting a functional role of
ghrelin as a modulator of cytokine
production. A similar correlation was
also detected between the expression of
ghrelin in stomach cells and level of
serum IL-6.

The wide distribution of ghrelin
expression and its receptor in PBMCs
may suggest multiple paracrine and
autocrine roles of the endogenously
produced ghrelin, where it can inhibit
cytokine activation, including
interleukins®. Xia et al.®® showed
that ghrelin dose-dependently
suppresses T helper 1 (IL-2 and IFN-
v) and T helper 2 (IL-4 and IL-10)
cytokine mRNA expression. This is
consistent with the present findings of
a negative correlation between ghrelin
expression and IL-6, a cytokine
produced by T helper 2 lymphocytes
) In one study, plasma IL-6
concentration at rest in fed subjects
was negatively correlated with plasma
ghrelin concentration 7.

In conclusion, short and long
term PSD is associated with alteration
in some immune parameters in the
form of altered leukocyte numbers
and types and reduction in serum IL-6
levels. The present work shows that
ghrelin expression increases with
PSD. The significant negative
correlation observed between the
expression of ghrelin and the
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proinflammatory cytokine IL-6 in
PSD suggests that ghrelin may
function as a signal coupling the
neural axis to the immune system and
may modulate inflammatory processes
in PSD.
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