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ABSTRACT 

 
The present study aimed to explore the biochemical, hematological and histological 
effects of sleep deprivation and effect of aqueous extract of ginger and recovery sleep in 
rats. Adult male rats were sleep deprived for a period of 5 days using grid suspended over 
water method. Aqueous ginger extract (500 mg/kg/day, p.o) was administered for 8 days, 
starting 3 days before sleep deprivation. Recovery sleep was allowed for two days. Sleep 
deprivation insignificantly increased corticosterone, significantly elevated levels of 
malondialdehyde and protein carbonyls, decreased levels of ascorbic acid, reduced 
glutathione (GSH) and depressed total antioxidant activity in blood plasma and heart. In 
addition, sleep deprivation increased level of total IgGs, elevated total count of leucocytes 
and differential (neutrophils and lymphocytes). Besides, sleep deprivation caused 
extravasations of Evan's blue dye in the brain tissues (brain cortex, midbrain and brain 
stem). Moreover, sleep deprivation induced histological abnormalities in cardiac tissue 
manifested as inflammation, hemorrhage and degeneration of cardiomyocytes. Ginger 
extract significantly offered protection against the harmful effects of sleep deprivation. 
Recovery sleep had a restorative effect of the normal levels of most tested parameters. The 
study indicated that sleep deprivation caused harmful effects independent of stress 
earnings, by inducing oxidative stress and inflammatory reaction leading to damage in the 
cardiac tissue and temporally breakdown in the blood brain barrier. It's worthy to note 
that ginger offered protection while recovery sleep had a restorative effect against sleep 
deprivation effects.                                            
Keywords: Sleep deprivation, ginger, recovery sleep, blood, heart, brain. 
 

INTRODUCTION 
 

Sleep is important for the 
maintenance of physiological 
homeostasis and psychological 
balance. Disturbance or shortening of 
normal sleep is associated with an 
irregularity of the neuroendocrine 
control of appetite and increased risk 
of diabetes(1, 2). In accordance, sleep 
deprivation has been reported to 
disturb many vital processes including 

gene expression related to metabolic 
processes, response to stress and 
inflammation, circadian sleep/wake 
cycles, regulation of cell proliferation 
and various signaling pathways(3).  

Moreover, sleep deprivation has 
been reported to increase plasma 
glucocorticoids in both human and 
rodents(4), and leads to augmentation 
of the aging process and gradual 
damage to brain cells(5). In addition, 
sleep restriction to four hours for three 
consecutive nights was found to 
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increase leuckocytic count, mainly 
neutrophils in young healthy men (6). 
Also, sleep deprivation has been 
found to elevate parameters of 
humoral immunity, including serum 
IgG, IgA, IgM, and cytokines C3 and 
C4 (7). Acute total and short-term 
partial sleep deprivation resulted in 
elevated high-sensitivity C- reactive 
protein (CRP) concentrations, a stable 
marker of inflammation that has been 
shown to be predictive of 
cardiovascular morbidity (8-10). In 
addition, inflammation has been 
reported to increase blood brain 
barrier permeability and to play a 
central role in the development of 
numerous disorders of the central 
nervous system (CNS) (11). Whereas, 
recovery sleep has been reported to 
ameliorate the adverse effects of sleep 
deprivation on physiological process 
and restore the antioxidant balance (12) 

Ginger is an herbal remedy 
contains very potent anti-
inflammatory and antioxidant 
compounds including 6-shogaol, 6-
gingerol, 8-gingerol and 10-
gingerol(13,14). These substances are 
believed to have therapeutic potentials 
against osteoarthritis or rheumatoid 
arthritis (15-17). In addition, ginger has 
been found to suppress t(Th2) - cell 
mediated immune responses, 
providing a possible therapeutic 
application in allergic asthma (18). 
Moreover, aqueous extract of ginger 
has showed detoxifying and 
antioxidant effects against alcohol 
toxicity (19).  

The study aimed to explore the 
biochemical, hematological and 
histopathological effects of sleep 
deprivation and possible protective 

and restorative effects of ginger and 
recovery sleep respectively. 
 
MATERIALS & METHODS 
 
Animals:  

Sprague Dawley rats (200±30g) 
were obtained from the animal house 
of the National Organization for Drug 
Control and Research (NODCAR), 
Egypt. The animals were kept under 
standard laboratory conditions of 
light/dark cycle (12h /12h) and 
temperature (25 ± 2C°). They were 
provided with a nutritionally adequate 
standard laboratory diet. All 
experiments were carried out in 
accordance with institutional 
guidelines established by the animal 
care and use committee of the 
National Organization for Drug 
Control and Research (NODCAR), 
Egypt. 

All chemicals used were of 
analytical grade. 

Experimental design: A total 
number of 60 rats were used in the 
study and divided equally into two 
sets, one for the biochemical, 
hematological and histological studies 
and the other for blood brain barrier 
study. Each set is divided into five 
groups,1) control group, where the 
animals had normal sleep; 2) sleep 
deprivation (SD) group, the animals 
sleep deprived for 5 days; 3) sleep 
deprivation and ginger (SD+G) group, 
the animals were administered ginger 
(500mg/ kg, p.o, day) for 8 days, 
starting 3 days before sleep 
deprivation for 5 days;  4) ginger (G) 
group, the animals were administered 
ginger (500mg/ kg, p.o, day) for 8 
days. Recovery sleep (RS) group, the 
animals were allowed to have normal 
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sleep for two days after sleep 
deprivation for five days. 
Sleep deprivation 

Animals were sleep deprived for 
5 days by placing them on a grid 
suspended over water(20).  Briefly, 
they were placed on a grid floor 
(29×15×7 cm) inside the plastic cage 
filled with water to 1 cm below the 
grid surface. The stainless steel rods 
of the grid (3 mm wide) were set 2 cm 
apart from each other. Food and water 
were provided ad libitum. After sleep 
deprivation session, the animals from 
different groups were sacrificed; 
blood was collected in plastic 
centrifuge tubes containing 0.01% 
ethylenediaminetetraacetic acid 
(EDTA) as anticoagulant and 
antioxidant. Blood was centrifuged at 
4 ºC for 15 min at 3000 rpm and 
plasma was stored at -80ºC until 
further processing. The animals were 
dissected and hearts were obtained.   

Determination of total IgGs was 
determined by SEC- HPLC method 
using purified mouse IgG (Sigma, St 
Louis, MO) as reference(21). 
Determination of reduced glutathione, 
homocysteine, vitamin C and 
malondialdehyde levels were 
determined by HPLC methods(22-24), 
respectively. Protein carbonyls were 
determined according to 
spectrophotometric method(25). Protein 
determination was carried out using 
colorimetric method(26). Erythrocyte 
sedimentation rate, total and 
differential leucocytic count were 
carried out using the method of 
Simmons and Bernard (27). C- reactive 
protein was detected with ELISA kit 
for rats (Genway Biotech, Inc., CA, 
USA), with the normal level being 
less than 0.5 mg/ml. To assess the 

stress effect of sleep deprivation, 
corticosterone was measured with 
ELISA kit for rats (Genway Biotech, 
Inc., CA, USA). Histopathological 
preparation was carried out according 
to method of Carleton ad Drury (28).  

Blood brain barrier integrity was 
determined using the method 
described by Mikawa et al (29) using 
Evans blue (EB) dye. In brief, after 
the last session of sleep deprivation, 
EB dye (4 ml/kg, 2%) was 
administered intraperitonealy and 
allowed to circulate for 60 min. The 
animals were then anaesthetized with 
thiopental (50mg/ kg, ip) and perfused 
with saline through the left ventricle 
at a flow rate 10 ml/ min for 15 min. 
until colorless fluid was obtained from 
the right atrium. Afterwards, the 
brains were removed and dissected 
into brain cortex, midbrain and brain 
stem. The brain areas were weighed 
and homogenized in 3.5 ml 
phosphate-buffered saline and vortex-
mixed for 2 min after the addition of 
2.5 ml of 60% trichloroacetic acid to 
precipitate protein. The samples were 
then cooled in ace for 30 min and 
centrifuged for 30 min at 1000 r.p.m. 
The absorbance of the supernatants 
for EB dye was measured at 610 nm 
with a spectrophotometer. EB dye 
content is expressed as μg/mg of brain 
tissue against a standard curve.  
Statistical Analysis 

Data presented as means ± SE. 
One-way ANOVA followed by LSD 
test were used to evaluate significant 
differences from the control and sleep 
deprived groups. P<0.05 was 
considered to be statistically 
significant. Statistical processor 
system support (SPSS) for Windows 
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software, release 10.0 (SPSS, Inc, 
Chicago, IL) was used. 
 

RESULTS 
 
Oxidative stress parameters: 

Sleep deprivation induced 
significant decrease in the level of 
GSH, increased GSSG level and 
disturbed GSH/GSSG ratio in the 
heart and blood plasma. Ginger 
treatment to SD rats maintained the 
levels of reduced glutathione and the 
GSH/GSSG ratio around the normal 
level (Tables 1 & 2). Recovery sleep 
was powerful than ginger to maintain 
the levels of reduced glutathione and 
the GSH/GSSG ratio around the 
normal level (Tables 1&2). Plasma 
levels of the stress hormone 
corticosterone in sleep deprived rats 
insignificantly increased in 
comparison to control animals (SD: 
6.22 ± 0.58 g/dl, control: 5.11 ± 0.65 
g/dl). Minor changes were detected 
with other treatments (Table 3). Sleep 
deprivation significantly decreased 
level of vitamin C and total 
antioxidant activity, whereas 
increased the levels of MDA and 
protein carbonyls (Tables 3, 4, 5 & 6). 
Ginger treatment to SD rats 
significantly minimized the 
decreasing effect of SD on vitamin C 
concentration and total antioxidant 
activity, and also minimized the 
increasing effect of SD on MDA and 
protein carbonyls levels in both the 
heart and blood plasma (Tables 3, 4, 
5, &  6). Sleep recovery was powerful 
than ginger in keeping the normal 
levels of vitamin C and total 
antioxidant activity, and prevented the 

increasing effect of SD on levels of 
MDA and protein carbonyls in both 
the heart and blood plasma (Tables 3, 
4, 5&  6).  
Inflammatory parameters: 

Sleep deprivation induced 
significant increase in the levels of 
total and differential leucocytic count, 
especially in neutophiles, increase 
ESR and the level of total IgGs, and 
did not change the level of CRP. Both 
ginger treatment and recovery sleep 
significantly minimized the 
aforementioned effects of sleep 
deprivation (Tables 7 & 8). 
Blood brain barrier permeability: 

Data in table 8 showed that sleep 
deprivation induced significant 
increase in blood brain barrier 
permeability in the tested brain areas. 
Both ginger and recovery sleep 
minimized the effect of sleep 
deprivation (Table 9). 
Histopathology:   

Sleep deprivation for 5 days 
induced histological abnormalities 
manifested as hemorrhage, red blood 
cells aggregates and inflammatory 
cells within cardiac muscles. In 
addition, sleep deprived rats showed 
multi focal areas of degenerated 
cardiomyocytes with dislocated and 
pyknotic nuclei (Fig. 3, 4, 5, 6 &7). 
Ginger treatment alone (Fig. 8) did 
not differ from normal cardiac tissue 
(Fig. 1&2).  Concurrent 
administration of ginger to sleep 
deprived rats greatly minimized the 
adverse effect of sleep deprivation 
(Fig. 9). Recovery Sleep group 
showed a remarkable ameliorative 
effect and minimized the adverse 
effect of sleep deprivation (Fig. 10). 

 



 
 
Bull. Egypt. Soc. Physiol. Sci. 30 (2) 2010                                                        Shehata 

 
187

Table 1: Effect of Ginger and Recovery Sleep on Levels of Reduced (GSH) and 
Oxidized (GSSG) Glutathione and Their Ratio in Blood Plasma of Sleep 
Deprived Rats (SD) 

Group 
GSH  
(µg/ml) 

GSSG  
(µg/ml) 

GSH/GSSG 
 

Control 41.191 ± 1.785 2.815 ± 0.145 14.736 ± 0.694 
SD 32.143 ± 1.122 *** 4.111 ± 0.141 *** 7.863 ± 0.393 *** 
SD + Ginger 40.119 ± 1.270 ++ 3.158 ± 0.185 +++ 12.925 ± 0.715 +++ 
Ginger 45.120 ± 2.781 +++ 3.000 ± 0.099 +++ 15.045 ± 0.798 +++ 
Recovery Sleep 42.857 ± 1.181 +++ 3.056 ± 0.103 +++ 14.112 ± 0.480 +++ 

* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
 
Table 2: Effect of Ginger and Recovery Sleep on Levels of Reduced (GSH) and 
Oxidized (GSSG) Glutathione and their Ratio in Hearts of Sleep Deprived Rats 
(SD) 

Group 
GSH  
(µg/g fresh tissue ) 

GSSG  
(µg/g fresh tissue) 

GSH/GSSG 
 

Control 390.441 ± 19.423 25.029 ± 1.137 15.658±0.702 
SD 264.225 ± 22.835 ** 37.565 ± 1.067 *** 7.085±0.667 *** 
SD + Ginger 359.435 ± 130738 + 28.691 ± 0.907 *,+++ 12.591±0.649 ++ 
Ginger 428.315 ± 31.572 +++ 26.709 ± 0.967+++ 16.209±1.495 +++ 
Recovery Sleep 485.368 ± 52.592 *,+++ 26.322 ± 1.288+++ 18.350±1.603 +++ 
* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
 
Table 3: Effect of Ginger and Recovery Sleep on Level of Vitamin C, Total 
Antioxidant 
Activity and Corticosterone Level in Blood Plasma of Sleep Deprived Rats (SD) 

Group 
Vit C 
(µmol/l) 

Antioxidant activity
(eq. to µg Vit C/ml) 

Corticosterone 
µg/dl 

Control 51.609 ± 1.679 57.391 ± 1.040 5.11 ± 0.65 
SD 27.579 ± 1.367 ***, +++ 24.928 ± 1.259 *** 6.22 ± 0.58 
SD + Ginger 65.521 ± 3.151 **, +++ 54.783 ± 2.449+++ 4.92 ± 0.71 
Ginger 77.789 ± 5.535 ***, +++ 59.710 ± 2.744+++ 5.52 ± 0.35 
Recovery Sleep 58.038 ± 3.371+++ 50.377 ± 0.854 *,+++ 5.48 ± 0.80 
* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
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Table 4: Effect of Ginger and Recovery Sleep on Level of Vitamin C and Total 
Antioxidant Activity in Heart of Sleep Deprived Rats (SD) 

Group 
Vit C  
(µmol/g fresh tissue) 

Antioxidant activity  
(Eq. to µg Vit C/ g fresh tissue) 

Control 28.640 ± 1.708 248.480 ± 13.131 
SD 17.400 ± 0.432*** 189.888 ± 3.638*** 
SD + Ginger 27.200 ± 1.323+++ 239.363 ± 7.308++ 
Ginger 33.600 ± 2.328*, +++ 285.733 ± 12.707*, +++ 
Recovery Sleep 20.960 ± 0.381***,+++ 257.723 ± 11.754+++ 

* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
 
 
Table 5: Effect of Ginger and Recovery Sleep on Levels of Protein Carbonyls and  
Malondialdehyde in Blood Plasma of Sleep Deprived Rats (SD) 

Group 
Protein Carbonyls 
(nmol/mg protein) 

Malondialdehyde  
(µmol/l) 

Control 2.833 ± 0.169 1.522 ± 0.033 
SD 3.985 ± 0.095 ***  2.693 ± 0.120 *** 
SD + Ginger 2.933 ± 0.092 +++ 1.945 ± 0.052 ***,+++ 
Ginger 2.817 ± 0.079 +++ 1.482 ± 0.067+++ 
Recovery Sleep 2.917 ± 0.111 +++ 1.577 ± 0.056+++ 

* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
 
 
Table 6: Effect of Ginger and Recovery Sleep on Levels of Protein Carbonyls and  
Malondialdehyde in Heart of Sleep Deprived Rats (SD) 

Group 
Protein Carbonyls 
(nmol/mg protein) 

Malondialdehyde 
(µmol/g fresh tissue) 

Control 4.200 ± 0.281 6.225 ± 0.232 
SD 6.230 ± 0.211 *** 8.435 ± 0.241*** 
SD + Ginger 4.770 ± 0.214 +++ 7.184 ± 0.217**,+++ 
Ginger 4.172 ± 0.250 +++ 5.396 ± 0.169*, +++ 
Recovery Sleep 4.711 ± 0.180 +++ 5.502 ± 0.255*, +++ 

* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign.  
++ (P<0.01) High sign. +++ Very high sign 
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Table 7: Effect of Ginger and Recovery Sleep on Levels of Total IgGs, C- reactive 
Protein (CRP) and Erythrocytes Sedimentation Rate (ESR) in Blood of Sleep 
Deprived Rats 

Group Total IgGs 
(mg/ml) 

CRP 
(mg/ml) 

ESR 
(mm/hr1) 

Control 4.016 ± 0.135 0.487 ± 0.071 3.000 ± 0.258 
SD 5.966 ± 0.228*** 0.538 ± 0.054 7.500 ± 0.619*** 

SD + Ginger 4.217 ± 0.079+++ 0.510 ± 0.050 4.833 ±  0.307**,+++ 

Ginger 3.999 ± 0.148+++ 0.495 ± 0.044 3.333 ± 0.211 +++ 

Recovery Sleep 4.294 ± 0.084+++ 0.511 ± 0.0374 3.667 ± 0.333 +++ 

* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
 
Table 8: Effect of Ginger and Recovery Sleep on Total and Differential 
Leukocytic Count in Sleep Deprived Rats 

Group Total Leukocyte Lymphocytes Neutrophiles 

Control 7.373 ± 0.354 2.343 ± 0.065 4.230 ± 0.080  

SD 11.675 ± 0.155*** 2.713 ± 0.085 ** 6.299 ± 0.133 *** 

SD +  Ginger 7.967 ± 0.564 +++ 2.871 ± 0.012 *** 5.987 ± 0.119 *** 

Ginger 5.920 ± 0.174 **, +++ 2.319 ± 0.053 ++ 6.903 ± 0.068 ***, ++ 

Recovery sleep 7.560 ± 0.229 +++ 2.615 ± 0.145 * 6.341 ± 0.212 *** 
* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
 
Table 9: Effect of Ginger and Recovery Sleep on Blood Brain Barrier 
Permeability 
  of Sleep Deprived Rats 

Group
Cortex 
(% of Control) 

Midbrain 
(% of Control) 

Brain stem 
(% of Control) 

SD 139.5 ± 9.4 * 168 ± 14.5 ** 151.9 ± 10.5 * 
SD + Ginger 119.7 ± 8.3  114.6 ± 12.1 + 119.1 ± 13.4 + 
Ginger 109.2 ± 11.1 + 105.7 ± 12.0 ++ 113.5 ± 9.8 ++ 
Recovery sleep 108.8 ± 9.9 + 106.4 ± 8.4 ++ 110.5 ± 11.3 ++ 
* Significant difference from control, * (P<0.05) Sign. ** (P<0.01) High sign.  
*** Very high sign. 
+ Significant difference from sleep deprived rats, + (P<0.05) Sign. ++ (P<0.01) High sign.  
+++ Very high sign 
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Fig.1. A photomicrograph of heart tissue of control rat, 
demonstrating branching and anastomsing cardiac 
muscles (Arrows). (H&E, X:100). 
 

 
Fig.2. A photomicrograph of heart tissues of control rat, 
showing the transversely cut fibers having central 
vesicular nuclei (Arrows). (H&E, X: 100). 

 
Fig.3. A photomicrograph of heart tissue of sleep 
deprived rat, showing hemorrhage areas between 
cardiac muscles (arrow) and dislocated nuclei (arrow 
head). (H&E, X: 100). 

 
Fig.4. A photomicrograph of heart tissue of sleep 
deprived rat, showing extensive RBC's aggregates 
between myofibrils (arrow), faintly stained myofibrils 
(M) and dislocated nucleus (arrow head). (H&E,X:200) 
 

 
Fig.5. A photomicrograph of heart tissue of sleep 
deprived rat, demonstrating degenerated myofibrils 
(M), pyknotic nuclei (Arrow), inflammatory cells 
(arrow head). 

 
Fig.6. A photomicrograph of heart tissue of sleep 
deprived rat, showing multi focal areas of degenerated 
cardiomyocytes (Arrows), (H&E,X:40) 
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Fig.7. A photomicrograph of heart tissues of SD rat 
showing degenerated area (Arrow), inflammatory cells 
(double arrow) and cardiomyocyte with pyknotic 
nucleus (Short arrow) (H&E, X: 200). 
 

 
Fig.8. A photomicrograph of heart tissue of ginger –
treated rat, showing intact cardiomyocyte with vesicular 
nuclei (Arrows) (H&E, X: 200). 

 
Fig.9. A photomicrograph of heart tissue of SD+ ginger 
treated rat, demonstrating dilated blood vessels in 
between cardiac muscles (BV) and inflammatory cells 
(Double arrow) (H&E, X: 40). 

 
Fig.10. A photomicrograph of heart tissues of recovery 
sleep group, showing multiple dilated blood capillaries 
between cardiac muscle fibers (Arrows), (H&E, X: 200). 

 

 
 

DISCUSSION 
 

In the present study, sleep 
deprivation reduced the total 
antioxidant activity, indicating the 
occurrence of oxidative stress and 
increased susceptibility to oxidative 
damage. The depressed levels of 
vitamin C and reduced glutathione 

with disturbed ratio of GSH/GSSG, 
beside the increased levels of MDA 
and protein carbonyls might support 
this claim. In accordance, several 
studies demonstrated that sleep 
deprivation for 72 hours induced 
oxidative damage and caused 
behavioral abnormalities in mice(30-32). 
In addition, sleep deprivation 
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significantly inhibited the 
mitochondrial electron transport chain 
and energy metabolism (3).         

Moreover, sleep deprivation 
induced inflammatory reactions in 
terms of elevated total leucocytic 
count and elevated ESR, increased 
total IgGs, and did not affect CRP 
level. High erythrocyte sedimentation 
rate (ESR), likely due to an increase 
in globulins or fibrinogens levels, 
indicates a non-specific inflammation. 
Despite that a high level of CRP 
serves as a general indication of acute 
inflammation, in some inflammatory 
disease, such as rheumatoid arthritis 
and lupus, a low CRP level is 
possible, and is not indicative of no 
inflammation. In accordance to the 
present study, a previous study 
showed that sleep restriction to four 
hours for three consecutive nights 
increased white blood cells, mainly 
neutrophil count, in young healthy 
men(6). Moreover, sleep deprivation 
for 24 hours increased the levels of 
total immunoglobulins in human(7), 
and increased inflammatory markers 
of cardiovascular risk(8,9). Ginger 
pretreatment significantly minimized 
the oxidative and inflammatory 
damage of sleep deprivation. This 
might be attributed to the antioxidant 
property of ginger. In accordance, 
several studies demonstrated the 
antioxidant and anti- inflammatory 
activities of ginger(19, 32). Moreover, 
recovery sleep considerably 
minimized the harmful effects of sleep 
deprivation. This might mirror the 
antioxidant effect of recovery sleep. 
In accordance, a recent study 
indicated that recovery sleep has a 
restorative effect on the body 
homeostasis (12).  

 Sleep deprivation 
compromised blood brain barrier 
integrity and caused extravasations of 
Evan’s blue into brain tissues. One 
might speculate that there exists a link 
between inflammation and oxidative 
stress and the increase in barrier 
permeability. This can be interpreted 
that inflamed endothelium could 
secrete proinflammatory cytokines, 
accompanied with the activated 
macrophages which produce 
numerous factors that are injurious to 
the cerebrovascular endothelium. 
This, in turn, could lead to the 
increased permeability of the blood-
brain barrier(33). Accordingly, it is 
likely that inadequate sleep might 
affect the functioning of the lining 
inside the blood vessels and can cause 
some low-grade inflammation that 
could lead to heart disease and 
increased blood brain barrier 
permeability. Moreover, the 
observation that recovery sleep 
considerably reversed the effect of 
sleep deprivation and restored the 
normal permeability might indicate 
that the effect of sleep deprivation is 
temporally and reversible. The 
protective effect of ginger treatment to 
blood brain barrier may be due to its 
antioxidant and anti-inflammatory 
properties 

In addition, the present study 
showed that weakened antioxidant 
defense system and the inflammation 
resulted from sleep deprivation was 
enough to induce histological damage. 
It's worthy to note that sleep 
deprivation might mimic the body’s 
neuroendocrine response to stressful 
circumstances. Consistently, 
administering the hormones normally 
released during stressful exposures 
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also impairs sleep quality, affects 
immune function and disturbs sleep 
and waking rhythms (34).  

The observation that ginger 
caused significant amelioration in 
sleep deprivation-induced oxidative 
stress in plasma and heart of rats, as 
compared with those sleep deprivation 
group might indicate an antioxidant 
property of ginger. Ginger not only 
prevented the increase in free radical 
damage to lipids, but also greatly 
lessened depletion of reduced 
glutathione, one of the body's most 
important internally produced 
antioxidants. In addition, ginger 
prevented the histopathological 
abnormalities under sleep deprivation. 
In accordance, several studies 
indicated that ginger has antioxidant, 
anti-inflammatory, and antitumor 
activities (13,35,36). 

It's worthy to note that stress 
exposure leads to strong increases in 
the plasma levels of glucocorticoid 
stress hormones whereas in the 
present study plasma level of 
corticosterone after sleep deprived 
rats insignificantly increased in 
comparison to the control rats.  In 
accordance, earlier studies have 
shown that severe sleep restriction 
does not lead to persistent increases in 
glucocorticoid levels(37). In fact, 
undisturbed and spontaneously 
behaving rodents, for example, eating 
and grooming, show mild increases in 
plasma corticosterone levels. This 
might indicate that sleep adverse 
effect are not stress earnings of sleep 
deprivation.  

In addition, it seems that there is 
a mutual correlation between 
inflammation and oxidative stress (38). 
Moreover, it is likely that the 

mechanism of action that underlies 
ginger's anti-inflammatory effect is to 
suppress the pro-inflammatory 
compounds (cytokines and 
chemokines) produced by leukocytes 
(immune cells) and suppressing the 
release of free radicales. 

In accordance to our result, a 
recent study indicated that aqueous 
extract of ginger along with paraben 
significantly ameliorated paraben-
induced lipid peroxidation in the liver 
of mice(39). Moreover, an in-vitro 
study showed that five 
diarylheptanoids (1-5) isolated from 
the roots of ginger (Z. officinale) were 
capable of scavenging free radicals 
and inhibiting lipid peroxidation(40). In 
addition, pretreatment with ginger 
extract prevented the hepatotoxic 
effect and oxidative and damage of 
bromobenzene in rats (41). 

The study indicated that sleep 
deprivation adverse effects are 
mediated, in part, through 
inflammatory reactions and oxidative 
stress. Ginger offered a protective 
effect through its antioxidant and anti-
inflammatory properties. Recovery 
sleep showed a restorative effect 
against sleep deprivation effects. In 
addition, recovery sleep represents the 
regenerative power of the body to 
regain the normal physiological 
homeostasis after the riddance of the 
external insult. 
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 . يقلل الجنزبيل من التأثيرات الضارة للحرمان من النوم
  الأثر العلاجي للنوم المسترجع

 
  أحمد محمد شحاتة

  الھيئة القومية للرقابة و البحوث الدوائية -قسم الفسيولوجي
 

يھدف البحث الى دراسة التأثيرات الناتجة من الحرمان من النوم لمدة خمسة أيام على تركيب الدم و بعض 
شرات البيوكيميائية الدالة على حالة الاجھاد التأكسدى في الدم و انسجة القلب مع عمل دراسة في انسجة المؤ
كما يھدف . الدموي تحت تأثير الحرمان من النوم -و ايضا قياس مدي التغييير في نفاذية الحاجز المخي. القلب

ل والنوم على ھذة المؤشرات البيوكيميائية الدالة البحث الى دراسة كلا من الدور الوقائي المحتمل  لمنقوع الجنزبي
  .على الحالة الفسيولوجية للجسم

اظھرت النتائج أن الحرمان من النوم  سبب زيادة في العدد الكلي و اختلاف نوعي في كرات الدم البيضاء و 
  . IgGs  زيادة معدل سرعة الترسيب للدم و زيادة مستوى الجلوبيولين المناعي 

كما تسبب الحرمان من النوم في حدوث نقص في قدرة الجسم المضادة للاجھاد التأكسدى بزيادة مستوى 
المالوندايالدھيد كمؤشر لتأكسد الدھون و نقص مستوى الحلوتاثيون المختزل و مستوى فيتامين ج في الدم و 

 المعالجةأدت .  لة  القلبو أظھرت الدراسة النسيجية حدوث نزيف و تلف نسيجي  في عض.  اانسيج القلبي
و كما أظھرت النتائج أن النوم الطبيعي . المصاحبة بمنقوع الجنزبيل الي حماية الجسم من تلك التغيرات المرضية

  .بعد الحرمان من النوم قلل بدرجة كبيرة من شدة تللك التأثيرات الضارة الناتجة من الحرمان من النوم
جة من الحرمان من النوم تكون من خلال الاجھاد التأكسدي و التفاعلات تشير الدراسة الى أن الاضرار النات

كما .  كما تشير الدراسة الي مقدرة منقوع الجنزبيل على توفيروقاية ضد تللك  التأثيرات الضارة. المناعية
  .أظھرت الدراسة قدرة الجسم على استعادة الجسم للحالة الطبيعية بمجرد استعادة النوم الطبيعي

 
 
 

 
 
 
  


