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Abstract

Depression is a mood disorder which affects one’s quality of life and is commonly associated with neurotransmitter
dysfunctional mechanisms. The present study was planned to investigate the therapeutical activity of caffeine against
depression induced in the experimental model in attempt to clarify its mode of action. This study was conducted on 30 adult
male albino rats divided into 3 groups n=10 Gp.(1) normal control group, Gp.(2) reserpine group received reserpine in a dose
of 0.2 mg/kg/ day, Gp.(3) reserpine plus caffeine group treated with caffeine at dose 30 mg/kg. Serum neurochemical changes
(the levels of serotonin, dopamine and cortisol), level of interleukin-10 (IL-10), C-reactive protein (CRP), the value of brain
proinflammatory cytokine (TNF-av), activity of acetylcholinesterase and lipid peroxidation(MDA), cardiac activity of Na+,
K+, ATPase enzyme, histopathological changes in brain, heart and DNA fragments in were carried out. In comparison with
the normal control group, the reserpinized group recorded significant decrease in serum serotonin and dopamine contents
and significant increase in the plasma level of cortisol, significant increase in the brain content of TNF-a,, CRP, MDA and
acetylcholinesterase. Moreover, significant decrease in levels of IL-10 and cardiac activity of Na+, K+ and ATPase enzyme
was detected in the reserpinized group compared with the normal control. Histological analysis of the reserpinized community
brain tissue parts of rats revealed moderate cortical edema, scattered degenerated neurons and diffuse gliosis. On the other
hand, induced depression by reserpine caused a significant effect on the cardiac muscles and increased the collagen fibers

around coronaries when compared with normal group.
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Introduction

Depression is a major health concern worldwide and
by 2030 depression is expected to be one of the third
disorders adding to the universal burden of disease
(Mathers and Loncar, 2006 and Ozerov et al., 2106).
According to the current World Health Organization
(WHO) estimation, the number of people suffering from
depressive disorders worldwide is 350 million. Moreover,
researchers have projected that depression will be the
second civilization disorder producing incapacity by 2020.
In addition, WHO has revealed that depression is the
fourth largest contributor to life-years adjusted for
disability, a metric reflecting the amount of years lost due
to injuries, illness, impairment and premature death

*Author for correspondence : E-mail: drhanaa_eta@yahoo.com

(Reddy, 2010 and Park et al., 2018).

Generally, depression is a mood disorder affecting
one’s quality of life and is commonly associated with
dysfunctional mechanisms of neurotransmitters (Cui et
al., 2012). It is also characterized by feelings of
unpleasantness, helplessness, sadness and despair. Such
feelings are often accompanied by symptoms such as
sleep disturbance, loss of appetite and decreased
concentration or hindered decision making, feeling guilty
or worthless, decreased energy and fatigue, thoughts of
harming one’s self, suicidal contemplations (Park et al.,
2018), which can substantially impact the patient’s quality
of life and social functioning.

Depression can be divided into several types, including
major depressive disorder (MDD), dysthymic disorder,
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psychotic depression, postpartum depression, seasonal
affective disorder (SAD) and bipolar disorder. However,
MDD and dysthymic disorder are the most common types
of depression (Gilbert, 2017).

The causes of depression are not known exactly,
however, as with many other psychiatric illnesses, it is
believed that there are several biochemical, genetical and
environmental factors that may cause depression (Hyman,
2010). There is evidence that people who suffer from
depression have physical changes in the brain. In addition,
hormonal imbalance can also cause this disorder. Some
studies have shown that depression is more common in
people with family members with history of the disease,
encouraging researchers to seek out the genes that cause
the disease (Dunn et al., 2015). Environmental factors
also play a critical role in depression. Depression may
occur as a result of drug addiction, certain medications,
or as a result of stressful life events (Caspi et al., 2003).
On the other hand, diseases, such as cancer, thyroid
disease and chronic pain, are associated with an increased
risk of depression. Both environmental and genetic factors
are likely to interact to facilitate the development of the
disease in a complete and rapid manner. Under the
monoamine depression hypothesis, the brain depletion of
serotonin, norepinephrine and/or dopamine could underlie
the depression’s etiology and pathogenesis (Schechter et
al., 2005 and Gao et al.,, 2016). In the 1960, a
neurochemical model of depression was proposed based
on reports that monoamine depletion induced by reserpine.

Reserpine is a Rauwolfia indole alkaloid that acts as
a sympatholytic and sedative agent and was once used
as a primary treatment for hypertension (Holt, 1961 and
Guo et al., 2015). Several researches have shown that
reserpine has a serious side-effect, causing major
depression after chronic use of the medication in a
percentage of the drug’s users (Leith and Barrett, 1980).
The mechanism of Reserpine is the irreversible binding
to storage vesicles in monoaminergic neurons (Minor,
1990). The vesicle can then leak, resulting in the seepage
of transmitter into the cytoplasm where it is then destroyed
by intraneuronal monoamine Oxidase. This causes a

Table 1: Effect of daily caffeine treatment (30 mg/kg) on dopamine and serotonin

levels in depressive rat-induced by reserpine.
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severe decrease or total depletion of active transmitter
needed to be released at the synapse after depolarization
(Hanff et al., 2010 and Greenwood et al., 2018). In
addition, several lines of evidence indicate the involvement
of oxidative and nitrosative stress in the pathophysiology
of depressive disorders (Maes et al., 2011).

Caffeine (1, 3, 7 trimethylxanthine) is a psychoactive
drug, used in different ways worldwide. The most
commonly consumed psycho-stimulant drug known to
humans is caffeine, used in tea, coffee, energy drinks
and others. Recently, it was estimated that 90% of U.S.
population and 80% of the world’s population consume
caffeine on a daily basis (Fredholm ef al., 1999). It has
been reported that caffeine can enhance memory in both
animal models and humans (Ardais et al., 2014). In fact,
while healthy people can tolerate moderate intakes of
caffeine, heavy caffeine consumption has been associated
with severe adverse health effects (Gallagher et al.,
1993). Caffeine intake was proved to decrease anxiety
and depression in humans in low doses, while high doses
exacerbate anxiety (Yamada et al., 2014). Due to its
lipophilicity, caffeine crosses the blood-brain barrier easily
exerting its stimulant effect (Ferré, 2016). Caffeine exerts
its activity on the central nervous system (CNS) by
counteracting most of the inhibitory effects of adenosine
on neuroexcitability (Fredholm et al., 1999), arousal and
spontaneous activity (Kuzmin et al., 2006). Also, the
changes induced by caffeine in CNS functions were
mediated by reducing phosphodiesterase activity, blocking
GABA-A receptor activity and increasing intracellular
calcium (Garrett and Griffiths, 1997). The stimulating
effect of caffeine has been attributed to its antagonistic
effect on the activity of endogenous adenosine, which
inhibits the release of several CNS neurotransmitter
systems, including GABA, acetylcholine, glutamate,
dopamine, norepinephrine and serotonin (El-Yacoubi et
al., 2001; Fisone et al., 2004 and Williams, 1987) and
thus the effect of caffeine on depression has been taken
into consideration (Khadrawy et al., 2018).

Therefore, the current study aims to evaluate the
effect of caffeine on neurochemical changes (the levels
of serotonin, corticosterone,
dopamine), the activities of

acetylcholinesterase and Na+, K+,

G Normal Reserpi Reserpine +Caffei .

roups c(:)lfi:zl eg:lgls);ne es(e;:gl;fc aFeme ATPase, levels of inflammatory
Parameters (NC) group group group c¥;\(1)11§1nes tulmog necrOSIS. dfac.:tor
Dopamine (ng/ml) | 26.74043 | 8.66+0.43 *-67.56% | 18.73£0.56 *#116.28% £ '01‘1)’1 .1p11 " peroxidation,
Serotonin (ng/ml) | 35.96+121 | 16.8+0.62*-53.28% | 30.56+0.45#81.90% istopathological changes in brain and

Values are presented as mean +SEM; *: statistically significant compared to
corresponding value in control group (P<0.05); #: statistically significant compared
to corresponding value in reserpine (RES) group (P < 0.05).

heart and DNA fragments in
depressive-like rats induced by
reserpine.
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Table2: Effect of daily caffeine treatment (30 mg/kg) on
cortisol levels in depressive rat-induced by reserpine.

Parameters Cortisol
Group (ng/ ml)
Normal control (NC)group 3.53+091
Reserpine (RES) group 10.1+0.67 *186.11%
Reserpine +Caffeine 6.0340.36 #-40.29%
(RES+CAAF) group ) ) ’

Values are presented as mean +SEM; *: statistically significant
compared to corresponding value in control group (P<0.05);
#: statistically significant compared to corresponding
value in reserpine (RES) group (P < 0.05).

Material and Methods

Experimental Animals

Thirty adult male albino rats were employed in the
present study. They were obtained from the Serum and
Antigen Laboratories at Helwan. Their weight ranged
between (230-250g). Animals were allowed a one-week
pre-experimentation period to adapt to laboratory
conditions in order to avoid any complications along the
course of the experiment. They were housed in metabolic
cages and received food and water ad-libitum with fresh
supplies presented daily.

Chemicals

Reserpine was purchased from sigma (crystallized,
>99.0% (HPLC), was dissolved in glacial acetic acid (1
pg/ul) and then completed to 25 ml with distilled water.
Caffeine was also purchased from sigma. It was
dissolved in 0.9% saline (15 mg/ml). All other reagents
were obtained from Sigma Chemical Co.

Experimental design

At the beginning of the experiment, the rats were
divided randomly into control rats (normal control (NC))
that feeding basal diet and reserpine-treated rats that were
injected intraperitoneally (i.p.) with reserpine (0.2 mg/
kg/ day) for 15 days to establish the animal model of
depression according to Antkiewicz-Michaluk et al.,
(2014). On the 16™ day, the reserpine-treated rats were
further divided into two groups:(reserpine group (RES))
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rat model of depression that continued receiving an i.p.
injection of reserpine (0.1 mg/kg/ day) for further 15 days
to keep the state of depression and (reserpine +caffeine
(RES+CAAF)) rat model of depression in which rats
were treated with an i.p. injection of caffeine (30 mg/kg)
for 15 days after reserpine induction.

At the end of the experiment, blood samples were
withdrawn from the retro-orbital vein of each rat, under
light anesthesia by diethyl ether, according to the method
described by Moore, (2000). Blood was allowed to
coagulate and then centrifuged at 3,000 rpm for 15
minutes. The obtained serum was used to estimate of
serotonin (5-hydroxytryptamine; 5-HT), cortisol and
dopamine (DA) according to the fluorometric method
described by (Ciarlone, 1978).

Dissection and tissue preparation

Immediately after blood extraction, the cervical
dislocation sacrificed animals and removed brain and
heart tissues, washed in ice cooled saline, plotted dray
and weighed them. A weighed part of each brain and
heart was homogenized, using a homogenizer, with ice-
cooled saline at 4,000 rpm for 5 minutes. The supernatant
was used for biochemical analysis. For histopathology,
brain and heart tissues were fixed in neutral buffered
formalin (10%).

Biochemical analysis

Homogenized brain tissue samples were analyzed
for malondialdehyde (MDA) levels by the method of
Ohkawa et al., (1977), acetylcholinesterase (AChE)
activity by the method of Ellman et a/., (1961) and tumor
necrosis factor-a (TNF-o) content was determined by
ELISA technique using TNF-a assay kit purchased from
Assay Pro.,Co., USA according to the method described
by Taylor, (2001). TNF-a levels were measured using a
standard quantitative sandwich ELISA and C-reactive
protein level (CRP) was measured according to Kadhem
et al., (2016). Interleukin-10 (IL-10) level was measured
using commercially available ELISA kits for IL-10
(ab100765) according to Hassan et al., (2019). The

serotonin

35 4

25 -
30
25 - 20
20 4 15
15

10 A
10

5
54
0 0

Dopamine

cortisol

10
8 I
6
i 4 i
0 i

Normal control (RES) group RES+CAAF group Normal control

(RES) group

RES+CAAF group Normal control ~ (RES)group  RES+CAAF group

Fig. 1: Effect of caffeine (CAAF) on the concentration of plasma dopamine, serotonin and cortisol in rat with reserpine-induced

depression.
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Table3: Effect of daily caffeine treatment (30 mg/kg) on cytokines levels in
depressive rat-induced by reserpine.

Groups | Normal Reserpine Reserpine +Caffeine
control (RES) (RES+CAAF)
Parameters (NC) group group group
TNF-a(pg/ml) 2.73+3.89 54342738 %98.9% 3.11£3.52%42.72%
CRP(pg/mL) 77.03+£0.02 | 371.12+.31*381.79% | 82.06+1.06#-77.88%
IL-10(pg/ml) 151.01£021 | 71.16+1.06 *-52.88% | 141.06+0.8 *#98.22%
Values are presented as mean +SEM; *: statistically significant compared to
corresponding value in control group (P<0.05); #: statistically significant compared
to corresponding value in reserpine (RES) group (P < 0.05).

supernatant of heart tissue were also
used for determination of ATPase
enzyme. Na+-stimulated Na, K-
ATPase activity was determined by
measuring ATP hydrolysis. Released
inorganic phosphate (P.i.) was detected
using a malachite-based Biomol Green
reagent (Biomol AK-111, Enzo Life
Sciences) as previously described (Juel
et al., 2013).

Histopathological evaluation

Histopathological slides of the brain and heart tissues
were prepared and staining was done using haematoxylin
and eosin (Slaoui and Fiette, 2011 and Cardiff et al,
2014). Also, the heart tissues were stained with Masson
Trichrome was used for collagen fibers. Slides prepared
from all groups were examined and photographed
(Bancroft and Gamble, 2008).

Detection of DNA damage by the comet assay

The portion of the heart was minced and suspended
in chilled homogenizing buffer (pH 7.5) 0.075u NaCl and
0.024p Na2EDTA and the homogenized gently using
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Fig.2: Effect of daily caffeine treatment (30 mg/kg) on
cytokines levels TNF-a, CRP and IL-10 in the brain of

depressive rats-induced by reserpine.

Fig. 3: Effect of daily caffeine treatment (30 mg/kg) on MDA,
and the activity of acetylcholinesterase (AchE) in the

brain of depressive rats-induced by reserpine.
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Table4: Effect of daily caffeine treatment (30 mg/kg) on MDA, the activity of
acetylcholinesterase (AchE) and TNF- o in the brain of depressive rats-

induced by reserpine.
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vs. 16.8 ng/ ml) for the reserpine group
with the percent of difference §1.90%.

2. Dopamine (DA):

- r— - . .
Groups Nortmall Reserg;ne Reserplél-::c Caffeine The results of dopamine level in

ntr (RE (RES+CAAF) .
Parameters (Ncg) r:))u rou rou the normal control and other studied
- group srodp srodp groups are illustrated in table 1 and fig.

Acetylcholine u

(M mosh/g/min) 1.05£248 | 3.64+14.77 *246.66% | 1.67+5.73%-54.12% 1. The recorded value of plasma
MDA (mmol) | 0712002 | 2405031 *23802% | 09420057 6083% | dopamine concentration in the
— —- reserpine group revealed significant

Values are presented as mean +SEM; *: statistically significant compared to d P<0.05 dto th
corresponding value in control group (P<0.05); #: statistically significant compared ) ecrease ( :05) as compared to that
to corresponding value in reserpine (RES) group (P < 0.05). in the control group (8.66 ng/ ml vs.

homogenizer in ice. The cells suspension was centrifuged
at 40°C, 700%9 for 10 min. The cells were suspended in
the cold buffer (Sasaki et al., 1997). The comet assay
was carried out under alkaline conditions, basically as
described by Singh et al., (1988). Slides were stained
with 50 A of ethidium bromide (2 mg/ml) and observed at
400 magnifications using a lexica DFC 425 camera.

Analysis of comet parameters was performed using
TriTek cometscore, version 1.5. The DNA damage was
quantified by measuring the displacement between the
genetic material of nucleus (comet head) and the resulting
(tail). The number of tailed cells and tail DNA% are the
two most commonly used parameters to analyze the result
of the comet assay (De Boeck et al., 2000).

Statistical analysis

Data have been coded and entered using the (Social
Sciences Statistical Software SPSS), version 25 (IBM
Corp., Armonk, NY, USA). For quantitative variables,
the data was summarized using mean and standard mean
error (SEM).

Comparisons between groups were done using
analysis of variance (ANOVA) with multiple comparisons
post hoc test for comparison between each 2 groups
(Chan, 2003). P-values less than 0.05 were considered
as statistically significant.

Results
Neurochemicals results
1. Serotonin (5-HT):

The data presented in table 1 and fig. 1 revealed
significant decline (P<0.05) in plasma serotonin level of
the reserpine group when compared with that of the normal
control group (35.96 ng/ml vs. 16.8 ng/ml) with the
percent of difference -53.28%. In contrast, treatment of
the reserpine groups with caffeine led to significant
elevation (P<0.05) in plasma serotonin level as compared
to that of reserpine group. Serum serotonin level of the
reserpine group treated with caffeine was (30.56 ng/ ml

27.7 ng/ ml with the percent of
difference-67.56%). However, treatment with caffeine
attenuated these decreases (RES+CAAF: 18.73 ng/ml,
p<0.05).

3. Cortisol:

The data of serum cortisol level of the different groups
under investigation are recorded in table 2 and fig 1. Serum
cortisol level displayed significant increase (P<0.05) in
the reserpine group as compared to that in the normal
control group 10.1 ng/ ml vs 3.53 ng/ ml representing a
percent of difference 186.11%. In contrast, treatment of
the with caffeine led to significant decline (P<0.05) in
serum cortisol level as compared to that of reserpine
group. Serum cortisol level of the reserpine group treated
with caffeine at dose (30 mg/kg) was 10.1 ng/ ml vs 6.03
ng/ ml for the depressive group with the percent of
difference -40.29%.

Proinflammatory Cytokines
1. Tumor necrosis factor-a (TNF-a.):

Table 3 and fig. 2 represented significant effects of
depression on levels of inflammatory cytokines tumor
necrosis factor (TNF-a) in brain. Significantly higher
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Fig. 4: Effect of daily caffeine treatment (30 mg/kg) on cardiac
Na*, K*, ATPase activity of depressive rats-induced
by reserpine.
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Table5: Effect of daily caffeine treatment (30 mg/kg) on
cardiac Na“, K, ATPase activity of depressive rats-
induced by reserpine.

Parameters Na*-K*-ATPase
Group (M mol pi/ min/g)
Normal control (NC)group 99.06+1.43

Reserpine (RES) group 43.36+3.05 *-56.22%

Reserpine +Caffeine
(RES+CAAF) group
Values are presented as mean +SEM; *: statistically significant
compared to corresponding value in control group (P<0.05);
#: statistically significant compared to corresponding
value in reserpine (RES) group (P < 0.05).

86.20+2.19 *#98.80%

levels (P<0.05) of TNF-a was observed in the depressive
rats when compared with the normal control (5.43 pg/ml
vs. 2.73 pg/ml) with the percent of difference 98.9%.
Treatment with caffeine at dose (30 mg/kg) reduced the
levels of TNF-a as compared to depressive control. Brain
content of TNF-a in the reserpine group treated with
caffeine was (3.11 pg/ml 5.43 pg/ml with the percent of
difference -42.72%), These data indicate that CAFF may
help to regulate immune and endocrine dysfunction
associated with depression.

2. C-Reactive protein (CRP):

The results of CRP level in the control and other
studied groups are illustrated in table 3 and fig 2. The
recorded value of serum CRP concentration in the
reserpine group revealed significant increase (P<0.05)
as compared to that in the control group (371.12 pg/mL
vs. 77.03 png/mL with the percent of difference 381.79%).
However, treatment with caffeine attenuated these
decreases (RES+CAAF: 82.06 pg/mL, p < 0.05).

Anti-inflammatory interlukine-10(IL-10)

The data presented in table 3 and fig. 2 revealed
significant decline (P<0.05) in plasma IL-10 level of the
reserpine group when compared with that of the normal
control group (151.01 pg/ ml vs. 71.16 pg/ ml) with the
percent of difference -52.88%. In contrast, treatment of
the reserpine groups with caffeine led to significant
elevation (P<0.05) in plasma IL-10 level as compared to
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that of reserpine group. IL-10 level of the reserpine group
treated with caffeine was (71.16 pg/ ml vs. 141.06 pg/ ml)
for the reserpine group with the percent of difference 98.22%.

Brain Malondialdehyde (MDA) as a lipid
peroxidation marker

On measuring of the level of MDA in the brain of
the different studied groups, the data revealed that MDA
concentration exhibits significant increase (P<0.05) in
the reserpine group when compared to that in the normal
control group (2.40 m.mol/l vs. 0.71 m.mol/l) with the
percent of difference 238.02%. In contrast, the treatment
of'the reserpine groups with caffeine resulted in significant
reduction (P<0.05) in brain MDA level with respect to
that in reserpine group (Table 4 and Fig. 3).

Brain Acetylcholine (AchE) activity

Table 4 represented the results of brain of AchE
activity in the normal control group and the other studied
groups. Significant increase (P<0.05) in AchE was
detected in the reserpine group when compared with that
in the control group (3.64 M mosh/g/min) protein vs. 1.05
M mosh/g/min) with the percent of difference 246.66%.
On the other hand, significant reduction (£<0.05) in AchE
activity was recorded in the groups treated with caffeine.
AchE activity of the reserpine group treated with caffeine
was 1.67 M mosh/g/min) vs. 3.64 M mosh/g/min) for the
reserpine group with the percent of difference -54.12%.

Cardiac activities of Na*-K*-ATPase results

The results of Na*™-K*-ATPase in the normal control
and other planned groups are clarified in table 5. The
recorded value of Na*™-K"-ATPase in the reserpine group
revealed significant decrease (P<0.05) as compared to
that in control group (43.36 M mol pi/ min/g vs 99.06 M
mol pi / min/g with the percent of difference-56.22%).
However, significant increase (P<0.05) in Na™-K*-
ATPase activity was detected in the reserpine group
treated with caffeine as compared to that in the depressive
rats. Na*-K*-ATPase activity of the reserpine group
treated with caffeine was 86.20 M mol pi/ min/g vs 43.36
M mol pi/ min/g for the reserpine group with the percent

of difference 98.80%.

Table 6: Comet assay parameters by image analysis of cells isolated from heart of

treated groups.

Histological examination of the

Groups | Normal Reserpine Reserpine +Caffeine brain (haematoxylin and eosin)
control (RES) (RES+CAAF) Sections from group I (control)
Parameters (NC) group group group indicated that white matter showing
% of tailed cells average neurons, average glial cells
(damaged cells) 8.71+042 149.71+£2.31*470.72% | 8.86+0.45%172.21% in fibrillary background and average
%of DNA intail | 3.78+0.68 |18.57+125%*39126% | 4.25+0.85*-77.11% intra-cerebral blood vessels. Induction
Values are presented as mean £SEM; *: statistically significant compared to with reserpine showed important
corresponding value in control group (P<0.05); #: statistically significant compared degenerative changes in brain tissue
to corresponding value in reserpine (RES) group (P < 0.05). showed mild cortical edema, scattered




Fig. 2: (RES Group
edema (black

Fig. 1: (Control): white matter showing
average neurons (black arrow), average
glial cells in fibrillary background (blue
arrow) and average intra-cerebral blood
vessels (red arrow) (H&E X 400).

400).

degenerated neurons (blue arrow), and
diffuse gliosis (yellow arrow) (H&E X

Fig. 3: (RES+CAAF Group): white matter
showing average glial cells in fibrillary
background (black arrow), and mildly
dilated congested intra-cerebral blood
vessels (blue arrow) (H&E X 400).

ng mild cortical
arrow), scattered

Fig. (1-3): Photomicrographs showing histopathological changes of brain in (depression model (RES) and treated (RES+

CAAF) compared to control group (NC).

degenerated neurons and diffuse gliosis. Rats treated with
caffeine showed less degenerative changes. White matter
showing average glial cells in fibrillary background and
mildly dilated congested intra-cerebral blood vessels (Fig.
1-3).

Histological examination of cardiac muscle
(haematoxylin and eosin)

Transverse section (TS) of cardiac muscles of
controlled rats showed normal cardiac fibers. Reserpine
group showed cardiac muscle fibers with indistinct cell
borders, pale cytoplasm, small pyknotic nuclei and intra-
cytoplasmic vacuoles and mildly congested myocardial
blood vessels. Caffeine-treated group showed cardiac
muscle fibers with indistinct cell borders and mild intra-
cytoplasmic vacuoles (Fig. 4-6).

Masson stain and collagen

Masson trichrome stain was used to demonstrate the
changes in collagen content around coronaries and any
fibrotic changes in cardiac muscles. Reserpine leads to

increase in collagen fibers around coronaries compared
with normal group. In group 3 caffeine prevent the
increase in collagen fibers around coronaries (Fig. 7-9).

DNA analysis, single-cell gel electrophoresis
(Comet assay)

The results in table 6 and Figs. (a, b and c) showed
that reserpine induced a significant concentration
dependent increase in the tail length and % of DNA in
tail in the heart. Normal rats showed more or less constant
levels during the course of the study. Where in the
reserpine rats group, a significant elevation in the tail length
and % of DNA in tail were recorded. The percentage of
increment was 470.72% and 391.26% respectively at
the end of the experiment as compared to their
corresponding animals in the normal control. Additionally,
the supplementation of caffeine to reserpine rats group
led to a significant decrease in the tail length and% of
DNA in tail (Table 5 and Fig.). The percentages of these
changes were 172.21% and -77.11%.

fibers with distinct cell borders and
central oval\elongated nuclei (black
arrow), and average myocardial blood
vessel (blue arrow) (H&E X 400).

¥

o~ ‘.

Fig. 5: (RES Group): high power view shbwing

cardiac muscle fibers with indistinct
cell borders (black arrow), pale
cytoplasm (blue arrow), small
pyknotic nuclei (yellow arrow) and
intra-cytoplasmic vacuoles (green
arrow) and mildly congested myocardial
blood vessel (red arrow) (H&E X 400).

iy . / 2 f | i’ &
Fig. 6: (RES+CAAF Group): showing cardiac
muscle fibers with indistinct cell
borders (black arrow), and mild intra-
cytoplasmic vacuoles (yellow arrow)

(H&E X 400).

Fig. (4-6): Photomicrographs showing histopathological changes of the myocardium of heart in (depression model (RES) and
treated (RES+ CAAF) compared to control group (NC).
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Fig. (7-9): Photomicrographs showing distribution of collagen fibers in heart of (depression model (RES) and treated (RES+
CAAF) compared to control group (NC) (Masson’s trichome).

Discussion

In the current study, we investigated the therapeutic
effect of reserpine induced depression on caffeine in rats.
Antihypertensive drugs, such as reserpine, are naturally
extracted indole alkaloids, acting as a dopamine depletion
agent, that inhibits several neurotransmitters (Yaffe et
al., 2018). Several studies suggested that the depletion
of cerebral monoamines characterizes the main cause
for the pathogenesis of depression (Dale ef al., 2015).
Reserpine could deplete monoamines by inhibiting the
activity of vesicular monoamine transporter-2 (VMAT-
2) (Erickson et al., 1992). This effect prevents the
reuptake of monoamines into the synaptic vesicles
exposing them to oxidative catabolism by the cytosolic
enzyme monoamine oxidase (Antkiewicz-Michaluk et al.,
2014). This mechanism could explain the decreased
monoamine levels reported in the present study.
Concurrent results revealed significant decrease in
dopamine and serotonin levels. These results are in
agreement with Khadrawy et al., 2018. They reported

(a) (b)

that as a consequence to the oxidative catabolism of
cytosolic dopamine, norepinephrine and serotonin by
monoamine oxidase, the cellular oxidant, hydrogen
peroxide is produced (Youdim et a/., 2006). In addition,
monoamines, especially dopamine and norepinephrine,
can undergo spontaneous cytoplasmic oxidation leading
to the destruction of cellular structures (Wasik et al.,
2009). These reactions produce several potentially
neurotoxic byproducts, such as hydrogen peroxide
(Barros-Mifiones et al., 2015). Hydrogen peroxide can
result in the generation of reactive oxygen species and
induce neuronal apoptosis due to mitochondrial damage
(Bortolato et al., 2008). Dopamine (DA) and serotonin
(5-HT) are monoamine neurotransmitters in the brain. In
the pathogenesis of depression, the DA and 5-HT
hypotheses are recognized. Studies have also shown that
the DA and SHT levels in the hypothalamic tissue of
patients with depression have decreased, indicating that
depression is closely related to the low DA and 5-
HT functions (Segura-Aguilar, 2014 and Li et al., 2015).

©)

Photo: Photograph of fragments DNA migration pattern by comet assay evaluated with a fluorescence microscope for liver cells
Fig. (a): control group showing intact cells; most of DNA is located in the head of the comet. Fig. (b): reserpine group
showing tailed cells as a marker of DNA fragmentations; fragmented DNA migrated from the comet head and formed a
tail. Fig. (c): reserpine rats group treated with caffeine, showing the intact DNA without migration.
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The levels of DA and 5-HT in the brain tissue of the rat
model of depression established in this study were
significantly lower than those in normal rat, indicating
that DA and 5-HT play an important role in the
pathogenesis of depres-sion. After treatment with
caffeine, the levels of DA and 5-HT of depressive rats
were significantly increased.

In the recent study, reserpine administration produced
significant increase in serum level of cortisol and when
compared with the control group. This is another
document for creating reserpinized animal as experimental
model of depression. Depression is often associated with
HPA axis hyperactivity, which is characterized by
hypercortisolaemia in human (Watanabe et al., 1992).
Whereas hyperactivity of the HPA axis may be prevented
by means of an inhibitory feedback mechanism as the
dysregulation of this feedback mechanism appears to
occur in depressive disorders (Young ef al., 1991).

The present findings revealed a state of oxidative
stress after reserpine administration. This was evident
from the significantly increased lipid peroxidation (MDA).
Moreover, the observed increased MDA levels may arise
from the attack of the neuronal membrane phospholipids
by free radicals produced from monoamine catabolism.
Malondialdehyde is produced from decomposition of
products of lipid peroxidation (Gawet ef al., 2004).

A common feature of depressive patient is the
activation of inflammatory pathway resulting in elevated
plasma levels of proinflammatory cytokines which
subsequently induce acute phase proteins, such as CRP
(Trongtorsak et al., 2018). These inflammatory mediators
are associated with risk and severity of depression
(Schiepers et al., 2005 and Pasco et al., 2010). In our
work, reserpine was able to induce inflammation as
indicated by increases in plasma levels of TNF-o and
CRP but, the concentration of IL-10 was reduced. CRP
is an acute-phase protein of hepatic origin that increases
following IL-6 secretion by macrophages and T cells.
TNF-a is produced mainly by monocytes and
macrophages and also by B-cells, T-cells and fibroblasts
(Dayer et al., 1985). The primary role of TNF-a is the
regulation of immune cells and induction of apoptotic cell
death and inflammation. TNF-a also stimulates
mesenchymal cells, to release substances for tissue
degradation like matrix metalloproteinase (MMP-1, 2, 3,
9, 13) that leads to the damage of the cartilage thereby
increasing the production of super oxide radicals and
prostaglandin (Cassim et al., 2002). Currently,
administration of reserpine increases the levels of
inflammatory cytokines tumor necrosis factor (TNF-a)
in brain tissue. Dowlati et al., (2010) has demonstrated
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that peripheral rise in pro-inflammatory cytokines
stimulated by chronic stress can cause depression through
transmitting immune-mediated signals from the periphery
to the CNS. Additionally, in the CNS, cytokines can also
be generated by neural cells, microvessel endothelial cells,
astrocytes and microglia in the brain and can induce
inflammatory responses affecting neurotransmitter
systems to ultimately affect neurocircuits regulating
motivation and increased anxiety behaviors related to
depression (Miller and Raison, 2016). In addition,
cytokines can activate the (hypothalamic-pituitary-
adrenal) HPA, promote the secretion of (corticotrophin
releasing hormone) CORT and cause damage to neurons
in the hippocampus.

Under treatment by (30 mg/kg caffeine for 21 days)
treated groups showed decrease in TNF-o and CRP
levels but increase IL-10 level. Several authors recorded
that methylxanthine derivatives are non-selective
adenosine antagonists responsible for inhibition of
adenosine receptor leading to the inhibition of enzyme
phosphodiesterase (PDE) that ultimately increases cAMP
activates PKA thereby suppressing the production of
proinflammatory cytokine TNF-o. (Horrigan et al., 2004).
Caffeine is a methylxanthine derivative, it owns anti-
inflammatory effects which inhibit the secretion of the
TNF-o and IL-1B from stimulated monocytes and
furthermore increases the production of anti-inflammatory
IL-10 from lymphocytes (Van Furth et al., 1995 and Shan
et al., 2015).

Acetylcholinesterase (AchE) is the enzyme
responsible for catabolism of acetylcholine (Ach) to
terminate its action. Therefore, the increased AchE
activity observed in the present study may be attributed
to the increased ACh, AchE substrate. Also, this increase
in AchE may represent a compensatory mechanism to
attenuate the increase in cholinergic activity that has been
reported in depression. Charles et al., (1994) found an
increase in choline, the rate-limiting precursor in the
synthesis of acetylcholine in the brains of depressed
patients compared to normal controls. Higley and
Picciottop, (2014) reported that the enhancement of ACh
signaling can induce depressive symptoms in humans and
animal models. Using human imaging, Saricicek et al.,
(2012) suggested that the levels of ACh are increased in
patients with active depression, as assessed by the
occupation of nicotinic receptors all over the brain and
remain elevated in patients with a history of depression.
This may support the hypothesis relating adrenergic-
cholinergic balance with depression and mania (Janowsky
et al., 1972). This theory suggests that elevated
cholinergic tone and reduced noradrenergic tone may
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cause depressive symptoms and has been supported by
several lines of evidence from rodent and human studies
(Mineur et al., 2013).

The Na*, K*-ATPase (NKA) or Na* pump is found
in the plasma membrane of practically all eukaryotic cells.
This enzyme couples the energy released in the
intracellular hydrolysis of ATP to the export of three
intracellular Na+ ions and the import of two extracellular
K*ions. Thus the Na*, K*-ATPase maintains the
transmembrane ion balance needed to establish and
control the membrane potential, i.e., it plays an important
role in cell survival (Skou and Esmann, 1992). The Na*
pump is a major cellular transport system that controls
Na* homeostasis (O’Donnell and Owen, 1994) and
membrane potential (Hermsmeyer and Erne, 1990), both
key factors in the regulation of vascular tone and blood
pressure (Marin and Redondo, 1999), in the present study,
we found that as a result of induction of depression by
reserpine; the activity of Na*, K*-ATPase enzyme in
cardiac tissue was reduced. Moreover, recent evidence
directly indicates that reduced NKA level may induce
cardiomyocyte death and cardiac dysfunction (Liu et a!.,
2012). Also, decreased NKA activity and expression have
long been associated with heart failure in both animal
models and human patients (Ishino et a/., 1999 and Hua
et al., 2018).

The histopathological study of structure and chemical
composition of tissues of animals are linked to their role.
The primary aim is to understand how tissues are ordered
at all structural levels, including the molecular and
macromolecular, the entire cell and intercellular
substances and the tissues and organs. Compared to other
organ systems, the nervous system is often referred to
as the most sensitive to reserpine. Cerebral cortex is a
sheet of neural tissue which is the outer-most part of the
cerebrum of a mammalian brain. Its key roles are in
memory, attention, perceptual awareness, thought,
language and consciousness (Notor ef al., 2001). From
the histopathological results in this current study, the brain
of the depressed rats showed alterations in the
histopathological structure of brain, with slight cortical
edema, scattered degenerated neurons and diffuse gliosis.
While the degree of degeneration was reduced after
treatment with caffeine. These findings were in
agreement with the reports of Park er al., (2018) stated
that an overproduction of proinflammatory cytokines in
depressive rats can impair neuronal structure and function,
leading to deficits in neuroplasticity (Calabrese et al.,
2014).

Microscopic examination of cardiac muscles of rats
given reserpine showed that cardiac muscle fibers with

Hanaa K. Mohamed et al.

indistinct cell borders, pale cytoplasm, small pyknotic
nuclei and intra-cytoplasmic vacuoles and mildly
congested myocardial blood vessels. These findings are
in agreement with those of (Roest et al., 2010; Colquhoun
et al., 2013 and Kessler et al.,, 2005) who stated that
depression may also be an independent risk factor for
heart health problems. Furthermore, they informed that
depression affects recovery and increases the risk of
further heart-related incidents, such as another heart
attack and slower recovery from heart surgery.

Conclusion

The current data shed light on the therapeutical effect
of caffeine. This effect was evidenced by the activation
of serotoninergic and dopaminergic system, inhibition of
cortisol levels, suppression of proinflammatory cytokine
markers in the brain.
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