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Abstract

Chronic restraint stress (CRS) immobilize animal and induces the production of oxidative
radicals as a preliminary cause of various health complications. CRS-induced oxidative stress
led to pathological changes in brain tissue and consequently the general body condition. Thus,
we elucidated the potential protective impact of L-Arginine (L-Arg), conditional amino acid and
essential source of nitric oxide, on oxidative stress and brain tissue. BALB/c mice were randomly
divided into five groups (n = 6) that received either 1) daily intraperitoneal (1.P) injection of
phosphate-buffered saline (PBS) (Control group) (0.5ml), 2) I.P injection of PBS in combination
with CRS (2h/day for 10 consecutive days) (CRS group), 3) I.P injection of L-Arg (500 mg/kg
b.wt) with CRS (L-Arg + CRS group), 4) L-Arg alone (L-Arg group), or 5) pretreatment with
I.P injection of L-NC —nitro-L-arginine methyl ester (I-NAME) (30 mg/kg b.wt), a potent
common inhibitor of nitric oxide synthase (NOS), 30 minutes before L-Arg injection and CRS
application (L-Arg + L-NAME + CRS group). Total antioxidant capacity (T-AOC), catalase, and
histopathological status of brain tissue were evaluated. CRS significantly suppressed the T-AOC
compared to the control. Furthermore, L-Arg elevated the T-AOC whereas L-NAME
significantly reversed the action of L-Arg on CRS-induced T-AOC. L-Arg could not rescue CRS-
decreased catalase. It is concluded that NOS is an essential mediator of the L-Arg ameliorative
effect on CRS-induced oxidative stress in serum and brain tissue. Moreover, L-Arg antioxidant
action is not mediated by catalase.
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Introduction

Continuous exposure to  stressors
induces  physical, behavioral, and
neuropsychiatric symptoms (Lin and Scott,
2009). Furthermore, chronic stress can
activate the sympathoadrenal-medullary
system and causes hyperactivity of the
hypothalamic-pituitary-adrenal axis,
leading to the release of glucocorticoids and
activation of the hypothalamic-pituitary-
adrenal (HPA) axis (Stamper et al., 2017,
Ter Horst et al., 2019) and consequently the
elevation of serum corticosterone (Spiga et
al., 2014; Niraula et al., 2018). A high level
of serum corticosterone triggers glutamate
release in the brain (Musazzi et al., 2010)
which consequently cause mitochondrial
malfunction and a rise in metabolic rate
(Hardingham et. al. , 2002) which in turn
induces an imbalance between the
formation of reactive oxygen species (ROS)
and the antioxidant system resulting
production of free radicals (Samarghandian
et al., 2016). The brain is more susceptible
to stress due to high levels of intracellular
mediators that are involved in the stress
response (Kumar and Pandey, 2013).
However, improving the antioxidant system
may be useful in combating excessive ROS
production (Samarghandian et al., 2015).

L-Arginine (L-Arg) is a conditional
amino acid for adult mammals and essential
amino acid for birds that exerts a crucial
role in immune response (Kim and Won,
2017), wound healing (Debats et al., 2009),
growth hormone release (Forbes et al.,
2014) and cell proliferation (Fujiwara et al.,
2014).  Supplementation of  L-Arg
stimulates glutathione (GSH) synthesis and
activates the nuclear factor erythroid 2-
related factor 2 (Nrf2) pathway, leading to
the up-regulation of antioxidant response
element (ARE)-driven antioxidant
expressions. So that, the availability of L-
Arg is a critical factor to suppress oxidative
stress, inducing an endogenous antioxidant
response (Liang et al., 2018) reducing
inflammatory reactions (Tan et al., 2014),
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amelioration of cognitive decline, and
counteracting shortened lifespan in mice
subjected to chronic stress (Pervin et al.,
2021). Moreover, I-Arg enhances catalase
activity (El-Missiry, et al. 2004) and
recovers superoxide dismutase, glutathione,
and catalase activity suppressed by restraint
stress (Pal et al., 2020).

L-Arg combats obesity through the
reduction of fat intake and adipose white
tissue  (McKnight et al, 2010).
Additionally, it down-regulates insulin and
enhances blood flow to the insulin-sensitive
tissue which helps lipogenesis and fat loss.
However, induction of body weight loss by
L-Arg is not dependent on NO activity
(Thams and Capito, 1999; Wu et al., 2012).

Nitric oxide (NO), which is a product
of nitric oxide synthase (NOS) action on L-
Arg (Albaugh et al., 2017) , acts as a
precursor  of  signaling  molecules
(Forstermann and Sessa, 2012) and is
involved in a variety of functions, including
blood vessel vasodilation (Albaugh et al.,
2017) , learning and memory processing
(Paul and Ekambaram, 2011) and
modulation of neuronal function during
stress and anxiety (Gulati and Ray, 2014).
In this study, chronic restraint stress (CRS)
was used to induce oxidative stress and the
antioxidant effect of L-Arginine was
evaluated in serum and brain tissue.
Moreover, the role of NOS in the mediation
of L-Arg action is assessed through the
utilization of L-N® —nitro-L-arginine
methyl ester (L-NAME), a potent common
inhibitor of NOS.

Materials and methods

Ethical approval:

All experimental procedures in the
present study were performed and approved
in accordance with the Ethical Research
Committee of the Faculty of Veterinary
Medicine, South Valley University, Qena,
Egypt (approval No.: 2021-15). The
protocols of the animal experiment have
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performed under the guidelines provided by
the Egypt National Institutes of Health for
the Care and Use of Laboratory Animals.

Animals

The study involved 30 adult male
albino BALB/c mice weighing 35 to 40 g.
Mice were bought from the animal house at
the Faculty of Medicine, Sohag University,
Sohag, Egypt. Animals were kept in plastic
cages with 12h dark /12h light cycle at room
temperature with ad libitum access to food
and water. The animals were examined and
adapted to the new environment for two
weeks before the formal experiment.

Drugs:

L-Arg (> 99.5%) and (L-NAME) were
purchased from Sigma-Aldrich (St Louis,
MO, USA). All chemicals were prepared
daily before injection. L-Arg was dissolved
with sterile endotoxin-free phosphate-
buffered saline (PBS) and injected
intraperitoneally (I1.P) at a dose of 500
mg/kg b.wt. L-NAME was dissolved in
PBS and injected intraperitoneally at a dose
of 30 mg/kg b.wt. All drugs were
administered in a volume of 0.5 ml/mouse.

Experimental design:

Mice were randomly assigned into five
groups (n = 6 mice): The first group
received a daily I.P injection of sterile PBS
at a dose of 0.5ml/mouse for 10 consecutive
days (control group). The second group was
injected with PBS at a dose of 0.5ml/mouse
followed by application of CRS through
immobilization in perforated plastic tubes
(2h/day for 10 consecutive days) (CRS
group) (Hossain et al., 2017). The third
group was injected daily with L-Arg at a
dose of 500 mg/kg b. wt dissolved in PBS
30 minutes before exposure to CRS for 10
consecutive days (CRS+L-Arg group). The
fourth group was daily injected with L-Arg
at a dose of 500 mg/kg b. for 10 consecutive
days (L-Arg group) (Pal et al., 2020). The
fifth group was injected with L-NAME at a
dose of 30 mg/kg b.wt 30 minutes before

78

L-Arg injection (Safaripour et al., 2018)
followed by exposure to CRS (2h/day for 10
consecutive days) (CRS + L-Arg+ L-
NAME group).

Application of chronic restraint stress:

CRS was applied two hours daily for 10
consecutive days as mentioned before
Hossain et al., (2017) with minor
modifications. Mice were immobilized in a
cylindrical transparent tube (2.5 cm
diameter, 12 cm long, with holes along the
sidewall of the tube and in front of the head
for ventilation) so the mice could not turn or
move. Food and water were not allowed
during the stress period. To avoid the
habituation of mice to CRS it was applied at
different daily time points. Mice were
returned immediately to their cages at the
end of restraint stress and allowed free
access to food and water.

Body and brain weight recording:

Body weights were measured before
euthanasia and the body weight gain ratio
was calculated as a percentage of the initial
body weight as follows:

wl — w0

X 100
w0

Where w1 is the final weight and wO0 is
the initial weight. At the end of the
experiment, Animals have been sacrificed,
brains were weighted, and the brain
weight/body weight ratio was calculated.

Serum and tissue collection:

On one day after the last injection, mice
were sedated with diethyl ether and blood
samples were collected from the heart via
cardiac puncture using plain tubes. Blood
was allowed to clot and then centrifuged at
3000 rpm for 15 minutes at room
temperature for separation of serum. Sera
were collected into Eppendorf tubes and
kept at -80° C. The brain was excised, has
been weighed and preserved at 10%
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formalin for further
examination.

histopathological

Estimation of total antioxidant capacity
and catalase activity:

Total antioxidant capacity (T-AOC)
and catalase activity were measured in sera
samples using a colorimetric assay kit
according to the manufacturer’s protocol
(Bio diagnostic, Egypt).

Histopathological examination:

All mice were sacrificed one day after
the last injection. The brains were rapidly
removed, fixed in 10% formalin, processed
through  the  conventional  paraffin
embedding  technique, sectioned at
approximately 5 pum thick, and stained with
Hematoxylin and Eosin (H&E; Bancroft
and Gamble, 2002). Sections were observed
under a light microscope equipped with a
camera.

Statistical analysis:

Data are expressed as the mean
standard error of mean (SEM). Differences

statistical significance using the one-way
analysis of variance (ANOVA) followed by
Tukey’s Post Hoc test. Mean differences
with P-value less than 0.05 are considered
statistically significant.

Result

Body weight gain ratio:

Body weight gain/initial weight ratios
were measured 10 days after initial
treatment in different groups (Fig.1). There
were no significant changes between CRS
(1.68 + 1.13) and control (4.74 + 1.71)
groups.

However, all L-Arg groups showed a
significant reduction in body weights when
compared to control; including CRS+L-Arg
(-1.99 + 1.39 P<0.01), L-Arg (-0.12 + 0.31,
P< 0.05), and CRS + LArg + L-NAME (-
0.06 + 0.01, P<0.05).

Brain/body weight ratio:

The brain/body weight ratio showed no
significant differences between animals in
the different experimental groups (Fig. 2).
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Fig. 1. Body weight gain ratio on the last day of injection in control, CRS, CRS+L-Arg, L-Arg,
and CRS + L-Arg + L-NAME groups. Data are presented as mean £ SEM (n= 5-6). *P<0.05,
vs. control group, NS = not significant P>0.05.
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Fig. 2. Brain/body weight ratios in control and treated groups the day after the last injection.
Data are presented as mean + SEM (n=6), NS = not significant P > 0.05.

Influence of L-Arg, and L-NAME on
serum T-AOC:

Colorimetric assessment of the T-
AOC was done in sera samples 10 days after
the initial treatment. CRS significantly
suppressed total antioxidant levels (0.57 +
0.022, P < 0.001) when compared to the
non-stressed control group (0.97 + 0.072).
Meanwhile, L-Arg + CRS (0.72 + 0.042)
ameliorated CRS-induced reduction of T-
AOC when compared to CRS group (P <
0.05). However, T-AOC in L-Arg + CRS
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group was still significant when compared
to the control (P < 0.05). L-Arg alone
showed a significant increase in T-AOC
(0.96 + 0.024, P < 0.05) when compared
with the CRS group. On the other hand, L-
NAME  drastically  declined total
antioxidant levels (0.26 + 0.05, P < 0.001)
compared to CRS+L-Arg and control
groups which indicate a crucial role for
NOS and NO in the regulation of the L-Arg
antioxidant effect (Fig. 3).

Fig. 3. Colorimetric determination of
Total Antioxidant capacity (T-AOC) in
serum (mMM/L) the day after the last
injection. Data were expressed as mean
+ SEM (n = 6). *P<0.05 vs control,
@"v #P<0.05 vs. CRS and +P<0.001, vs.
CRS+L-Arg.
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Effect of different treatment groups on
catalase activity:

Catalase activity was significantly
reduced in the CRS group (274.03 + 25.14,
P < 0.05) when compared to the control
group (447.85 + 52.70). The activity of
catalase in the L-Arg group (456.71 +
14.86) was not statistically significant when
compared to the control group. However,
pretreatment of stressed animals with L-Arg
(CRS + L-Arg) (344.92 + 15.18) showed
non-significant increase in catalase when
compared to the CRS group. In addition,
CRS + L-Arg + L-NAME (327.35 + 72.35)
showed no significant differences when
compared to the CRS + L-Arg group (Fig.
4).

Serum Catalase

600

400

Catalase U/L

200+

Fig. 4. Colorimetric measurement of serum
catalase activity (U/L) on the last day of
injection in different treatment groups. Data
presented as mean + SEM (n = 6). *P<0.05
vs control group.

Influence of L-Arg and L-NAME on the
histopathology of stressed mice brains:

The control group that received sterile
PBS showed normal nerve cells with mild
perineuronal vacuolation (Fig. 5A). The
brain of the CRS group showed focal
microgliosis, perineuronal vacuolation, and
edema in the Virchow-Robin space (Fig.
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5B). CRS+L-Arg group displayed normal
neurons with mild dilation in the Virchow-
Robin space (Fig. 5C). The L-arginine
group showed normal neurons, in addition
to mild demyelination (Fig. 5D). Mild
demyelination with mild neuronal death
was detected in CRS+L-Arg + L-NAME
(Fig. 5E).

Fig. 5 (A-E). Histopathological
micrographs of brain tissue in different
treatment groups. (A) The control group
showed normal nerve cells (thick arrow)
with mild perineuronal vacuolation (thin
arrow). (B) The brain of the CRS group
showed focal microgliosis (thick arrow),
perineuronal vacuolation, and edema in the
Virchow-Robin space (thin arrow). (C)
CRS+L-Arg group showed normal neurons
(thick arrow) with mild dilation in
Virchow-Robin space (thin arrow). (D) The
brain of the L-Arg group showed normal
neurons (thick arrow), in addition to mild
demyelination (thin arrow). (E) L-Arg + L-
NAME+ chronic resistant stress group
showing mild demyelination (thick arrow)
with mild neuronal death (thin arrow).
(H&E., X 400).
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Discussion

The present study investigated the in
vivo effect of L-Arg administration on brain
tissue and serum total antioxidant capacity
as well as catalase activity of adult male
mice subjected to CRS and the potential
role of L-Arg and NOS, the key enzyme of
NO production, on CRS-induced oxidative
stress in mice. Chronic stress is caused by
persistent exposure to one or more types of
stressors for days to months and is related
to physical, behavioral, and
neuropsychiatric symptoms (Lin and Scott,
2009). The cause of illness progression is
determined by the levels of antioxidant and
oxidant balance. If this balance shifts in
favor of the oxidants, oxidative stress may
result. Antioxidant levels are critical for
free radical counterbalancing.

The results showed that L-Arg groups
including CRS+L-Arg, L-Arg, and CRS +
L-Arg + L-NAME caused a significant
reduction in body weight. However, CRS
did not show a significant reduction when
compared to the control group. These
findings were supported by previous
literature showing that L-Arg can reduce
body weight, and adipose tissue (McKnight
et al., 2010) in addition to the ability of L-
Arg to reduce insulin resistance and
enhance lipolysis (Thams and Capito, 1999;
Wu et al., 2012). Chronic restraint stress
significantly decreased total antioxidant
levels in serum which was parallel to the
findings achieved before by Samarghandian
et al. (2017) and Pal et al. (2020) that
clarifies the role of repetitive restraint stress
in the reduction of total antioxidant
capacity, SOD, catalase as well as GSH
levels and the enhancement of MDA levels.
However, the antioxidant effect of L-Arg is
not always supported as L-Arg can show a
decrease in catalase activity in animals
without oxidative stress (Delwing et al.,
2002). The main mechanism of restraint
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stress adverse effect was due to restraint
stress-induced inflammation which causes
oxidative stress and the production of more
free radicals (Matough et al., 2012).
Additionally, free radicals may damage and
kill cells by destroying different cell
components such as nucleic acids, proteins,
enzymes, and cell membrane lipids which
justify the brain pathological finding in the
current study ( Pandya et al., 2013). Here,
we found that L-Arg could not alter CRS-
down-regulated catalase activity which
might be a result of an L-Arg dose-
dependent effect.

It was found that pretreatment with L-
Arg (500 mg/kg b.wt.) reversed changes in
total antioxidant capacity in mice subjected
to CRS whereas pretreatment with L-
NAME (30mg/kg) reversed the
ameliorative impact of L-Arg on total
antioxidant capacity. These findings
indicate that the NOS inhibitor, L-NAME,
aggravates CRS-induced oxidative stress.
Consequently, L-Arg antioxidant effect is
mediated by NOS, the enzyme responsible
for NO production from L-Arg. Therefore,
it is concluded that L-NAME blocked the
desirable role of NO which reacts with
mitochondrial enzymes of respiratory
chains to regulate cellular breathing and
allows antioxidant function (Brine et al.,
1997).

The histopathological changes in brain
tissue of the CRS group in the present study
showed focal microgliosis, perineuronal
vacuolation, and edema in the Virchow-
Robin space. these results come in
agreement with Kumar and Pandey (2013),
who found that the brain is more susceptible
to stress due to high levels of intracellular
mediators that are involved in the stress
response. CRS+L-Arg group displayed
normal neurons with mild dilation in the
Virchow-Robin space. The L-arginine
group showed normal neurons, in addition
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to mild demyelination. Mild demyelination
with mild neuronal death was detected in
CRS+L-Arg + L-NAME. Improving the
antioxidant system may be useful in
combating excessive ROS production
(Samarghandian et al., 2015). So that, the
availability of L-Arg is a critical factor to
suppress oxidative stress, inducing an
endogenous antioxidant response (Liang et
al., 2018) reducing inflammatory reactions
(Tan etal., 2014).

Conclusion

Exposure to CRS induced a reduction
in T-AOC and catalase activity. L-Arg
pretreatment rescued the antioxidant
activity and reduced oxidative stress in a
mechanism that depends on NOS and NO
production. However, the antioxidant effect
of L-Arg is not mediated by -catalase
activity.
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