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Abstract

Background: Proper nutrition and balanced diet have a profound influence on mental well-being. Nutritional psychiatry
plays an important role in influencing a healthy mind and body. The animal model of chronic unpredictable stress has
been considered the effective model to explore research on anxiety and depression.

Aim: The present study aimed to explore the protective role of cod liver oil on various biochemical and neuronal
analyses in the hippocampus tissue of the Wistar rat model of comorbid depression.

Methods: Healthy adult albino rats of Wistar strain weighing (120-160 g) were divided into control groups and
experimental groups. These groups were further categorized into various subgroups based on stress exposure, cod
liver oil, and antidepressant treatment. Six animals were taken in each group. The duration of stress exposure was for
15 days. After the experimentation procedure, the animals were anesthetized and hippocampus was dissected for the
estimations of various biochemical and neurological parameters.

Results: The combination of cod liver oil with the antidepressant significantly (p < 0.001) decreased the lipid
peroxidation level. Total antioxidant (TAO) and superoxide dismutase (SOD) levels significantly increased (p < 0.001)
in the hippocampus. Treatment of cod liver oil during the stress exposure increased (p < 0.001) the neuronal count.
Conclusion: Cod liver oil proved to be an effective antidepressant agent by increasing the antioxidants and promoting
neurogenesis in the hippocampus.
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Introduction disorders (Nayanatara et al., 2005, 2014; Gokul ef al.,

Psychiatric diseases seem to be a burden both at national 2019). The biochemical and neurological alterations are

and global levels, causing an impact on the quality
of life (Whiteford et al., 2015). Long-term stressful
situations have been linked with depression and anxiety
(Yang, 2015). The duration and the incidence of stress
periods are essential for the understanding of the
neurobiological phenomenon. Food has a significant
role in the maintenance of physical and mental health.
Recent trends rely on the protective role of the essential
constituents of natural compounds present in the diet
against disease development. Till date, no effective
therapeutic strategy has been found in the management
of stress without side effects.

Animal models of stress have been used as experimental
tools in understanding the human psychopathology.
The chronic unpredictable stress model (CUS) is
expansively used to study various psychological

important biomarkers, which could help to understand
and manage stress-induced health issues.

The central nervous system modulates responses
related to stress by activating various brain regions.
Forebrain stress systems have come under considerable
scrutiny in recent years (Wilson, 2017). Several
forebrain structures, such as hippocampus, prefrontal
cortex, and amygdala, are known to influence stress
responses (Wilson, 2017). The functional changes in
the hippocampus have been directly linked with the
stress response (Wilson, 2017). Till date, no individual
therapeutic agent has been found to treat stress-induced
disturbances targeting distinct brain tissue. Therefore,
there is a need for an agent, which is safe and effective
in the treatment of adverse stress effects as a crucial
priority.
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Dietary antioxidants have been shown to protect
neurons against various neurodegenerative disorders
(Wilton, 1995). Food rich in antioxidants and vitamins
plays an important role having influencing neurological
outcomes. Cod liver oil contains omega-3 fatty acids,
eicosapentaenoic acid, docosahexaenoic acid vitamins
A and D (Wilton, 1997). Various health benefits have
been associated with the cod liver oil intake (Khare
et al., 2008; Bazazzadegan et al., 2017). Literature is
lacking on the role of cod liver oil on CUS with its
impact on hippocampus. The beneficial role of cod liver
supplements in various diseased conditions provoked
us to focus on the antidepressant role of targeting on
brain antioxidant levels and neuronal count in the
Wistar rat model of comorbid depression.

Materials and Methods

Animals

Healthy adult albino rats of Wistar strain weighing
(120-160 g) were selected for the study. The animals
were procured from our institutional animal house, All
the animals were housed in polypropylene cages with
husk as bedding material and a standard pallet diet and
water ad libitum. All the animals were maintained at
25°C + 2°C temperature with 12 hours of light and
dark cycles. Further, rats were provided with ad libitum
access to laboratory water and food (commercial rat
pellets from VRK Nutritional Solutions, India)

CUS procedure

CUS procedure included the exposure of animals
to varieties of unpredictable stressors at different
durations to minimize predictability and habituation
(Nayanatara et al., 2005; Nayanatara et al., 2014;
Gokul et al., 2019). All the experimental stress
procedures were conducted in a separate room next
to the room where the rats were housed. After each
stressor, animals were given a rest for 1 hour and
shifted to their original cages. During restraint stress,
the rats were placed in the plexiglass restrainer for 1
hour. In the rotation stress, the rats were placed on
the rotating spinner (50 rpm) for 1 hour. During cage
wetting stress, the rats were kept in the cage with a
wet husk (5 cm high) for 4 hours. In warm and cold
swimming stress, the rats were allowed to swim in
a cylindrical tank (60 cm height x 30 cm diameter)
filled with water at a 30 cm depth at 45°C and 8°C.
Footshock (1.5 mA) stress was given for 10 minutes.
The alteration in the dark and light cycle was done
by placing the rats in dark in the daytime and light
at night time. In tail pinch stress, the clothes pin was
placed at 2 cm from the base of the tail for 20 minutes.
Isolation stress was given by placing single rats in a
different home cage for 4 hours. Overcrowding stress
was done by placing six to seven rats in a single
small cage for 3—4 hours. Cage tilting involved the
placement of rats in a cage and tilting at an inclination
of 45°. In the heat stress, the rats were exposed to a
hot air stream. In cold stress, the rats were exposed to

the cold chamber at 8°C for 1 hour. Overnight food
and water deprivation were also involved in this stress
procedure.
Animal grouping
Animals were divided into two major groups, the
control groups and experimental groups (n = 6; n is the
number of animals in each individual group).
Control group
The control groups of animals were not exposed to any
type of stress. The control group was subdivided into
various subgroups.
Normal control group (Group I; n = 6)—This group
of rats was not exposed to any experimental stress
exposure.
Cod-liver oil control group (Group la; n = 6)—These
rats were treated with cod liver oil via oral gavage (5
ml/kg body weight) but were not exposed to any stress
procedures.
Antidepressant control group (Group Ib; n = 6)—
This group of rats was treated with the antidepressant
imipramine orally (5 mg/kg/body weight) but were not
exposed to any experimental stress procedures (Bolz,
2015).
Cod-liver oil + Antidepressant control group (Group
Ic; n = 6)—This group of control rats was treated with
cod liver oil (5§ mg/kg/body weight) and antidepressant
(5 mg/kg/body weight).
Experimental group
These rats are exposed to stressors, and based on the
treatment, they were subdivided into various subgroups.
CUS— (Group II; n = 6)—These rats were subjected to
15 days CUS.
CUS + Cod liver oil (Group Ila; n = 6)—Cod liver oil
treatment was given to these rats during CUS exposure.
CUS + Antidepressant (Group IIb;, n = 6)—These rats
were treated with imipramine during the exposure to
CUS.

CUS + Cod liver oil + Antidepressant (Group Il c¢; n
= 6)—These rats were treated with cod liver oil and
imipramine during the exposure to CUS.

Dissection of brain tissues

At the end of the 15 days, the animals were anesthetized
(ketamine and xylazine; 50 mg/ml of ketamine and 20
mg/ml of xylazine). Brain dissection was performed
as per the method of Glowinski and Iverson (1966).
Hippocampus was separated for histological and
biochemical analysis.

Determination of oxidative stress in the hippocampus
Lipid peroxidation assay

Homogenate of the hippocampus (1 ml) was mixed
with 2.5 ml of ice-cold trichloroacetic acid and
centrifuged for 10 minutes. 2 ml of the supernatant of
the homogenate was mixed with 0.67% of thiobarbituric
acid. Serum malondialdehyde (MDA) concentrations
were measured (Rao ef al., 2000).

Reduced glutathione

1 ml of the hippocampus homogenate was mixed with
1 ml of metaphosphoric acid and kept for incubation
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for 5 minutes at room temperature (Koracevic et al.,
2001). The sample was centrifuged at 5,000 rpm for 15
minutes at 4°C. Further, 2.7 ml of phosphate buffer and
0.2 ml of 5,5’dithio-bis-nitrobenzoic acid were added
to the homogenate. The yellowish color obtained was
noted at 412 nm. The values were expressed as pg/g
of tissue.

Estimation of superoxide dismutase (SOD) activity
Marklund and Marklund (1974) method was followed.
For the test sample, 0.1 ml of homogenate of
hippocampus tissue was treated with 2.5 ml of Tris—HCI
buffer of pH 8.2. A kinetic endpoint method was used
where the change in the autoxidation of pyrogallol was
observed for 3 minutes for each sample at 420 nm. A
control sample was run in the same way, without taking
tissue homogenate. The total protein concentration for
tissue was calculated by Lowry’s method (using the
Folin-Ciocalteu reagent). Absorbance was at 420 nm,
and the values were expressed as units/minute/mg of
tissue protein.

Estimation of total antioxidants (TAO)

Each sample had its own control in which Fe-EDTA
mixture, hydrogen peroxide, and sodium benzoate
were added after 20% acetic acid. Negative control was
prepared for each series except the sample homogenate
was replaced with 0.1 M sodium phosphate buffer,
pH 7.4. Uric acid (1 Mm/l) was used as the standard
(Marti et al., 1994). The reaction mixture was kept for
incubation at 37°C for 60 minutes, then 20% acetic acid
and 0.8% thiobarbituric acid (TBA) were added and
again kept for incubation for 10 minutes at 100°C and
cooled using an ice bath. The absorbance was measured
at 532 nm. The TAOs level is expressed as pmol/l.
Neuronal assay of the hippocampus

The brain tissue was stored in formalin (10%) and the
paraffin blocks were made. Coronal sections of the
dentate gyrus (DG), frontal cortex, and hippocampus
were prepared and the staining procedure was done
with crystal violet stain. The quantitative analysis was
performed under light microscopy (Madhyastha et al.,
2002).

Quantification of neurons

The quantifiable investigation of the neurons was
performed under light microscopy. In the frontal cortex
section, the neurons were counted in 300 x 300 p areas.
Inthe DG, a 150 % 150 p area was selected for counting.
The various regions of Hippocampus were selected for
quantifications. Neurons were quantified using imaging
software NIS Elements (Blossom et al., 2020).
Statistical analysis

All the data were expressed as mean = standard
deviation Student #-test was used to do the comparison
between the two groups. p < 0.05 was considered
statistically significant.

Ethical approval

The present experimental procedures were reviewed
and approved by the Institutional Animal Ethical
(IAEC) at Kasturba Medical College, Mangalore

(KMC/MNG/IAEC/16-2019). The guidelines proposed
by the committee for control and supervision of
experimentation on animals, the Government of India,
were strictly followed accordingly.

Results

Exposure to CUS significantly increased (p < 0.001) the
lipid-peroxidation level (Fig. 1). Combination of cod
liver oil with the antidepressant significantly decreased
(» <0.001) the lipid peroxidation level when compared
to the rats treated with cod liver oil. Further, reduced
glutathione, SOD, and the TAO level significantly
declined (p < 0.001) in the animals exposed to CUS
(Table 1). However, in the treated rats, antioxidant
levels and SOD significantly increased (p < 0.001).
Neuronal count significantly declined (p < 0.001) in
the stressed rats. A significant rise (p < 0.001) in the
neuronal count was observed in the treated groups
(Figs. 2—-6 and Table 2).

Discussion

Long-term stress is the prime factor for major and minor
health issues. The activation of the stress system leads
to disturbances in the normal physiological mechanisms
reverting homeostasis. The physiological, biochemical,
and neurological alterations have been considered the
important biomarkers of stress, helping to understand
and manage stress-induced health issues (Stratakis and
Chrousos, 1995; Schneiderman et al., 2005; Lucassen
et al., 2014). Chronic stress targets brain areas leading
to various psychological disorders (Stratakis and
Chrousos, 1995; Nayanatara ef al., 2011; Nayanatara et
al., 2012). Various antidepressants are clinically used
for therapeutic use. However, they induce various side
effects (Cryan et al., 2002; Bondi et al., 2008). The
antidepressant role of imipramine is well documented
in the literature and it is also known to be clinically
effective. (Katz et al., 1982; Willner et al., 2014).
Imipramine inhibits the reuptake of noradrenaline and
serotonin, increasing their content in the synapse, and
augmenting adrenergic and serotonergic transmission
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Fig. 1. Effect of CUS on MDA level of the hippocampus in
control groups and experimental groups. p < 0.001***; Group
I versus Group II; p < 0.001%%¢: Group II versus Group Ila; p
< 0.001***: Group II versus Group IIb; p < 0.001%* #: Group
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Table 1. Effect of CUS on biochemical parameters of the hippocampus in control groups and experimental group.

Parameters GSH (ng/g of tissue) SOD(U/mg tissue protein) TAO(nmol/l)
Group I 687.86 +3.162 0.11 +0.006 0.811 £ 0.056
Group Ila 556.48 + 1.54 1.71 £0.005 1.031 +0.004
Group Ib 407.38 £4.14 0.355+0.01 0.676 +0.033
Group I ¢ 446.215 = 77.66 0.478 £ 0.11 0.866 + 0.020
Group II 444,49 £ 4.06%** 0.038 £0.01*** 0.228 £0.236***
Group Ila 441.12 £ 1.72%°¢ 0.656 + 0.20%%% 0.75 + 0.1394%%%
Group ITb 442.54 +4.92* 0.486 + (0.28*+ 0.731 £ 0.154%*
Group Ilc 448.21 £3.72%* 0.483 £ 0.11###* 0.866 + 0.020%# #

p <0.001***; Group I versus Group II; p < 0.001®®®; Group Ia versus Group IIa; p < 0.001%%%: Group II versus Group
Ila; p < 0.001***, p < 0.01**: Group II versus Group IIb; p <0.01: p < 0.001%#*: Group II versus Group Ilc; p < 0.01, “p <

0.001"""; Group Ila versus Group Ilc.
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Fig. 2. Effect of CUS on the neuronal count in the DG in
control groups and experimental groups. p < 0.001**¢;
Group I versus Group II; ®®®; Group Ia versus Group Ila; p
<0.001%%*: Group II versus Group Ila; p < 0.001***: Group II
versus Group IIb; p < 0.001## *: Group II versus Group Ilc; p
< 0.001"; Group Ila versus Group Ilc; *7 ¥ Group Ic versus
Group Ilc.

(Katz et al., 1982; Willner et al., 2014). To explore
the potential antidepressant role of cod liver oil in
this study, we treated a separate group of rats with the
antidepressant imipramine.

In the present study, stress exposure significantly
increased lipid-peroxidation, decreased GSH, and
decreased SOD and TAO levels in the hippocampus.
Stress-mediated hippocampal injury has been linked
to various pathological variations (Wilson, 2017).
The decline in the antioxidant enzyme activities
might be explained using up of antioxidant enzymes
developed because of the rise in MDA level following
stress exposure. CUS produces functional stimulation
of the hypothalamic-pituitary-adrenal (HPA) axis
elevating glucocorticoids. Hippocampus has much
more glucocorticoid receptors and thus it is more
prone to excessive stress (Wilson, 2017). Hippocampal
dysfunction has also been directly linked with the
etiology of depression (Wilson, 2017). Cod liver oil and
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Fig. 3. Effect of CUS on the neuronal count in the frontal
cortex in the control group and experimental groups. p <
0.001***; Group 1 versus Group II; ®®®; Group Ia versus
Group Ila; p < 0.001%*%: Group II versus Group Ila; p <
0.001***: Group II versus Group IIb; p < 0.001*# #. Group II

versus Group Ilc; p < 0.001™; Group Ila versus Group Ilc;
71 ¥ Group Ic versus Group Ilc.

imipramine increased the SOD, GSH, and TAO levels in
the hippocampus. Further, it also declined the increased
lipid peroxidation. The antidepressant role of cod liver
oil might be attributed to the antioxidant properties
of unsaturated fatty acids in cod liver oil exerting its
protective role in decreasing lipid peroxidation and
increasing antioxidant activities. The influential role of
omega-3 fatty acids on various functions of the brain
has been well documented in the literature (Gertsik
et al., 2012). Omega-3 fatty acids have been shown
beneficial in reducing symptoms of mood disorders
(Smith et al., 2011). Cod liver oil is rich in vitamin
A and vitamin D, besides the essential omega-3 fatty
acids (Trofimiuk et al., 2011). Vitamin A has a potent
role in the maintenance of many essential biological
processes (Livrea ef al., 1995). The antioxidant role of
vitamin A could be mainly because of the hydrophobic
chain of polyene units. Previous research studies have
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Fig. 4. Distribution of neuronal count in different regions of the hippocampus in

the CUS group (Group II).

Fig. 5. Distribution of neuronal count in different regions of the hippocampus in
CUS-induced cod liver oil treated group (Group Ila).

also examined the antioxidant activity of vitamin A in
exerting protective effects against neurodegenerative
and cardiovascular diseases (Lee et al., 2009; Huang
et al.,2011). Vitamins present in the cod liver oil might
have exerted their protective role in decreasing the
stress-mediated inflammatory response, decreasing
free radical production. The present study is consistent
with the previous study reports augmenting antioxidant
activity in various oxidative stress animal models
like streptozotocin-induced diabetes in rats (Hunkar
etal.,2002; Ohtake et al., 2002). The potent antioxidant
activity of omega-3 fatty acids has also been well-
documented (Diggle, 2002; Mesa et al., 2004;
El-Mesery et al., 2009; Al-Gayyar et al., 2012).
Essential protective components in the cod liver oil
might restore the redox balance in the stress-induced
oxidative damage to the hippocampus.

In the present study, CUS decreased hippocampal
neurogenesis. Chronic stress exposure might have
caused the generation of free radicals affecting
hippocampal neurogenesis. Previous study reports
also documented increased inflammatory responses in
brain tissue (Kim et al., 2015; Blossom et al., 2020).
Cod liver oil treatment increased neuronal count in
the dental gyrus, frontal cortex, and different regions
of the hippocampus. The observed neurogenesis was
similar to the action of the antidepressant imipramine.
The neurogenesis could be attributed to the essential
components present in the cod liver oil (Wilton,
1997), augmenting the production of neurons in
stressed rats. Based on the study results, cod liver
oil could be used in the management of anxiety and
depression. The antidepressant action of the cod liver
might be mainly because of the unsaturated fatty
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Fig. 6. Distribution of neuronal count in different regions of the hippocampus in CUS-induced cod

liver oil treated group (Group IIb).

Table 2. Effect of CUS on neuronal count on various regions of hippocampus in control groups and experimental groups.

Parameters CA1l CA2 CA3 CA4
Group 1 22.66 +2.06 32+1.41 23+1.26 23.5+1.76
Group la 22.33 +0.81 32.33 £1.50 22 +£2.19 22.83+2.2
Group Ib 22.66 + 1.63 32.83£1.32 23.16 =0.98 23 +1.095
Group Ic 21.33+£1.03771 311 +£3.94771 2233 +£5.12171 2433 +£4.58" 71
Group II 9.166 +0.75%** 6+ 1.89%*¢ 2.83+£0.40%** 3.33+0.51%*¢
Group Ila 16,313 == 2 33585000 13 £ 1.67%¢F®® 13 £ 1.67%¢F®® ©),5 & DOFFFD
Group IIb 16.33 & 1.50%44** 12.5 & 1.24440%¢ 12 + 1.26%44¢** 11 £ 0.89%44¢¢¢
Group Ilc 20.83 £ (.98 # #usk 19 =& 1.67## #esk 15 £2.09%## 16.33 £ 1.50%# #xx

» <0.001***; Group I versus Group II; p < 0.001®®®; Group Ia versus Group Ila; p < 0.001%%%: Group II versus Group Ila; p <
0.001***: Group II versus Group IIb; p < 0.01: p < 0.001** *: Group II versus Group Ilc; p < 0.01, **p < 0.001*"; Group Ila versus

Group Ilc; p < 0.001 77 ¥ Group Ic versus Group Ilc.

acids, eicosapentaenoic acid, docosahexaenoic acid,
and antioxidant vitamins. It exerted a role similar
to the antidepressant imipramine. Thus proving its
potential role. The anxiolytic and antidepressant-like
effects of cod liver oil might be mediated through
multiple molecular and cellular pathways. However,
detailed studies are needed to know the mechanism
involved in various stress-induced neurodegenerative
disease models. This might help in exploring the new
potential therapeutic targets in the management of
stress-induced depression and anxiety involving a
dietary approach.
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