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Abstract

Background: Depression is a common and debilitating disorder of the brain. Many pharmacological therapies, including many
plant components (such as flavonoids), are used to treat depression. Electroconvulsive therapy (ECT) is a useful method for de-
pressed patients who do not respond to medication. However, this method has some side effects. Hence, investigators have tried to
improve ECT’s positive points by diminishing its side effects.

Objectives: We investigated the effect of hesperetin (a flavonoid component) on the antidepressant activity of ECT in an enforced
reserpine model of depression in male rats.

Methods: Eighty male rats (230 - 250 g) were randomly divided into control, ECT + reserpine (Res), Res + hesperetin (Hes; 10 or 20
mg/kg), Res + ECT, and Res + ECT + Hes (10 or 20 mg/kg) groups. The effects of hesperetin were evaluated by the forced swimming
test (FST), sucrose preference test (SPT), open field test (OFT), elevated plus maze test (EPMT), as well as by measurement of the brain-
derived neurotrophic factor (BDNF) and oxidative stress biomarkers [ie, malondialdehyde (MDA), superoxide dismutase (SOD), and
glutathione (GSH)] in the prefrontal cortex area.

Results: The outcomes of the behavioral experiments showed that Hes + ECT treatment could raise the percentage of open arm
entrance in EPMT, anhedonia in SPT, and decrease immobilization time in FST compared to the groups treated with ECT (P < 0.05)
or hesperetin alone. Our biochemical research also illustrated a significant reduction in MDA in the groups treated with ECT + Hes
(10 or 20 mg|kg; P < 0.01and P < 0.001) and ECT or hesperetin, as well as a significant increase in GSH, SOD, and BDNF in the ECT +
Hes (20 mg/kg) animal group (P < 0.001).

Conclusions: In depressed rats, the ECT linked to the application of hesperetin could significantly elevate BDNF, GSH, and SOD
reduction in depressed male rats.
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1. Background

Depression, as one of the most prevalent disorders
(1), is the main cause of disability worldwide (2). Peo-
ple are much more likely to develop depression if they
already have an anxiety disorder. The mechanisms ac-
countable for these brain disorders are mostly connected
to the reduction of monoamines’ levels (noradrenaline,
serotonin, and dopamine) in some central nervous system
(CNS) structures, including the prefrontal cortex and hip-
pocampus (3). Depression is usually treated with medica-
tions, psychiatric methods, or a combination of both treat-
ment methods. However, it has been seen that many pa-
tients with this kind of disorder will reject pharmacolog-

ical and psychiatric medications. Thus, the main influen-
tial treatment for depression is electroconvulsive therapy
(ECT) (4, 5). ECT may play a role in people with comor-
bid depression and anxiety. For the antidepressant activ-
ity of electroconvulsive seizures (ECSs), as an analog of ECT
that causes general seizures in laboratory animals (6, 7)
and could antagonize depression promotion, four theories
have been offered: Neurotrophic, neurotransmitter, neu-
roendocrine, and anticonvulsant activity mechanisms. In
neurotransmitter theory, it has been shown that the mech-
anisms of ECT are based on improving the production of
neurotransmitters, including serotonin, adrenaline, and
dopamine, or in the other way, by hypersensitivity of their
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receptors (6, 8). Also, it has been indicated that ECT can
modulate excessive functional connectivity between key
areas of the brain in depressed patients and affect cellular
monitoring systems and intracellular regulation of brain-
derived neurotrophic factor (BDNF) and neurotrophic fac-
tors (NTFs), which these factors could promote the neuro-
genesis and neuroplasticity in the prefrontal cortex area
(6).

Despite the effectiveness of ECT in depressed patients,
because of its retrograde forgetfulness side effect and pa-
tients’ fear due to ECT prescription, this method is less
commonly used in despaired ones (9). Hence, investiga-
tors have tried to improve ECT’s positive points by dimin-
ishing its side effects.

Recent studies have illustrated that many plant com-
pounds (fruits and vegetables), including polyphenols,
flavonoids, essential oils, and alkaloids, could antagonize
anxiety and depressant behaviors (1). It was shown that
hesperetin as a flavonoid component could increase an-
tioxidants such as superoxide dismutase (SOD), catalase,
glutathione (GSH), and BDNF production, as well as de-
crease malondialdehyde (MDA) in the hippocampus and
prefrontal cortex (10-12). Therefore, hesperetin can be a
good candidate to improve positive effects and lessen ECT’s
negative side effects.

2. Objectives

This study was designed to evaluate the effects of coad-
ministration of hesperetin and ECT to improve the antide-
pressant effects of ECT, perhaps by augmenting the BDNF
level and oxidative stress factors in the prefrontal cortex in
male reserpine-induced depressed rats (13, 14).

3. Methods

3.1. Administration of the Drugs

To induce depression in the animals, we used a chronic
injection of reserpine (0.2 mg/kg; i.p, Sigma Aldrich, USA)
every day for 14 days (13). In the treatment groups, hes-
peretin (10 or 20 mg/kg; Sigma Aldrich, USA) was dissolved
in ethanol (5 mg/t mL) and given to the animals once a day
for a week (10, 12).

3.2. Experimental Animal Groups

In this research, we only selected adult male rats (n =
80). The animals (250 - 230 g) were prepared from Karaj
Razi Vaccine and Serum Research Institute (KRVSI) and

kept for 7days in a standard room at Shahed University An-
imal Laboratory to adapt before the tests. All experimen-
tal steps were approved by the Ethics Committee of Shahed
University of Medical Sciences and performed according to
the National Institute of Health’s Guide and Use of Labo-
ratory Animals. Four animals were kept in each cage with
access to enough water and food except during the behav-
ioral test. The animals were divided into 8 groups (n=10):
(1) control (only received saline as the solvent of reserpine);
(2)ECT; (3)reserpine (Res); (4)and (5) Res + hesperetin (Hes;
10 and 20 mg/kg; (6), Res + ECT; and (7) and (8) Res + ECT +
Hes (10 and 20 mg|kg, respectively).

3.3. ECT Method

The electroshock was applied once a day for a week to
the animals through ear clamp electrodes (15). The applied
waves by the unit of electroshock instrument (Ugo Basile,
Italy) were synced and quadrangular as follows: Amplitude
60 mA, width 0.5 ms,100 Hz, and 1-second duration. The in-
cidence of tonic-clonic convulsions with a period of fewer
than 20 seconds without casualties showed the success of
the method.

3.4. Behavioral Tests

All experimental groups underwent behavioral tests af-
ter 2 to 3 weeks. Figure 1illustrates the timeline.

3.5. Forced Swimming Test

The forced swimming test (FST) is one of the most com-
mon and safest tests to evaluate rodent depression, which
was performed within two days in this study. In this experi-
ment, a plexiglass cylinder with a height of 60 cm and a di-
ameter of 30 cm filled with water (25°C) neara 35 cm height
of the cylinder was used. To acclimatize the animals to the
watery environment, for 2 days, the rats were putin a cylin-
der filled with water for 15 minutes and then removed and
placed at 30°C to dry. The time of immobilization of the
rats was measured for 5 minutes. Normally, the immobil-
ity of the limbs and the floating of the animal in such a way
thatonly the animal’s head came out of the water with very
small movements were considered as immobility time (15).

3.6. Sucrose Preference Test

Anhedonia (inability to feel pleasure), which is a symp-
tom of depression, was assessed by the sucrose preference
test (SPT). Initially, we used 2 containers, one containing
water and the other containing 1% sucrose. SPT was per-
formed within 4 days. On the first day, 5 g of sucrose was
dissolved in 500 mL of water in 2 separate containers to
prepare a sucrose solution (1%. On the second day, one of
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Figure 1. Experimental design of the study (abbreviations: ECT, electroconvulsive therapy; FST, forced swimming test; SPT, sucrose preference test; OFT, open field test; EPMT,

elevated plus maze test).

the sucrose containers was replaced with an absolute wa-
ter container to adapt the animals to the sucrose solution.
On the third day, the animals were deprived of water and
food. After this deprivation, on the fourth day, each rat
had free access to 2 full bottles (one absolute water and the
other sweet water) for an hour. Each bottle was weighed
before and after the 1-hour water access period (16). Then,
the sucrose preference percentage (SPP) was calculated ac-
cording to the following equation:

SPP =

sweet water consumption

total water consumption (sweet water + absolute water)
%100

3.7. Open Field Test

The open field box is a tool for measuring depres-
sion/anxiety behaviors. This boxincludes a square environ-
ment with a width of 72 x 72 and 36 cm high walls. The
width of this device is divided into 16 squares (18 X 18 cm),
with a square (18 x 18) in the center of the box. At the be-
ginning of the experiment, the animal was gently placed
in the center of the environment and freely searched the
area for 5 minutes. Evaluation criteria in this test include
the number of entrances to the center, the number of lines
crossing the floor sections, and the duration of the time
that an animal spends in the center. This experiment is
based on the animal’s inherent fear of being in the center
of the environment (11).
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3.8. Elevated Plus Maze Test

The elevated plus maze (EPM)is made of 4 arms (2 open
and 2 closed arms) crossing over each other. The open and
closed arm dimensions were10 X 50 cm, and there were 40
cm high walls on both sides and the ends of the enclosed
arms. The 4 arms terminated in a central range of 10 cm.
The maze was placed at the height of 50 cm above the floor
using bases. Adequate light was provided by a 60-W light
bulb that illuminates one side of the arm depending on
the maze. For behavioral experiments, the animals were
individually placed in the center of the maze plus facing
the open arm, allowing them to search freely for 5 minutes.
During this period, the number of entrances and the time
spent in each arm was recorded in 5 minutes from a dis-
tance of 1 meter. The criterion for entering the arms was
therats’ hind paws passing from the entry of each arm. The
duration of time spent in each arm was also calculated ac-
cordingly using a stopwatch. All measurements were per-
formed in a very quiet atmosphere with consistent light.
The open arm entries’ percentage (OAE%) for each animal
was calculated according to the following equation (17).

Numberof OAE
OAE% = — % 100
Number of total open and closed arms entries

3.9. Assessment of Oxidative Stress Biomarkers

Initially, the animals (5 rats in each group) were anes-
thetized by intraperitoneal injection of ketamine (10%) at
a dose of 50 mg/kg. The animal was beheaded by a guil-
lotine, and the brain was removed from the skull. The an-
terior part of the brain (+ 2.61 of bregma), which contains
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the mass of the prefrontal region, was carefully removed.
The blocks were washed with a cold saline solution with ra-
dioimmunoprecipitation assay (RIPA) buffer (Sigma, Ger-
many) and then homogenized with a homogenizer (IKA,
Germany) at 5000 rpm for 2 minutes. Then, the homog-
enized tissue was mixed with phenylmethylsulfonyl fluo-
ride (0.5 mM; Sigma Aldrich, Germany) as a protease in-
hibitor and centrifuge (1000 g,10 min) at 4°C environment
temperature. After centrifugation, the supernatant was
separated from the solution by the sampler and kept at -
70°C until testing. The lower pellet was discarded, and the
supernatant was used to measure biochemical factors as-
sociated with oxidative stress, including SOD, MDA, GSH,
and BDNF levels.

3.9.1. Malondialdehyde Assessment in the Prefrontal Cortex
Area

Malondialdehyde (MDA) was estimated by measuring
the thiobarbituric acid reactive substance (TBARS) method
(7). Shortly after the addition of TBARS and trichloroacetic
acid to the supernatant and uniform mixing of them, the
solution was keptat 90°C for 80 minutes. Then the samples
were cooled on ice and centrifuged by a freezer-centrifuge
(4°C) at 1000 g for 10 minutes. Finally, the absorbance of
solutes wasread at 532 nm by a spectrophotometer (EX800,
USA) instrument.

3.9.2. Measurement of Superoxide Dismutase Activity in the Pre-
frontal Cortex

A series of formulated brains’ supernatant samples
were also used to measure the superoxide dismutase (SOD)
activity at the prefrontal cortex. At first, the supernatants
were incubated for 40 minutes with xanthine and xan-
thine oxidase in potassium phosphate buffer (pH = 7.8, 37
°C). Then, a yellow dye component [i.e., nitro blue tetra-
zolium (NBT)] was added to the complex solution. Accord-
ing to the percentage of SOD in the complex, the color of
NBT is changed from yellow to dark blue, related to the
level of formazan production in the solute. Finally, the ab-
sorbance of the solutes was measured at 550 nm using a
spectrophotometer and reported as 1 nitrite unit of SOD ac-

tivity (12).

3.9.3. Prefrontal Cortex Assessment of Glutathione

Prefrontal glutathione (GSH) levels were measured by
the method described by Rotruck (12). Additional con-
centrations of the above substance were added to 5, 5™
dithio-bis- [2-nitrobenzoic acid], which reacted to form a
yellow nitro-aqueous tetrazolium. Finally, the absorption
was read at 412 nm, and the result was described as the con-
centration of GSH (12).

3.9.4. Prefrontal BDNF Level Measurement

After the preparation of the homogenized brain
(which was accurately described in the previous section),
the sample solution was centrifuged at 6000 rpm for 20
minutes, and, finally, its supernatant was collected and
stored at -80°C (18). However, the brain BDNF level was
measured using a BDNF ELISA kit (Sigma, USA, RAB 1138).
In this regard, the supernatant samples were diluted to 1:
300, and then, according to the manufacturer’s protocol,
the absorption of the solute was measured at a 450-nm
wavelength using a microplate reader (BioTek, USA).

3.9.5. Histological Evaluation of the Prefrontal Cortex

After completion of the behavioral experiments, the
animal (n = 5) was severely anesthetized with ketamine
(150 mg(kg), and due to an incision in the midline of the
chest and pulling out the ribs, a heparin solution (0.1 mL)
was injected from the apex of the heart in order to pre-
clude thrombus. Then, the descending aorta was blocked
by displacing the left lung, and the perfusion cannula was
inserted into the left ventricle from the apex of the heart.
Concurrently, during normal saline injection through the
left ventricle to the upper section of the body, the right
atrium was cut to drain the blood of the vessels and re-
place it with normal saline. Finally, after the complete ex-
traction of the blood, the saline perfusion was stopped.
Then, the animals were decapitated, and their brains were
extracted and stored in 50 - 100 mL of 4% paraformalde-
hyde and phosphate buffer 0.1M solution (pH = 4.7). The
brain tissue was drained with alcohol and then cleaned
(dealcoholized) with xylene. Then, the anterior part of the
prefrontal cortex (+ 2.61 from bregma) was removed and
placed in impregnated paraffin at 56 - 60°C. After paraf-
fin molding, the brain prefrontal sections (7-um thickness)
were cut using a rotating microtome (Leica, Germany)
and placed on gelatin-coated slides; finally, the slides were
subjected to Nissl staining. For this purpose, we stained
the sections with cresyl violet 0.1% (Sigma Aldrich, USA),
wrapped them with Entellan™ adhesive, and coated them
with lamellae. The photographic study of the Nissl stained
slides was examined under a microscope (magnification
X40; AX70, OLYMPUS) using Image] software. The pre-
frontal cortex cell death was randomly counted in 6 - 7
slices with a minimum distance of 40 . In each slice, an
area of 1250 pm? was evaluated for counting the cell death.
However, we consider the cell contraction, loss of Nissl
body uniformity, cytoplasm and nucleus viscosity, and nu-
cleus pyknosis as key parameters for introducing a cell as
not being alive.
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3.10. Statistical Analysis

Initially, the acquired data were analyzed for normality
using SigmaStat version 3. The comparison between ani-
mal groups’ normal data was evaluated using a 2-way anal-
ysis of variance (ANOVA) and related post hoc tests. Also,
nonparametric data were analyzed by Kruskal-Wallis and
related tests. All data were presented as mean + SEM, and
P values less than 0.05 were considered statistically signif-
icant.

4. Results

4.1. FST Analysis

The immobilization time analysis report is shown in
Figure 2A. As it is obvious, the reserpine could markedly in-
crease this parameter (240 + 8.72) compared to the control
(167 £ 12.33) animals (P < 0.05). Nevertheless, this incre-
mental effect of reserpine could be significantly alleviated
in animals’ treatment by ECT + Hes (20 mg/kg) application
(157 £ 14.60; P < 0.05).

4.2. SPT Results

As shown in Figure 2B, in the reserpine and ECT groups,
the sucrose consumptions were noticeably reduced to 31+
5.75and 38.75+ 4.05 compared to the controlrats (67+ 3.33;
P < 0.05). Surprisingly, the tendencies to the over sucrose
intake were observed in the Res + ECT and Res + ECT + Hes
(10 and 20 mg/kg) animal groups near 59 + 7.73, 63 + 5.53,
and 59 £ 6.53, respectively (P < 0.05).

4.3. OFT

Statistical data indicated that the number of times
crossing the lines of the floor in the device in animals
treated with reserpine (30.2 + 5.66) was reduced compared
to the control group (46.7 £ 5.51; P < 0.05). The treat-
ment of the depressed animals with hesperetin (10 and 20
mg/kg) notably increased the number of line crossings to
51+ 6.72 and 44.55 + 5.60 compared to the reserpine group
(P< 0.05; Figure 3A).

4.4. Obtained Data from EPMT

As indicated in Figure 3B, the OAE parameter signifi-
cantly decreased to 6.64 + 2.13 in depressed animals, but
this reduction may be markedly diminished due to treat-
ment by 10-mg/kg Hes, 20-mg/kg Hes, ECT, ECT + 10-mg/kg
Hes, and especially more prominent by ECT +20-mg/kg Hes
near to 27.44 + 5.40,29.98 + 8.18,26.85 * 5.03,26.85 + 5.03
and 53.52 + 7.24, respectively (P < 0.05 and P < 0.01).
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4.5. Oxidative Stress Biomarkers Data

Figure 4 shows the amounts of MDA, SOD, and GSH in
the anterior prefrontal cortex of the experimental groups.
As seen, MDA levels increased in the Res, ECT, Res + ECT,
and Res + Hes (10 mg/kg) groups compared to the control
animals (P < 0.05, 0.01, and 0.001). However, MDA levels
could be reduced to normal values when the depressed an-
imals were treated with Hes (10 and 20 mg/kg), ECT, and
coadministration of hesperetin with ECT (P < 0.01, 0.001).
Superoxide dismutase levels significantly decreased in the
Res, Res + ECT, and Res + Hes (20 mg/kg) groups compared
to the control ones. Also, there was a significant antago-
nizing activity for the decreasing effect of reserpine on SOD
levelsin the Hes (10 mg/kg) and ECT groups, as well asin the
Hes (10 and 20 mg/kg), which were link applied with ECT
(P< 0.01and 0.001). We also found a marked reduction in
GSH levels in depression animals, which was markedly an-
tagonized by treatment in groups Hes (10 mg/kg) and Hes
(20 mg[kg) + ECT (P < 0.05 and 0.001).

3.6. Prefrontal Assessment of Prefrontal Cortex BDNF

According to the biochemical results of the prefrontal
cortex (Figure 5), the chronic use of reserpine significantly
reduced BDNF levels (110.2 £ 9.20) compared to the control
animals (145.7 £ 5.83; P < 0.05). In addition, BDNF decre-
ment in the reserpine-treated rats was prominently pro-
hibited in Hes (10 and 20 mg/kg) and ECT animal groups
near 145.1 + 3.80, 131.9 + 4.18, and 142.1 £ 4.2, correspond-
ingly. Accordingly, the measurement data for BDNF lev-
els in Res + ECT + Hes (20 mg/kg) rats show no apparent
changes, and it stands near to control ones (182.1 £ 4.39; P
< 0.01).

4.7. Neuronal Cell Death Assessment in the Prefrontal Cortex

As shown in Figures 6 and 7, the chronic application
of reserpine or ECT alone could significantly enhance the
number of cell death in the prefrontal cortex near 65.28 +
1.08 and 37.94 £ 1.30, which are significantly more promi-
nent than in the control rats (19.97 £ 0.98; P < 0.001).
Thereby, the treatment of the animals with 10-mg/kg Hes,
20-mg/kg Hes, ECT, 10-mg/kg Hes + ECT, and 20-mg/kg Hes
+ECT could antagonize reserpine-induced cell death (37.22
+ 110, 35.07 + 110, 33.8 £ 0.8, 23.57 + 1.10, and 13.88 + 0.50,
respectively; (P < 0.001).

5. Discussion

Consistent with previous studies, we showed that re-
serpine could induce depression response-linked behav-
iors like immobility time enrichment and reduction of



Alizadeh Makvandi A et al.

A 300
=
250
= 200 - ' V S
%} E
E
s 150
z2
e 100
g
£
50
0
3 S o o o < o o
(/o‘\ <& 4 & &’ X‘é’ & &
XQ‘ ><‘2s Q«c" ><«2V XQ\
S < < C} é
?F ¢ < &
& &
B 80
. $ § $
60 ‘
®
by 50 ik
g .
o 40 T
&
g
B 30
g
5 20
%]
3
10
0
X < S Q < Q \}
< & * & & ;5’ & &
I X & &x‘z‘ &X‘?‘
S s
A ¢ & <&
& &

Figure 2. A, Immobility time; and B, sucrose preference test data in the control and treatment groups (bars show data as mean + SEM; Abbreviations: Cont, control; ECT,
electroconvulsive therapy; Hes, hesperetin; Res, reserpine; *and $ P < 0.05, respectively, show differences in the control and reserpine groups; n =10 in each animal group).

freshwater cravings in rats (19-21). Also, in line with other
studies, we showed an increase in prefrontal cortex cell
death and anxiety-like behavior in reserpine-induced de-
pressed rats (14, 21, 22). Also, consistent with other stud-
ies, we showed that a change in the production of oxida-
tive stress biomarkers (MDA, SOD, and GSH) was associated
with higher cell damage in the prefrontal cortex, which
can finally lead to animal death (13, 23).

Overall, ECT is one of the most effective treatments
for patients with treatment-resistant depression (TRD)

conditions. ECT could regulate modulating changes in
prefrontal cortex parameters, especially oxidative stress
biomarkers in reserpine-treated animals (6). In our study,
in the ECT animal group, a significant decrease in MDA
levels and a prominent increase in SOD and BDNF in the
prefrontal cortex in reserpine-treated animals were ob-
tained (24). As a result, the higher digestion of free radi-
cals ensures neuronal survival and, finally, can lower the
rate of cell death in this area of the brain and enhance
the response to ECT treatment. The mentioned results
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groups; n =10 in each animal group).

were mimicked by our obtained data from behavioral ac-
tivity with respect to animals’ tendency to sucrose and an
increase in motor activity in EPMT, which reiterated the
worth of ECT for the treatment of depressed patients (5).
Overall, many reports show that the peel of citrus
fruits, especially its main component (i.e., hesperetin),
could yield a potent antioxidant activity; thus, we used
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this ingredient linked to ECT to improve the efficacy of
ECT to treat TRD patients. In this setting, we found that
the administration of hesperetin (10 and 20 mg/kg) could
significantly reduce MDA levels and increase SOD, GSH,
and BDNF in the prefrontal cortex. Also, our data on his-
tological studies indicated a significant reduction in cell
death in the prefrontal cortex in hesperetin-treated animal
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compared to the reserpine animals; ## P < 0.05 indicates a considerable difference compared to the Res + Hes (10 and 20 mg/kg), Res + ECT, and Res + ECT + Hes (10 mg/kg)
groups; n =5 in each group].
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Figure 6. The percentage of cell death in the prefrontal cortex in the control and treatment animals (Bars indicate the mean + SEM of data; Abbreviations: Cont, control; ECT,
electroconvulsive therapy; Hes, hesperetin; Res, reserpine; * and *** P < 0.05 and 0.001 compared to the control group; $$$ P < 0.001 with respect to the Res group; ## and
### P < 0.01and 0.001 show the difference related to Res + Hes (10 and 20 mg/kg) and Res + ECT groups; n =5 in each group).

groups (11,12). It was reported that this effect might be con-
trolled by oxidative stress, suppressing activity or neuro-
inflammatory modulating activity of hesperetin by reg-
ulation of NrF2/Ho-1 and TLR4/NF-xB signaling pathways
and eventually by the prohibition of pro-inflammatory cy-
tokines (TNF-vand IL-13) (10, 25). In the depressed animals,
we observed anxiety-like behaviors as a side effect of de-
pression which could be suppressed by hesperetin. Mean-
while, according to depression-induced methods, anxiety
may be occurred or not. As a result, according to the lit-
erature, we can conclude that the therapeutic results may
differ depending on the type of depression, treatment pro-
tocols, profiles of treatments, and kinds of animals, which
leads to a different activation of signaling pathways (11, 26-
28). In this study, hesperetin administration in ECT-treated
animals could significantly increase BDNF levels compared
to other treatment groups, which may be a reason for
the potent neurogenesis and synaptic plasticity in the pre-
frontal cortex in the ECT + Hes group. In addition, this
group showed a significant increase in SOD and GSH and a
marked decrease in MDA parameters according to the bio-
chemical findings. Thus, it is thought that the suppression
of depression-linked behavior as observed in immobility
time, animal’s tendency to freshwater and motor activity
tests could be wise and related to neuroprotection, reduc-
tion of inflammatory cytokines, and NF-xB expression in

Iran ] Psychiatry Behav Sci. 2022; 16(4):e122915.

CNS, especially in the prefrontal cortex (10, 25, 29). As a re-
sult, the simultaneous use of ECT and hesperetin protocol
in depressed animals can prevent the effect of free radicals
on cellular macromolecules by strengthening the antioxi-
dant system and neurotrophic growth factors and possibly
reducing pro-inflammatory factors; ultimately, this proto-
col leads to a reduction of MDA and cell death in the fore-
brain area and improvement of depressive responses and
anxiety-like behavior in animals treated with reserpine.

5.1. Conclusions

Consistent with previous studies on the efficacy of ECT
and chronic administration of hesperetin in the treatment
of depression, this study indicated that combination treat-
ment of depression by ECT and chronic administration of
hesperetin could significantly antagonize depression and
anxiety-linked behaviors through the improvement of the
prefrontal cortex antioxidant, BDNF production and hence
prohibition of cell death in this region.
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Figure 7. Microscopic section of the prefrontal cortex, staining with the Nissl method for presentation of the number of cell death in the control and other treatment groups
(the tip of the black arrow shows cell death numbers; Abbreviations: Cont, control; ECT, electroconvulsive therapy; Hes, hesperetin; Res, reserpine; n =5 in each animal group).

Acknowledgments Footnotes
We would like to thank the staff of the Central Labora- Authors’ Contribution: All authors contributed exten-

tory and the Animal Behavioral Laboratory of Shahed Uni-  sively and equally to this work. M. K. and M. R. designed
versity, who assisted us in this study. the study, supervised the conductance of experiments and

10 Iran | Psychiatry Behav Sci. 2022;16(4):e122915.



Alizadeh Makvandi A et al.

data collection and analysis, and wrote the draft of the
manuscript. A. A. performed experiments, analyzed data,
and helped in manuscript writing.

Conflict of Interests: There are no conflicts of interest.
Ethical Approval: IR.SHAHED.REC.1399.044

Funding/Support: The authors declared that they haven’t
received any funding/support.

Informed Consent: Our research was on large laboratory
mice.

References

1

10.

1.

Saghafian F, Malmir H, Saneei P, Milajerdi A, Larijani B, Esmaillzadeh
A.Fruit and vegetable consumption and risk of depression: accumu-
lative evidence from an updated systematic review and meta-analysis
of epidemiological studies. Br | Nutr. 2018;119(10):1087-101. [PubMed
ID: 29759102]. https://doi.org[10.1017/s0007114518000697.

. Fajemiroye JO, da Silva DM, de Oliveira DR, Costa EA. Treatment

of anxiety and depression: medicinal plants in retrospect. Fun-
dam Clin Pharmacol. 2016;30(3):198-215. [PubMed ID: 26851117].
https://doi.org/10.1111/fcp.12186.

. Ratajczak PK, Kus K, Zaprutko T, Szczepanski M, Nowakowska E. An-

tidepressant and anxiolytic efficacy of single, chronic and concomi-
tant use of vortioxetine, dapoxetine and fluoxetine in prenatally
stressed rats. Acta Neurobiol Exp (Wars). 2019;79(1):13-24. [PubMed ID:
31038482].

. Friedman MA, Detweiler-Bedell ]B, Leventhal HE, Horne R, Keitner

GI, Miller IW. Combined Psychotherapy and Pharmacotherapy for
the Treatment of Major Depressive Disorder. Clin Psychol: Sci Pract.
2004;11(1):47-68. https://doi.org/10.1093/clipsy.bph052.

. Zhang F, Luo ], Min S, Ren L, Qin P. Propofol alleviates elec-

troconvulsive shock-induced memory impairment by modulating
proBDNF/mBDNF ratio in depressive rats. Brain Res. 2016;1642:43-50.
[PubMed ID: 27017958]. https://doi.org/10.1016/j.brainres.2016.03.020.

. Pinna M, Manchia M, Oppo R, Scano F, Pillai G, Loche AP, et al. Clinical

and biological predictors of response to electroconvulsive therapy
(ECT): a review. Neurosci Lett. 2018;669:32-42. [PubMed ID: 27793702].
https://doi.org/10.1016/j.neulet.2016.10.047.

. Zupan G, Pilipovi¢ K, Hrelja A, Peternel S. Oxidative stress

parameters in different rat brain structures after electro-
convulsive  shock-induced seizures. Prog Neuropsychophar-
macol Biol Psychiatry. 2008;32(3):771-7. [PubMed ID: 18201811].
https://doi.org/10.1016/j.pnpbp.2007.12.007.

. Kellner CH, Greenberg RM, Murrough JW, Bryson EO, Briggs

MC, Pasculli RM. ECT in treatmentresistant depression. Am
] Psychiatry. 2012;169(12):1238-44. [PubMed ID: 23212054].
https://doi.org[10.1176/appi.ajp.2012.12050648.

. Segi-Nishida E. Exploration of new molecular mechanisms

seizure.
21719995).

electroconvulsive
[PubMed ID:

for antidepressant actions of
Biol Pharm Bull. 2011;34(7):939-44.
https://doi.org/10.1248/bpb.34.939.
Ikram M, Muhammad T, Rehman SU, Khan A, Jo MG, Ali T, et al. Hes-
peretin Confers Neuroprotection by Regulating Nrf2/TLR4/NF-+B Sig-
naling in an AB Mouse Model. Mol Neurobiol. 2019;56(9):6293-309.
[PubMed ID: 30756299]. https:|/doi.org[10.1007/s12035-019-1512-7.
Ishola IO, Jacinta AA, Adeyemi OO. Cortico-hippocampal memory en-
hancing activity of hesperetin on scopolamine-induced amnesia in
mice: role of antioxidant defense system, cholinergic neurotrans-
mission and expression of BDNFE. Metab Brain Dis. 2019;34(4):979-89.
[PubMed ID: 30949953]. https://doi.org[10.1007/s11011-019-00409-0.

Iran ] Psychiatry Behav Sci. 2022; 16(4):e122915.

12.

15.

17.

18.

20.

21.

22.

23.

24.

Kheradmand E, Hajizadeh Moghaddam A, Zare M. Neuroprotec-
tive effect of hesperetin and nano-hesperetin on recognition mem-
ory impairment and the elevated oxygen stress in rat model of
Alzheimer's disease. Biomed Pharmacother. 2018;97:1096-101. [PubMed
ID: 29136946]. https://doi.org[10.1016/j.biopha.2017.11.047.

. Antkiewicz-Michaluk L, Wasik A, Mozdzen E, Romanska I, Michaluk

]J. Antidepressant-like effect of tetrahydroisoquinoline amines
in the animal model of depressive disorder induced by re-
peated administration of a low dose of reserpine: behavioral
and neurochemical studies in the rat. Neurotox Res. 2014;26(1):85-
98. [PubMed ID: 24407488]. [PubMed Central ID: PMC4035545].
https://doi.org[10.1007/s12640-013-9454-8.

. Yu H, Lv D, Shen M, Zhang Y, Zhou D, Chen Z, et al. BDNF

mediates the protective effects of scopolamine in reserpine-
induced depression-like behaviors via up-regulation of 5-HTT
and TPH1. Psychiatry Res. 2019;271:328-34. [PubMed ID: 30529315].
https://doi.org[10.1016/j.psychres.2018.12.015.

O’Donovan S, Dalton V, Harkin A, McLoughlin DM. Effects of brief
pulse and ultrabrief pulse electroconvulsive stimulation on rodent
brain and behaviour in the corticosterone model of depression. Int
J Neuropsychopharmacol. 2014;17(9):1477-86. [PubMed ID: 24607259].
https://doi.org/10.1017/s1461145714000200.

. Luo ], Min S, Wei K, Cao |, Wang B, Li P, et al. Propofol prevents

electroconvulsive-shock-induced memory impairment through reg-
ulation of hippocampal synaptic plasticity in a rat model of depres-
sion. Neuropsychiatr Dis Treat.2014;10:1847-59. [PubMed ID: 25285008].
[PubMed Central ID: PMC4181737]. https://doi.org/10.2147/ndt.s67108.
Walf AA, Frye CA. The use of the elevated plus maze as an assay
of anxiety-related behavior in rodents. Nat Protoc. 2007;2(2):322-
8. [PubMed ID: 17406592]. [PubMed Central ID: PMC3623971].
https://doi.org/10.1038/nprot.2007.44.

Luo |, Min S, Wei K, Zhang ], Liu Y. Propofol interacts with
stimulus intensities of electroconvulsive shock to regulate
behavior and hippocampal BDNF in a rat model of depres-
sion. Psychiatry Res. 2012;198(2):300-6. [PubMed ID: 22410590].
https://doi.org[10.1016/j.psychres.2011.09.010.

. Ikram H, Haleem DJ. Repeated treatment with reserpine as a progres-

sive animal model of depression. Pak | Pharm Sci. 2017;30(3):897-902.
[PubMed ID: 28653936].

Kartalci S, Karabulut AB, Erbay LG, Acar C. Effects of Electrocon-
vulsive Therapy on Some Inflammatory Factors in Patients With
Treatment-Resistant Schizophrenia. J ect. 2016;32(3):174-9. [PubMed
ID: 26886746]. https:|/doi.org/10.1097/yct.0000000000000303.
Skalisz LL, Beijamini V, Joca SL, Vital MA, Da Cunha C, Andreatini
R. Evaluation of the face validity of reserpine administration as an
animal model of depression-Parkinson’s disease association. Prog
Neuropsychopharmacol Biol Psychiatry. 2002;26(5):879-83. [PubMed ID:
12369260). https:|/doi.org/10.1016[s0278-5846(01)00333-5.

Carvalho RC, Patti CC, Takatsu-Coleman AL, Kameda SR, Souza CF,
Garcez-do-Carmo L, et al. Effects of reserpine on the plus-maze
discriminative avoidance task: dissociation between memory and
motor impairments. Brain Res. 2006;1122(1):179-83. [PubMed ID:
17030027]. https://doi.org[10.1016/j.brainres.2006.09.008.

Samad N, Khaliq S, Alam M, Yasmin F, Ahmad S, Mustafa S, et al. Tryp-
tophan lessens reserpine induced anxiety, depression and memory
impairment by modulating oxidative stress and serotonergic activ-
ity. Pak ] Pharm Sci. 2021;34(4(Supplementary)):1499-508. [PubMed ID:
34799325].

Zahedi E, Sanaie Rad A, Khalili M, Esmail Jamaat E, Salari S. The ef-
fect of electroconvulsive therapy on the levels of oxidative stress fac-
tors in the prefrontal cortex of depressed rats. | Basic Clin Physiol.
2018;6(2):27-31. https:|/doi.org[10.22070(JBCP.2018.3238.1097.

1


http://www.ncbi.nlm.nih.gov/pubmed/29759102
https://doi.org/10.1017/s0007114518000697
http://www.ncbi.nlm.nih.gov/pubmed/26851117
https://doi.org/10.1111/fcp.12186
http://www.ncbi.nlm.nih.gov/pubmed/31038482
https://doi.org/10.1093/clipsy.bph052
http://www.ncbi.nlm.nih.gov/pubmed/27017958
https://doi.org/10.1016/j.brainres.2016.03.020
http://www.ncbi.nlm.nih.gov/pubmed/27793702
https://doi.org/10.1016/j.neulet.2016.10.047
http://www.ncbi.nlm.nih.gov/pubmed/18201811
https://doi.org/10.1016/j.pnpbp.2007.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23212054
https://doi.org/10.1176/appi.ajp.2012.12050648
http://www.ncbi.nlm.nih.gov/pubmed/21719995
https://doi.org/10.1248/bpb.34.939
http://www.ncbi.nlm.nih.gov/pubmed/30756299
https://doi.org/10.1007/s12035-019-1512-7
http://www.ncbi.nlm.nih.gov/pubmed/30949953
https://doi.org/10.1007/s11011-019-00409-0
http://www.ncbi.nlm.nih.gov/pubmed/29136946
https://doi.org/10.1016/j.biopha.2017.11.047
http://www.ncbi.nlm.nih.gov/pubmed/24407488
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4035545
https://doi.org/10.1007/s12640-013-9454-8
http://www.ncbi.nlm.nih.gov/pubmed/30529315
https://doi.org/10.1016/j.psychres.2018.12.015
http://www.ncbi.nlm.nih.gov/pubmed/24607259
https://doi.org/10.1017/s1461145714000200
http://www.ncbi.nlm.nih.gov/pubmed/25285008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181737
https://doi.org/10.2147/ndt.s67108
http://www.ncbi.nlm.nih.gov/pubmed/17406592
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623971
https://doi.org/10.1038/nprot.2007.44
http://www.ncbi.nlm.nih.gov/pubmed/22410590
https://doi.org/10.1016/j.psychres.2011.09.010
http://www.ncbi.nlm.nih.gov/pubmed/28653936
http://www.ncbi.nlm.nih.gov/pubmed/26886746
https://doi.org/10.1097/yct.0000000000000303
http://www.ncbi.nlm.nih.gov/pubmed/12369260
https://doi.org/10.1016/s0278-5846(01)00333-5
http://www.ncbi.nlm.nih.gov/pubmed/17030027
https://doi.org/10.1016/j.brainres.2006.09.008
http://www.ncbi.nlm.nih.gov/pubmed/34799325
https://doi.org/10.22070/JBCP.2018.3238.1097

Alizadeh Makvandi A et al.

25.

26.

27.

12

Kiasalari Z, Khalili M, Baluchnejadmojarad T, Roghani
M. Protective Effect of Oral Hesperetin Against Unilat-
eral Striatal 6-Hydroxydopamine Damage in the Rat. Neu-
rochem Res. 2016;41(5)1065-72. [PubMed ID: 26700436].

https://doi.org/10.1007/s11064-015-1796-6.

Erakovi¢ V, Zupan G, Varljen ], Radosevi¢ S, Simoni¢ A. Electroconvul-
sive shock in rats: changes in superoxide dismutase and glutathione
peroxidase activity. Brain Res Mol Brain Res. 2000;76(2):266-74.
[PubMed ID: 10762701]. https://doi.org/10.1016/s0169-328X(00)00004-
8.

Feier G, Jornada LK, Barichello T, Vitali AM, Bonatto F, Moreira JC, et al.
Long lasting effects of electroconvulsive seizures on brain oxidative

28.

29.

parameters. Neurochem Res.2006;31(5):665-70. [PubMed ID:16770737].
https://doi.org[10.1007/s11064-006-9064-4.

Lopresti AL, Maker GL, Hood SD, Drummond PD. A review of
peripheral biomarkers in major depression: the potential of
inflammatory and oxidative stress biomarkers. Prog Neuropsy-
chopharmacol Biol Psychiatry. 2014;48:102-11. [PubMed ID: 24104186].
https://doi.org[10.1016/j.pnpbp.2013.09.017.

Freire TFV, Rocha NSD, Fleck MPA. The association of electrocon-
vulsive therapy to pharmacological treatment and its influence
on cytokines. | Psychiatr Res. 2017;92:205-11. [PubMed ID: 28521271].
https://doi.org[10.1016/j.jpsychires.2017.05.004.

Iran | Psychiatry Behav Sci. 2022;16(4):e122915.


http://www.ncbi.nlm.nih.gov/pubmed/26700436
https://doi.org/10.1007/s11064-015-1796-6
http://www.ncbi.nlm.nih.gov/pubmed/10762701
https://doi.org/10.1016/s0169-328x(00)00004-8
https://doi.org/10.1016/s0169-328x(00)00004-8
http://www.ncbi.nlm.nih.gov/pubmed/16770737
https://doi.org/10.1007/s11064-006-9064-4
http://www.ncbi.nlm.nih.gov/pubmed/24104186
https://doi.org/10.1016/j.pnpbp.2013.09.017
http://www.ncbi.nlm.nih.gov/pubmed/28521271
https://doi.org/10.1016/j.jpsychires.2017.05.004

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Administration of the Drugs
	3.2. Experimental Animal Groups
	3.3. ECT Method
	3.4. Behavioral Tests
	Figure 1

	3.5. Forced Swimming Test
	3.6. Sucrose Preference Test
	3.7. Open Field Test
	3.8. Elevated Plus Maze Test
	3.9. Assessment of Oxidative Stress Biomarkers
	3.9.1. Malondialdehyde Assessment in the Prefrontal Cortex Area
	3.9.2. Measurement of Superoxide Dismutase Activity in the Prefrontal Cortex
	3.9.3. Prefrontal Cortex Assessment of Glutathione
	3.9.4. Prefrontal BDNF Level Measurement
	3.9.5. Histological Evaluation of the Prefrontal Cortex

	3.10. Statistical Analysis

	4. Results
	4.1. FST Analysis
	Figure 2

	4.2. SPT Results
	4.3. OFT
	Figure 3

	4.4. Obtained Data from EPMT
	4.5. Oxidative Stress Biomarkers Data
	Figure 4

	3.6. Prefrontal Assessment of Prefrontal Cortex BDNF
	Figure 5

	4.7. Neuronal Cell Death Assessment in the Prefrontal Cortex
	Figure 6
	Figure 7


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

