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KEYWORDS Abstract One of the serious consequences of brain stroke is depression, which affects a large num-
Post-Stroke Depression; ber of patients. Finding new compounds that have antidepressant properties in these conditions can
Inflammation; be very important. Therefore, in the present study, the antidepressant effects of apple pectin (AP)
Cytokine; and citrus pectin (CP) in mice after induction of cerebral ischemia were studied. Seven days before
Mice transient middle cerebral artery occlusion (tMCAQ) and three days thereafter, mice were given

orally AP and CP by gavage (50 and 100 mg/kg). Forced swim test (FST), inclined beam-
walking test and open field test were used to evaluate the behaviors of mice. Levels of IL-1p,
INF-y, TNF-a, IL-6 NF-kB-p65 and pSTAT3 were studied using enzyme-linked immunosorbent
assay (ELISA) and the gene expressions of NF-kB-p65 and pSTAT3 were studied by qRT-PCR.
Induction of cerebral I/R injury resulted in depressive-like behaviors in mice, which were confirmed
by FST, inclined beam-walking test and OFT. However, beneficial effects of AP and CP were
observed in reducing depressive-like behaviors in mice. The downregulation of proinflammatory
cytokines and NF-kB-p65 and pSTAT3 proteins were observed as a result of oral AP and CP
administration in cerebral I/R mice. AP and CP have antidepressant-like effects on cerebral I/R-
induced depression due to reduced inflammation in the brain hippocampus.
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1. Introduction

Depression is one of the most important psychosocial consequences in
patients with stroke. The occurrence of depression is usually common
after stroke, so that its prevalence in the first year after stroke is esti-
mated to be more than 30% (Carod-Artal et al., 2009;
Kouwenhoven et al., 2011). Post-stroke depression affects a person’s
cognitive function, health-related quality of life, and performance
improvement (Alajbegovic et al., 2014). Depression after stroke is
related to the underlying factors and the severity and course of this dis-
order is associated with other complications of stroke (Sit et al., 2007).
Many researchers believe that mood disorders after stroke can also
have a significant effect on the cognitive abilities of patients
(Mitchell et al., 2017).

One of the important mechanisms of post- stroke depression is
inflammatory responses. The role of interleukin-2 (IL-2), tumor-
necrosis factor alpha (TNF-o) and interferon alpha (INFo) in the
development of depressive symptoms has been demonstrated (Villa
et al., 2018). Cytokines such as IL-1B, TNF-a, and IL-8 have also been
reported to increase after stroke (Massaro et al., 2018). Therefore, it
has been suggested that the production of proinflammatory cytokines
in cerebral ischemia in mood-related areas may be associated with
post-stroke depression (Spalletta et al., 2006). Also, interleukin-18
(I1-18) has been mentioned as a potential biomarker for the develop-
ment of post-stroke depression (Yang et al., 2010).

Today, various treatments for this disorder have been proposed
and the effectiveness of many antidepressants in reducing the symp-
toms associated with post-stroke depression has been proven (Olesen
et al., 2007). However, chemical drugs are always associated with
adverse effects, so finding natural compounds with antidepressant
properties that are effective in stroke conditions is important.

Pectins are the natural polymers that make up the cell wall in most
plants, about 70% of which is galacturonic acid. Pectins are widely
used in the food industry as stabilizers, and the main sources of pectin
extraction are citrus peel, apple pulp and sugar beet (Baississe et al.,
2010). Although pectins are not digested by the upper gastrointestinal
tract, it has many health benefits (Maxwell et al., 2012). Pectin has
cholesterol-lowering effects and plays an important role in preventing
heart disease(Brouns et al., 2012), high blood pressure and diabetes
(Silva et al., 2011). There is also considerable evidence for the role of
pectin in the prevention of cancer and metastasis (Fang et al., 2018;
do Prado SBR, Ferreira GF, Harazono Y, Shiga TM, Raz A,
Carpita NC, , 2017). One study showed that pectins improved memory
and antidepressant behavior in mice, which was attributed to upregu-
lation of II-6 expression and the JAK-STAT signaling pathway
(Paderin and Popov, 2018).

Therefore, the aim of the present study was to evaluate the oral
administration of apple pectin (AP) and citrus pectin (CP) on
depressive-like behaviors of mice after induction of transient middle
cerebral artery occlusion (tMCAO). Also, the expression levels of
IL-1B, INF- vy, TNF-o and IL-6 cytokines and NF-xB-p65 and
pSTATS3 proteins were studied.

2. Materials and methods

2.1. Animals

56 Male BALB/c mice weighing 22-26 g were given two weeks
to adapt to the environmental conditions before starting the
experiment. The animals were exposed to ambient conditions
with a temperature of 24 + 1.5 °C, 56% humidity and under
light conditions with a 12-hour light/dark cycle. They were
allowed to free access a diet with 13% protein, 5.5% fat,
55% carbohydrate and 3.9% fiber during the test period. To
prevent changes due to the circadian cycle, all tests were per-
formed between 09:00 and 15:00.

Mice were divided into 7 groups as follows:

1. Control group received normal saline solution.

2. Sham group received normal saline solution;

3. Stroke group received normal saline;

4. Stroke group receiving 50 mg/kg AP (CAT Number:
93854, Sigma Aldrich, Germany);

5. Stroke group receiving 100 mg/kg AP.

6. Stroke group receiving 50 mg/kg CP (CAT Number:
S419095, Sigma Aldrich, Germany);

7. Stroke group receiving 100 mg/kg CP.

2.2. Administration of pectins

Prior to administration, AP and CP were dissolved in distilled
water at specified concentrations and then fed to mice by gav-
age. Concentrations were determined based on published
reports (Paderin and Popov, 2018). Treatments began seven
days before cerebral I/R induction and continued for three
days thereafter. 96 h after induction of I/R injury, mice were
evaluated for neurobehavioral activities and then sacrificed
for biochemical evaluations. Brain hippocampal extraction
was performed using the method of Mathis et al. (Mathis
et al., 2011). For this purpose, after decapitation and making
a midline incision along the skull, and its separation, the brain
was scooped out and washed with an ice-cooled buffer. The
upper part of the hippocampal cortex was separated and after
homogenization for 5 min at 4 °C in 0.7 mL of lysis buffer, it
was centrifuged at 10,000 g for 10 min. It was then stored at
—20 °C for biochemical experiments.

2.3. Induction of tMCAO

Hill and Nemoto (Hill and Nemoto, 2014) methods were used
to induce transient middle cerebral artery occlusion (tMCAO)
(Hill and Nemoto, 2014). For this purpose, the animals were
first anesthetized intraperitoneally (i.p) with ketamine
(50 mg/kg) and xylazine (2-8 mg/kg). Then, a shallow incision
of 25 mm was made along the midline from the bottom of the
mandible to the sternum. The common carotid artery (CCA)
was separated from the vagus nerve with complete caution
and ligated with 4-0 silk sutures. The CCA was thus occluded
without injury. Next, a punctate incision was made in the CCA
ventral wall and then the suture was inserted into the ICA until
resistance was felt. Under these conditions, suture occluded the
middle cerebral artery (MCA) origin. After 90 min, the ani-
mals were reanesthetized and the occluding suture was
removed and complete restoration of perfusion was
performed.

2.4. Neurobehavioral tests

2.4.1. Forced swim test

The forced swimming test was performed according to the
method of Wang et al. (Wang et al., 2010). For this purpose,
a colorless glass cylinder with a diameter of 10 cm and a height
of 25 cm was filled with 23 °C water to a height of 19 cm. The
mice were individually placed individually in the cylinder, each
given 6 min to swim. The first 2 min were for the animal adap-
tation with the environment and the duration of immobility
was recorded in the last four minutes of the test. Immobility
is when each mouse stops trying to swim and stays still in
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the water without moving, keeping only its head above the
water.

2.4.2. Inclined beam-walking test

This test was performed based on the method of Feeney et al.
(Feeney et al., 1981) to examine fore and hind limb motor
coordination. Initially, the mice were placed individually on
a wooden bar at a 60-degree angle to the platform. Each ani-
mal was given a score of 0 to 4 based on its motor function,
with 0 indicating an animal that could easily traverse the beam.
Mice with mild, moderate, or severe defects were given scores
of 1, 2, and 3, respectively. A mouse that showed no movement
on the beam was given a score of 4. This test was performed
four days after induction of I/R cerebral injury.

2.4.3. Open field test

The OFT test is used because of the reduced locomotion and
exploration in depression. In the present study, an open field
apparatus with a diameter of 60 cm was used, with 15 holes
in the bottom (each 1 cm in diameter) with a height of
40 cm. Initially, each mouse was placed separately in the center
of the square and its behavior was monitored for 5 min using a
camera. The distance traveled, number of squares crossed, and
the number of rearing and number of examined holes were
measured.

2.4.4. Neurological scores

The method of Garcia et al. (Garcia et al., 1995) was used to
calculate neurological scores. In this method, six animal
behaviors including spontaneous activity, symmetry in the
movement of four limbs, forepaw outstretching, climbing,
body proprioception and response to touching vibrissae were
evaluated.

Spontaneous activity was assessed for 5 min. A score of 0
was considered when the animal showed no activity. Animals
that difficulty moved without rise up were given a score of 1.
Animals that moved only to one corner of the cage were given
a score of 2, and animals that moved freely in the cage were
given a score of 3.

Symmetry in the movement of four limbs by lifting the ani-
mal from the tail and observing the movements of all four
limbs were done and scores 0 (no movement of limbs), 1 (very
little movement in limbs) 2 (mobility of limbs but asymmetry
between limbs left and right) and 3 (symmetrical motion of
every 4 limbs) were given.

Forepaw outstretching was done by lifting the animal and
placing it on the table and observing the movement of the fore-
limbs, and scores 0 (no movement), 1 (hard movement), 2 (the
right forelimb moved more than the left) and 3 (symmetrical
movement by both forelimbs) were assigned.

To assess climbing, the animals were placed on the wall of a
wire cage and given scores of 1 (without attempting climbing),
2 (asymmetric climbing), and 3 (symmetrical and easy climb-
ing) based on their movement.

Body proprioception was examined by contacting the ani-
mals’ bodies with a blunt stick and based on how they
responded, and scores of 1 (no response to contact), 2 (slow
response to contact) and 3 (symmetrical response of both sides
to contact) were given.

Response to touching vibrissae was performed by evaluat-
ing the response of animals to the stimulus vibrissae on both
sides of the body and scores of 1 (no response to the stimulus),
2 (slow response to the stimulus) and 3 (symmetrical response
of both sides of the body to the stimulus) were assigned.

2.5. Enzyme-linked immunosorbent assay (ELISA)

Levels of IL-1B, INF- y, TNF-a and IL-6 cytokines in mice
brain hippocampal homogenates were measured using ELISA
technique. For this purpose, IL-1p (Cat. No. AB1832P, Meck),
INF- v, (clone 12E7.1, Merck), TNF-a (Cat#430904, BioLe-
gend Inc., USA) and IL-6 (MABF1507, Meck) mouse mono-
clonal antibodies were used as capture antibodies and Biotin-
conjugated IL-1B, IL-18, TNF-a and IL-2 antibodies were
used as detection antibodies. Detection was determined using
streptavidin-labeled horseradish peroxidase (HRP). The absor-
bance was read at 492 nm.

ELIZA kits for NF-kB-p65 from Mybiosource (Cat#
MBS2508000, San Diego, USA) and pSTAT3 from Abcam
(Cat# ab176654, Cambridge, USA) were used to measure the
expression levels of NF-kB-p65 and pSTATS3.

2.6. gqRT-PCR

To evaluate the expression of NF-kB p65 and STAT3 genes,
RNA was extracted using QIAGEN kit (Hilden, Germany)
and after determining its quantity and quality with nanodrop
and agarose electrophoresis gel, respectively, cDNA synthesis
was done using Sigma-Aldrich (USA) kit. In the present study,
the glyceraldehyde-3 phosphate dehydrogenase (GAPDH)
gene was used as the internal control. The sequences of primers
are given in Table 1. The qRT-PCR reaction was then per-
formed using SYBR Green. Relative expression of genes was
measured using 22T method.

2.7. Statistical analysis

After ensuring the normal distribution of the data using the
Kolmogorov-Smirnov test, the data were analyzed using one-
way analysis of variance (ANOVA). All data were presented
as mean =+ standard error. Probability level P < 0.05 was con-
sidered a significant level. Tukey’s multiple range test was used
to compare the means. Data analysis was performed using
Graphpad Prism 8 software.

Table 1 The primers used to quantify the expression levels of
NF-«xB p65 and STAT3 genes.

Genes Sequences

STAT3-F CAGCAATACCATTGACCTGCC
STAT3-R TTTGGCTGCTTAAGGGGTGG
NF-xB p65-F CATCTTTCCCTCAGAGCCAGCC
NF-xB p65-R GTGCTTCTCTCCCCAGGAATAC
GAPDH-F TGCTGGTGCTGAGTATGTCG
GAPDH-R TTGA GAGCAATGCCAGCC
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3. Results
3.1. Neurobehavioral tests

3.1.1. Forced swim test (FST)

FST results showed that time latency to immobility was signif-
icantly reduced in tMCAO-challenged mice compared with
control and sham (P < 0.0001). However, pretreatment with
AP and CP for 10 days resulted in a dose-dependent increase
in latency to immobility after cerebral I/R injury. Both AP
and CP at concentrations of 100 mg/kg resulted in increased
time latency to immobility in cerebral I/R mice compared with
a dose of 50 mg/kg. In I/R mice, the highest latency to immo-
bility was observed in mice receiving 100 mg CP (57.25 s)
(Fig. la).

Total immobility time was measured in the FST test and the
results showed a positive effect of AP and CP in reducing total
immobility time (Fig. 1b). The results showed a sharp increase
in total immobility time in I/R mice compared to sham and
control groups; however, when AP or CP were administered
to I/R mice, a dose-dependent decrease was observed in total
immobility time. Overall, the effect of CP on reducing total
immobility time was better than AP, and a concentration of
100 mg/kg resulted in a severe reduction in total immobility
time, which may indicate antidepressant-like effects of CP.

3.1.2. Neurological scores

Induction of tMCAOQ greatly reduced neurological scores in
mice (P < 0.0001). However, pretreatment with 100 mg/kg
CP significantly increased neurological scores compared to
cerebral I/R mice (Fig. 1c).

3.1.3. Open field test (OFT)

The results of the present study indicated the development of a
hypoactive phenotype in cerebral I/R mice (Fig. 2). However,
AP or CP pretreated I/R mice showed improvement in loco-
motor activity in all three indicators of square crossings, rear-
ing, and explored holes. The best effect was seen in I/R mice
pretreated with 100 mg/kg CP.

3.2. The expression levels of IL-1, INF- y, TNF-a and IL-6
cytokines

The results showed an overexpression of IL-1B, INF- y, TNF-
o and IL-6 in cerebral I/R mice hippocampus compared with
control and sham groups. IL-1B and INF-y expression were
upregulated in the hippocampal tissue of I/R mice, but
100 mg/kg CP treatment was able to significantly downregu-
late the expression of this cytokine compared to cerebral I/R
mice. 100 mg/kg AP and 50 and 100 mg/kg CP were able to
reduce the expression of the proinflammatory cytokine TNF-
o and even bring it to a healthy and sham control level. How-
ever, a significant decrease in IL-6 expression was observed in
cerebral I/R mice when received 50 and 100 mg/kg CP (Fig. 3).
Therefore, it seems that 100 mg/kg CP treatment has the great-
est effect on the downregulation of the expression of studied
proinflammatory cytokines.

3.3. NF-kB-p65 and pSTAT3 proteins and genes expression
levels

The expression levels of NF-kB-p65 and pSTAT3 proteins and
genes showed different expression patterns in different groups
(Fig. 4,Fig. 5). Induction of cerebral I/R injuries upregulated
both NF-kB-p65 and pSTAT3 proteins and genes expression
levels. But, AP and CP downregulated NF-kB-p65 and
pSTATS3 proteins and genes expression levels which indicated
downregulating effects of AP and CP on the expressions of
kB-p65 and pSTAT3. 100 mg/kg CP and AP had the strongest
downregulating effects on the expressions of NF-kB-p65 and
pSTAT3, which may be the reasons for anti-inflammatory
effects of AP and CP.

4. Discussion

At the forefront of psychiatric disorders following brain stroke
is depression, which is independently associated with many
complications including increased anxiety, disability, and ulti-
mately suicidal ideation (Villa et al., 2018). So far, no suitable
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Fig. 1

The effects of apple pectin (AP) and citrus pectin (CP) on FST latency (a), FST immobility (b) and neurological score (c) in

cerebral I/R mice. ** and **** represent significant differences with control and sham groups at probability levels of P < 0.01 and
P < 0.0001, respectively. # and #### Represent significant differences with I/R mice at probability level of P < 0.001 and P < 0.0001,

respectively (n = 7).
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Fig. 2 The impacts of apple pectin (AP) and citrus pectin (CP)
supplementation for 10 days on the square crossings (a), rearing
(b) and hole exploration (c) of mice in the open field test.

treatment has been found for post-stroke depression, and most
of the chemical drugs used have been associated with adverse
adverse effects. Therefore, it is important to find treatment
approaches that improve the symptoms of depression follow-
ing stroke. The results of the present study showed the

antidepressant-like effects of oral administration of AP and
CP on cerebral I/R mice and it seems that the concentration
of 100 mg/kg led to the maximum antidepressant-like effects
in cerebral I/R mice. In the present study, a strong therapeutic
effect of CP on depression-like behaviors caused by cerebral 1/
R injury was observed in comparison with AP. This can be
attributed to the strong anti-inflammatory properties of CP
compared to AP observed in the current research.

One of the experimental models of cerebral I/R induction is
tMCAO, which has been shown to be effective in studies (Liu
et al., 2019) and has also been shown to be associated with
depressive-like behaviors (Xiong et al., 2020). Therefore, in
the current study, inclined beam-walking test, FST and OFT
were used to evaluate the depression like behaviors of mice.
The results showed that tMCAO and subsequent reperfusion
significantly increased neurological scores, confirmed the
tMCAO induction of depression-like behaviors. However, oral
administration of AP and CP reduced neurological scores,
indicating the therapeutic potential of both AP and CP for
cerebral I/R condition.

The FST test was used to evaluate the antidepressant-like
behavior of AP and CP in cerebral I/R mice in the present
study, and the results showed that induction of cerebral I/R
significantly increases immobility time, which indicates depres-
sive behavior. This has been shown in other studies (Yan et al.,
2007; Yan et al., 2004). However, PA and CP were able to
reduce the immobility time in cerebral I/R mice, indicating
the antidepressant-like effects of these compounds. OFT
results showed that AP and CP had enhancing effects on loco-
motor and exploratory activities in cerebral I/R mice. The
enhancing effects of pectin on locomotor and exploratory
activities have been demonstrated in other studies (Viggiano
et al., 2000).

Elevated levels of proinflammatory cytokines were
observed in the hippocampi of cerebral I/R mice. Also, the
results showed that oral administration of AP and CP can pre-
vent the increase of levels of proinflammatory cytokines such
as IL-1B, INF-y, TNF-a and IL-6. Elevated levels of proin-
flammatory cytokines, such as IL-6 and TNF-o, have been
reported in other studies (Fassbender et al., 1994; Zhang
et al., 2019), suggesting that stroke induces inflammation and
inflammatory responses. However, levels of these cytokines
decreased in I/R mice receiving AP and CP, indicating anti-
inflammatory effects of the two compounds. An association
between IL and 6/TNF-o levels and post-stroke depression
has been reported in other studies (Nishuty et al., 2019; Ting
et al., 2020; Maes et al., 1995), which is consistent with current
research findings. However, there are contradictory results in
this regard (Brambilla and Maggioni, 1998; Haack et al.,
1999). Studies have shown an association between cytokine
secretion and depression (Kohler et al., 2017). Therefore,
reducing the expression of proinflammatory cytokines in the
hippocampi of mice by oral administration of AP and CP
may indicate the antidepressant-like effects of these com-
pounds in cerebral I/R conditions. However, more research
is needed to confirm this in clinical settings.

As mentioned, inflammation is involved in the pathophysi-
ology of cerebral I/R, and in this process, the NF-kB transcrip-
tion factor plays an important regulatory role and, therefore,
plays a vital role in inflammatory diseases (Gu et al., 2012).
When activated, this transcription factor increases the expres-
sion of proinflammatory cytokines such as IL-1, IL-18 and
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Fig. 3  The effects of apple pectin (AP) and citrus pectin (CP) supplementation for 10 days on expression levels of IL-1 (a), INF- y (b),
TNF-a (c) and IL-6 (d) cytokines in mice hippocampi. $ indicates significant differences with control and sham groups and #,## and
#H##represents significant differences with cerebral I/R groups at probability levels of P < 0.05, P < 0.01 and P < 0.001, respectively

(n =5).

TNF-a (Mitchell and Carmody, 2018), leading to inflamma-
tory reactions and, as noted, there is an association between
inflammation and post-stroke depression. In the present study,
induction of cerebral I/R injury resulted in increased NF-xB
protein expression, which may indicate increased inflammation
in these conditions t. However, oral administration of AP and
CP reduced the expression of this transcription factor in I/R
mice, which may indicate the anti-inflammatory effects of these
compounds. Therefore, the antidepressant-like effects
observed in the present study as a result of AP and CP admin-
istration in cerebral I/R mice can be attributed to the reduction
of inflammation in mice brain due to decreased expressions of
proinflammatory cytokines as well as decreased NF-«xB
expression.

The JAK2/STAT pathway is important in diseases such as
ischemia and is one of apoptotic signal transduction pathways

(Zhang et al., 2015). However, in the present study, decrease of
pSTATS3 protein expression was observed in the hippocampus
of AP and CP-receiving mice, which may indicate a reduction
in apoptosis due to cerebral I/R injury. Downregultion of
pSTATS3 has been shown to reduce cellular apoptosis and neu-
rological disorders (Satriotomo et al., 2006).

Expression and secretion of inflammatory cytokines such as
TNF, IL-6 and IL-1p is induced by NF-xB, which is one of the
main causes of cerebral I/R-induced inflammation (Lan et al.,
2013). These inflammatory cytokines, such as 1L-6, activate
JAK2/STATS3, which leads to an intensification of inflamma-
tory responses (Luo et al., 2016). Thus, decreased expression
of inflammatory cytokines, NF-kB and STAT3 in the hip-
pocampal tissue of mice received AP and CP in current study
may be responsible for their therapeutic effects in cerebral I/R
conditions.



The protective effects of apple pectin and citrus pectins

a
= $
£ $
z, s
2 st St
S i
£
e 17
¢
0- T T
> NARAR
S TR e®
s @ SES
K 83

7
b
2.0
o $
E 1.5
z $#
e
—
=
& 0.5 I
2. j |l|
0.0- T T
D & & &)
G? Q&%Q&%Q&%QQ%
& COES
S 3 C‘Cﬁ

Fig.4 The effects of apple pectin (AP) and citrus pectin supplementation for 10 days on the expression levels of NF-kB (a) and pSTAT3
(b) proteins. $ shows significant differences compared control and sham groups at probability level of P < 0.05 and # represents significant
differences compared I/R groups at probability level of P < 0.05 (n = 5).

Flod change in NF- B-965 mRNA

b
< 8-
% *****’lf* -
- $$9
; sksfksksk
i
S
£ 21
&
=
o
= 0- T T
SETELDLD
\@@ 6@@& S
<P A\ Q\ N
™ Q CR

Fig.5 The effects of apple pectin (AP) and citrus pectin supplementation for 10 days on the expression levels of NF-kB (a) and pSTAT3
(b) genes. **** shows significant differences compared control and sham groups at probability level of P < 0.0001 and $$$ and $$$$
represents significant differences compared I/R groups at probability level of P < 0.001 and P < 0.0001 (n = 5).



Z. Ai et al.

5. Conclusion

In general, it is concluded that AP and CP are effective in reducing
depression after cerebral I/R injury by reducing the expression of
inflammatory cytokines and NF-kB transcription. Future research in
this area in the clinical setting could confirm the beneficial effects of
these compounds.
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