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ABSTRACT

Introduction: Stress disturbs the gut-brain axis and contributes to the development of mood Keywords:
disorders and memory impairment. Recent findings on the anti-stress effects of monoamine Fear

modulators have shown that the serotonin and norepinephrine reuptake inhibitor (SNRI) Immobilized stress
venlafaxine (VIX) is more effective in stressed rodents. However, the effects of VIx on Memory
microbiota and memory impairment- and stress-related behaviors are still unknown. Synbiotics Venlafaxine
(Syn), a mixture of probiotics and prebiotics, can modify the gut microbiome; however, the Synbiotics

effects of anti-anxiety and anti-memory deficits are still not well understood. Therefore, this
study proposed to compare the effectiveness of VIx and Syn in the reduction of learned fear-
and memory impairment-like behaviors in an animal model of stress.

Methods: Forty male adult Wistar rats were subjected to stress by immobilization in a
restrainer for 2h per day and were administered 10mg/kg VIx and/or 2g of Syn containing
1.0x10'° CFU probiotic strains and prebiotic oligosaccharides daily for 14 days. Learned fear,
recognition memory and locomotor activity were evaluated by the elevated-T maze, novel
objective recognition and open field tests. Blood samples and adrenal glands were collected to
measure the circulating corticosterone levels and relative adrenal weights, which were used as
markers of stress responses.

Results: The immobilized-stressed rats showed hyperactivity in stress responses, as
demonstrated by increased relative adrenal weights and serum corticosterone levels. Both Vix
and Syn reduced the increase in serum corticosterone levels in stressed rats. Furthermore,
VIx- and/or Syn-treated stressed rats had fewer learned fear-like behaviors and a higher
discrimination index without any locomotor activity changes than vehicle-treated stressed rats.
Conclusion: Syn supplementation had comparable effects to SNRIs in alleviating the risk of
developing anxiety disorders and memory impairment in stressed individuals or psychiatric
patients.
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Introduction

Rapid changes in economic and social conditions are
leading to the world’s population experiencing more
stress, resulting in psychological changes and reduced
quality of life. Continuous exposure to stress results in
hypothalamic-pituitary adrenal (HPA) axis dysfunction
and an increase in circulating glucocorticoids that dis-
turb the functions of several of the body’s organs. In-
deed, stress has been shown to affect both the nervous
and digestive systems, leading to anxiety, depression,
peptic ulcers and irritable bowel symptoms (McEwen
et al., 2016). Moreover, stress reduces the amounts of
microorganisms in the digestive organs and lessens the
communication between the central and enteric nervous
systems, which are contributing factors to the develop-
ment of mood disorders (Foster et al., 2017; Heijtz et
al., 2011; Maslanik et al., 2012). However, no conclu-
sive evidence exists on the relationship between the gut-
brain axis and memory impairment in individuals with
stress and psychiatric disorders.

Currently, antidepressants are prescribed to treat
stressed and psychiatric patients. Previous studies found
that the serotonin and norepinephrine reuptake inhibitor
(SNRI) venlafaxine (VIx) appeared to be more effective
than the first-line drugs (i.e., diazepam and fluoxetine)
and showed anxiolytic- and antidepressant-like actions
in stressed rats (Lapmanee et al., 2013; Lapmanee et
al., 2012). In addition to SNRIs, some antidepressants
and anti-anxiety agents, such as selective serotonin re-
uptake inhibitors (SSRIs) and tricyclic antidepressants,
can reduce the bacterial content of the gut (Ayaz et al.,
2015; Macedo et al., 2017; Ait Chait et al., 2020). The
changes in the quantity and the compositions of gut bac-
teria have been shown to down-regulate genes in brain
plasticity and induce depressive behavior in anti-stress
agent-treated mice (Luki¢ et al., 2019). Moreover, there
is a lack of evidence of the effects of VIx on microbiota
and memory impairment- and stress-related behaviors.
Therefore, it is necessary to search for antistress agents
that relieve stress without the depletion of gut microbio-
ta in the treatment of digestive and mental health.

Dietary supplements for the maintenance of microbi-
al homeostasis to alleviate pathological changes in the
digestive organs can be obtained commercially. Synbi-
otics (Syn) are food products that contain probiotics and
prebiotics. Probiotics are living microorganisms in the
digestive tract that can maintain a balanced number of

good bacteria, facilitate the communication of the di-
gestive and immune systems and help to reduce inflam-
mation. Prebiotic supplements, which are indigestible
portions of food (i.e., xylooligosaccharides and fruc-
tooligosaccharides), stimulate probiotic growth in the
digestive tract (Pandey et al., 2015). Interestingly, Syn
have beneficial effects on lowering fatty liver accumula-
tion and blood sugar levels in patients with nonalcoholic
liver disease and diabetes (Mofidi et al., 2017; Ebrahimi
et al., 2017). However, there is a lack of studies on the
effect of synbiotic supplements on the treatment of com-
plications of the disorders brain regions that control be-
havior and memory formation when exposed to stressful
situations.

In addition, the effect of SNRIs in combination with
Syn supplements on neurobehavioral changes in learned
fear and memory remains elusive. Therefore, the present
study proposed to compare the effectiveness of VIx and
Syn supplements in the reduction of learned fear and
memory impairment in an animal model of stress to de-
velop treatments and prevent stress-induced neurologi-
cal complications with anxiety and recognition memory
deficits.

Material and methods

Animals

Forty adult male Wistar rats (8 weeks old, weighing
180-210g) were obtained from Nomura Siam Interna-
tional Company Limited (Bangkok, Thailand). The rats
were housed, 2 rats/cage, (n=8/group) in a room with
controlled conditions, at 25+2°C and 55+5% humidity,
with a 12h light/dark cycle (average illuminance 250
lux). The rats were under this condition for at least 7 days
before the start of the experiments. All animals received
standard rat pellets (CP Company Limited, Bangkok,
Thailand) and water ad libitum. The experimental pro-
cedures were certified and approved by the Thammasat
University Animal Care and Use Committee, Pathum
Thani, Thailand (Animal Ethics No. 003/2020).

Experimental procedure

The rats were randomly assigned to 5 equal groups:
(i) control+ vehicle group (received Sml/kg body weight
sterile saline; Con), (ii) stress+ vehicle group (received
Sml/kg body weight sterile saline; Veh), (iii) stress+ VIx
group (received 10mg/kg/body weight), (iv) stress+ Syn
group (received Syn containing 1.0x10'° CFU probiotic
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strains and oligosaccharides), and (v) stress+ VIx/Syn
group (received VIx and Syn), as shown in Figure 1A.
After completing stress induction and anti-stress agent
administration, all animals were evaluated for learned
fear (day 15), recognition memory impairment (days
15-16) and locomotor activities (day 17) by using neu-
robehavioral assessment tools, i.e., elevated T-maze
(ETM), novel object recognition (NOR) and open field
test (OFT, Figure 1A). To minimize the impact of be-
havioral tests and determine the long-lasting effects of
the interventions on animals, all rats were euthanized af-
ter the last behavioral tests (day 18) between 9.00-12.00
hours (Miller et al., 2011; Davies et al., 2016; Ifergane
etal., 2018; Noronha et al., 2019; Wang et al., 2019; Fan
etal., 2022).Blood samples and adrenal glands were col-
lected to measure circulating corticosterone levels and
relative adrenal weights, which were used as markers of
stress responses (Lapmanee et al., 2017).

Immobilized stress protocol

The stress induction followed the methods of Yang et
al., 2014 and Tian et al., 2018. The stressed rats were
immobilized daily in a 23x6cm transparent restrainer
fixed with plastic tape for 2h/day for 14 days. There
was a ~0.5cm hole at the end of the restrainer to allow
for breathing. The immobilization stress was conducted
from 9:00 to 11:00 AM.

Antistress agent administration

Based on our recent findings, SNRIs could modulate
central monoamine neurotransmitters and reduce anxi-
ety- and depression-like behaviors in stressed male rats.
Therefore, the treatment protocols followed previous
studies by (Alves et al., 2017; Lapmanee et al., 2012).
The antistress agents were VIx (10mg/kg/day) and 2g of
Syn containing 1.0x10' CFU probiotic strains, includ-
ing Bifidobacterium bifidum, Bifidobacterium infantis,
Bifidobacterium longum, Lactobacillus acidophilus
Lactobacillus casei and Lactococcus lactis, and prebi-
otic oligosaccharide (produced by Inter Pharma Public
Co., Ltd., Bangkok, Thailand). Sterile saline (0.9%) was
used as the vehicle (Sml/kg/day). VIx and Syn were
freshly prepared and administered orally daily between
15:00 and 16:00 PM for 14 days.

Behavioral tests
Elevated T-maze test (ETM)

The ETM is a validated model of anxiety and is used
to evaluate the simultaneous anxiolytic- and amne-
sic-like effects in preclinical studies (Asth et al., 2012).
The ETM apparatus was made from a black plastic
material and was elevated 50cm from the ground. The
T-shaped model used for the ETM for this study consist-
ed of 3 arms (50cm long x 10cm wide). The closed arm
with a 40cm wall was placed at the perpendicular right
angle. The ETM test followed the method of (Graeff et
al., 1993). The ETM test evaluated latency in three in-
hibitory avoidance trials (i.e., baseline, avoidance 1 and
avoidance 2) at 30s intervals and a one-way escape trial.
A rat was gently placed at the end of the closed arm in
the inhibitory avoidance task. It was then placed at the
end of the right side of the open arm in the escape task.
The time taken for the rat to leave this arm with all paws
was recorded. Learned fear (general anxiety disorder)
was represented by inhibitory avoidance, whereas in-
nate fear (panic disorder) was represented by one-way
escape.

Open field test (OFT)

The OFT apparatus was made of a black plastic mate-
rial (76cm long % 57cm wide x 35cm high) with a floor
painted with white gridlines. The apparatus was under
60 lux lighting, similar to a dimly lit room. The rat was
gently placed in one of the four corner squares facing
the arena center and was allowed to explore for Smin.
The changes in the number of lines crossed indicated lo-
comotor activity and exploration. These were recorded
using an infrared video camera (Lapmanee et al., 2017).

Novel object recognition (NOR)

The NOR test is considered a less stressful test and is
widely used to evaluate learning and short-term memo-
ry, which represent the process of recognition in the ro-
dent hippocampus (Antunes and Biala, 2012). The NOR
apparatus was made of a black plastic material (63cm
long % 63cm wide x 45c¢cm high) under 350 lux lighting,
equivalent to bright room lighting. On the habituation or
familiarization day, the rat was allowed to explore the
empty arena for 10min/session for 2 sessions. After 24h,
on the acquisition day, the rat was exposed to congruent
objects (two pepper bottles) for 3min. Thereafter, the rat
was transferred to its cage and allowed to stay there for
1h. In the testing session, the rat was allowed to explore
the unfamiliar object (glass paperweight) for 3min. The
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behavior profiles, i.e., sniffing, licking or touching, were
recorded by a video camera. The reduction in explora-
tion of the novel object or the discrimination index (DI)
indicated a loss of recognition memory (Lapmanee et
al., 2017; Redrobe et al., 2010), which was calculated
as followed:

_ Exploring novel object time — Exploring familiar object time
- Total exploration time

DI

Measurement of body and adrenal weights

The rats were weighed daily (in grams). When the
experiments were completed, the adrenal glands were
removed by laparotomy and cleaned of the surrounding
fat tissues. The adrenal glands were then washed and
dried in an incubator at a constant temperature of 80°C
for 3 days. The dry weight of the adrenal glands was
measured, and the relative weight of the adrenal glands
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FIGURE 1. Time course experiments (A) and physiological alteration in stress responses. (B) The starting body weight, (C) the final body
weight, (D) relative dry adrenal gland weight and (E) serum corticosterone levels. *P<0.05, "P<0.01 and "*P<0.001 compared to vehicle-treat-
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FIGURE 2. Learned fear alteration as determined by ETM. Inhibitory avoidance trails, (A) baseline latency, (B) avoidance 1 latency, (C)
avoidance 2 latency and (D) latency of one-way escape trail. "P<0.05 compared to vehicle-treated non-stress control group. 'P<0.05 compared
to vehicle-treated stressed group. Con: control; Veh: vehicle; VIx: venlafaxine; Syn: synbiotic.

(adrenal weight/body weight) was calculated.

Measurement of corticosterone levels

Blood sample collection was performed through car-
diac puncture under isoflurane anesthesia. The blood
was allowed to clot at room temperature for 15min. The
serum was centrifuged (1500g, 15min, 4°C), and the
corticosterone levels were analyzed by a commercial
ELISA kit (Immunodiagnostic Systems Ltd, Tyne and
Wear, UK).

Statistical analysis

The results are presented as the mean+SEM. Graph-
Pad Prism 7.0 software (San Diego, CA) was used to
perform the statistical analysis. Multiple sets of data
were analyzed by one-way analysis of variance (ANO-
VA) with Dunnett’s post-hoc test. An alpha level of 0.05
(P<0.05) was set as statistically significant.

Results

Body weight, adrenal weight and serum corticoste-
rone levels

All rats had the same starting body weight and gained
weight throughout the study period (Figures 1B and
C). After completing the 14-day experiments, the body
weights of stressed rats were significantly lower than the
weights of the rats in the control groups. Both VIx and
Syn reduced body weight in stressed rats (P=0.0026,
Figure 1C). Veh-treated stressed rats had higher rela-
tive dry adrenal gland weights (P=0.0009) and serum
corticosterone levels (P<0.001) than the control groups,
while VIx- and/or Syn-treated stressed rats had signifi-
cantly lower adrenal dry weights (P=0.0011) and se-
rum corticosterone levels (P<0.0001) than Veh-treated
stressed rats, as shown in Figures 1D-E.

Learned fear- and anxiety-like behaviors
In inhibitory avoidance trials, there was no signifi-
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cant difference in baseline latency among the groups.
Veh-treated stressed rats displayed learned fear-like be-
havior, as indicated by increased latencies of avoidance
1 (P=0.048) and avoidance 2 (P=0.0247, Figures 2A
and B). Furthermore, it was observed that exposure of
Veh-treated stressed rats to an unfamiliar area induced
an increase in the number of lines crossed in the first
30s (Figure 4A). As expected, VIx treatment produced
anxiolytic-like action in stressed male rats, as it signifi-
cantly decreased avoidance 2 (P=0.0248) and increased
escape latencies (P=0.0377, Figures 2C and D). Inter-
estingly, Syn-treated stressed rats had less avoidance 1
(P=0.0262) and avoidance 2 (P=0.0248) than Veh-treat-
ed stressed rats (Figures 2B and C).

Novel-objective recognition

As shown in Figures 3A-B, the discrimination index
of the Veh-treated stressed rats significantly decreased,
and less time was spent on the novel object compared to
the control group (P<0.0001), suggesting impaired rec-
ognition memory in stressed rats. VIx and/or Syn treat-
ment alleviated stress-induced memory impairment in
rats, as determined by an increased discrimination index
in the NOR test (£<0.0001).

Locomotor activity

Although increased exploratory locomotor activity in
the first 30s was observed in Veh-treated stressed rats
(Figure 4A), there were no significant effects on the lo-
comotor activity of either the Veh-, VIx- or Syn-treated
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stressed rats, as indicated in the total lines crossed under
the OFT (Figure 4B).

Discussion

Following restraint stress induction (2h/day for 14
consecutive days), rats had a decrease in weight and in-
creases in serum corticosterone levels as well as dry ad-
renal weight. In behavioral responses, the stressed rats
displayed learned fear in the ETM, impaired recognition
memory in the NOR test and hyperarousal reaction to an
unfamiliar open area without changes in total locomotor
activity in the OFT. These findings indicated physical
and biochemical changes in response to exposure to
stressors, which were consistent with previous studies
(Lapmanee et al., 2017; Tian et al., 2018). Chronic stress
exposure results in increases in adrenal stress hormone
production and glucocorticoids via hyperactivation of the
HPA axis (Franco et al., 2016), which interferes with the
production of ghrelin, pro-opiomelanocortin and leptin
within the neural circuit of food intake and body weight
regulation (Herman et al., 2016; Jeong et al., 2013). The
final body weights were significantly lower in both the
untreated stressed rats and the VIx/Syn-treated stressed
rats compared with those in the control groups. Stress
induced increased inflammation and disruption in the
rhythmic release of hypothalamic and adrenal hormones
and was the possible mechanism responsible for weight
reduction in rats exposed to stress (Lucassen and Cizza,
2012; Stefanaki et al., 2018). Furthermore, VIx modu-
lates dopamine and serotonin neurotransmission and in-
duces weight loss in sleep-deprived rats (De Oliveira et
al., 2004), while Syn restores gut microbial homeostasis
and reduces body weight gain in obese mice (Ke et al.,
2019). These reasons could explain the weight loss in
stressed rats, and none of the treatments were able to
reverse the body weight.

Moreover, stress reduces the production of brain-de-
rived neurotrophic factor (BDNF) and neurogenesis in
the hippocampus associated with mood disorders and
cognitive impairment (Lapmanee et al., 2017; Mizogu-
chi et al., 2020; Schoenfeld et al., 2017). In addition,
the disruption of microbiological homeostasis in the
gastrointestinal tract has been reported as chronic stress
exposure (Farzi et al., 2018; Misiak et al., 2020) from
the decrease in microbial counts, including Lactabacil-
li and Provetella, (Bailey and Coe 1999; Maslanik et
al., 2012). Stress-induced dysbiosis causes high levels

of cytokines and inflammatory markers, imbalances in
monoamines, malabsorption of essential nutrients and
minerals and metabolism of lipids in the brain, resulting
in anxiety, depression and memory impairment (Bassett
et al., 2019; Caspani et al., 2019; Li et al., 2019; Madi-
son and Kiecolt-Glaser 2019; van de Wouw et al., 2018;
Zafar 2020).

It is known that antidepressants are used to alleviate
mood disorders, i.e., anxiety and depression. Although
SSRIs (i.e., citalopram, fluoxetine, paroxetine and ser-
traline) are first-line antidepressant therapies, they may
lack long-lasting effects and provide adverse side effects
in long-term use (Li et al., 2019; Sanchez et al., 2014).
In the present study, VIx-treated stressed rats had signif-
icant avoidance latency in the ETM and an increased
discrimination index in the NOR, which indicated that
VIx improved learned fear and memory impairment in
stressed rats. Consistently, our previous findings on SN-
RIs showed that VIx was effective in reducing anxiety-,
depression- and cognitive impairment-like behaviors
in rats exposed to chronic restraint stress by reducing
the level of corticosterone and restoring the reduction
in hippocampal BDNF protein expression (Lapmanee et
al., 2017; McEwen et al., 2016). Additionally, long-term
treatment with VIx or duloxetine reduced the number
of bacterial taxa, including Ruminococcus flavefaciens
OTU 228330, Ruminococcus flavefaciens, Adlercreutzia
OTU 245324 and Adlercreutzia equolifaciens (Luki¢ et
al., 2019).

The microbiome in the gastrointestinal tract is current-
ly being widely studied, especially the correlation be-
tween the microbiota-gut-brain axis and neurobehavioral
disorders. In particular, supplementation with psychobi-
otics, including prebiotics, probiotics and synbiotics can
modify microbial function and enhance communication
between the nervous system and the gastrointestinal
tract (Tremblay et al., 2021). Generally, microorganisms
are found within the gastrointestinal tract, i.e., Firmic-
utes, Bacteroidetes, Actinobacteria and Proteobacteria.
The changes in the quantity or equilibrium of these mi-
crobiota in the gastrointestinal tract result in abnormal
behavioral responses (Cryan and Dinan 2012). The re-
sults from both animal and human studies have shown
that psychobiotic supplements can relieve symptoms
of anxiety and depression (Vaghef-Mehrabany et al.,
2020). However, there is no conclusive evidence on
the efficacy of psychobiotic supplementation on mem-
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ory impairment. The results of this study revealed that
synbiotics can have beneficial effects on recognition
memory impairment as determined by an increase in
the discrimination index of NOR tests in stressed rats.
In contrast, antibiotic treatment results in disturbance in
the intestinal microbiota in rodents, which exhibit anxi-
ety and depressive behaviors, but their learning behavior
and memory are unaffected (O’Mahony et al., 2014).

The underlying mechanisms in the use of Syn sup-
plements against the development of stress-induced
learned fear and memory impairment are discussed fur-
ther here; Lactobacillus supplementation can have pro-
tective effects on the integrity and inflammation of the
intestinal mucosa (Blackwood et al., 2017). In addition,
an increase in Bifidobacteria can increase microglial
function and synapse density in the cerebellum, cortex
and hippocampus (Erny et al., 2015; Luck et al., 2020).
Moreover, Lactobacillus helveticus R0052 and Bifido-
bacterium longum R0175 supplements attenuate hippo-
campal apoptosis and memory impairment in rats with
lipopolysaccharide-induced memory loss (Mohamma-
di et al., 2019). Taken together, the supplementation
of psychobiotics (i.e., Syn) with VIx further reduced
stress-induced learned fear, anxiety and memory im-
pairment by modulating serotonin and norepinephrine
neurotransmission and balancing microorganisms in the
brain-gut-microbiome axis.

Conclusion

The stress induction performed in this study was a
successful test protocol, as displayed by the physical
and behavioral consequences in the stress responses of
male rats. Stress is one of the causes of disturbances in
the balance of intestinal microflora, and it affects brain
function by regulating learned fear, anxiety and memo-
ry formation processes. Syn can be an alternative sup-
plement taken in combination with SNRIs to prevent
disturbances in intestinal microbiota abnormalities and
alleviate the risk of developing anxiety disorders and
memory impairment in stressed individuals. The effects
of Syn supplementation on the changes in gene or pro-
tein expression promoting hippocampal neurogenesis
and neuronal growth can be demonstrated to explain the
underlying mechanisms for reducing anxiety and restor-
ing impaired memory in an animal model of stress.
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