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Abstract

Since the discovery that antidepressants work in part by potentiating the actions of 5-HT
within the serotonergic system the effects these drugs elicit on the serotonin transporter
(SERT) protein have been an area of active research. The aim of the present study is to
understand the mechanism of action of tianeptine and sertraline in relation to its effects on
the expression of SERT gene and SERT protein in the brain stem of stressed rats. Albino
Wistar rats were divided into two groups (n=12) i.e. saline and drug. Each group was further
divided into two equal groups, stressed (Forced Swim Test-FST) and unstressed. Tianeptine
and sertraline were administered to rats orally for 4 weeks prior to subjecting them to forced
swim test and decapitation. Tianeptine increased the expression of SERT gene though the
protein is reduced in the brain stem in stress. On the contrary sertraline decreased the
expression of SERT gene but increased the protein in the brain stem. The increase in
swimming time in FST by both the drugs indicates stress alleviating effects. It can be
concluded that Tianeptine prevents stress induced changes through its effect on the
serotonergic system, including SERT mRNA and protein. Sertraline complies to the
reuptake inhibition property by reducing SERT gene expression. Results are discussed
specifically, how changes in SERT expression following chronic antidepressant treatment
may contribute to the therapeutic benefits of antidepressants.
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Introduction

Antidepressants (SSRIs) are believed to relieve
depressed mood and anxiety by inhibiting
reuptake of serotonin so as to cause increase in
extracellular serotonin. This homeostasis
alteration is thought to undergo further adaptive
processes that together constitute the cellular
mechanism of current antidepressant therapy
and are not clear yet. Tianeptine is an
antidepressant drug with structural similarities
to the tricyclic antidepressant agents but a novel
neurochemical profile. The main difference
between this and other antidepressant agents is
its action on serotonin (5-hydroxytryptamine;
5-HT). Tianeptine increases serotonin uptake in
the brain and platelets. The behavioral and
physical (atrophy of neuronal dendrites) effects
of stress on the hypothalamic-pituitary-adrenal
axis are reduced by tianeptine, and levels of
noradrenalin (norepinephrine) and dopamine
are indirectly increased in several regions of the
brain. The exact mechanism of action of
Tianeptine is still not clear [1]. It is known that
inhibition of serotonin transporter protein
function increases synaptic serotonin [2]. With
this point, drugs that block the transporters
known as selective serotonin reuptake blockers
(SSRIs) are considered to treat disorders that
are caused by low serotonin levels, depression
for instance. The therapeutic action of SSRIs is
due to the activation of post synaptic receptors
followed by intermediate modulations and
feedback mechanisms [3]. Sertraline, an SSRI,
acts via blocking the reuptake of synaptic
serotonin back in the neuron, increasing the
duration of serotonin in the synapse and thus,
its function. Be Mansour and group, in 2002
observed a downregulation in SERT with atime
course study, up to 21 days [4]. It was
concluded that the decline in SERT binding
sites was not a result of reduced gene
expression, in fact, the transporters were
recovered after treatment cessation due to
increased gene expression. Later, a study with
21 days of subcutaneous sertraline (7.5 mg/ kg
/ day) administration found to decrease
serotonin transporter density and function [5].
Since the discovery that antidepressants work in
part by potentiating the actions of 5-HT within

the serotonergic system the effects these drugs
elicit on the serotonin transporter (SERT)
protein have been an area of active research.
Specifically, antidepressants are thought to
initially function by acting as SERT antagonists
resulting in an immediate increase in the
synaptic 5-HT concentration. SERT proteins
are found in various regions of the brain as
transporters, including axonal varicosities and
terminal boutons [6]. Changes to the expression
level of SERT in response to drugs could
contribute to neuroadaptive changes associated
with chronic antidepressant administration.
Surprisingly, the effects of antidepressants on
regulation of SERT expression remain largely
unevaluated. Glucocorticoids are known to be
released in physiological states directed by the
circadian rhythm whereas in stress an enhanced
release is observed, that might lead to a raised
expression of SERT ultimately causing
depression [7]. Ex-vivo studies performed on
cortical and hippocampal synaptosomes of rats
treated acutely and chronically with tianeptine
[8,9] suggested the drug to enhance the uptake
of serotonin from the synapse into the neuron.
Broqua and group explored the influence of
tianeptine (10mg/kg) on the neurochemical,
neuroendocrinological and behavioral effects
of stress on restraint stressed rats and did not
associate the antidepressant properties of
tianeptine with any such change [10]. Bano and
colleagues investigated the acute effects of 10
mg /kg tianeptine on stress related parameters
and concluded that tianeptine increased
circulating  corticosterone,  though  the
pharmacological effect of the drug is attributed
to the availability of tryptophan from the
periphery to the brain [11]. Liu and coworkers
found that prophylactic tianeptine treatment
reversed the structural changes in the brain [12],
while Kuroda and group concluded that 10
mg/kg tianeptine, twice a day for 14 days
decreased both serotonin transporter mRNA
and binding sites in rat brain [13]. Most of the
research to date has concentrated on the SERT
located downstream of the projection pathways
with focus on the post-synaptic effects of the
SERT inhibition or activity [14]. Following
some authors , instead of studying individual
raphe nuclei for transporter studies [15,16],
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collectively the brain stem shall represent the
nuclei. SERT in the brain stem gives an account
of the autoregulatory status of the serotonergic
neurons. Elucidation of the antidepressive
mechanism of tianeptine action is one of the
most difficult problems. The analysis of
available data has shown the lack of any
information that could explain neurochemical
mechanism of action of this antidepressant. It is
well known that tianeptine activates serotonin
reuptake in the presynaptic ending, thus
promoting more withdrawal of serotonin from
the synaptic cleft. In spite of all existing
theories tianeptine on the clinical level reveals
antidepressive, anxiolytic effects, an action
similar to SSRIs which is rather puzzling,
according to Ansseau (1993) [17]. On the
contrary, sertraline is a well-known serotonin
re-uptake inhibitor and its effect on SERT in
alleviating depression may be well endorsed
through previous data, though the present study
was carried out with the therapeutic
dose(30mg/kg) for which no data is still
available. The aim of the present study is to
elucidate the mechanism of action of tianeptine
and sertraline in relation to SERT gene
expression.

Materials and Methods
Animals and Treatment

All animal procedures described below were
conducted in strict accordance with the national
research council for the care and use of
laboratory animals (1996). Ethical approval
was obtained from institutional animal ethics
committee. Locally bred Adult Albino Wistar
rats (150-200 g) were housed 6 per cage under
standard light and dark cycle at 25°C + 2°C
room temperature and were maintained on lab
chow and water ad libitum. All experiments
were carried out in the light phase of the cycle
and were carried out with minimum suffering to
the animals. Rats were checked for open field
locomotor activity. Tianeptine (20 mg/kg/ml)
dissolved in saline was orally administered to
the test group for 4 weeks. An equal volume of
saline was given to the controls. Rats were

decapitated on the 29" day. The rats of the FST
group were made to swim before decapitation.
Brains were collected brain stems were
separated snap frozen in liquid nitrogen and
stored at -70° C respectively, until analysis.

Forced Swim Test (FST)

Locally bred Albino Wistar rats were exposed
to forced swim test as described in detail [18].
Behavior during test swimming session was
scored using a time sampling method [9]. Every
5 seconds; one of the 3 behaviors was recorded.
Immobility was scored when the animal was
making movements sufficient just to stay afloat.
Swimming was scored when the animal
actively swam around the tank (46 cm high and
20cm inner diameter) filled with 30 cm water
(temperature 21°C + 2°C), making movement
greater than those necessary to stay afloat.
Climbing was scored when the animal made
vigorous thrashing movements with its fore
paws, usually directed against the sides of the
tank. Behavioral activity was videotaped and
the results are shown as the total time in
seconds for each behavioral category.

Chemicals and drugs

Tianeptine Sodium salt for the present study
was purchased from Sigma Aldrich. Sertraline
HClI was a kind gift from a local
pharmaceutical. All chemicals were of the
highest analytical grade.

Quantification of SERT mRNA expression

To quantify SERT mRNA isolated from the
brain stems, the tissues were weighed and
accordingly homogenized in appropriate
volumes of Trizol® reagent (Invitrogen) for
isolation of total RNA. DNase 1 digestion was
performed and the RNA was purified with
chloroform followed by isopranol precipitation
of RNA. The quantity and integrity of the RNA
was checked with the nanodrop (ND 1000) and
1pg of RNA was used for reverse transcription.
Reverse transcription was done with superscript
Il (Invitrogen), by adding the RNA, primers
and dNTPs (10ul) to a nuclease free tube.

www.raftpubs.com

Page: 3


https://doi.org/10.36811/ijpmh.2021.110010
http://www.raftpubs.com/

-~
@ fIJP,\[H

Antidepressants and serotonin reuptake
DOI: https://doi.org/10.36811/ijpmh.2021.110010

IJPMH: January-2021: Page No: 01-09

Mixture was heated for 5 minutes at 65°C and
chilled on ice. 10ul of cDNA synthesis mix that
comprises of 10x RT buffer, MgCl,,0.1M DTT,
RNase OUT and Superscript 111 is added to the
mixture. The contents were mixed gently and
incubated at 50°C for 50 minutes, then at 85°C
for 5 minutes to terminate the reaction. RNase
H, 1ul was then added and incubated at 37°C
for 20 minutes. Reported primers from
Abumaria, 2006 were used [19]. Amplicons
were amplified in the Bio-Rad ¢1000

thermocycler using Go Tagq® gPCR Master
Mix (Promega). The components of the
reaction mixture are given below in the table.
The real time cycler conditions are as follows:
95°C for 2 minutes, cycling steps-95°C for 15
seconds, 55°C for 1 minute, back again to the
initial step of the cycle, i.e. 95°C for 15 seconds.
The cycle continued 40 times, resulting in 60
meramplicons for SERT and 83 mer amplicons
for GAPDH.

Name of Gene Forward Primer

Reverse Primer

SERT TCTGAAAAGCCCCACTGGACT

TAGGACCGTGTCTTCATCAGGC

GAPDH

TGCCCCCATGTTTGTGATG

TGGTGGTGCAGGATGCATT

Western Blotting

Total protein extracts from the brain stem were
obtained from the phenolic phase of the Trizol
homogenates after RNA isolation according to
manufacturer’s instructions. Samples from each
group were pooled and proteins were
precipitated with isopropyl alcohol and then
washed with 0.3M guanidine hydrochloride in
95% ethanol. The pellet was dissolved in 1%
SDS with incubation at 50°C for 5 to 10
minutes. The proteins were quantitated with
modified Lowry Method and 200 pg of
proteins/well was used for SDS PAGE. Proteins
were separated in a 10% SDS-polyacrylamide
gel and transferred to Polyvinylidene difluoride
membranes (PVDF-cat # Z310204-6EA,
Sigma). The resulting blots were then probed
with antibodies against SERT (Millipore: anti-
Serotonin Transporter-cat # AB1594P) for 12
hours and bands were visualized after color
development with NBT/BCIP. Two SDS
PAGE gels were run simultaneously, in order to
compare the location of the bands on the
membrane (band size) on the protein marker of
the simultaneous gel. JPEG images were
viewed and compared with Adobe Photoshop

according to the band intensities, and contrast
adjustments were made [20].

Statistical Analysis

All results were expressed as mean * standard
error of mean (SEM). Data was analyzed using
either 1- way ANOVA followed by Tukeys
HSD or student’s t test where appropriate. P<
0.05 was considered statistically significant.
The analysis was carried out using version 19
of SPSS software.

Results

Figure 1: Shows the behavior of rats during
forced swim test (FST) in terms of swimming,
climbing and floating expressed in seconds.
Data analyzed by students t-test indicates that
swimming time is significantly increased by
tianeptine (P=0.0005) as well as by sertraline
(P=0.010) but floating time is significantly
decreased by both the drugs (Tian-P=0.0005,
Sert-P=0.042). Sertraline decreased climbing
time significantly (P=0.04).
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Figure 1: Effect of chronic tianeptine and sertraline administration on FST behaviour. Values are
means+ SEM for each group of 6 rats. Statistical analysis was performed using student’s t-test .The
significance of the differences is indicated by *P<0.05.

Figure 2: shows SERT gene expression after 4 weeks of tianeptine and sertraline administration. 1-way
ANOVA indicates a significant difference among the groups (F=204.405, P=0.0001). Post hoc analysis
indicates an increase in SERT mRNA (P= 0.0001) by FST. SERT mRNA is significantly increased
(P=0.0001) in the tianeptine treated FST group too. Sertraline decreased SERT mRNA expression
significantly (P=0.0001) as compared to the control group. In the sertraline treated group SERT mRNA
is significantly decreased (P= 0.0001) by FST in comparison to the control FST group but increased
significantly (0.007) when compared to the sertraline administered group.
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Figure 2: Effect of 4 weeks Tianeptine and Sertraline administration on SERT gene expression. Values
are means+ SEM for each group of 6 rats. The significance of the differences is indicated by *P<0.05
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when stressed group is compared with respective control and "P<0.05 when drug treated group is

compared with similarly treated saline control.

Table 1: Shows SERT protein in the brain stem
after  chronic  tianeptine  administration.
According to the band intensity SERT protein
is 1.98 times more expressed due to FST. It is
1.92 times more expressed in the brain stem of
tianeptine administered group than in the saline
group, while in the FST group tianeptine
reduces SERT proteins 0.75 times as compared
to the unstressed group. It also indicates that
Sertraline does not alter SERT protein in the
brain stem when the FST group is compared
with drug + FST, but increases it in the
sertraline treated unstressed group.

Table 1: The amount of SERT protein in
the brain is estimated as the ratio of
intensity with photoshop.

Group Intensity as
compared to saline
control

FST +1.98

Tianeptine +1.92

Tianeptine FST -0.75

Sertraline +1.02

Sertraline FST No change

Discussion

The two antidepressants are compared in stress
models of Forced Swim Test (FST). FST
induces the stress response observed as
decreased swimming time and increased
corticosterone. The rise in corticosterone leads
to tryptophan degradation in the liver, rendering
it unavailable to the brain for serotonin
synthesis causing depression. On the other
hand, the rise in brain tryptophan due to stress
is the physiological response of the body to
stress through a rise in the free fraction of
tryptophan and increased uptake by the brain
[11]. Depression is primarily caused when the
rate of hepatic tryptophan depredatory
mechanism exceeds the physiological adaptive
process to combat the effects of stress.
Furthermore, depression is also the result of
increased serotonin turnover in the brain.
Behavioral analysis shows significant increase

in swimming time in chronically tianeptine
treated rates (figure 1). Such an increase
indicates the effect of tianeptine on the
serotonergic system. Since tianeptine is a
reuptake enhancer, the serotonin deficit in the
synapse apparently does not support the
antidepressant action of the drug. Previously,
scientists have revealed the antidepressant
activity of tianeptine with the help of stress
paradigms (e.g. Psychosocial stress) used as
models of depression in animal studies. The
antidepressant activity of tianeptine can be
attributed to the ability of tianeptine to oppose
the effects of chronic stress on brain structure
and plasticity [21]. In a study, it was observed
that tianeptine reversed the shrinkage of
dendrites, even in the presence of
glucocorticoids [22]. Abumaria and coworkers
reported an increase in SERT expression by
chronic social stress concurrent to which
increased SERT gene expression is observed in
FST subjected rats too, indicating an up
regulation of transporters, enhancing synaptic
serotonin reuptake Abumaria [19]. An activated
HPA axis is known to enhance serotonin
reuptake, confirming the possible increase in
reuptake by FST [23]. Serotonin reuptake from
the synapse is necessary to normalize the
membrane potential of the neuron, preparing it
for neurotransmitter firing again. Since the two
main sources of serotonin available for release
are expected to be newly synthesized serotonin
and serotonin recycled after reuptake by SERT
[24], SERT plays a key role in regulating
serotonin signaling by clearing serotonin from
the extracellular space and recycling it to the
intracellular space where it can be repackaged
into vesicles [25]. Since tianeptine is an
effective antidepressant and enhances serotonin
re-uptake, this property challenges the
monoamine theory of depression. In light of
Uzbay’s explanation, the mechanism of action
of tianeptine can be well explained by the
neuroplasticity theory of depression [26].
Changes in neuroplasticity due to stress leads to
the development of psychiatric disorders and
drugs that effect neuroplasticity have
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significant effect on depression treatment.
Tianeptine enhances the SERT gene expression
most probably to increase the number of
transporters in order to elevate the serotonin
reuptake from the synapse. This increased
reuptake  prepares the  neuron  for
neurotransmitter firing, thus increasing the
firing rate. It was reported by Zhou and
coworkers that fluoxetine and tianeptine
increased the density of serotonin and SERT
immunoreactive axons in certain areas of the
brain, though no significant change in the
expression of tryptophan hydroxylase or SERT
gene was reported [27]. The decrease in the
brain stem transporters in FST with prior
Tianeptine administration may activate the
5HT:a auto receptors to regulate a controlled
serotonin  synthesis, positing an effective
recycling of the serotonin taken back into the
neuron. Thus, the 5HT:a receptor activation
counteracts the stress induced neuronal
hyperactivity. In the absence of stress, the brain
stem SERT protein is comparatively higher
than in the presence of stress provoking
enhanced auto receptors activation by
Tianeptine in stress. The increased SERT gene
expression, but decreased brain stem protein
suggests a possible trafficking of SERT protein
from the somatodendritic region to the
terminals in the stressed group. Treatment with
Sertraline for 4 weeks, shows the property of
the drug to down regulate SERT gene
expression irrespective of the presence or
absence of stress. Reduced SERT synthesis
facilitates a decrease in the reuptake increasing
synaptic serotonin availability and function.
Furthermore, the increase in  the
somatodendritic transporters (brain stem),
suggests the importance of serotonin reuptake
to prevent the activation of the 5HT 1A
receptors, due to which the regulation of
serotonin synthesis and firing takes place.
Contrary to our results, previous study by Kim
and coworkers in 1999 observed an increase in
SERT mRNA hybridization by insitu
technique, with Sertraline (10 mg / kg, i.p.) for
14 days. The result was justified as a
compensatory mechanism to reduce synaptic
levels of serotonin which were increased by
long term sertraline treatment [28]. There are

reports that some antidepressants, including
SRIs reduce the expression of SERT [4,29,30]
resulting in enhanced serotonergic
neurotransmission. Zhao and group in 2009
researched the effect of Sertraline (7.5 mg /kg)
treatment for 14 days on SERT mRNA. The
difference in the result may probably be due to
the difference in dosage and duration. A marked
decrease in SERT mRNA with 30mg/kg in
present study is the first finding in our
knowledge with respect to the dosage, duration
and result [5].
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