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Background: Several studies have been shown that antidepressant drugs have contradictory effects on 
cognitive processes. Therefore, the aim of this study was to investigate the effects of amitriptyline and 
fluoxetine on synaptic plasticity in the dentate gyrus (DG) of the hippocampal formation in rat.
Materials and Methods: Experimental groups were the control, the fluoxetine, and amitriptyline. The rats 
were treated for 21 days and then, paired pulse facilitation/inhibition (PPF/I) and long-term potentiation (LTP) 
in perforant path-DG synapses were assessed (by 400 Hz tetanization). Field excitatory post-synaptic 
potential (fEPSP) slope and population spike (PS) amplitude were measured.
Results: The results of PPF/I showed that PS amplitude ratios were increased in 10-70 ms inter-stimulus 
intervals in the amitriptyline group compared to the control group. In the fluoxetine group, EPSP slope 
ratios were decreased in intervals 30, 40, and 50 ms inter-stimulus intervals compared to the control 
group. The PS-LTP was significantly lower in the fluoxetine and the amitriptyline groups with respect to 
the control group.
Conclusion: The results showed that fluoxetine and amitriptyline affect synaptic plasticity in the hippocampus 
and these effects is probably due to the impact on the number of active neurons.
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therapeutic effects are not fully understood. The primary 
hypothesis was enhancement of the noradrenaline and 
serotonin levels in the brain. Although, this hypothesis 
seems to be correct, but there is no explanation for 
the 2-3 weeks delayed phase between initiation of 
treatment and the clinical protests of the therapeutic 
effects. Therefore, other mechanisms must be involved. 
Many studies have been shown that antidepressants 
produce cellular and molecular adaptations at different 
neuronal levels in the brain.[1,2] It has been reported 
that antidepressants reduce stress-induced atrophy 
of hippocampal CA3 pyramidal cells[1] and enhance 
hippocampal granular cells proliferation.[2]

INTRODUCTION

Although antidepressant drugs are used to treat 
depression effectively, the mechanisms of these 
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Fluoxetine,  a selective serotonin reuptake 
inhibitor (SSRI), can seriously prevent delayed damage 
following cerebral ischemia.[3] Furthermore, fluoxetine 
significantly prevented neuronal death, and suppressed 
gliosis (growth of astrocytes in damaged areas of the 
central nervous system) and proinflammatory markers 
in animal models of Kainic acid-induced cell death.[4]

Another study has shown that amitriptyline 
(a tricyclic antidepressant) and venlafaxine 
(a serotonin-norepinephrine reuptake inhibitor) 
dose-dependently increased brain-derived neurotrophic 
factor (BDNF) expression and B-cell lymphoma 2, 
which they both have neuroprotective effects[5] and 
promote neuronal regeneration in the mammalian 
central nervous system.[6] Furthermore, these drugs 
increase superoxide dismutase copper zinc that has 
neuroprotective effects, in hippocampus.[7]

According to the favorable effects of antidepressants 
including neuroprotective and anti-inflammatory 
effects, the aim of this study was to investigate the 
effects of amitriptyline (serotonin-norepinephrine 
reuptake inhibitors) and fluoxetine (a SSRI) on 
synaptic plasticity in the dentate gyrus (DG) of the 
hippocampal formation in rat.

MATERIALS AND METHODS

Male Wistar rats (340 ± 20 g, purchased from Isfahan 
University of Medical Sciences stock) were housed four 
per cage and maintained on a 12 h light-dark cycle in an 
air conditioned constant temperature (23 ± 1°C) room, 
with food and water made available ad libitum. The 
Ethic Committee for Animal Experiments at Esfahan 
University approved the study and all experiments 
were conducted in accordance with the European 
Communities Council Directive of 24 November 
1986 (86/609/EEC). Animals were divided into three 
groups: The control group, the amitriptyline group 
and the fluoxetine group (n = 6 for each experimental 
group). Amitriptyline (5 mg/kg; Arasto Pharmaceutical 
Chemicals Inc.) and fluoxetine (5 mg/kg; Dr. ABIDI 
Pharmaceutical Laboratory)[7] were dissolved in saline 
and were injected intraperitoneally for 21 days. Rats in 
the control group received the same volume of saline.

Then, the animals were anesthetized with 
urethane (1.6 g/kg, i.p.) and their heads were fixed in 
a stereotaxic head-holder. A heating pad was used to 
maintain body temperature at 36.5 ± 0.5°C. The skull 
was exposed and two small holes were drilled at the 
positions of stimulating and recording electrodes. The 
exposed cortex was kept moist by the application of 
paraffin oil. A concentric bipolar stimulating electrode 
(stainless steel, 0.125 mm diameter, Advent, UK) 

was placed in the perforant pathway (AP = −7.8 mm; 
ML = 3.5 mm; DV = 3.2-3.5 mm), and a stainless steel 
recording electrode was lowered into the DG until 
the maximal response was observed (AP = −3.8 mm; 
ML = 2 mm; DV = 3.2-3.5 mm).[8] In order to minimize 
trauma to brain tissue, the electrodes were lowered very 
slowly (0.2 mm/min). Implantation of electrodes in the 
correct position was determined by physiological and 
stereotaxic indicators. Extracellular evoked responses 
were obtained from the dentate granule cell population 
following stimulation of the perforant pathway. 
Extracellular field potentials were amplified (×1000) and 
filtered (1 Hz to 3 KHz band pass). Signals were passed 
through an analog to digital interface (Data Acquisition 
ScienceBeam-D3111) to a computer, and data were 
analyzed using the Potentalize software (ScienceBeam).

Stimulus-response or (I/O) functions were acquired 
by systematic variation of the stimulus current 
(100-1000 μA) in order to evaluate synaptic potency 
before induction of paired pulse. Stimulus pulses 
were delivered at 0.1 Hz and five responses at each 
current level were averaged. As shown in Figure 1, 
the PS amplitude was measured as (the difference in 
voltage between the peak of the first positive wave 
and the peak of the first negative deflection (VB − VC) 
+ the difference in voltage between the peak of the 
second positive wave and the peak of the first negative 
deflection (VD − VC)/2, and the field excitatory 
post-synaptic potential (fEPSP) slope was measured 
as the slope between the baseline and the peak of the 
first positive wave (AB slope).

Stimulation intensity was adjusted to evoke about 40% 
of the maximal response of the population spike (PS) 
and fEPSP.[8,9] PS and EPSPs were evoked in the DG 
region using 0.1 Hz stimulation. Paired pulse depression/
facilitation was measured by delivering five consecutive 

Figure 1: Schematic diagram of population spike (PS) and fi eld 
excitatory post-synaptic potential (fEPSP) analysis. The PS parameters 
analyzed as: ([VB − VC] + [VD − VC])/2 and fEPSP slope analyzed 
as: AB slope
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evoked responses of paired pulses at 10, 20, 30, 40, 50, 60, 
70, and 100 ms inter-stimulus intervals to the perforant 
pathway at a frequency of 0.1 Hz (10 s interval). The PS 
amplitude ratio (second PS amplitude/first PS amplitude 
at percent; PS2/PS1%) and the EPSP slope ratio (second 
fEPSP slope/first fEPSP slope at percent; fEPSP2/
fEPSP1%) were measured at different inter-stimulus 
intervals and compared to the control group.[9]

After PP protocol, baseline recordings were taken 
30 min prior to each experiment. Then, LTP was 
induced using the high-frequency stimuli protocols 
of 400 Hz (10 bursts of 20 stimuli, 0.2 ms stimulus 
duration, 10 s inter-burst interval) at a stimulus 
intensity that evoked a PS amplitude and fEPSP of 
approximately 80% of the maximum response. All 
potentials employed as a baseline before and after high 
frequency stimuli were evoked at a stimulus intensity 
which produced 40% of this maximum.[8,9] fEPSP slope 
and PS amplitude were recorded for periods of 5, 15, 30, 
and 60 min after the high frequency stimuli in order to 
determine any changes in the synaptic response of DG 
neurons. For each time-point, ten consecutive evoked 
responses were averaged at 10 s stimulus interval.

Results are given as mean ± SEM. Data were 
analyzed statistically using the two-way ANOVA, 
and multivariate ANOVA followed by LSD test. 
Probabilities less than 0.05 were considered 
significantly different.

RESULTS

The results showed that PS amplitude ratios were 
increased in all inter-stimulus intervals in the 
amitriptyline group than the control group. These 
enhancements were significant in inter-stimulus 
intervals 10-70 ms [P < 0.05 in each inter-stimulus 
interval; Figure 2a].

There were no differences in PS amplitude ratios 
between the fluoxetine and the control groups. 
Furthermore, PS amplitude ratios weren’t different 
between the fluoxetine and the amitriptyline 
groups [Figure 2a].

EPSP slope ratios were only different in inter-stimulus 
intervals 30 (P < 0.05), 40 (P < 0.01), and 50 (P < 0.05) 
ms between the control and the fluoxetine groups 
[Figure 2b].

Results of LTP
A repeated measure ANOVA revealed that the 
PS-LTP after tetanization was significantly 
lowered in the fluoxetine (P = 0.053) and the 
amitriptyline (P = 0.044) groups with respect to the 

control group (585.2 ± 711.48%, 487.17 ± 711.48% and 
2607.3 ± 658.7, respectively; Figure 3a). However, there 
was no change in the maintenance of PS-LTP in the 
amitriptyline group and fluoxetine group [Figure 3a]. 
The EPSP slopes after tetanization had no significantly 
differences between the groups [Figure 3b].

DISCUSSION

The results showed that fluoxetine and amitriptyline 
have adverse effects on synaptic plasticity in the 
hippocampus. In DG, the responses of granular 
cells to paired pulse stimulation vary at different 
stimulus intervals. At inter-stimulus intervals of 
50-150 ms, there is facilitation and an increase in 
EPSP indices of the second wave relative to the first 
that is the result of an increase in probability of 
neurotransmitter release,[9,10] but at inter-stimulus 
intervals of 10-40 ms, recurrent inhibition caused by 
hippocampal interneurons produces a decline in the 
EPSP indices of the second wave relative to the first.[8]

EPSP indices showed that the control group had paired 
pulse inhibition (PPI) at inter-stimulus intervals 
10-40 ms, reflecting the health of recurrent inhibition 
in the hippocampus. Although there was no inhibition 
at inter-stimulus intervals 50-100 ms, but also there 
was no significant facilitation that may have been 
caused by the aging of the rats. Effects of fluoxetine 
on PSs at inter-stimulus intervals 10-40 ms were 
similar to control, but have shown better response 
than the control group at inter-stimulus intervals 
50-100 ms, nevertheless, these responses were not 
significant. Amitriptyline at inter-stimulus intervals 
10-40 ms induced paired pulse facilitation (PPF) 
rather than PPI showing the destructive effects of this 
drug on recurrent inhibition. However, amitriptyline 
at inter-stimulus intervals 50-100 ms improved PPF 
comparing to the control group that could possibly be 
considered a favorable response.

Fluoxetine decreased EPSP slope at inter-stimulus 
intervals 30-100 ms and this differences were 
statistically significant at inter-stimulus intervals 
30, 40, and 50 ms, which probably reflects the effect 
of the drug on the both pre-synaptic and post-synaptic 
components of synapsis.

Both fluoxetine and amitriptyline significantly reduced 
PS amplitude at 5, 15, 30 and 60 min after induction 
of LTP with respect to the controls. According to the 
fact that PS amplitude represents the number of 
responding neurons, it is likely that these drugs reduce 
the activate neurons in this area. However, EPSP slope 
that represents the sensitivity of neurons in response 
to stimulation has not changed.[10,11]
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Although some studies have shown favorable effects 
s of amitriptyline and fluoxetine, but many other 
studies consistent with our results did not report 
favorable effects of these drugs on learning and 
memory. Notable, it has been reported that fluoxetine 
increased expression of BDNF[12] and in other study 
fluoxetine decreased expression of BDNF.[13] These 
contradictory effects from other SSRI’s drugs have 
also been reported.[14,15] Furthermore, it has been 
demonstrated that amitriptyline can decrease 
BDNF in high doses.[7] Recently, some studies have 
shown a relationship between neurogenesis effects 
of antidepressants (especially SSRI) with their 
behavioral effects.[16]

Functional damages of thinking and memory have 
been observed that induced by antidepressants that 
have anticholinergic effects.[17] Paroxetine that has 
anticholinergic effects reduces cognitive function.[18] 
Amitriptyline over other antidepressants drugs with 
anticholinergic effects is strongest. Therefore, memory 
and cognitive problems that can occur following the 
use of amitriptyline are justified.[19] It is noteworthy 
that reboxetine, a serotonin and norepinephrine 
reuptake inhibitors (SNRIs), increases acetylcholine 

levels in the hippocampus. However, neurocognitive 
studies on depressed patients have failed to show any 
effects of reboxetine on cognitive function.[20]

Some antidepressants can have effects on the function 
of astrocytes. Astrocytes have an important role in 
neuronal development, neurotransmission, release of 
BDNF and synaptic plasticity.[21] Studies have shown 
contradictory effects of fluoxetine on the growth of 
glial cells.[22] It observed that increased glycogenolysis 
in astrocytes, enhances the supply of energy is 
required for the neurons.[23] It has been shown that 
fluoxetine stimulates glycogenolysis in astrocytes.[23] 
However, there are conflicting reports of this drug for 
adenosine triphosphate (ATP) synthesis and energy 
metabolism. For example, in studies on patients 
with multiple sclerosis that have low energy supply 
to axons, has been shown that the use of fluoxetine 
has both favorable effects[24] and harmful effects on 
disease symptoms.[25] Interestingly, SSRIs have more 
paradoxical effects on cellular energy metabolism than 
other antidepressants.[26,27]

It has been reported that fluoxetine affects the 
function of mitochondrial voltage-dependent anion 

Figure 2: The effect of fl uoxetine and amitriptyline on recurrent inhibition/facilitation in dentate gyrus of the hippocampus at (a) the population 
spike (PS) amplitude ratio, (percentage of mean PS2/PS1 ± SEM), and (b) excitatory post-synaptic potential slope ratio (percentage of mean 
EPSP2/EPSP1 ± SEM). (●P < 0.05, signifi cant difference between the control and the amitriptyline groups; *P < 0.05, **P < 0.01 signifi cant 
difference between the control and the fl uoxetine groups (n = 6-7 in each group)

ba

Figure 3: The effect of fl uoxetine and amitriptyline on long-term potentiation (LTP) induction and maintenance in dentate gyrus of the hippocampus 
using 400 Hz tetanic stimulation at: (a) The magnitude of population spike-LTP and (b) excitatory post-synaptic potential slope-LTP. Data are plotted 
as the average percentage change from baseline responses. Values are % mean ± SEM. (●P < 0.05,●●P < 0.01, signifi cant difference between the 
control and the amitriptyline groups; *P < 0.05, **P < 0.01 signifi cant difference between the control and the fl uoxetine groups (n = 6-7 in each group)

ba
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channels (VDAC).[28] These channels are located in the 
mitochondrial outer membrane and are able to pass 
different substances and are involved in maintaining 
proper mitochondrial function. Abnormal function of 
these channels can be triggered apoptosis.[29,30] Nahon 
et al. have suggested that neuroprotective effects of 
fluoxetine are related to a reduction of conductivity 
of VDAC; however, other studies have shown that 
blocking these channels can increase outer membrane 
leakage and release of cytochrome C, and induction 
of apoptosis.[30-33]

Antidepressants can cause hyponatremia. Chronic 
hyponatremia can cause osmotic demyelination 
syndrome that is very dangerous and has destructive 
effects on a wide range of brain functions. Particularly, 
hyponatremia caused by SSRIs is stronger than 
other antidepressants.[30-36] It has been demonstrated 
in a clinical study that about 25% of elderly people 
who have been taking fluoxetine are suffering from 
hyponatremia.[34,35] This effect that have been observed 
following medications such as fluoxetine, citalopram, 
paroxetine, and sertraline may occur owing to 
syndrome of inappropriate antidiuretic hormone 
secretion.[36]

In the present results, we have shown that the 
synaptic plasticity in the DG is affected following 
treatment with fluoxetine and amitriptyline in intact 
rats. Probably, these drugs reduce the number of 
neurons rather than sensitivity of neurons. Although 
there are reports about neuroprotective effects of 
these drugs, but the results of the present study 
didn’t show any favorable effects. Further, study is 
needed to understand the real effects of fluoxetine 
and amitriptyline on the functions and the energy 
metabolism of neurons.
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