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Abstract 

 
Memory impairment is one of the greatest concerns when it comes to long-term CNS-affecting drug 
administration. Drugs like gabapentin, pregabalin and baclofen are administered in a long-term period in 
conditions such as epilepsy, neuropathic pain, spasticity associated with spinal cord injury or multiple 
sclerosis. Despite their wide spread use, few data are available on the effects of these drugs on cognitive 
functions, such as learning memory. In the present study, the effects of long-term administration of 
gabapentin, pregabalin and baclofen on memory were investigated in a comparative manner. Male Wistar 
rats received intraperitoneal (i.p.) injection of gabapentin (30 mg/kg), pregabalin (30 mg/kg), baclofen               
(3 mg/kg), combination of gabapentin/baclofen (30/3 mg/kg) and combination of pregabalin/baclofen (30/3 
mg/kg) once a day for 3 weeks respective to their groups. After the end of treatments, rat memories were 
assessed using the object-recognition task. The discrimination and recognition indices (RI and DI) in the T2 
trials were used as the memory indicating factors. The results showed that daily i.p. administrations of 
pregabalin but not gabapentin or baclofen significantly decreased DI and RI compared to saline group. In 
combination groups, either gabapentin or pregabalin impaired discrimination between new and familiar 
objects. Our findings suggested that pregabalin alone or in combination with baclofen significantly caused 
cognitive deficits. 
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INTRODUCTION 

 
Neuropathic pain (NP) is a pain incepted or 

caused by a primary disease, lesion or 
dysfunction in the nervous system (1). It has 
varied causes such as spinal cord injury, 
stroke, multiple sclerosis, diabetes mellitus, 
neoplasia tumors and other diseases affecting 
the CNS (1,2). Neuropathic pain thus affects a 
large number of patients worldwide and often 
it has a significant impact on the quality of life 
(3,4). In patients with upper motor neuron 
disease, persistent pain can be associated with 
spasticity (5). Antiepileptic drugs are used for 
treating epilepsy, but have also been used for 
treating neuropathic pain (6). Baclofen is a 
muscle relaxant and an antispastic agent. It is 
used to treat spasms, pain, and stiffness (7,8). 
Antiepileptic drugs work in a number of 
different ways, all of which have relevance to 
their effect on pain. Gabapentin is an 
antiepileptic drug that, despite its name, has no 

interaction with GABA receptors or GABA 
metabolism (9). It appears to have an 
inhibitory action at voltage-gated calcium 
channels (VGCCs) and also disrupt an entire 
series of N-methyl-D-aspartate (NMDA)-
activated events involved in central 
sensitization (10,11). Pregabalin is a more 
recently developed drug that (like gabapentin) 
is licensed for the treatment of peripheral 
neuropathic pain. It acts on the VGCCs too, 
although its pharmacokinetic properties are not 
identical to those of gabapentin (12,13). 
Baclofen is a GABAB receptor agonist that is 
mainly used for the treatment of spasticity (7). 
Baclofen is postulated to block mono-and-
polysynaptic reflexes by acting as an 
inhibitory neurotransmitter, blocking the 
release of excitatory transmitters. Baclofen 
also has been found to block VGCCs (14,15).  
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Pharmacological interference has the 
potential to disrupt normal neurotransmission 
in areas of the brain responsible for cognitive 
functions. Antiepileptic drugs can adversely 
affect cognitive function by suppressing 
neuronal excitability or enhancing inhibitory 
neurotransmission (16). On the other hand, 
there is extensive evidence indicating that the 
administration of GABAergic drugs can cause 
cognitive deficits but very few studies have 
addressed this issue (17). The object 
recognition task (ORT) is used to evaluate 
cognition, particularly recognition memory, in 
rodent models of CNS disorders. This test is 
based on the spontaneous tendency of rodents 
to spend more time exploring a novel object 
than a familiar one. The choice to explore the 
novel object reflects the use of learning and 
recognition memory. Antiepileptic drugs such 
as gabapentin and pregabalin and other 
adjuvant drugs like baclofen are increasingly 
used in treatment of neuropathic pain. Because 
of the side effects of long-term treatment with 
these drugs, we decided to evaluate the chronic 
effect of gabapentin, pregabalin and baclofen 
alone and in combination on rat memory using 
ORT. The data of this study was compared 
with scopolamine that induces memory 
deficits in ORT model (18). 

 
MATERIALS AND METHODS 

 
Animals 

Adult male Wistar rats (weighing 200 ± 20 
g) were obtained from animal house of School 
of Pharmacy at Isfahan University of Medical 
Sciences. The animals were maintained on a 
12-h light/dark cycle. Animals had free access 
to food and water before and throughout the 
experiments. The animals were maintained in 
Plexiglas home cages (60 × 25 × 25 cm). The 
study protocol was approved by the Bioethics 
Committee of Isfahan University of Medical 
Sciences (Registration No. 3941002), and 
performed in accordance with National 
Institute of Health Guide for the Care and Use 
of Laboratory Animals. 

 
Drugs 

Gabapentin, pregabalin, baclofen and 
scopolamine were purchased from Merck Co. 

(Germany). These three drugs were freshly 
dissolved in distilled water and scopolamine 
solution was prepared freshly in saline and 
administered by intraperitoneal (i.p) injection. 
All drug solutions were freshly prepared 
before each experiment. Drug injection was 
made between 8-10 A.M every day. 

 
Apparatus 

The apparatus consisted of a circular arena, 
83 cm in diameter and 40 cm high wall, made 
of white polyvinyl chloride. We used two 
different sets of objects consisted of (1) a 
heavy aluminum cube (10.0 × 5.0 × 7.5 cm) 
and (2) a heavy aluminum cube with a tapering 
top (13.0 × 8.0 × 8.0 cm). The objects could 
not be displaced by rats. 

 
Experimental design 

Animals were divided into seven groups of 
6 each as follows: control group, receiving 
normal saline; negative control group, received 
scopolamine (0.5 mg/kg); gabapentin, (30 
mg/kg) (19); pregabalin, (30 mg/kg) (20); 
baclofen, (3 mg/kg) (21); the combination of 
gabapentin/baclofen (30/3 mg/kg) and the 
combination of pregabalin/baclofen (30/3 
mg/kg). Drugs were administered by i.p. 
injections for 21 consecutive days. 

 
The object recognition task 

One week prior to the behavioral test, 
animals were handled daily and were adapted 
to the procedure; they were allowed to freely 
explore the apparatus in the absence of objects 
twice daily in 5 min period with 1 h intervals 
(habitation phase). 

Object recognition consisted of three 
clearly defined phases: a training session or 
first trial (T1), a training-test interval, and a 
test session or second trial (T2). 24 h after the 
completion of drug administration, the T1 trial 
was performed. During the first trial (T1), in 
the ORT, each rat was placed into the arena 
and exposed to two identical objects (A1 and 
A2) for a period of 5 min. Two objects were 
placed in a symmetrical position about 10 cm 
away from the wall. The rats were then 
returned to their home cage for a 1 h inter-trial 
interval. To avoid the presence of olfactory 
trails, sawdust was stirred and the objects were 
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thoroughly cleaned with 70% ethanol after 
each rat was brought out from the arena. Then, 
both objects were removed and one was 
replaced with an identical familiar copy and 
one with a novel object. Then, rats were 
returned to explore the familiar (A) and the 
novel object (B) in the test session (T2) lasting 
5 min. Exploration was defined as follows: 
directing the nose to the object at a distance of 
no more than 2 cm and/or touching the object 
with the nose. Sitting on the object was not 
considered exploratory behavior. The 
exploration time (s) for each object in each 
trial was recorded and the following factors 
were calculated: e1, is the total exploration 
time of both objects in the first trial (eA1 + 
eA2), e2: is the total exploration time of both 
objects in the second trial (eA + eB), DI: is the 
discrimination index (eB - eA)/ (eB + eA) 
which indicates the discrimination between the 
new and the familiar objects. Its value vary 
between +1 and -1, where a positive score 
indicates more time spent with the novel 
object, a negative score indicates more time 
spent with the familiar object, and a zero score 
indicates a null preference. F is the frequency 
of the object exploration. Another measure of 

the ORT is the RI which is the time spent to 
explore the novel object relative to the both 
object exploration time and calculated as RI = 
eB/(eB + eA). In every session, animals that 
explored less than 7 s in the second trial 
(e2<7) were excluded from analysis (35-38). 
To avoid the presence of olfactory trails, the 
objects were always thoroughly cleaned with 
alcohol (70%). Moreover, each object was 
available in triplicate so neither of the two 
objects from the first trial had to be used as the 
familiar object in the second trial. In addition, 
all combinations and locations of objects were 
used in a balanced manner to reduce potential 
biases due to preferences for particular 
locations or objects (22,23). 

 
Statistical analysis 

 
All data were expressed as the mean ± 

SEM. Statistical analysis used one-way or 
two-way analysis of variance (ANOVA). Post 
hoc comparisons were made using Tukey test. 
One-sample t tests were used to determine 
whether the DI was different from zero. A 
probability level of P < 0.05 was accepted as 
statistical significance. 
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Fig. 1. Comparative effects of gabapentin, pregabalin, baclofen and the combinations on the discrimination index. 
Gabapentin (30 mg/kg), pregabalin (30 mg/kg), baclofen (3 mg/kg), gabapentin/baclofen (30/3 mg/kg) and 
pregabalin/baclofen (30/3 mg/kg) were administered i.p. for 21 consecutive days, from 8-10 A.M every day. Animal 
performance was evaluated 24 h after the last injection. Data are expressed as means ± SEM. *P < 0.05 and ***P < 
0.001 vs control group, #P < 0.05 gabapentin vs pregabalin group. ##P < 0.01 gabapentin vs gabapentin/baclofen.



Comparative effects of gabapentin, pregabalin and baclofen on memory 

207 

R
ec

og
ni

tio
n 

in
de

x

Con
tro

l

Gab
ap

en
tin

Pr
eg

ab
ali

n

Bac
lo

fe
n

Gab
ap

en
tin

+B
ac

lo
fe

n

Pr
eg

ab
ali

n+
Bac

lo
fe
n

Sc
op

ol
am

in

0.0

0.2

0.4

0.6

0.8

1.0
#

***

#

 
Fig. 2. Comparative effects of gabapentin, pregabalin, baclofen and the combinations on the recognition index. 
Gabapentin (30 mg/kg), pregabalin (30 mg/kg) and baclofen (3 mg/kg), gabapentin/baclofen (30/3 mg/kg) and 
pregabalin/baclofen (30/3 mg/kg) were administered i.p. for 21 consecutive days, from 8-10 A.M every day. Animal 
performance was evaluated 24 h after the last injection. Data are expressed as means ± SEM. ***P < 0.001 vs control 
group, #P < 0.05 pregabalin and the combination of gabapentin/baclofen vs gabapentin group. 
 

RESULTS 
 
Effects of gabapentin, pregabalin, baclofen 
and the combinations on the discrimination 
index 

Daily i.p administration of gabapentin and 
baclofen alone for 21 consecutive days did not 
significantly affect the DI in comparison to the 
control group (Fig. 1). Pregabalin alone and in 
combination with baclofen impaired rats 
learning memory as confirmed by a significant 
difference compared to control group                
(P < 0.05). There was an intra-group 
difference between gabapentin and pregabalin 
group (P < 0.05). The combination of 
gabapentin/baclofen decreased the DI as 
confirmed by a significant group difference 
compared to control group (P < 0.05). There 
was a significant intra-group difference 
between gabapentin alone and combination of 
gabapentin/baclofen (P < 0.01). 
 
Effects of gabapentin, pregabalin, baclofen 
and the combinations on the recognition 
index  

Daily i.p administration of gabapentin, 
pregabalin and baclofen alone or in 
combination, for 21 consecutive days, did not 
significantly affect the RI in comparison to the 
control group (Fig. 2). Gabapentin treated rats 
showed a significant difference with 

pregabalin group confirmed by an intra-group 
difference (P < 0.05). There was an intra-
group difference between rats treated with 
gabapentin alone and those received 
combination of gabapentin/baclofen (P < 0.05). 

 
DISCUSSION 

 
There are extensive evidences indicating 

that the administration of GABAergic drugs 
affects memory retention and learning. It has 
been shown that GABA receptor agonists 
impair memory and antagonists facilitate 
memory (24). Antiepileptic drugs can 
adversely affect cognitive function by 
suppressing neuronal excitability or enhancing 
inhibitory neurotransmission (25). Cognitive 
effects of gabapentin and other antiepileptic 
drugs have been compared in a number of 
clinical studies. Leach, et al. studied 
gabapentin in 27 patients in an add-on 
polytherapy study after 4 weeks of adjunctive 
therapy and found no change in psychomotor 
and memory tests. Drowsiness was more often 
found in higher dosing (2400 mg) (26). 
Mortimore, et a.l did not find a difference 
between continued polytherapy or an add-on 
with gabapentin in measures of quality of life 
(27). Martin, et al. used an acute dose and 
rapid titration in 6 volunteers and did not find 
cognitive effects of gabapentin (28). In a small 
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randomized double blind placebo controlled 
crossover study that was done in healthy 
volunteers that were treated by single low 
dosages (50-400 mg) of gabapentin showed a 
subtle positive psychotropic effects (e.g. 
improved concentration and attention) (29). 
Gabapentin acutely harms neuronal pathway 
via adjustment of the mechanism of neuronal 
cognitive pathway in different steps of 
learning tasks (30).  

An increase of the incidence of memory 
disorders was also associated with pregabalin 
use. This drug is mentioned in particular in a 
publication reporting cases of treated patients, 
which manifested partial significant impairments 
in episodic memory of verbal and visual 
information (31). A randomized double-blind 
three-period crossover study administering 450 
mg/day pregabalin to healthy volunteers found 
no significant effects on the objective 
measures of reaction time, vigilance, and 
short-term memory, although it was associated 
with subjective sedation, critical flicker fusion, 
and divided attention (32).  In a short-term 
comparative add-on trial in adult patients with 
refractory partial epilepsy, add-on pregabalin 
induced partly significant impairments in the 
episodic memory of verbal and visual 
information, whereas add-on levetiracetam 
improved visual short-term memory 
performance. In another study, chronic 
administration of pregabalin caused memory 
impairment in mice when assessed by step-down 
passive avoidance task (33). The negative 
neuropsychological effects of pregabalin are 
thought to be temporary under titration (34). 

Our results showed that pregabalin alone 
and in combination with baclofen affected 
ORT indices (RI and DI) and caused cognitive 
impairment. There was also an intra-group 
difference between gabapentin and pregabalin 
in DI and RI. Pregabalin affected DI and RI 
more than gabapentin. It may be explained by 
differences between molecular interactions 
with their sites of action. Previous studies 
indicated that pregabalin acts via the same 
basic mechanisms as gabapentin to inhibit 
voltage-activated Ca2+ channels and that these 
inhibitory actions are independent of GABA 
receptor activation. Some features of the 
actions of pregabalin on intermediate size and 
large dorsal root ganglion (DRG) neurons 

appear not to be seen with gabapentin. The 
actions of pregabalin may involve both 
extracellular and intracellular target sites and 
modulation of a variety of neuronal 
conductances, by direct interactions, and 
through intracellular signaling involving 
protein kinase A. On the other hand, gabapentin 
appears to be less effective than pregabalin at 
modulating K+-evoked Ca2+ transients in DRG 
neurons (35). Gabapentin and pregabalin are 
concluded to have a comparabale, if not identical 
mechanism of action; however they differ in 
their pharmacokinetic and pharmacodynamic 
characteristics too (36). The intra-group 
difference between gabapentin treated rats with 
pregabalin group could be also linked to their 
difference in mentioned characteristics. 

Baclofen is a selective GABAB receptor 
agonist that inhibits neurotransmitter release in 
the dorsal and ventral horns of the spinal cord 
(37). The GABAB agonist baclofen had a 
biphasic effect on working memory function in 
the radial-arm maze (38). In the low dose 
range, baclofen caused a significant memory 
improvement, while in the high dose range 
baclofen impaired memory (39). We find that 
baclofen (3 mg/kg) alone did not affect ORT 
indices but in combination with gabapentin or 
pregabalin caused memory impairment. 
Moreover, the possibility of involvement of 
monoamines in pharmacological effects of 
baclofen is supported by the results of 
biochemical studies which have shown 
significant effects of baclofen on the content, 
release and turnover of these agents in various 
brain regions (40). Data obtained by some 
investigators indicate that retention is 
enhanced by adrenoceptor agonists (39). 
Furthermore baclofen in combination with 
gabapentin and pregabalin can cause memory 
impairment because of their additive effects in 
combination therapy on inhibition of 
excitatory neurotransmitters and hippocampal-
memory network.  

  
CONCLUSION 

  
In the present study we showed that the 

long-term administrations of gabapentin and 
baclofen had no effects on memory. 
Pregabalin alone caused memory impairment 
and both pregabalin and gabapentin in 



Comparative effects of gabapentin, pregabalin and baclofen on memory 

209 

combination with baclofen affected the ORT 
indices in comparison with control group. 
These results suggest that simultaneous 
administration of baclofen with gabapentin or 
pregabalin can cause memory deficits due to 
their additive effects in combination therapy 
on inhibition of excitatory neurotransmitters. 
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