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ABSTRACT. In the present study the effect of conjoint immunolesions of GABAergic and cholinergic
medial septal (MS) neurons on spatial short-term memory is investigated and the effects of chronic
memantine treatment in control and MS lesioned rats are evaluated. A total of 32 male outbred white rats
were used in the present study. Rats were divided into Control and MS immunolesioned (conjoint lesion
by GAT1-SAP and 192 IgG-saporin) groups and then into 2 subgroups injected i.p. with saline or memantine
(5mg/kg daily for 13 days starting from the day of immunotoxins  injection). Immunohistochemical
studies showed that intraseptal injection of GAT1-SAP and 192 IgG-saporin significantly reduced
GABAergic and cholinergic neurons in the MS as compared to contol rats. Behavioral study showed
that memantine treated control rats, relative to saline treated rats, had a significantly lower level in
the number of arms entered during the testing session. However, the groups did not differ in the level
of alternation behavior. The results of behavioral study indicate that spatial short-term memory is
affected by conjoint immunolesions of GABAergic and cholinergic MS neurons and the memantine
treatment prevents short-term memory impairment caused by MS immunolesions. © 2016 Bull. Georg.
Natl. Acad. Sci.
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The medial septum (MS) is a subcomponent of
the basal forebrain cholinergic system that
mainly consists of an assemblage of cholinergic and
GABAergic neurons. This projection is implicated in
a variety of behavioral processes including memory
and learning process [1]. Cognitive dysfunctions af-

ter MS lesions are mainly considered to be due to
hippocampal deafferentiation and therefore may re-
sult in behavioral effects similar to those of hippoc-
ampal lesions. Lesions of this pathway as well as the
hippocampal lesion  produce deficits in a variety of
cognitive tasks [2, 3]. Most basal forebrain functions
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were attributed to its cholinergic neurons and much
attention was paid to the medial septal modulation of
the hippocampus through cholinergic projections.
Therefore, the MS lesioned animal is widely accepted
as an animal model of Alzheimer’s disease (AD)
[4, 5]. However, an increasing body of evidence sug-
gests that behavioral deficits after lesions of MS are
not entirely due to destruction of cholinergic cells
[6 - 9]. Recently, a more specific lesion technique was
developed that allows selective lesioning of basal
forebrain cholinergic or GABAergic neurons with
immunotoxins - 192 IgG saporin [10] and GAT1-SAP
[11]. Recently, Dashniani et al [12] showed that spa-
tial short-term memory is affected only by electro-
lytic but not by 192 IgG saporin or GAT1-SAP le-
sions of the MS. Thus, as noted for other spatial
memory tasks, deficits in performance caused by elec-
trolytic MS lesions cannot be explained entirely by
loss of cholinergic neurons. It may be suggested that
the effects of electrolytic lesions can be caused by
the lesion of the fibers of passage in the MS, but it is
imposible to exclude, that memory impairing effect of
electrolytic lesions of the MS is related to the com-
bined lesions of the cholinergic and GABAergic
septohippocampal projection neurons. Thus, it can
be supposed that conjoint damage to MS GABAergic
and cholinergic neurons will induce impairment of
short-term spatial memory more severely than lesions
of either population alone. Our study seeks to test
this hypothesis in spatial alternation behavioral  pro-
cedures using conjoint lesions of MS GABAergic
and cholinergic neurons by immunotoxins.

Memory impairing effect of MS lesions may be
caused by alteration in hippocampal glutamatergic
transmission. It is well  determined that both hypo-
and hyperactivity of the glutamatergic system leads
to hippocampal dysfunction: blockade of
glutamatergic N-methyl-D-aspartate (NMDA)
receptors leads to impairment of neuronal plasticity
[13] while their overactivation leads to excitotoxic
cell death due to calcium overload [14]. In several
preclinical studies, uncompetitive NMDA receptor

antagonist memantine enhanced performance in vari-
ous animal models of AD, such as transgenic mice
[15, 16], intracerebral ventricular infusion of â amy-
loid protein [17], and rats with entorinal cortex le-
sions [18]. Memantine prevents reference and work-
ing memory impairment caused by sleep deprivation
[19]. In naïve animals, memantine failed to enhance
[15, 20, 21] or disrupt [22] memory performance in
some studies, but was reported to improve memory
retention in healthy rats evaluated in a Morris water
maze task [23]. It has been proposed that NMDA
antagonists might prevent cognitive deterioration in
MS lesioned rats. To address this question we evalu-
ated the effects of memantine treatment on spatial
alternation behavior in control and MS lesioned rats.

Material and Methods

Subjects. A total of  32 male outbred white rats weigh-
ing between 200 and 250 gm at the beginning of the
experiment were used in the present study. The rats
were housed in standard cages at a natural light/dark
cycle and were tested during the light period. All
animals were given access to food and water ad libi-
tum. Rats were divided into Control and MS
immunolesioned (conjoint lesion by GAT1-SAP and
192 IgG-saporin) groups.
Surgery. Rats were anaesthetized with i.p. injection
of 4% chloral hydrate (9 ml/kg) and placed in a stere-
otaxic apparatus. All injections of 192 IgG-saporin
(1 ìg/l) and GAT1-SAP (325ng/l) for immunolesion
surgeries or mouse saporin (this product serves as a
control for the immunotoxin) for control surgeries
(Advanced Targetting System, San Diego, USA) were
performed stereotaxically.  Injection of GAT1-SAP
were performed from the side by a 15 degree angle
with the following coordinates  AP- 0.4; M L -1.7; DV
- 6.4 (0.5 l; 0.05 l/min). Injection of 192 IgG-saporin
were performed bilateraly at two depths on each side:
AP - 0.45; ML - 0.25; DV - 7.8 (0.3 l; 0.05 l/min) and
DV - 6.2 (0.2 l; 0.05 l/min). After injection the nee-
dle was left in place for an additional 9 min and 6 min,
respectively, to allow the toxin to diffuse from the
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injection site. All injections were made with a 1-µl
Hamilton syringe with a microinjection pump (CMA
402 Syringe Pump, Sweden). The rats were allowed
to recover from the surgery for two weeks before
starting the behavioral experiments. Control and
immunolesioned groups of rats were divided into 2
subgroups: control rats injected i.p. with saline (n=8)
or memantine (n=8) and immunolesioned rats injected
i.p. with saline (n=8) or memantine (n=8). Memantine
(5 mg/kg, i.p;  Sigma Chemical Co., St. Louis, MO) or
saline were given daily for 13 days starting from the
day of immunotoxins  injection. Intraperitoneal ad-
ministration was chosen to avoid the variability in
absorption associated with oral administration.
Spontaneous alternation behavior. Rats were trained
in a four-arm plus-shaped maze with floor and walls
made of black plexiglas. The arms of the maze (12.5
cm wide by 46 cm long by 7 cm high) extended radially
from a central square platform (sides = 13 cm); the
floor of the maze was positioned 0.7 m above the
floor. Each rat was placed in the center of the maze
allowed to transverse the maze freely for 15 min. The
number and sequence of arms entered were recorded

to determine alternation scores [24, 25]. An arm entry
was defined as the entry with all four paws into one
arm. The sequence of arm entries was recorded with
a video camera. An alternation was defined as entry
into four different arms on overlapping quintuple sets.
Five consecutive arms choices within the total set of
arm choices make up a quintuple set, e.g. a quintuple
set consisting of arms choices A, B, A, C, B was not
considered as alternation. Using this procedure per-
centage alternation was calculated as follows: (Ac-
tual alternation/possible alternation) × 100; possible
alteration sequences are equal to number of arm en-
tries minus four.
Histology. At the end of behavioral testing a random
sample of rats from control (n=4) and immunolesioned
(n=4) rats were killed and their brains collected in
order to verify lesion effects. The immunotoxic (GAT1-
SAP + 192 IgG-saporin) lesions of MS were verified
by observing decreased Acetylcholintransferase
(ChAT) and parvalbumine (PV) staining of the MS.
The 20 ì thick coronal sections using freezing micro-
tome were stained with ChAT and PV primary anti-
body and ABC Staining System. All necessary rea-

Fig. 1. Behavioral data (Mean ± SEM) from a single
session of spontaneous alternation testing for control
(CS - saline treated, CM - memantine treated) and MS
lesioned (LS - saline  treated, LM - memantine
treated) rats. * P < 0.05; ** P < 0.01.

Fig. 2. Behavioral data (Mean ± SEM) from a single
session of spontaneous alternation testing for control
(CS - saline treated, CM - memantine treated) and MS
lesioned (LS - saline  treated, LM - memantine
treated)  rats. ** P < 0,001.
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gents and buffers were received from Santa Cruz Bio-
technology, Inc. (USA). Totally 6-10 sections of MS
level within experimental and control animals were se-
lected and was used to assess the effect of MS lesion
on ChAT and PV-stained neurons. The sections were
analyzed with a microscope Leica MM AF.
Statistical Analysis. Differences between groups
were determined by one way ANOVA (SigmaStat sta-
tistical software). Two-sample t-test was used to com-
pare immunohistological data between control and
lesioned groups. All data are presented as
mean ± standard error of the mean. Differences were
considered significant when p < 0.05.

Results and Discussion

Immunohistochemical studies showed that intraseptal
injection of GAT1-SAP and 192 IgG-saporin signifi-
cantly reduced GABAergic and cholinergic neurons
in the MS as compared to control rats (p<0.01).

The one way ANOVA for the number of arms en-
tered during the testing session showed significant
effect of group (F3,31=5.962, P=0.003). Post hoc (Tukey
Test) analysis showed a significant difference be-
tween the saline and memantine treated control rats
(P =0.008). The significant difference revealed be-
tween the saline treated control and saline or
memantine treated immunolesioned rats (P = 0.007;
p =0.016, respectively). There was no significant dif-
ference between the saline and memantine treated
immunolesioned rats (P=0.983).

Behavioral study showed that memantine treated
control rats, relative to saline treated control rats,
had a significantly lower level in the number of arms
entered during the testing session. This data are in
accordance with our previous study in which the
chronic memantine treatment for 4 week reduces the
number of arms entered by rats [26].

As shown in Fig. 2, immunolesion of MS signifi-
cantly impaired SA performance. The one way
ANOVA for spatial alternation score showed signifi-
cant effect of group (F3,31=20.449, P=0.001). Post hoc
(Tukey Test) analysis showed a significant differ-

ence between the saline treated control and
immunolesioned rats (P < 0.001), but there was no
significant difference between the saline and
memantine treated control (P =0.993) rats and between
saline  treated control and memantine treated
immunolesioned (P = 0.454) rats. Memantine treat-
ment causes improvement of spontaneous alterna-
tion performance; the difference between saline and
memantine treated immunolesioned rats is significant
(P < 0.001).

Interestingly, the findings showed that memantine
treated control rats, relative to saline treated, had a
significantly lower level in the number of arms en-
tered during the testing session. However, these
groups did not differ in the level of alternation
behavior. It can be suggested that the reduced loco-
motor activity in MS immunole  sioned rats are not
responsible for reduced alternation scores. Further-
more, it can be assumed that the changes observed
in short-term memory were due to the immunolesions
of MS neurons.

Early studies using selective cholinergic lesions
of basal forebrain neurons produced contradictory
results. Studies examining spatial working memory
using rewarded T-maze alternation could not find ef-
fects of cholinergic MS lesions [9, 27]. This study
suggested that lesions limited to hippocampal cholin-
ergic projections are insufficient for impairment. Study
by Wrenn et al [10] reported deficits in working
memory in the radial maze after intraventricular 192
IgG-saporin lesions. Intraventricular injections of
toxin also damage cerebellar Purkinje cells and this
experiment makes its result difficult to interpret. A
few studies investigated the role of GABAergic
septohippocampal projections in spatial memory.
Recently, a more specific lesion technique was de-
veloped that allows for the selective lesioning of
GABAergic neurons with GAT1-SAP. It is interest-
ing to note that in our previous study selective le-
sion of GABA-ergic or cholinergic MS neurons did
not affect spatial alternation [28]. According to the
data obtained in the present study can be suggested
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that conjoint damage to MS GABAergic and cholin-
ergic neurons impairs short-term spatial memory more
severely than lesions of either population alone.

In the present study we investigated the memory-
enhancing potential of uncompetitive NMDA
receptor antagonist memantine on spatial alternation
impairments, induced by MS lesions. The effects of
memantine were studied in relation to cognitive func-
tion in animal models of long-term memory, but rarely
were tested in short-term memory paradigms. The
effects of memantine on memory are found be dose-
and time-dependent. To allow extrapolation of animal
data to the clinical situation therapeutically relevant
doses should be used in animal experiments. A thera-
peutically relevant dose in animals is the one that
leads to plasma levels close to the therapeutic range
in humans treated with therapeutic doses of
memantine. Patients treated with 10-30 mg memantine
per day, have plasma levels of 0.2-1.0 M. Similarly, 1
M plasma concentrations are achieved in rats after
i.p. acute injection of 2.5-5.0 mg/kg [23]. Chronic treat-
ment with memantine in male rats at dose which pro-
duces a plasma level within the therapeutic range

was used to verify whether blocking NMDA
receptors may impair or improve spatial short term
memory. Our evaluation of memantine reveals that
memantine treatment (5.0 mg/kg) causes improvement
of short-term memory in adult rats assessed in spon-
taneous alternation task. These findings are in line
with several investigations showing that memantine
improved spatial working memory and modified the
hippocampal synaptic plasticity markers in animal
models of acute and repeated restraint stress [29].
Memantine prevents reference and working memory
impairment caused by sleep deprivation [19].

Conclusion

Our results together with the short review of lit-
erature indicate that: (i) conjoint damage to MS
GABAergic and cholinergic neurons impairs short-
term spatial memory; (ii) the loss of septohippocampal
cholinergic and GABAergic projections disrupt the
function of the hippocampus to a sufficient extent to
impair spatial short-term  memory; (iii) Memantine
treatment prevents short-term memory impairment
caused by MS immunolesions.
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adamianisa da cxovelTa fiziologia

memantinis qronikuli zemoqmedeba iwvevs
medialuri septumis GABA-erguli da
qolinerguli neironebis Tanadrouli
imunodazianebiT gamowveuli xanmokle mexsierebis
deficitis prevencias

T. naneiSvili*, x. rusaZe**, m. daSniani§, m. burjanaZe§,
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warmodgenil naSromSi Seiswavleboda imunotoqsinebiT (GAT1-SAP da 192 IgG-saporin)
medialuri septumis GABA-erguli da qolinerguli neironebis Tanadrouli dazianebis
efeqti sivrciT xanmokle mexsierebaze da mexsierebis deficitis prevenciis SesaZlebloba
memantiniT qronikuli zemoqmedebis pirobebSi. cdebi tardeboda medialuri septumis
imunotoqsinebiT dazianebis mqone da sakontrolo jgufis cxovelebze memantinis
(imunotoqsinebis Seyvanidan 13 dRis ganmavlobaSi dReSi 5mg/kg,) an fiziologiuri xsnaris
intraperitonialurad Seyvanis pirobebSi. imunohistoqimiuri kvlevebiT  gamovlinda
medialur septumSi imunotoqsinebis mikroineqciis Sedegad GABA-erguli da qolinerguli
neironebis raodenobis sarwmuno Semcireba sakontrolo jgufis cxovelebTan SedarebiT.
qceviT eqsperimentebSi gamovlinda, rom sakontrolo jgufis cxovelebSi memantiniT
qronikuli zemoqmedeba mniSvnelovnad amcirebs labirinTis mklavebSi SesvlaTa raodenobas,
Tumca spontanuri morigeobis da Sesabamisad sivrciT xanmokle mexsierebis maCveneblebi
am jgufebSi ar gansxvavdeba. qceviT eqsperimentebSi aseve gamovlinda, rom imunotoqsinebiT
medialuri septumis dazianeba auaresebs sivrciT xanmokle mexsierebas, xolo memantiniT
qronikuli zemoqmedeba iwvevs sivrciTi xanmokle mexsierebis deficitis prevencias.
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