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ABSTRACT. Thecentral aim of the present study wasto investigate the modulation of spatial memory
function by the GABAergic cells of the nucleus basalis magnocellularis (NBM) using immunotoxin
GAT1-SAP for immunolesion of GABAergic neurons. In current study ratsweretrained in avisible
platform version of theM orriswater mazein which either aplaceor cuestrategy could beused to escape
successfully. Of the 24 ratsthat underwent behavioral testing, 12 received immunotoxic GAT 1-SAP
injectionsand 12 recelved mouse saporin (control group) injectionstotheNBM. TheNBM lesioned rats
ascontrol ratsrapidly learned to escapetothevisible platform and reached the 6-7 sasymptoteon day 2.
But statistical analysis showed no significant difference between groups (P =0.954) in visible platform
trialsand significant difference between NBM and control (P < 0.001) groupsin hidden platformtrials.
The data obtained in the control and NBM-lesioned animalsin the present study, demonstrate that
decreased place-bias in NBM-lesioned rats compared to the control rats was significant. The NBM

lesioned ratsacquired thevisible platfor m ver sion of thewater mazetask but failed tolearn theplatform
location in space. When thevisible platfor m wasmoved to a new location they often swam directly toit.
Thesefindingssuggest therole of NBM GABAergic cortical projection neuronsin processing infor ma-
tion about the spatial environment. © 2017 Bull. Georg. Natl. Acad. <ci.
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Thebasal forebrain (BF) iscomposed of an affili-  magnocellularis, and peripallidal regions. Thishighly
ation of heterogeneous structures and includes the  complex brain region hasbeenimplicated in cortical
medial septum, ventral pallidum, diagonal band nu-  activation, attention, motivation, memory, and neu-
clei, substantia innominata/ nucleus basalis ropsychiatric disorders such as Alzheimer’s disease
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(AD), Parkinson’s disease, schizophrenia, and drug
abuse [1-9]. Part of the difficulty in understanding
the role of the BF in these functions, as well as the
processing characteristics of these disease states,
liesin the anatomical complexity of thisregion.

The BF containsadiverse population of neurons,
including cortically projecting cholinergic and
noncholinergic neurons as well as various
interneurons[10]. The most prominent noncholinergic
component of the BF corticopetal projection system
arethe GABAergic corticopetal projections.

Substantial evidence suggests that the nucleus
basalis magnocellularis (NBM) plays an important
role in learning and memory [11,12]. In contrast to
research on the cortical cholinergicinput system, lit-
tle is known about the functions corticopetal
GABAergic neurons, largely due to the absence in
the past of specific research tools to manipulate se-
lectively this projection. Recently, a more specific
lesion technique was developed that allows selec-
tive lesioning of BF GABAergic neurons with
immunotoxin - GAT1-SAP[13]. Pang et al [13], char-
acterized the effects of GAT 1-saporin on the medial
septal (MS) neurons and showed that intraseptal
GAT1-SAP preferentially reduced GABAergic neu-
rons as compared to ChAT-ir neuronsin the MS.

The central aim of the present study was to in-
vestigate the modulation of spatial memory function
by the GABAergic cells of the NBM using
immunotoxin GAT1-SAP. In current study rats were
trained in a visible platform version of the Morris
water maze in which either a place or cue strategy
could be used to escape successfully.

Materials and Methods

A total of 24 male outbred white rats weighing be-
tween 200 and 250 g at the beginning of the experi-
ment were used in the present study. The rats were
housed in standard cages at a natural light/dark cy-
cle and were tested during the light period. All ani-
malswere given accessto food and water ad libitum.
All procedures were conducted in accordance with
the NIH Guide for the Care and Use of Laboratory
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Animals (Eighth Edition, 2011) and were approved
by the Animal Care and Use Committee of the I.
Beritashvili Center of Experimental Biomedicine.

Surgery. Ratswere anaesthetized withi.p. injec-
tion of 4% chloral hydrate (9 mi/kg) and placed ina
stereotaxic apparatus. All injections of GAT1-SAP
(325ng/ml) 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 according to Paxinosand Watson [14].
Rats received bilateral infusions (0.2 ul per side,
0,05mI/min) into the NBM (AP -(-1.3): ML—2.5: DV -
7.7).

The needle was left in place for an additional 10
min after completion of the injection, to alow the
toxinto diffusefromthe injection site. All injections
were made with al-ul Hamilton syringe with a
microinjection pump (CMA 402 Syringe Pump, Swe-
den). For analgesia the rat was given a 0.1 mg/kg
injection of buprenorfin after the surgery. The rats
were allowed to recover from the surgery for two
weeks before starting the behavioral experiments.

Morris water-maze. Animals were tested in a
standard Morris water-maze (MWM), consisting of
acircular tank (1.5-min diameter and 0.5 m height)
filled with opague (white-col ored) water. Escape plat-
form (10 cm in diameter) was located 2 cm beneath
the surface on hidden platform training days and
raised 2 cm above the water surface on visible plat-
formtraining days. The room, in which the tank was
stationed, had sufficient number of the cues (door,
window, furniture, posterson thewalls, etc.) in order
to provide spatial cues. The task was adapted from
Bizon, at al [15]. On days 1-9, rats received four trials
per day, one from each of four equidistantly located
gtart locations (N, S, E, W). On both visible- and
hidden platform days, the rats were placed into the
water facing the wall of the maze. The trial ended
when the rat climbed on the available platform or
until 60 s had elapsed. If a rat could not found the
platform after 60 s, it was placed on the platform by
the experimenter. Ratswereleft on the platform for 15
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Fig. 1. Water maze acquisition. MeantSEM escape latency for the visible (1,2,4,5,7,8 day) and hidden (3,6,9 day)

platform tasks.

sand were then moved to aholding cagefor a2-min
inter trial interval. Ondays1 and 2, ratsweretrained
to locate avisible platform in the southeast quadrant
of the pool, followed by a third day in which the
platform was submerged at the samelocation. This3-
day sequence was repeated twice on days 4-6 and
7-9 for a total of 36 trials (24 visible and 12 hidden).
Onday 10, acompetition test was given in which the
visible platform was moved to the northwest quad-
rant (opposite to its placement on the training days).
Two trials were given with start points equidistant
from the two platform locations (SE and NW). Video
recordings were analyzed to determine whether rats
swam within southeast quadrant before escaping to
thevisibleplatformin the northwest quadrant. Track-
ing the animal movementsin water-maze, also collec-
tion of other numeric data (time in zone, escape la-
tency, and so on) were made with an aid of video
tracking system.

Histology. At the end of behavioral testing aran-
dom sample of rats from each group (six control and
Sx GAT1-SAPmedial septal lesioned) werekilled and
brains collected in order to verify lesion effects. The
immunotoxic GAT1-SAPlesionsof GABAergic neu-
rons of the NBM were verified by observing de-
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creased parval bumine (PV) staining of theNBM. The
20 m thick coronal sections using freezing microtome
werestained with PV primary antibody and ABC Stain-
ing System. All necessary reagents and buffers were
received from Santa Cruz Biotechnology, Inc. (USA).
The NBM sectionswere analyzed with amicroscope
LeicaMM AF.

Statistical Analysis. Statistical analysiswas per-
formed using the SigmaStat statistical software. To
determine the effect of group and testing condition
(visible/invisible platform) on escape latency in
MWM training task two-way ANOVA were used.
Further post hoc comparisons were made using
Tukey’s tests, where appropriate. Group differences
in frequencies of strategiesin the competition trials
between groups were assessed by Student’s t-test.
Two sample t-test was used to compare histological
data between control and lesioned groups. All statis-
tical analyses were conducted with a significance
level of P<0.05.

Results and Discussion

Infusions of GAT1-SAP into the BF resulted in loss
of PV- positive neuronsin the GP, mostly in the me-
dial and ventral aspects including the nucleus basa-
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Fig. 2. Exhibiting place or cue strategies (%) on two competition trials in different groups of rats.

Table 1. Number of rats (and percentage of group) exhibiting place or cue strategies on the two

competition trial

First Second control NBM

trial trial lesioned
Place Place 7 (58,31%) 0

Place Cue 3 (25%) 3 (25%)
Cue Place 1 (8.33%) 4 (33.32%)
Cue Cue 1 (8.33%) 5 (41.65%)

lisregions and the SI. The GAT1 SAP-induced loss
of PV-positive cells was large and statistically sig-
nificant (P<0.001). Thus, GAT1-SAPwhen infused
intotheNBM extensvely damaged GABAergicNBM
neurons.

Of the 24 rats that underwent behavioral testing,
12 received immunotoxic GAT 1-SAPinjectionsand
12 received mouse saporin (control group) injections
to the NBM. The NBM lesioned rats as control rats
rapidly learned to escape to the visible platform and
reached the 6-7 s asymptote on day 2 (Fig. 1). For
training trials, a two way ANOVA [group x testing
condition (visible/invisible platform)] indicated sta-
tistically significant effect of group (F(1, 215) = 7,624;
P=0.006) and testing condition (F(1, 215) =8.373; P=
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0,004) and there is a statistically significant interac-
tion between group and testing condition (F(1, 215)
=7.996; P =0.005).The effect of different group de-
pends onwhat testing condiiont is present. Post Hock
analysis (Tukey Test) showed no significant differ-
ence between groups (P = 0.954) in visible platform
trials and significant difference between NBM and
control (P<0.001) groupsinhidden platformtrials.
The rats’ responses on the competition test were
classified as either cue or place, based on the swim
path for those trials. On the first competition trial, a
greater number of control rats used a place strategy
compared with NBM lesioned rats. The increased
cue-bias in NBM lesioned rats compared with con-
trol rats was significant (t,= 2.8; P < 0.01). On the
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Table 2. Number of rats’ classified on the basis of their performance across both trials of the competition
test using established criteria.

Control NBM lesioned
Place responder 7 0
Cue responder 1 7
Cue/place responder 4 5

second trial, the majority of NBM lesioned rats used
a cue strategy and the control animals used a place
strategy. There was significant differencein strategy
between control and lesioned group (t,= 2.16; P <
0.05). Table 1 and Fig. 2 summarize the rats’ perform-
ance across both trials of the competition test.

An overview of the data from both competition
trials for each group show that the sham-operated
ratsin 24 trials out of 18 competition test trial used
place strategy, while NBM lesioned ones used this
strategy in 7 trial sonly. Decreased place-biasin NBM
lesioned rats compared to the sham-operated rats
wassignificant (t,= 3.19, P<0.001).

Theinformation obtained fromadiscretetrid, such
as the competition test, is limited; therefore, we aso
analyzed the rats’ performance by combining data across
the two competition trials. Rats were designated as ‘place
responder’, if they swam within 10 cm of the previous
platform location on two competition trial or as ‘cue
responders’, if they swam toward visible platform loca-
tion across both trials of the competitiontest. Ratswere
designated as ‘cue/place responder’, if they exhibited
different strategy intwo competitiontrials. Table2 sum-
marizes the rats’ performance across both trials of the
competition test, using established criteria.

As expected, escape |latency averaged across
both competition trials, on day 10 was significantly
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greater for control rats (place responders) as com-
pared with NBM lesioned rats (cue responders), con-
firming the more indirect path taken by the place re-
sponders.

Notably, the control and NBM-lesioned rats, ex-
hibited corresponding differences in performance
during training trials. The control rats, identified as
place responders, had significantly more accurate
searches on hidden platform days, providing an ad-
ditional evidenceof their effective use of aplacelearn-
ing strategy rather than the NBM-lesioned rats ex-
hibiting a cue strategy in competition trials.

The data obtained in the control and NBM-
lesioned animals in the present study, demonstrate
that decreased place-biasin NBM-lesioned rats com-
pared to the control rats was significant. The NBM
lesioned ratsacquired thevisible platform version of
the water maze task but failed to learn the platform
location in space. When the visible platform was
moved to anew location they often swam directly to
it. A similar pattern of theresultswasobtained inrats
with selective lesions of cholinergic NBM neurons
[12] using the sametask. These latter findings com-
bined with the present results suggest the role of
NBM GABAergic aswell ascholinergic cortical pro-
jection neurons in processing information about the
spatial environment.
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