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Filgrastim is a granulocyte colony-stimulating factor (G-CSF), which also showed effects
on memory and cholinergic activity. This study was conducted to determine the effect of
filgrastim on memory in Rat Model of scopolamine induced memory dysfunction.

Materials and Methods: 24 male Wistar rats were divided into four groups: Group I: control
rats receiving normal saline. Group IlI: rats induced Alzheimer disease by injection of
Scopolamine. Groups Il and 1V: AD rats treated with 50 and 70 pg/kg/day intraperitoneally
(i.p) filgrastim over a period of two weeks. Then, rats trained with four trials per day for 5
consecutive days in the Morris water maze (MWM) to find a hidden platform. Time elapsed for
finding the hidden platform were considered as criteria for learning. On the 6th day, memory
retention was evaluated by time spent in target quadrant.Results: In Scopolamine groups,
escape latency during training trials showed a significant decrease (P< 0.001) and these rats
spent shorter time in the target quadrant in probe trials compared to controls(P< 0.001).
treatment of scopolamine group by filgrastim in doses of 50 and 70 ug/kg/day significantly
reduced the latency time to finding the escape platform (P< 0.01). And in probe trials, on the
last day of training, the filgrastim —treated group spent significantly longer time in the platform
quadrant when compared with the scopolamine induced AD animals (P< 0.01).Conclusion:
filgrastim acted as a memory enhancer in scopolamine induced Alzheimer rats. This cognitive

enhancer effect of filgrastim may be attributed to its cholinergic effect.

INTRODUCTION

Alzheimer’s is the most common type of
dementia which characterized by the
accumulation of amyloid plaques, hyper
phosphorylation of tau protein, oxidative stress
, neuroinflammation leading to neuronal death’,
The hippocampus cholinergic deficit is strongly
associated Alzheimer’s®®®, Therefore one of the
most common treatments of AD is
administrating acetylcholine esterase
inhibitors®. However, these treatment may
produce peripheral cholinergic side effects that
may diminish their use® . Therefore, researches
have been directed towards the use of other
anti-amnestic  therapies ~ with  different
mechanism with lower side effects.
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Granulocyte colony stimulating factor (G-
CSF; filgastrim) is a growth factor cytokine
that stimulates the proliferation, and maturation
of myeloid progenitors in the bone marrow.G-
CSF is using for recovery of patients from
neutropenia after cytotoxic therapy®. The
receptor (G-CSF-R) also been reported to be
expressed in neural progenitor cells and its
expression is induced by different pathogenic
stimulus’. Numerous reports have described the
efficacy of G-CSF on cognitive enhancement in
Alzheimer disease model. G-CSF has also been
shown to have beneficial effects in the brain
trauma and stroke® . G-CSF goes through the
intact blood-brain barrier and allowing
peripheral neuroprotective properties through
interactions with G-CSF receptors®'. For the
neuroprotective properties of G-CSF, several
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mechanisms  including  stimulation  of
neurogenesis and synaptogenesis™™*?
,angiogenesis’®, Attenuating of apoptosis and
inflammation*, has been proposed. in our
pervious study we did not observed any
changes in the gen expression of ChAT and
AChE in the hippocampus™. Our study was on
healthy rat , and maybe in cholinergic deficit
We could see the beneficial effects of
filgrastim. Scopolamine is a anti muscarinic
that by inhibition acetylcholine
neurotransmission induced dementia which is
used in animal model for investigating
Alzheimer diseases'®. The present study was
designed to investigate the  possible
ameliorative effect of G-CSF treatment on
scopolamine-induced dementia using the water
maze.

MATERIAL AND METHOD

Animals and Treatments

24 male wistar rats weighing 120-150 g
were used throughout the experiment. They
were obtained and treated in the Golestan
animal house. Rats were randomly allocated
into 4 groups (6 rats/group in the object
recognition test) as follows: Group | received
saline (0.9% NaCl solution) and served as
control while group Il received scopolamine
(16 mg/kg, i.p)* and served as Alzheimer
model. Both groups received saline for 14 days.
Groups -V rats received figrastim (50, 70
pa/kg/day), respectively. filgrastim  was
purchased from Ariatinagen Company (Gorgan,
Iran), and after dissolving in saline,
administrated intraperitoneal for two weeks.
Scopolamine  (SigmaAldrich,  Steinheim,
Germany) was administered as a single dose
two day before beginning treatment in groups
(11-111-V). The behavioral test started 2 weeks
after the scopolamine injection. The study was
performed according to the guidelines for
laboratory animal use and care set by the
Animal Ethics Committee of Golestan
University of Medical Sciences
(GOUMS). With ethical code
(ir.goums.rec.1395.41). The animals were
housed in standard polypropylene cages (three
rats/cage) and maintained under controlled
room temperature (22+2 °C) and humidity
(55+5%) with 12:12 h light and dark cycle.
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Morris water maze (MWM) experiment

The MWM used a contained of a black
circular pool (160 cm diameter, and 60 cm
high) filled with water (30 cm depth) with a
temperature of 24+2 °CY. The pool was
separated into 4 quadrants randomly labeled
northeast, northwest, southeast, and southwest.
A submerged plexiglass platform (10 cm x 10
cm) was hidden 1cm below the water surface
and fixed in the center of the northwest
quadrant. The animals received four sessions of
training with the hidden platform for five days,
with 60s intersession intervals two weeks after
scopolamine injection. Each session started by
putting the rat at one of 3 start points while
facing the wall of the pool. The start location
was changed in each training session. The
training session was finished when the animal
entered the platform. The rat was replaced on
the platform for 15s if it was unable to find the
platform within the 60s. In the acquisition of
the spatial navigation task, the groups
performed 1 session of 4 trials each day (day 1-
5; trial 1-20). Spatial memory was assessed in a
probe trial on the sixth day (trial 21). The
platform was removed and rats were permitted
to swim for the 60s. A computerized video
tracking system (Maze router, Urmia
Instruments Inc) was used to monitor the path
of the animals in the maze. Parameters
including the latency (the time it takes to reach
the platform), swimming speed in the training
trials were measured. And during the trial
probe, the percentage run time in the quadrant
of the water bath where the concealed platform
had been located in the training trials were
measured.

Inhibitory Avoidance Apparatus (Shuttle
box)

The passive avoidance test was started 2
weeks after the scopolamine injection using a
step-through inhibitory avoidance apparatus. It
consisted of two boxes of the same size (20 x
20 x 30 cm). There was a guillotine door in the
middle of a dividing wall. The walls and floor
of one compartment consisted of white opaque
resin and the other one was dark. Intermittent
electric shocks (50 Hz, 3 seconds, 1.5 mA
intensity) were delivered to the grid floor of the
dark compartment by an isolated stimulator.
Each animal was gently placed in the white
compartment and after 5 seconds the guillotine
door was opened and the animal was allowed to
enter the dark module (11). Once the animal



entered with all four paws to the next chamber,
the guillotine door was closed and the rat was
immediately withdrawn from the compartment.
This trial was repeated after 2 minutes. As in
the acquisition trial, when the animal entered
the dark (shock) compartment the door was
closed, and a foot shock (50 Hz, 1.5 mA, 3
seconds) was immediately delivered to the grid
floor of the dark room. After 20 seconds, the rat
was removed from the apparatus and placed
temporarily into its home cage. Two minutes
later, the animal was retested in the same way
as in the previous trials; if the rat did not enter
the dark compartment during 300 seconds, a
successful acquisition of inhibitory avoidance
response was recorded. Otherwise, when the rat
entered the dark compartment (before 300
seconds) a second time, the door was closed
and the animal received the shock again.
Twenty-four hours later, each rat was again
placed in the light chamber (retention trial) and
after.

Statistical analysis

The results are presented as Mean+S.E.M
and analyzed using SPSS 17.0. All of the data
were analyzed by the one-way analysis of
variance (ANOVA) and Student’s T test. P<
0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Results

Figure 1 shows the time taken to reach the
hidden platform (A) on each training day for
Scopolamine induced Alzheimer Disease (AD)
and Control group. The mean escape latency
for the trained rats was decreased over the
course of the 20 learning trials in both groups.
Control group rats (vehicle treated) exhibited
significantly lower escape latency in all days
during training trials compared to AD group
(P< 0.01). Two-way repeated measurement of
ANOVA test revealed that Scopolamine model
significantly  increased  escape latency
compared to control group rats on day 1, 2, 3,
4, and 5 (P< 0.001).

Figure 2 shows the time taken to reach the
hidden platform on each training day among
the filgrastim treated and scopolamine induced
AD groups. Morris water maze performance
task data indicated that filgrastim in both doses
(50 and 70 pg/kg) significantly attenuate escape
latency (P< 0.001) in AD model of rats
compared to scopolamine group on day 1, 2, 3,

4, and 5. No significant differences were
observed among the quercetin-treated groups.
For all the days the scopolamine treated
animals shows a significant difference in the
escape latency, suggesting that filgrastim
groups performed significantly better than
controls over time.
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Fig. 1: Comparison of escape latency during
training trial days. The figures show the
escape latency significantly increased in AD
model group rats at the 1th, 2th, 3th, 4th and
5th days of training compared to the control
group (** p<0.01,*** p<0.001,
respectively). Data express as mean +SEM
of 6 rats in each groups.
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SCAPE LATENCY/SECOND

Fig. 2 : Comparison of escape latency during
training days. Values are mean+SEM. n=6 in
each groups. .*** P < 0.00lin two-way
repeat measure ANOVA.

Swimming speed during the acquisition
test for representative animals in each group are
shown in Figure 3. There were not any
significant difference changes among the four
groups from the mean swimming speed
between days during the study, indicating that
all of the groups have similar motor
capabilities. From this we assume that the rats
were able to swim acceptably.
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Fig. 3: Comparison of swimming speed during
training days. Values are mean £ SEM. n= 6
in each groups.There were no significant
differences in swimming speed between
different groups

The probe trial data of the Morris water
maze study on the last day (6™) shows that the
average time spent in target quadrant, where the
hidden platform was previously placed, was
significantly  increased  with  Filgrastim
treatment compared to scopolamine group (P<
0.01) (Fig. 4). It was further observed that the
scopolamine group significantly impaired the
memory retention and the target quadrant
preference was diminished significantly in
Alzheimer animals model. The treatment with
Filgrastim in both doses significantly prevented
the memory impairment as indicated by the
increase in the time spent in target quadrant (P
< 0.01). Data from probe trial test indicate that
Filgrastim treatment significantly improves the
memory deficits seen in AD model rats and
both Filgrastim treated groups showed a clear
preference for the former platform quadrant
(ANOVA, p< 0.01). There were no significant
differences in time spent in the platform
guadrant between the filgrastim groups.

Passive avoidance test in rats

The latency was measured in pre foot
shock (Acquisition time) and 24 hrs. post foot
shocks (Retention time). Results indicated that
the pre-shock latency was the same among all
groups, (data not shown). However, the
retention time during testing (i.e., testing
latency carried out 24 hrs. after receiving foot
shock) was significantly decreased in group
Scopolamine when compared to other groups
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(Co, Alz- Filgrastim50 , Alz and Filgrastim
70; P< 0.001, P< 0.01, P<
0.01, respectively).. Also, there were not
significant  differences in retention time
between control group, as well as Alz and
filgrastim(Figure 5).
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Fig. 4: present time spent in the target quadrant
against the average time spent in three other
quadrants in probe trial on 6™ day Values are
mean+SEM. Asterisks indicate a significant
difference from the control group ( **p<
0.01, ***p< 0.001)
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Fig. 5: Comparison of latency to enter the dark
chamber 24 hrs. after receiving foot shock
(the retention time). Each bar represents the
mean = S.E.M. The retention time was
significantly decreased in the Alz group
compared to others (Alz _ Filgrastim 50 and
Filgrastim 70 and ~P< 0.001, “P<
0.01, ""P< 0.01 respectively). All results
were analyzed by Kruskal-Wallis test
followed by Mann-Whitney U test.



Discussion

Our results showed that scopolamine
deteriorates spatial and passive avoidance
memory. We found that the escape latency and
swim path to find a hidden platform in MWM
significantly increased in all 5 days’ trials in
scopolamine treated rats and time spent in the
platform quadrant significantly decreased at the
sixth day in scopolamine treated rats, in
addition the passive avoidance retention and
retrieval function was impaired which
confirmed the scopolamine -induced memory
deficits.

Scopolamine is a anti muscarinic that by
inhibition  acetylcholine  neurotransmission
induced memory dysfunction which is used in
animal model for investigating Alzheimer
diseases'®

Filgrastim treatment with two doses
caused a significant decrease in escape latency
during training days compared to control group.
Also, filgrastim treated animals found the
hidden platform sooner than scopolamin group
in probe trial. These data provide evidences that
filgrastim improved spatial learning and
memory capabilities both in acquisition and
retention in Morris water maze performance
task. Previous report has shown that filgrastim
treatment (5-20 ug/kg, p.o., , 40 days) in aged
rats rats improved spatial memory in Morris
water maze test'®. In a similar study, Sikoglu et
al. observed the immediate effects of
Granulocyte colony stimulating factor (G-CSF)
in spatial memory recovery in a rat model of
traumatic brain injury *°. Improvement of
memory by filgrastim in antimuscarin induced
dementia indicate role of cholinergic system.
Previous study showed that GCSF was able to
up-regulate nicotinic AChR in the brain of
Alzheimer’s disease model mice. They
suggested that nAChR is essential for inhibiting
inflammatory cytokine synthesis by the
cholinergic anti-inflammatory pathway®’. Other
study also demonstrate that G-CSF, augment
choline acetyltransferase activity in primary
cultured neurons and in cholinergic hybridoma
cell line®.while in our previously we didn’t
observed changes in gen expression of ChAT
and AChE in frontal cortex and hippocampus
after treatment by filgrastim®>. The precise
reason for this discrepancy probably was due of
work on normal rats but in the Present study we
examined the beneficial effect of filgrastim in
destroyed cholinergic system. In the present
study filgrastim acted as a memory enhancer in

scopolamine induced Alzheimer rats. This
cognitive enhancer effect of filgrastim may be
attributed to its cholinergic effect and can be
useful in Alzheimer diseases .
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