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ABSTRACT

Background: Memory impairment is an important presentation of many diseases. Sidestream cigarette smoke (SCS), a form of
passive smoke, causes neural complications such as impaired memory. The aim of this study was to assess the effect of side-
stream cigarette smoke on memory of male Long-Evans rats.

Methods: This experimental study was conducted in the Physiology Department of Bangabandhu Sheikh Mujib Medical Universi-
ty. Twelve male Long-Evans rats, having 150 to 200 grams body weight were collected from central animal house of this Uni-
versity. Rats were divided into fresh air group (control) and experimental group (exposer to SCS for 30 minutes twice daily) for
30 consecutive days. For memory evaluation, Morris water maze (MWM) test was performed. Working memory was meas-
ured as escape latency in training and four trial phases. Reference memory (escape latency in acquisition phase and target
crossings in probe trial. For estimation of hippocampal antioxidant enzymes, catalase and glutathione peroxidase levels were
measured by ELISA. Data were expressed as mean (standard error of mean) and t test was done to compare the two groups. P
<0.05 was considered as statistically significant.

Results: Two to five times higher escape latency (working memory) was observed in experimental rats compared to those of
control rats (P<0.001). Moreover, significantly lower (3.8 versus 7.8) target crossings (P<0.001) were found in experimental
rats compared to the control rats. In addition, hippocampal catalase (6.2 versus 17.6 U/mg protein) and glutathione peroxi-
dase (1.9 versus 5.6 U/mg protein) levels were found significantly lower (P<0.001) in experimental rats when compared to
control rats.

Conclusion: The sidestream cigarette smoke caused memory impairment and decrement of hippocampal antioxidant enzymes
level in male Long-Evans rats.
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Memory impairment is an important presentation of

INTRODUCTION

many diseases. Several mechanisms have been
Sidestream cigarette smoke (SCS) is highly toxic

proposed as the causes of this memory impairment such

because it contains numerous toxic products as a result .. . . .
as, antioxidant opposing forces.22 Superoxide dismutase

of incomplete combustion of slowly burning cigarettes.:-
4 Several neuro-complications have been reported as
complications of SCS, such as ischemic stroke,s
depression,® insufficient sleep syndrome,? Alzheimer’s
well as emotional

disease? and cognitive as

impairment.2

catalyzes the dismutation of superoxide into hydrogen
peroxide, which is then neutralized by catalase or by
glutathione peroxidase.! Exposure to cigarette smoke
was previously reported to induce lung oxidative stress

in mice and oxidative DNA damage to the human

lymphocyte.12
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Effect of SCS on memory of male Long-Evans rats

HIGHLIGHTS

1. Male Long-Evens rats were exposed to sidestream cigarette
smoke.

2. Memory assessment was done by Morris water maze test.

3. The sidestream cigarette smoking impaired the memory of rats.

Cigarettes typically have high doses of carcinogenic
polycyclic aromatic hydrocarbons, volatile aldehydes,
nitric oxide, carbon monoxide, and nicotine.:2 High
levels of carbon monoxide inhaled during sidestream
cigarette smoking in human sometimes are enough to
cause acute toxicity’4 and induce oxidative stress in
human and animals,s

thus probably influencing

cognitive function.1o

To examine the memory in animal model, Morris water
maze (MWM) has been widely used to investigate
working memory as well as reference memory.ts This
task is based upon the premise that animals have
evolved an optimal strategy to explore their
environment and escape from the water with the
minimum amount of effort..® On the basis of this
background, the present study to examine the effect of
sidestream cigarette smoke on memory in male Long-

Evans rats.
METHODS

This experimental study was conducted in the KM
Fariduddin Animal Research Lab of the Department of
Bangabandhu Sheikh Mujib Medical
University (BSMMU), Dhaka, from January 2023 to

Physiology,

June 2023. The involvement of the animal subjects
follow the guidelines for the Animal Experimentation
Ethics
for Diarrhoeal Disease Research, Bangladesh and was
approved by the Institutional Review Board of BSMMU.

Committee of International Centre

Long-Event rats

Twelve male rats of 8t to 10th weeks weighing 150 to
200 gram were obtained from the central animal house
of BSMMU, Dhaka. All rats were kept in the KM
Fariduddin Animal Research Lab of the Department of
Physiology, BSMMU and was housed in specially

constructed plastic cages with 3 to 4 rats per cage under

20f6

a 12/12-hour light/ dark cycle.iz The room temperature
was kept between 27°C to 28°C, corresponding to the
thermoneutral zone for rodents.:8 All rats had access to
standard laboratory food? cooled boiled water ad
libitum during acclimatization. In order to avoid
circadian influences all experiments were carried out

between 08:00 and 16:00 hours.20
Experimental design

Six rats were randomly assigned to two groups: control
(kept in fresh air for 30 consecutive days) and
experimental (exposed to SCS for 30 minutes twice
daily in morning and evening for 30 consecutive days)
(FIGURE 1).

SCS exposure

RMT

Room & swimming

tool acclimatization Habituation Probe trial

|

34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

MWM 4 trials/ day 1 trial
acclimatization (For 6 days) (In 1 day)
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Day 1234567 8
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v

FA and SCS

v v
Pretraining of WMT

Sacrifice
‘ and

' enzymes assay
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AA: Fresh air; SCS: Sidestream cigarette smoking; RMT= Reference memory test; WMT= Working memory test

FIGURE 1 Flowchart of the experiment

Cigarette smoke exposure (CSE) system (CIM Scientific
Co, Bangladesh) consisted of a ventilator, smoke
generating chamber, and smoke exposure chamber that
consecutive days are serially connected via silicon tubes
(FIGURE 2). SCS was generated by burning of two

cigarettes for 30 minutes twice daily at morning and

Smoke generating
chamber

Smoke exposure
chamber

Ventilator Silicon tubes

FIGURE 2 Cigarette smoke exposure system
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evening for 30 consecutive days. Here, 150 ml of air for
every 10 seconds was ventilated through the ventilator
of CSE system to smoke generating chamber to create
optimum positive pressure at temperature 26° C and
humidity 60% and carbon monoxide concentration 150-
200 ppm in smoke exposure chamber.2!

Memory performance test

Rats were tested for memory using a MWM, a circular
pool, 150 cm in diameter and 50 ¢cm high.22 This pool
was arbitrarily divided into four quadrants: north-west
(NW), north-east (NE), south-east (SE) and south-west
(SW) quadrants. A black round platform (15 cm in
diameter) was placed at the center of any one quadrant.
To determine the start locations, eight points north (N),
south (S), east (E), west (W), north-east (NE), north-
west (NW), south-east (SE) and south-west (SW) of
MWM was labelled. The whole inner wall of the pool
and platform was painted in black to avoid visual clue in
the pool. During the test, the maze was filled with water
to a depth of 30 cm with 24° to 26° C water. As a result,
the platform was submerged 2 cm under the water and
was the only escape place from the water for the rats.
MWM test was conducted in a well illuminated room
which contained numerous extra maze cues, such as a
window, a door, shelves, a refrigerator, and a clock.
Here the rats had to swim in water pool to search a
hidden (submerged 2 cm under the water surface)

platform for escape.

This experiment was divided into reference and working
memory test. The reference memory test by MWM was
done in three phases, composed of habituation,
acquisition, and probe trial. For habituation, each rat
was habituated to the water pool by swimming for 3
minutes without platform daily for three consecutive
days. In acquisition phase, a rat had to swim to a
prefixed platform position to escape whatever its start
locations were in MWM. For this, every day every rat
was brought into the laboratory for four trials (1, 2, 3,
and 4) separated by 30 seconds for six consecutive days.
Here, the platform was submerged at the centre of
randomly prefixed north-east (NE) quadrant of the pool

and was same for all trials in those days. Rats were
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randomly sequenced. Trial 1 was started after 30 days of
sidestream cigarette smoke exposure and swimming
exercise based on group assignment. Data were
recorded as escape latency (time to find out the
platform) in each trial. Probe trial phase was observed

24 hours after trial 4 of acquisition phase.

In this phase, the rat had to swim to a prefixed platform
position from where the platform was removed. In this
trial, the start location was the distant most position
from the platform position. Here, the start location was
SW and the platform was removed from NE quadrant.
Data were recorded as number of target (platform
position) crossings within 60 seconds and time spent in
target in seconds within 60 seconds. The working
memory test by MWM was done in two phases,
composed of pre-training (six days) and training (four
days). For every rat, previously completed acquisition
phase of reference memory test was considered as the
pre-training phase of working memory test. In training
phase, a rat had to swim to a prefixed platform position
to escape the location of which was changed daily. For
this, everyday every rat was brought into the laboratory
for four trials (1—4) separated by 30 seconds for four
consecutive days. The platform was submerged 2 cm
under the water surface at the center of NE quadrant of
the pool for day 1 but was changed every day for four
days. On the first day, the platform was placed on NE
quadrant and the start locations were from SE, SW, S
and W point for four trials sequentially. In each trial,
the test procedure of acquisition phase of reference
memory test was followed. Data were recorded as

escape latency (time to find out) in all trial.
Hippocampal antioxidant enzymes assay

After sacrificing the rats, brain tissue was quickly
collected according to the procedures of a previous
research.24 Next, the hippocampus was dissected out
from rat’s brain according to the procedures of previous
research. Then, scooping of hippocampus was done and
placed it in petri dish and minced into small pieces.25 To
remove excess blood, all the pieces were rinsed in ice
cold phosphate buffer solution (0.1 M, pH=7.40). Later,
the tissue pieces were weighed and homogenized in

phosphate buffer solution according to the ratio of
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weight (gm): volume (mL) =1:4 with a glass
Then the

centrifuged for 10 minutes at 3500 rpm to get the

homogenizer on ice. homogenate was
supernatant. The supernatant was taken in a test tube
and stored at -20°C 25 until hippocampal antioxidant
enzymes assay. Hippocampal total protein, catalase,
in the
was measured using a
ELISA kit

and glutathione peroxidase concentration
recovered supernatant

commercially available (Elabscience,

Biotechnology Inc. 2018).
Statistical analysis

SPSS (version 22.0) was used to carry out the analysis.
Results were expressed as mean (standard error of the
mean) of study variables. Independent sample t test was
used to compare means of variables between two groups

where P<0.05 was considered statistically significant.
RESULTS
Working memory

As shown in TABLE 1, the mean values of escape

latency in experimental rats were significantly

(P<0.001) higher compared to those of control rats in
all the trials in all the experimental days.

TABLE 1 Escape latency (in seconds) in training and test phase of
Morris Water Maze test in male Long-Events rats (n = 12)

Trials Mean (SEM) P
Control group Experimental group
(n=6) (n=6)
Trial 1 19.9(2.1) 42.3(2.0) <0.001
Trial 2 102 (1.2) 28.8(3.1) <0.001
Trial 3 62(0.7) 21.0 (3.1) <0.001
Trial 4 59 (0.38) 15.9 (2.8) <0.001

SEM indicates standard error of mean

Reference memory

As shown in TABLE 2, the mean values of escape

latency in experimental rats were significantly
(P<0.001) higher to control rats in all the days in all
the experimental days (day 38 to day 43). Moreover, the
mean value of target crossings was significantly

(P<0.01) lower in experimental rats on day 44.

40f6

TABLE 2 Escape latency (in seconds) in acquisition and target
crossings (frequency /minute) in probe trial of Morris Water Maze
test in male Long-Events rats (n = 12)

Name of Days of Mean (SEM) P
variables experiment
Control Experimental
(n=6) (n=6)
Escape latency
Day 38 26.3(1.7) 452 (24) <0.001
Day 39 19.5(1.7) 44.1 (4.6) <0.001
Day 40 114 (1.2) 45.9 (2.4) <0.001
Day 41 11.5(2.0) 35.2(23) <0.001
Day 42 7.1(0.78) 27.0(2.7) <0.001
Day 43 5.5(0.5) 26.0 (3.5) <0.001
Target crossing
Day 442 7.8(1.1) 3.8(0.3) <0.01

SEM indicates standard error of mean
aProbe trial day

Hippocampal catalase and glutathione
peroxidase

As shown in TABLE 3, the mean value of catales and
glutathione peroxidase were significantly (P<0.001)
lower in experimental rats compared to that of control
rats on day 50.

TABLE 3 Hippocampal antioxidant enzymes in male Long-Events
rats (n =12)

Hippocampal enzymes Mean (SEM) P
Control Experimental
(n=6) (n=6)
Catalase (U/mg protein) 17.6 (2.0) 6.2(0.9) <0.001
Glutathione peroxidase 5.6(0.8) 1.9(0.2) <0.001

(U/mg protein)

SEM indicates standard error of mean

DISCUSSION

We report here that SCS causes working and reference
memory impairment along with a decline in catalase
and glutathione peroxidase in the experimental rats.
Similar findings of escape latency and target crossingz
23,26 as well as decrease of hippocampal catalase and
reported2z. 28

glutathione peroxidase were after

exposure to SCS.

It is reported that, the whole-body exposure of SCS,
which contain various of oxidants2? including nicotine,
carbon monoxide, heavy metals, hydrogen cyanide and
polycyclic aromatic hydrocarbonst are capable of

initiating or promoting lipid peroxidation in any tissue
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of body, including hippocampust-29.20, Even prolonged
exposure of mild SCS caused decrease in hippocampal

neurogenesis.

It is well known that neuronal connectivity is strictly
dependent on synaptic strength and synaptic plasticity,
which are basis for learning as well as working and
reference memory. Here, persistent firing of pyramidal
neurons and synaptic plasticity are the leading
phenomenon especially at the hippocampal level, where
it is essential for acquisition and retrieval of various
types of memory. The persistent strengthening of the
synapses following high levels of stimulation is called
long-term potentiation and represents the main
mechanism for learning and memory formation. This
long-term potentiation causes consolidation of memory
storage which persists for several hours or days. If the
hippocampus is lesioned during acquisition or
consolidation, working and reference memories are

impaired.2°

We acknowledge that the current study had several

limitations. The memory performance test was

manually operated, and only two variables each were

assessed for antioxidant enzymes and reference
retrieval.
Conclusion

SCS causes working as well as reference memory
impairment and decrease in hippocampal antioxidant
enzyme levels in male Long-Evans rats. This study has
potential to support the tobacco control initiatives, in
Bangladesh and elsewhere.
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