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ARTICLE INFO ABSTRACT

Keywords: Waterpipe tobacco smoking (WP) is associated with a vast range of detrimental health effects, including memory
Forced swimming exercise impairment and anti-oxidative scavenging dysfunction. Forced swimming exercise (FSE) is known to improve
Waterpipe cognitive function and general wellbeing. In this study, we evaluated the neuroprotective effect of FSE on
M?mory memory impairment induced by exposure to WP in the rat model. Wistar male rats were divided into four
Il;lgiocamp us groups: fresh air (control), WP exposure, FSE, and WP/FSE. Animals were exposed to WP for 1 h/day, 5 days/

week for 4 weeks. At the same time, animals were forced to swim 1 h/day as 5 min swimming followed by 5 min
rest, 5 days/ week for 4 weeks. Spatial learning and memory was assessed using Radial Arm Water Maze
(RAWM). Additionally, hippocampal oxidative stress biomarkers including reduced glutathione (GSH), oxidized
glutathione (GSSG), GSH/GSSG ratio, glutathione peroxidase (GPx), Catalase, and TBARS were analyzed. Key
findings: this study showed that WP exposure impaired both short- and long-term memory (P < 0.05). On the
other hand, FSE prevented memory impairment induced by WP exposure (P < 0.05). Moreover, WP exposure
reduced activity of catalase, GPx, and GSH/GSSG ratio (P < 0.05) in the hippocampus, which were also
normalized by FSE. However, no changes were detected in GSH and TBARS levels in WP exposure and/or FSE
groups. In conclusion, WP exposure induced both short- and long- term memory impairments, which was pre-
vented by FSE. This improvement in memory function might be attributed to oxidative stress biomarkers
pathways.

detrimental health effects, including respiratory [10], cardiovascular
[11], renal [12], and neuronal damage and memory impairment [13].

1. Introduction

Waterpipe tobacco smoking (WP) is an ancient method of tobacco
consumption rooted in the Eastern Mediterranean regions and the
Indian subcontinent [1]. It has rapidly spread to western countries,
especially among youth [2]. Many factors contributed to its worldwide
popularity, including misperception about safety [3], socially accep-
table behavior [4], and attractive flavorings of the tobacco [5].

There has been a shift of tobacco smoking as indicated by several
studies showed that waterpipe smoking, and nowadays, vaping using
electronic cigarettes [6], have replaced cigarette smoking as a method
of tobacco smoking [7]. It is estimated that 100 million people world-
wide smoke waterpipe every day [8]. Additionally, the popularity of
waterpipe smoking has also increased among pregnant women [9].
Several studies showed that exposure to WTS resulted in several

Additionally, it has been revealed that tobacco smoking negatively af-
fected infant sleeping pattern [14] as well as induced brain damage in
breastfed child [15].

Extensive studies on human and animal suggested that physical
exercise could have benefits for general health and cognitive function,
especially later in life (Reveiwed in [16]). Physical exercise was also
reported to improve learning ability and memory function [17]. Ex-
ercise might be voluntary as part of our lifestyle or forced during weight
loss or therapeutic regimen; both types of exercise improve spatial
learning and memory and this improvement parallel a reduction in the
accumulation of oxidative damage [18]. The beneficial role of regular
exercise is due to increase antioxidant capacity, repair enzymes ac-
tivity, resistance to oxidative stress and lower oxidative damages
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compared to sedentary lifestyle [19]. The interaction effect of exercise
and antioxidant-rich diet on the brain function has been demonstrated.
This interaction maximally improve spatial learning in both male and
female ApoE4 mice [20]. Additionally, evidence from meta-analysis
revealed that exercise may help to improve memory performance
among adult patients with mild cognitive impairment [21]. It also
might improve or at least slow down the decline in cognitive perfor-
mance among patients with Alzheimer's disease [22].

Recent studies showed that exercise counteracted memory impair-
ment induced by high fat diet [23], stress [24], arsenic exposure [25],
vascular dementia [26], and sleep deprivation [27]. However, the
neuroprotective effect of forced swimming exercise on waterpipe-in-
duced memory impairment was not evaluated. Herein, we studied this
effect for the first time. Moreover, the effect of forced swimming ex-
ercise and waterpipe smoking exposure on the hippocampal oxidative
stress biomarkers was evaluated in adult male rats.

2. Methods
2.1. Animals

Adult male Wistar rats (weight 180-250 g and aged 10-12 weeks)
were purchased from Animal House of Jordan University of Science and
Technology. Animals were kept as six rats in a metal cage (cage size:
LXWXH in cm: 55X45X25) under controlled temperature (25 = 1 °C)
with free access to water and standard rodent food. They were identi-
fied by tail labeling and maintained at 12 h dark/light cycle. All ex-
periments were carried out during the light cycle. Wood shaving was
used as bedding and replaced regularly for hygienic purposes. This
study was approved by Institutional Animal Care and Use Committee at
Jordan University of Science and Technology. Rats were allowed to
acclimatize for two weeks prior to the experiment.

Animals were assigned randomly into four groups (n = 12rats/
group): fresh air (control), waterpipe smoke (WP) exposure, forced
swimming exercise (FSE), and WP/FSE. Throughout the experiment,
the control group was exposed to room air and had free access to water
and food. The WP and WP/FSE groups were exposed to waterpipe
smoke for 60 min session/day for 5 days/week for 4 weeks using a
whole body exposure apparatus. The apparatus was programmed to
simulate Beirut Method (171 puffs of 2.5 s and 17 s inter-puff duration).
Ten grams of tobacco (Double Apple Moassel (0.5% nicotine), Nakhla
Shisha Flavour Co., Cairo, Egypt, which is commercially available in
Jordan) were used in each waterpipe session. Level of carbon monoxide
(CO) was regularly monitored using CO analyzer (Monoxor II,
Bacharach Inc.) as previously described [10,28]. The average CO levels
during WP exposure sessions was 1050 * 100 ppm (mean =* SD),
levels of CO ranged from 805 to 1237, noting that the previously re-
ported LD50 for 60 min exposure to CO in rat were in the range of 3954
to 4670 ppm [29]. The levels of O2 and CO2 were not measured in the
exposure chamber.

2.2. Forced swimming exercise

The rats in the FSE and WP/FSE groups were forced to swim for 1 h
per day (alternating between 5 min swimming followed by 5 min rest)
as described previously [17,18,30]. The swimming protocol was carried
out using three identical swimming cylindrical tanks where the di-
mensions for each tank were 50 cm height, 35 cm diameter, and 35 cm
depth. The tanks were filled with water with a depth of 32 cm. The
procedure was carried out 5 days/week for one month. After each 5 min
swimming, each rat was dried using a towel and returned to home cage
to take 5 min rest. The FSE was done first thing in the morning (at
9:00 am) followed by the WP exposure session.
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2.3. The radial arm water maze

All animal groups were tested for learning and memory using a
radial arm water maze (RAWM) as described previously [31,32].
Briefly, the RAWM is a circular black-colored tub filled with water with
a diameter of 167 cm, a height of 55 cm, and a depth of 43 cm. It has
stainless steel V-shaped plates (number of plates is six, height: 49 cm,
length: 55 cm) arranged around an open central area and six arms with
a hidden platform located on the goal arm. The water temperature was
maintained at 25 * 1 °C during the experiment. Two pictures were
placed on the wall of the experimental room, serving as visual cues to
help rats in determining directions. Learning phase was accomplished
by having the rats undergo 12 consecutive trials, the first six successive
trials followed by 5 min rest then another six trials. Short-term memory
performance was tested at 30 min while long term memory perfor-
mance was tested at 5 h and 24 h from the last learning trial. In each
trial, the rat was allowed to swim freely for 1 min to find a hidden
platform (2 cm under water). Once the rat is on the platform, it was
allowed to stay for 15 s in order to observe visual cues before the next
trial. Once a rat was unable to find the hidden platform within the al-
lowed time (1 min period), it was guided by the technician toward the
platform for the 15 s stay. In each trial, the animal was placed in water
at a different arm except the goal arm. During the allowed swimming
period, an error was counted if a rat entered an arm other than the goal
arm. Entry occurred when the whole body of the rat was inside the arm.
The RAWM training was carried out immediately after 4 weeks of
treatment. Memory test was conducted in a similar manner to learning
phase. However, in memory test, rat was neither guided to the hidden
platform, nor given the 15 s stay on the hidden platform. Instead, once a
rat on the platform, it was immediately picked up and returned to home
cage.

2.4. Hippocampus dissection

At the end of the experiment, animals were killed using a guillotine,
the brain of rats were removed from their skull immediately and placed
on filter paper soaked with normal saline. The filter paper was placed
over crushed ice in plate of glass. The hippocampus was dissected out
and placed in an Eppendorf tube and then immersed immediately in a
container filled with liquid nitrogen. All Eppendorf tubes were stored in
refrigerator at — 30 °C until the time of tissues processing [31].

2.5. Molecular assays

The tissues of the hippocampus were homogenized in phosphate
buffer (200 pL). using a plastic pestle, the homogenization buffer was
prepared by the reconstitution of one phosphate buffered saline tablet
(Sigma Chemical CO., Saint Louis, MO) and two tablets of protease
inhibitor (Sigma Chemical CO., Saint Louis, MO) in distilled water
(200 mL). Then, mixture of homogenized tissues and buffer were cen-
trifuged at 15000 x g for 10 min (4C°) in order to eliminate tissues that
failed to dissolve in the buffer and thus remained insoluble. The su-
pernatant from the previous step was recovered and stored for further
analysis. Total protein concentration in the recovered supernatant was
measured using a commercially available kit purchased from Bio-rad
(Bio-Rad, USA). For oxidative stress biomarkers, total glutathione,
oxidized glutathione (GSSG), Glutathione peroxidase (GPx), catalase
and Thiobarbituric acid reactive substance (TBARs), commercially
available kits were utilized as per kit's manufacturer's instructions (total
glutathione and GSSG: Glutathione assay kit, CS0260, Sigma-Aldrich,
MI, USA, GPx: Glutathione Peroxidase Cellular Activity Assay Kit, cat-
alog number: CGP1, Sigma-Aldrich, MI, USA, Catalase: catalase assay
kit, Cayman Chem, Ann Arbor, MI, USA, TBARs: Cayman Chem, item Ne
10009055, Ann arbor, MI. USA). In the total glutathione/GSSG assay,
samples were subjected to deproteinized with the 5% 5-Sulfosalicylic
acid solution and centrifugation to remove the precipitated protein as
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indicated in the CS0260 kit. Absorbance for each assay was measured
spectrophotometrically using a Epoch Microplate Spectrophotometer at
specified wavelength in each of the after-mentioned kits (Bio-tek in-
struments, Highland Park, Winooski, USA).

2.6. Statistical analysis

Data were represented as mean =+ standard error of means (SEM).
GraphPad Prism (version 4.0, GraphPad software, LA Jolle, CA) was
used to carry out all statistics. Three-way ANOVA was used to compare
number of errors in the RAWM learning trials, with multiple compar-
ison posttest. Time (repeated measures factor) and interaction with
WTS/no WTS and FSE/no FSE were used as independent group di-
mensions. Comparisons of number of errors in RAWM memory tests and
biochemical assays results were carried out using two-way ANOVA;
followed by Bonferroni's posttest. Moreover, Pearson's correlations be-
tween memory tests and oxidative stress biomarkers levels were also
carried out. P < 0.05 was considered statistically significant.

3. Results
3.1. The effect of WP and/or FSE on learning and memory

During the learning phase, the four animal groups were able to learn
the location of the submersed platform as shown by the remarkable
decrease in the numbers of errors with subsequent learning trial. There
was no observed significant interaction among treatment groups
(P > 0.05) in trials 1 through 12. This demonstrates that neither WP
nor FSE influenced learning (Fig. 1).

During the short-term memory, and 5 h and 24 h long-term memory
tests, significant differences were detected between FSE treated and
non-FSE treated groups, and/or WP versus non-WP groups.
Additionally, the presence of both factors, FSE and WP, resulted in
significant interactions at all memory tests (short-term memory test: F
(1, 56) = 11.50, P < 0.01, Fig. 2A, long-term 5 h memory test: F(1,
56) = 4.40, P < 0.05, Fig. 2B, long-term 24 h memory test: F(1,
56) = 10.95, P < 0.01, Fig. 2C). In conclusion, WP resulted in in-
creased number of errors in short- and long- term memory tests,
whereas FSE prevented WP induced short- and long- term memory
impairments.

3.2. The effect of chronic WP exposure and FSE on hippocampus oxidative
stress biomarkers

3.2.1. Hippocampus catalase, GPx, and TBARS levels
The WP exposure significantly reduced catalase and GPx activities
as compared to control, FSE, and WP/FSE groups (F(1, 56) = 4.10,

Number of Errors
N w E=Y [3,] (2] ~ (<]
1
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P < 0.05; F(1, 56) = 4.13, P < 0.05, Fig. 3A and B). Moreover,
catalase and GPx activities in the WP/FSE group were comparable to
that in the FSE and control groups. No changes were observed in TBARS
levels among all study groups, thus, FSE did not change the level of
TBARS during WP exposure (F(1, 56) = 0.17, P > 0.05, Fig. 3C).

3.2.2. Levels of the hippocampus GSH, GSSG and GSH/GSSG ratio

Whereas no significant changes were observed in the GSH levels
among all study groups (F(1, 56) = 0.16, P > 0.05; Fig. 4A), exposure
to WP resulted in a significant increase in GSSG, and a significant de-
crease in the GSH/GSSG ratio compared with control, FSE, and WP/FSE
groups (F(1, 56) = 4.32,P < 0.05;F(1, 56) = 4.23,P < 0.05; Fig. 4B
and C). Interestingly, FSE prevented the changes in the GSSG and GSH/
GSSG ratio during WP exposure (Fig. 4B and C) where there were no
significant changes in the GSSG and GSH/GSSG ratio in WP/FSE com-
pared with control, and FSE groups.

3.2.3. Correlation of RAWM memory tests performance and hippocampus
levels/activities of oxidative stress biomarkers and enzymes

Pearson's correlation showed between number of errors committed
by each animal in short- and long- term memory tests with levels of
oxidative stress biomarkers and activities of oxidative stress enzymes.
Whereas GSSG levels showed moderate to strong positive correlations
(r: 0.52-0.71), GSH/GSSG ratio, and GPx and catalase activities showed
moderate to strong negative correlations (r: —0.58-0.72), with the
number of errors committed by each animal in the memory tests. The
levels of GSH and TBARs showed very weak correlations (r:
—0.05-0.09) with the number of errors committed by each animal in
the memory tests.

4. Discussion

In this study, we evaluated the neuroprotective effect of FSE on
short and long- term memory impairment induced by WP exposure in
rat model. The findings of this study indicated that WP exposure im-
paired memory but not learning and FSE prevented WP-induced short-
and long- term memory impairment as indicated by remarkable re-
duction in the numbers of errors during RAWM memory test done at
30 min, 5- and 24- h. Moreover, WP exposure increased hippocampal
oxidative stress as indicated by increase in GSSG levels and decrease in
GSH/GSSG ratio and decrease in antioxidant enzymes activities, in-
cluding catalase and GPx. The increase in hippocampal oxidative stress
levels induced by WP were prevented by FSE.

Current findings are in parallel with previous studies that showed
the potential effect of WP exposure on short- and long- term memory
impairment in animals without effect the ability to learn. For example,
it has been revealed that exposing rats to waterpipe smoke impaired

Control Fig. 1. Animal learning performance using radial
WP arm water maze (RAWM). Comparison of fresh air
FSE (control), waterpipe (WP), forced swimming exercise

(FSE), and WP/FSE groups. Each rat was trained for
WP/FSE 12 trials; each 6 trials were separated by 5 min. Rat
performance was recorded as average number of
errors in each trial. Each value is the mean = SEM
(n = 12 rats/group).

- FE—
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Fig. 2. Forced swimming exercise (FSE) prevents waterpipe smoking-induced
memory impairment. (A): short-term memory test, (B): long-term memory test
after 5 h, (C): long term memory test after 12 h. Chronic exposure to waterpipe
smoke impaired short-term and long-term memory which was prevented by
FSE. Each point is the mean = SEM of numbers of errors during memory test.
*Indicates significant difference from control, FSE, and WP/FSE (P < 0.05,
n = 12 rats/group).

memory functions without an effect on learning [13,33]. Moreover,
previous studies demonstrated that exposing animals during prenatal or
maternal phases of life to WP can impair memory, but not learning, in
adult offspring rats [34]. Additionally, it has been shown that prenatal
exposure to cigarette smoke and during lactation impaired in spatial
and reference memories of offspring mice [35,36].

The mechanism by which WP induced memory impairment might
be attributed to induction of oxidative stress in the hippocampus. It has
been shown that induction of oxidative stress could predispose
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Fig. 3. Effect of waterpipe exposure on hippocampal oxidative stress bio-
markers. Chronic exposure to waterpipe smoking reduced the activity of cata-
lase (A) and GPx (B), but not TBARS (C) in the hippocampus which was pre-
vented by forced swimming exercise (FSE). Each point is the mean *+ SEM of
12 rats/group. *Indicates significant difference from control, FSE, and WP/FSE
(P < 0.05, n = 12 rats/group).

hippocampal neurons to damage and lead to subsequent memory im-
pairment, while antioxidants that preserved oxidative stress were es-
sential in memory retention [33,37]. In fact, removal of reactive oxygen
species that play potential role in oxidative stress state, which is
maintained by enzymatic (catalase, SOD, GPx) and non-enzymatic
(GSH) pathways [38]. Interestingly, it was found that memory im-
pairment induced by WP exposure was associated with remarkable
reduction in the hippocampal oxidative stress biomarkers and enzymes,
such as catalase, GPx, GSH, and GSH/GSSG ratio [13]. These findings
suggested that depletion of hippocampal oxidative stress biomarkers
could be attributed to the production of free radicals, elevation of heavy
metals, or exposure to other toxic chemicals during WP [39]. For these
reasons, shifting the balance toward increasing antioxidants levels or
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Fig. 4. Changes of GSH, GSSG, and GSH/GSSG ratio in the hippocampus.
Chronic waterpipe exposure did not change the levels of GSH (A), while it in-
creased the levels of GSSG (B), and decreased the GSH/GSSG ratio (C). Each
point is the mean * SEM. *Indicates significant difference from control, FSE,
and WP/FSE (P < 0.05; n = 12 rats/group).

preventing its depletion might help preventing memory impairment
induced by WP exposure.

In this study, it has been shown that forcing rats to swim, as non-
voluntary exercise training, prevented short- and long- term memory
impairment induced by WP exposure in rats. The findings of the current
study were in agreement with previous studies that showed the neu-
roprotective role of exercise on other learning and memory impairment.
For example, exercise improved learning and memory impairment in-
duced by sleep deprivation [40], nicotine [41], aging [42], tramadol-
treatment [43], stress [24]. Alongside, this study also demonstrated
that FSE prevented memory impairment induced by WP via normal-
izing oxidative stress biomarkers.

We demonstrate that WP triggered oxidative stress in hippocampus
of rats by producing reactive oxygen species subsequently attenuating
antioxidant scavenging system. Oxidative stress biomarkers/enzymes
that played a major role in cognitive activity were catalase, GPx, GSSG,
and GSH/GSSG ratio, and theses biomarkers/enzymes were normalized
by FSE during WP exposure. The findings of this study were similar to
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previous studies that demonstrated the ability of exercise to normalize
oxidative stress biomarkers not only in the hippocampus [44] but also
in the liver [45], lungs [46] and heart [47]. However, no changes have
been detected in the TBARS levels among all experimental groups, in-
dicating that TBARS and lipid peroxidation were not involved in
memory impairment induced by WP exposure. This finding is consistent
with previous studies that revealed chronic exposure to WP not to
change TBARS levels in the hippocampus [28], and cardiac tissues [48].
However, lipid peroxidation was reported to be significantly elevated in
kidney tissues of mice after chronic exposure to WP [12].

Current study may suffer some limitations. For example, the FSE
and WP procedures were carried out every day including the behavioral
testing day. This raises the possibility of stress interferences or acute
effect for FSE and/or WP during the learning and memory behaviors.
However, current results and previous studies using the same proce-
dures have shown that FSE preserves memory functions [17,30], which
suggests against a significant interference for acute stress due to FSE on
memory functions. Yet, a future study to test the contributions of acute
FSE and/or WP (if any) into the currently observed results could be
warranted.

In conclusion, chronic exposure to waterpipe smoking impaired
short- and long- term memory in rats, and this impairment was asso-
ciated with reduction in the levels and activity of hippocampal oxida-
tive stress biomarkers and enzymes. Forced swimming training has
neuroprotective effect against memory deficit induced by waterpipe
smoking possibly through preserving endogenous antioxidant defense
system in the hippocampus.

Funding

This work was financially supported by Deanship of Scientific
Research at Jordan University of Science and Technology (grant
number 73/2013).

References

[1] M. Jawad, J.T. Lee, C. Millett, Waterpipe tobacco smoking prevalence and corre-

lates in 25 Eastern Mediterranean and Eastern European countries: cross-sectional

analysis of the global youth tobacco survey, Nicotine Tob. Res. 18 (2015) 395-402.

J.N. Soulakova, T. Pham, V.L. Owens, L.J. Crockett, Prevalence and factors asso-

ciated with use of hookah tobacco among young adults in the U.S, Addict. Behav. 85

(2018) 21-25.

A. Shihadeh, R. Salman, E. Jaroudi, N. Saliba, E. Sepetdjian, M.D. Blank, C.O. Cobb,

T. Eissenberg, Does switching to a tobacco-free waterpipe product reduce toxicant

intake? A crossover study comparing CO, NO, PAH, volatile aldehydes, “tar” and

nicotine yields, Food Chem. Toxicol. 50 (2012) 1494-1498.

[4] A.J. Heinz, G.E. Giedgowd, N.A. Crane, J.C. Veilleux, M. Conrad, A.R. Braun,
N.A. Olejarska, J.D. Kassel, A comprehensive examination of hookah smoking in
college students: use patterns and contexts, social norms and attitudes, harm per-
ception, psychological correlates and co-occurring substance use, Addict. Behav. 38
(2013) 2751-2760.

[5] N.F. Eshah, E.S. Froelicher, Knowledge, attitudes, beliefs and patterns of waterpipe
use among Jordanian adults who exclusively smoke waterpipes, Eur. J. Cardiovasc.
Nurs. 17 (2018) 85-92.

[6] D.T. Levy, Z. Yuan, Y. Li, The prevalence and characteristics of e-cigarette users in
the U.S, Int J Environ Res Public Health 14 (2017).

[71 M. Jawad, R. Charide, R. Waziry, A. Darzi, R.A. Ballout, E.A. Akl, The prevalence

and trends of waterpipe tobacco smoking: a systematic review, PLoS One 13 (2018)

e0192191.

R. Gatrad, A. Gatrad, A. Sheikh, Hookah smoking, BMJ (Clinical Research Ed) 335

(2007) 20.

[9] M. Azab, O.F. Khabour, K.H. Alzoubi, M.M. Anabtawi, M. Quttina, Y. Khader,
T. Eissenberg, Exposure of pregnant women to waterpipe and cigarette smoke,
Nicotine Tob. Res. 15 (2013) 231-237.

[10] O.F. Khabour, K.H. Alzoubi, M. Bani-Ahmad, A. Dodin, T. Eissenberg, A. Shihadeh,
Acute exposure to waterpipe tobacco smoke induces changes in the oxidative and
inflammatory markers in mouse lung, Inhal. Toxicol. 24 (2012) 667-675.

[11] Z.M. El-Zaatari, H.A. Chami, G.S. Zaatari, Health effects associated with waterpipe
smoking, Tob. Control. 24 (2015) i31-i43.

[12] A.M. Rababa’h, B.B. Sultan, K.H. Alzoubi, O.F. Khabour, M.A. Ababneh, Exposure to
waterpipe smoke induces renal functional and oxidative biomarkers variations in
mice, Inhal. Toxicol. 28 (2016) 508-513.

[13] K.H. Alzoubi, O.F. Khabour, E.A. Alharahshah, F.H. Alhashimi, A. Shihadeh,

T. Eissenberg, The effect of waterpipe tobacco smoke exposure on learning and
memory functions in the rat model, J. Mol. Neurosci. 57 (2015) 249-256.

[2

[3

[8


http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0005
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0005
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0005
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0010
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0010
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0010
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0015
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0015
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0015
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0015
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0020
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0020
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0020
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0020
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0020
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0025
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0025
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0025
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0030
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0030
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0035
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0035
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0035
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0040
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0040
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0045
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0045
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0045
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0050
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0050
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0050
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0055
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0055
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0060
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0060
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0060
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0065
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0065
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0065

K.H. Alzoubi, et al.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

C.C. Primo, P.B.F. Ruela, L.D. Brotto, T.R. Garcia, E. Lima, Effects of maternal ni-
cotine on breastfeeding infants, Revista Paulista de Pediatria: Orgao Oficial Da
Sociedade de Pediatria de Sao Paulo 31 (2013) 392-397.

P. Laurberg, S.B. Nohr, K.M. Pedersen, E. Fuglsang, Iodine nutrition in breast-fed
infants is impaired by maternal smoking, J. Clin. Endocrinol. Metab. 89 (2004)
181-187.

K. Mikkelsen, L. Stojanovska, M. Polenakovic, M. Bosevski, V. Apostolopoulos,
Exercise and mental health, Maturitas 106 (2017) 48-56.

O.F. Khabour, K.H. Alzoubi, M.A. Alomari, M.A. Alzubi, Changes in spatial memory
and BDNF expression to concurrent dietary restriction and voluntary exercise,
Hippocampus 20 (2010) 637-645.

M.A. Alomari, O.F. Khabour, K.H. Alzoubi, M.A. Alzubi, Combining restricted diet
with forced or voluntary exercises improves hippocampal BDNF and cognitive
function in rats, Int J Neurosci 126 (2016) 366-373.

Z. Radak, H.Y. Chung, S. Goto, Systemic adaptation to oxidative challenge induced
by regular exercise, Free Radic. Biol. Med. 44 (2008) 153-159.

K. Chaudhari, J.M. Wong, P.H. Vann, N. Sumien, Exercise, but not antioxidants,
reversed ApoE4-associated motor impairments in adult GFAP-ApoE mice, Behav.
Brain Res. 305 (2016) 37-45.

P.D. Loprinzi, J. Blough, S. Ryu, M. Kang, Experimental effects of exercise on
memory function among mild cognitive impairment: systematic review and meta-
analysis, Phys. Sportsmed. 47 (2019) 21-26.

Z.Du, Y. Li, J. Li, C. Zhou, F. Li, X. Yang, Physical activity can improve cognition in
patients with Alzheimer’s disease: a systematic review and meta-analysis of ran-
domized controlled trials, Clin. Interv. Aging 13 (2018) 1593-1603.

P.D. Loprinzi, P. Ponce, L. Zou, H. Li, The counteracting effects of exercise on high-
fat diet-induced memory impairment: a systematic review, Brain Sci (2019) 9.
P.D. Loprinzi, E. Frith, Protective and therapeutic effects of exercise on stress-in-
duced memory impairment, J. Physiol. Sci. 69 (2019) 1-12.

B.-F. Sun, Q.-Q. Wang, Z.-J. Yu, Y. Yu, C.-L. Xiao, C.-S. Kang, G. Ge, Y. Linghu, J.-
D. Zhu, Y.-M. Li, Exercise prevents memory impairment induced by arsenic ex-
posure in mice: implication of hippocampal BDNF and CREB, PLoS One 10 (2015)
e0137810.

Y. Lin, X. Lu, J. Dong, X. He, T. Yan, H. Liang, M. Sui, X. Zheng, H. Liu, J. Zhao,
Involuntary, forced and voluntary exercises equally attenuate neurocognitive defi-
cits in vascular dementia by the BDNF-pCREB mediated pathway, Neurochem. Res.
40 (2015) 1839-1848.

L. Mohammadipoor-Ghasemabad, M.H. Sangtarash, S. Esmaeili-Mahani,

V. Sheibani, H.A. Sasan, Abnormal hippocampal miR-1b expression is ameliorated
by regular treadmill exercise in the sleep-deprived female rats, Iran J Basic Med Sci
22 (2019) 485-490.

N. Al-Sawalha, K. Alzoubi, O. Khabour, W. Alyacoub, Y. Almahmmod,

T. Eissenberg, Effect of prenatal exposure to waterpipe tobacco smoke on learning
and memory of adult offspring rats, Nicotine Tob. Res. 20 (2018) 508-514.
National Research Council, Acute Exposure Guideline Levels for Selected Airborne
Chemicals, volume 8, (2010) (Washington (DC)).

M.A. Alomari, O.F. Khabour, K.H. Alzoubi, M.A. Alzubi, Forced and voluntary ex-
ercises equally improve spatial learning and memory and hippocampal BDNF levels,
Behav. Brain Res. 247 (2013) 34-39.

K.H. Alzoubi, A.M. Halboup, M.A. Alomari, O.F. Khabour, The neuroprotective
effect of vitamin E on waterpipe tobacco smoking-induced memory impairment: the
antioxidative role, Life Sci. 222 (2019) 46-52.

D.M. Diamond, C.R. Park, K.L. Heman, G.M. Rose, Exposing rats to a predator
impairs spatial working memory in the radial arm water maze, Hippocampus 9
(1999) 542-552.

M.A.Y. Alqudah, K.H. Alzoubi, G.M. Ma’abrih, O.F. Khabour, Vitamin C prevents

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Life Sciences 239 (2019) 117076

memory impairment induced by waterpipe smoke: role of oxidative stress, Inhal.
Toxicol. 30 (2018) 141-148.

N.A. Al-Sawalha, K.H. Alzoubi, O.F. Khabour, W. Alyacoub, Y. Almahmood, Effect
of waterpipe tobacco smoke exposure during lactation on learning and memory of
offspring rats: role of oxidative stress, Life Sci. 227 (2019) 58-63.

R.M. Amos-Kroohs, M.T. Williams, A.A. Braun, D.L. Graham, C.L. Webb, T.S. Birtles,
R.M. Greene, C.V. Vorhees, M.M. Pisano, Neurobehavioral phenotype of C57BL/6J
mice prenatally and neonatally exposed to cigarette smoke, Neurotoxicol. Teratol.
35 (2013) 34-45.

Y. Jie, L.-N. Jiang, Y. Zhen-Li, Y.-F. Zheng, W. Lu, J. Min, S. Zhi-Qiang, W. Xin-Wei,
M. Qiang, X. Zhu-Ge, Impacts of passive smoking on learning and memory ability of
mouse offsprings and intervention by antioxidants, Biomed. Environ. Sci. 21 (2008)
144-149.

K.H. Alzoubi, F.A. Mayyas, R. Mahafzah, O.F. Khabour, Melatonin prevents memory
impairment induced by high-fat diet: role of oxidative stress, Behav. Brain Res. 336
(2018) 93-98.

M.E. Gonzalez-Fraguela, L. Blanco, C.I. Fernandez, L. Lorigados, T. Serrano,

J.L. Ferndndez, Glutathione depletion: starting point of brain metabolic stress,
neuroinflammation and cognitive impairment in rats, Brain Res. Bull. 137 (2018)
120-131.

J. Schubert, J. Hahn, G. Dettbarn, A. Seidel, A. Luch, T.G. Schulz, Mainstream
smoke of the waterpipe: does this environmental matrix reveal as significant source
of toxic compounds? Toxicol. Lett. 205 (2011) 279-284.

M. Zagaar, A. Dao, A. Levine, I. Alhaider, K. Alkadhi, Regular exercise prevents
sleep deprivation associated impairment of long-term memory and synaptic plas-
ticity in the CA1 area of the hippocampus, Sleep 36 (2013) 751-761.

M. Motaghinejad, S. Fatima, M. Karimian, S. Ganji, Protective effects of forced
exercise against nicotine-induced anxiety, depression and cognition impairment in
rat, J. Basic Clin. Physiol. Pharmacol. 27 (2016) 19-27.

G. Kennedy, R.J. Hardman, H. Macpherson, A.B. Scholey, A. Pipingas, How does
exercise reduce the rate of age-associated cognitive decline? A review of potential
mechanisms, J. Alzheimers Dis. 55 (2017) 1-18.

H. Mehdizadeh, J. Pourahmad, G. Taghizadeh, N. Vousooghi, A. Yoonessi,

P. Naserzadeh, L. Behzadfar, M.R. Rouini, M. Sharifzadeh, Mitochondrial impair-
ments contribute to spatial learning and memory dysfunction induced by chronic
tramadol administration in rat: protective effect of physical exercise, Prog. Neuro-
Psychopharmacol. Biol. Psychiatry 79 (2017) 426-433.

N. Feter, R.M. Spanevello, M.S.P. Soares, L. Spohr, N.S. Pedra, N.P. Bona,

M.P. Freitas, N.G. Gonzales, L.G.M.S. Ito, F.M. Stefanello, A.J. Rombaldi, How does
physical activity and different models of exercise training affect oxidative para-
meters and memory? Physiol. Behav. 201 (2019) 42-52.

D. Delwing-de Lima, A.S.S.F. Ulbricht, C. Werlang-Coelho, D. Delwing-Dal Magro,
V.H.A. Joaquim, E.M. Salamaia, S.R. de Quevedo, L. Desordi, Effects of two aerobic
exercise training protocols on parameters of oxidative stress in the blood and liver
of obese rats, J. Physiol. Sci. (2018) 1-8.

L.C. Avila, T.R. Bruggemann, F. Bobinski, M.D. da Silva, R.C. Oliveira, D.F. Martins,
L. Mazzardo-Martins, M.M.M.F. Duarte, L.F. de Souza, A. Dafre, Effects of high-
intensity swimming on lung inflammation and oxidative stress in a murine model of
DEP-induced injury, PLoS One 10 (2015) e0137273.

R. Naderi, G. Mohaddes, M. Mohammadi, R. Ghaznavi, R. Ghyasi, A.M. Vatankhah,
Voluntary exercise protects heart from oxidative stress in diabetic rats, Advanced
Pharmaceutical Bulletin 5 (2015) 231-236.

N.A. Al-Sawalha, M.S. Al-Filali, K.H. Alzoubi, O.F. Khabour, Effect of prenatal
waterpipe tobacco smoke exposure on cardiac biomarkers in adult offspring rats, J.
Cardiovasc. Pharmacol. Ther. 24 (2019) 567-574.


http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0070
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0070
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0070
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0075
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0075
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0075
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0080
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0080
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0085
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0085
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0085
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0090
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0090
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0090
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0095
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0095
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0100
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0100
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0100
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0105
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0105
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0105
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0110
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0110
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0110
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0115
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0115
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0120
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0120
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0125
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0125
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0125
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0125
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0130
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0130
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0130
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0130
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0135
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0135
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0135
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0135
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0140
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0140
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0140
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0145
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0145
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0150
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0150
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0150
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0155
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0155
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0155
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0160
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0160
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0160
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0165
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0165
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0165
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0170
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0170
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0170
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0175
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0175
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0175
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0175
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0180
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0180
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0180
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0180
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0185
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0185
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0185
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0190
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0190
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0190
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0190
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0195
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0195
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0195
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0200
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0200
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0200
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0205
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0205
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0205
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0210
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0210
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0210
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0215
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0215
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0215
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0215
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0215
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0220
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0220
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0220
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0220
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0225
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0230
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0230
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0230
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0230
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0235
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0235
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0235
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0240
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0240
http://refhub.elsevier.com/S0024-3205(19)31003-3/rf0240

	Swimming exercise protective effect on waterpipe tobacco smoking-induced impairment of memory and oxidative stress
	Introduction
	Methods
	Animals
	Forced swimming exercise
	The radial arm water maze
	Hippocampus dissection
	Molecular assays
	Statistical analysis

	Results
	The effect of WP and/or FSE on learning and memory
	The effect of chronic WP exposure and FSE on hippocampus oxidative stress biomarkers
	Hippocampus catalase, GPx, and TBARS levels
	Levels of the hippocampus GSH, GSSG and GSH/GSSG ratio
	Correlation of RAWM memory tests performance and hippocampus levels/activities of oxidative stress biomarkers and enzymes


	Discussion
	Funding
	References




