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Abstract

Purpose: Long-term exposure to nitrosamine ketone derived from nicotine is the most
important cause of death through the spread of inflammatory diseases such as lung cancer,
and sports activities can be considered very effective factors in the prevention and control
of many diseases. Therefore, the purpose of this study was to investigate the effect of 12-
week submaximal swimming training on MAPK and MDA biomarkers of lung tissue in
rats exposed to tobacco-derived nitrosamine ketone.

Methods: Forty-eight Wistar rats aged 6-8 weeks with a weight range of 105.84 + 27.93
grams were purchased and randomly divided into 5 groups: control group (8 heads),
distilled water injection (10 heads), NNK injection (10 heads), swimming training (10
heads), swimming exercise + NNK injection (10 heads). The injection of nitrosamine
ketone derived from tobacco was done subcutaneously once a week for twelve weeks with
a dose of 12.5 mg per kg body weight of rats. The training program included 12 weeks of
swimming with maximum intensity (five days a week). 48 hours after the last training
session, lung tissue sampling was performed and the levels of MAPK and MDA markers
of lung tissue were measured by ELISA technique. One-way ANOVA and Tukey tests
were used to analyze the data

Results: The results showed that the levels of MAPK (P = 0.001) and MDA (P = 0.000)

were significant among the groups. The results of Tukey test alsoindicated that the
reduction of MAPK in swimming and swimming + NNK intervention groups compared
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to NNK intervention group was significant (P = 0.001) (P = 0.001). In addition, the rate of

MDA reduction in swimming and swimming + NNK intervention groups was significant
compared to NNK intervention group (0.001 = P) (001/0 = P).

Conclusion: The findings revealed that swimming exercises can reduce the negative
effects of NNK on MAPK and MDA levels to some extent, and it is possible that due to
the anti-inflammatory role of swimming training, it can control the carcinogenic effect of
NNK and protect the respiratory system against the carcinogen NNK

Keywords: Swimming Exercise, Lung, MAPK, MDA

Extended Abstract

Background and Purpose

Given the effect of nitrosamine ketone derived from tobacco in causing
inflammation and then the occurrence of cancer and mutation in lung cells (1, 2)
on the one hand, and the multiple roles of MAPK and MDA in inflammatory
pathways as well as stimulation of tumor growth (3, 4) on the other hand, it seems
useful and necessary to introduce methods that can reduce the risks of using these
substances. Considering the role of MAPK and MDA in the initiation of immune
system responses and modulation of programmed cell death factors and
destruction of damaged cells, it is hoped that the results of this study can identify
the effect of physical activity on the proposed signaling pathways in people.
Moreover, it is hoped that the study’s findings can identify the effect of physical
activity on the signaling pathways in smokers and its role as a preventable process,
as well as awareness of possible advantages of physical activity in controlling the
risks caused by carcinogenic substances and nicotine compounds, and in reducing
the complications caused by it,

Materials and Methods

The present study was conducted with an experimental design (post-test with a
control group) and a clinical research method in accordance with AAALAC,
approved by the University’s Ethics Committee of the Research and Education
Council (code IR.PNU.REC.1399.085). 48 Wistar rats with an age of 6-8 weeks
and aweight range of 105.84 + 27.93 grams were purchased and randomly divided
into 5 groups including control (8 heads), distilled water injection (10 heads),
NNK injection (10 heads), swimming training (10 heads), and swimming training
+ NNK injection (10 heads). The samples were placed in the water tank for 10 to
30 minutes during one week to get familiar with the water and reduce the stress
of swimming and adapt to the training conditions. Then, by injecting NNK once
a week to training group, rats until the end of the research period, swam in a water
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tank with a dimensions of 50x50x100 cm and 30-32 degrees Celsius. On the first
day of protocol, the duration of swimming in the water was 25 minutes, to which
5 minutes were added every week and finally reached 60 minutes in the eighth
week and then remained constant until the end of the twelfth week. . By adjusting
the power of water during the swimming training, the exercise overload was
applied. The power of water increased from four liters per minute in the first week
to ten liters per minute in the eleventh week (using a water speedometer and
adjusting lever), and this value was finally remained constant until the twelfth
week (5). The exercise intensity in this study was submaximal, however, to ensure
the intensity of training among the various indicators, blood lactate levels of rats
in training groupswere used to determine exercise intensity and anaerobic
threshold. After the familiarization sessions of the rats with the laboratory
environment and swimming training, the main swimming exercises were
performed to determine the blood lactate level of the rats. To measure lactate
levels, lactometer device (the model of Lactate Scout manufactured in Germany)
was used (6). The data from lactate measurement in Table 1 showed that the
training intensity was appropriate and expected. In order to eliminate the acute
effect of training, the animals were sampled 48 hours after the last swimming
training session. For this purpose, the animals were anesthetized by intraperitoneal
injection of ketamine (30-50 mg/kg) and xylazine (3-5 mg/kg) and then killed.
After splitting the chest, the lung tissue was separated from the umbilical region
and weighed using a Sartorius BL 1500 scale with an accuracy of 0.001 and placed
in special tubes in liquid nitrogen. Then, it was transferred to a freezer with a
temperature of -70 degrees Celsius. To prepare serum and laboratory analysis, 100
mg of lung tissue was homogenized with 1 ml of 100 mM PBS buffer and
centrifuged for 15 minutes at a speed of 6000 revolutions per minute, and finally
the obtained supernatant solution was transferred to the laboratory using dry ice
to measure the studied biomarkers. ELISA technique was used to measure MAPK
and MDA in lung tissue. To measure MAPK levels, an ELISA kit made by Sigma
Aldrich, USA (Product No: PM0100) with a sensitivity of 0.8 U/mL was used and
to measure MDA levels, the double antibody method using the ZellBio ELISA kit
(Germany, ZB-0156) was applied according to the kit recipe (MDA ELISA Kit
Germany, R9648). To analyze the results of the present study, the Kolmogorov
Smirnov test was used to check the normality of the data distribution in the studied
groups, and the statistical test of one-way analysis of variance was used to
compare between groups, and Tukey's post hoc test was applied to compare pairs
of research groups. For all statistical tests, a significance level of P>0.05 was
considered. The statistical analysis was done using SPSS20 software.
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Findings

The results showed a significant difference between the levels of MAPK
(P=0.001) and MDA (P=0.001) among the groups. The results of Tukey's test
indicated that 12 weeks of NNK injection intervention caused a significant
increase in MAPK levels compared to the distilled water (solvent) injection group
(P=0.001). It also revealed that the 12-week submaximal swimming training
caused a significant decrease in MAPK levels in swimming and swimming +
NNK intervention groups, respectively, compared to the NNK intervention group
(P=0.001) (P=0.001). It was also shown that 12 weeks of NNK injection
intervention caused a significant increase in MDA biomarker levels compared to
the distilled water injection group (P=0.001). The results of Tukey test indicated
that 12 weeks of submaximal swimming training led to a significant decrease in
MDA levels in swimming and swimming + NNK intervention groups,
respectively, compared to the NNK intervention group (P=0.001) (P=0.001).

Conclusion

In general, the study’s findings revealed that the intervention of subcutaneous
injection of NNK by increasing MAPK levels caused cell invasion and survival
in the lung tumor tissue and caused an increase in MDA levels of rats. The findings
of this study also showed that 12 weeks of submaximal swimming training is able
to reduce the MAPK and MDA levels in the lung tissue of rats under the
subcutaneous induction of nitrosamine ketone derived from tobacco. Therefore,
swimming training can reduce the negative effects of NNK on MAPK and MDA
levels to some extent. It is suggested to measure physical activity with a different
protocol on the amounts of these proteins and the activity level of these factors.

The Article Message

The results of the present study showed that swimming training can reduce some
extent the negative effects of NNK on MAPK and MDA levels. it is possible that
according to the anti-inflammatory role of swimming, it can control the
carcinogenic effect of NNK and be effective in protecting the respiratory system
against the carcinogenic substance of NNK.
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Table 1. Mean and standard deviation of blood lactate of rats in different intensities
of swimming exercise

(a80) 4o
time (minutes)
30 minutes 20 minutes 10 minutes ol -
rest (4> 3 yid)
intensity
(liters per minute)
3.20+£0.13 3.30+£0.83 3.20+£0.71 02 4
20+£0. 30 £0. .20 0. 110+

3.66+0.13 3.64+0.11 3.52+0.08 1.2+0.11 7
4.68 £ 0.08 466 +0.11 3.58 +0.19 1.2 +0.07 10
5.6+0.11 5.0+0.12 4.074 £0.11 110'1088 13

OoeelS Blas 5,5 sl eolaul b Glilgs ol jelaie oy (08,5 ploul Ll o el and>
s dunadS IS 51 s 50D LS peraw g D90 2 (0-Y MOIKY) O3 4 (0 -¥-mg/kg)
Sloogs 89 0jg /0SB L0 o pvgygile 93l 5l eolial b gl 4y, 2L
o il az 1o =V slod j3 8 4 (6,104 (gl (0B 00l (113 59500 b 0 pgate
Ve, cdl gl ,S e Ve e altalel Jolow 5 4o plonl 5 oy g 5o 4l Jitie

1. Sartorius:Bl 1500

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



I g yOLLS p ddelion ) L oy o AiR VY ST i bl

ABBS )3 jg0 o e Sy L aBS V0 S 4 g opsisen Yoo (oo Ve e PBS 8L i) e
aalllas 350 s sl Lt (5 T ol g sel s @b (g5, olone Liles 5 0 5 il
S, Slis 6 Feslul cya ol Jdie ikl 4 Sis &l eslanl b gilulas 51 e
Tob Ghoms sl &5 s)eb 4 ol eolaal 1Y S5 5l 4y, 8L MDA s MAPK oo
L, (Product No: PM0100) IS, 1,545 Sigma Aldrich . 5 calo 1,3 oS 51 MAPK
oS 5l oolawl b Jugs g0l (5T s, 4 MDA zglaw (5,5 o3luil sl s U/ML 0.8 ¢l
ol 5iS el ZellBio oS el 15
& plsl MDA ELISA Kit Germany, R9648 .S Josll jgiws wlul 5 -ZB-0156
szt Sl By B9,550055 9031 5l gk cnl @l Sl cazr )bl Jeliga s
Sl dage S Glyls 5IUT bl (g3l 5l g anlllas 550 slaog S 5o baools aujs8 (o Jloys
5 oolil (S5 (el Gsail | agly sl 09)S (295 amilis ln 5 (8555 O Amlie
ool sl el o i85 L JoP<o0 Glie 4 (5)lo sinn el (5ol (slayge3T 4on (ol
Al plsl SPSSpo L33l o 5 5l eolal

5 09 Loy 5l eolitul L MDA 3 MAPK l5e Jloys @595 g Lol ly (oKen 4 azgi b
oSl dmlie Cgzr (ANOVA) 4l S iyl Jolod 5051 51 edgi ol — 39,5 505lS
Ol i 6l e M saims Lid ee] bl o eolatul ey S jo Gz slaxie
oimlad VoV S jo Ol s ol a5 09 o 09,5 s yo (P=+/+ - 1) MDA 5 (P=+/- - 1) MAPK

(Y Jguz) Cewl 00l ool

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



1F+ ul.o.ma.o) BF o ylods NF 090 ‘6‘2’5)5 6)9“9")"3

1OA

oy, ;8 MDA 3 MAPK ad,b Sy (il ylg Julowi' 39031 9 5limo Bl ol copuSlo - Y Jgur

Table 2- Mean, standard deviation and one-way analysis of variance test of
MAPK and MDA in different research groups

+ iyt yad oy
NNK u-L)-” NNk J*.'. = uﬂ-"“-’ Jue
Exercise Exerciset Solubility Control index group
NNk Variable
alslag gl 2 o3
= Eil. 2ot Gad
20.12 106.7+ 101.6+32.48 111.6+36.51 103.6+29.63 1025 T Weight before
+12.80 mean , y
intervention
aldlag gl e
S Jos ol
285.7£70.47 272.8+54.38 274.3+61.87 259.5+24.23 295E s Weight after
1646 mean . ;
interventions
. £ MAPK
91.5+£2.27 343£231 30.00£2.33 12.00+0. 96 1000 ol
0.90+ mean
1 sl ke el
0.001* o (Units per
Significant milliliter
s MDA
108.08 £2.09 54.3£231 64.3+2.54 33.00=1.115 3014253 i £l
mean (- 2 Jonst)
&ylslen (nanmol/e)
0.000* .
Significant

25201 53 e MDA stn b o JUsb a8 s MAPK 15 51 20 538 sl NNK

(PS’/’()) CJ"‘“’ e 6)“3‘5;_»@5;5
NNK: tobacco-derived nitrosamine ketone, MAPK: mitogen-activated protein kinase,
MDA: malondialdehyde.
*Significance at the level (P<0.05)
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Table 3- Lung MAPK levels of rats in swimming and NNK + training groups
compared to NNK group
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figure 1. MAPK changes in male Wistar rats in research groups
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Table4. Lung MDA levels of rats in swimming and NNK + training groups
compared with NNK group
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figure 1-MAPK changes in male Wistar rats in research groups
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