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Abstract

Chlorpyrifos is an organophosphate toxin used to control agricultural pests. These toxins
cause oxidative stress and apoptosis in various tissues of the body, including the heart.
SERCAZ2a and NKX2-5 are genes that regulate contractile function and heart growth.
Previous studies have shown a positive effect of physical activity on the expression of
these genes in heart failure, but so far, changes in these genes following the use of physical
activity in chlorpyrifos poisoning have not been studied. The aim of the present study was
to investigate the independent and interactive effect of aerobic exercise and eugenol
supplementation on the expression of SERCA2a and NKX2-5 genes in the heart tissue of
rats poisoned with chlorpyrifos. Thirty-six Wistar male rats were divided into six groups
(six in each group) with the names healthy control, sham, poison control, aerobic exercise
poison, eugenol poison, and toxic + aerobic exercise + eugenol. Aerobic training was
performed on a rodent treadmill (five sessions per week, each session lasting 20 minutes
at a speed of 26 meters per minute) for four weeks. Eugenol at a dose of 250 mg/kg body
weight was fed to the rats of the supplement groups (five days a week for four weeks using
gavage). Data were analyzed using one-way ANOVA with Tukey post-hoc test and P
<0.05 was considered as a significant change. The results of the current study showed that
poisoning significantly reduced the expression of SERCA2a and NKX2-5 genes in cardiac
tissue. Exercise (no supplementation) increased the SERCA2a and NKX2-5 genes in the
hearts of poisoned rats. Exercise-eugenol interaction did not cause a synergistic effect.
Overall, in the present study, exercise seems to be a more important factor than eugenol
in reducing the effect of chronic intoxication on the heart. Further studies with higher
doses of eugenol supplementation are needed.
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Extended Abstract

Background and Purpose

Chlorpyrifos is an organophosphate toxin used to control agricultural pests (1).
These toxins cause oxidative stress and apoptosis in various tissues of the body
including the heart. SERCA2a and NKX2-5 are genes that regulate contractile
function and heart growth (2, 3). Previous studies have shown a positive effect of
physical activity on the expression of these genes in heart failure (4), but so far,
changes in these genes following the use of physical activity in chlorpyrifos
poisoning have not been studied. The aim of the present study was to investigate
the independent and interactive effect of aerobic exercise and eugenol
supplementation on the expression of SERCA2a and NKX2-5 genes in the heart
tissue of rats poisoned with chlorpyrifos.

Materials and Method

Thirty-six Wistar male rats were divided into six groups (six in each group) with
the names healthy control, sham, poison control, aerobic exercise poison, eugenol
poison, and toxic + aerobic exercise + eugenol. Aerobic training was performed
on a rodent treadmill (five sessions per week, each session lasting 20 minutes at a
speed of 26 meters per minute) for four weeks (Table 1) (5). Eugenol at a dose of
250 mg/kg body weight was fed to the rats of the supplement groups (five days a
week for four weeks using gavage) (6). Sampling was taken 48 hours after the last
intervention with at least eight hours of fasting. After anesthetization, the tissues
were rapidly isolated and washed with saline phosphate buffer solution (PBS).
The apex of the heart sample was removed and placed inside the microtube. The
samples were frozen using liquid nitrogen and stored in a -80 freezer until tissue
analysis. SERCA2a and NKX2-5 were measured using real-time PCR (7). Data
were analyzed using one-way ANOVA with Tukey post-hoc test and P <0.05 was
considered as a significant change.

Table 1. Aerobic exercise training protocol.
The main body of

Week Warm-up exercise Cool down
18t _ 20 minutes at a speed of
9 meters per minute
ond ) 20 minutes at a speed of
9 meters per minute
31 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 16 meters per minute 9 meters per minute
4t 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 20 meters per minute 9 meters per minute
5th 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 26 meters per minute 9 meters per minute
6ih 5 minutes at a speed of 20 minutes at a speed of 5 minutes at a speed of
9 meters per minute 26 meters per minute 9 meters per minute
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Results

Expression of NKX2-5 gene of cardiac tissue had a significant difference between
the studied groups (P = 0.001). Pair comparisons obtained from Tukey post hoc
test showed that due to chlorpyrifos poisoning (comparison of the healthy control
group with the toxic control group), NKX2-5 gene expression was significantly
reduced (P = 0.001). Injection (sham) had no significant effect on the expression
of this gene (P = 0.001). Aerobic exercise increased the expression of this gene
compared to the poisoned control group (P = 0.038). Eugenol induction had no
significant effect on the expression of this gene compared to the toxic control
group (P = 0.637). Simultaneous aerobic exercise and eugenol could significantly
increase the expression of this gene compared to the poisoned control group (P =
0.001). Simultaneous aerobic exercise and eugenol significantly increased the
expression of this gene concerning the eugenol group (P = 0.003), but no
significant difference was observed between the aerobic exercise group and
eugenol with the aerobic exercise group alone (P = 0.145). There was no
significant difference between the aerobic exercise group and the eugenol group
in the expression of this gene (P = 0.596). Regarding the expression of the
SERCAZ2a gene in cardiac tissue, a significant difference was observed between
the studied groups (P = 0.001). Pair comparisons obtained from Tukey post hoc
test showed that due to chlorpyrifos poisoning (comparison of the healthy control
group with the toxic control group), expression of SERCA2a gene was
significantly reduced (P = 0.001). Injection (sham) had no significant effect on the
expression of this gene (P = 0.983). Aerobic exercise increased the expression of
this gene compared to the control group (P = 0.001). Eugenol induction had no
significant effect on the expression of this gene compared to the toxic control
group (P = 0.057). Simultaneous aerobic exercise and eugenol could significantly
increase the expression of this gene compared to the poisoned control group (P =
0.001). Co-occurrence of aerobic exercise and eugenol significantly increased the
expression of this gene concerning the eugenol group (P = 0.004), but a significant
difference was observed between the aerobic exercise group and eugenol with the
aerobic exercise group alone (P = 0.131). There was no significant difference in
the expression of this gene between the aerobic exercise group and eugenol.

Conclusion

The present study showed that poisoning significantly reduced the expression of
SERCAZ2a and NKX2-5 genes in cardiac tissue. Exercise (no supplementation)
increased the SERCA2a and NKX2-5 genes in the hearts of poisoned rats.
Exercise-eugenol interaction did not cause a synergistic effect. Overall, in the
present study, exercise seems to be a more important factor than eugenol in
reducing the effect of chronic intoxication on the heart. Further studies with higher
doses of eugenol supplementation are needed.
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Article Massage

The present study showed the beneficial effect of aerobic exercise on the
expression of SERCA2a and NKX2-5 genes in the hearts of rats poisoned with
chlorpyrifos. Considering that there was no significant difference between
exercise-supplement and exercise groups and due to the lack of significant change
in these genes in response to eugenol supplementation, exercise seems to be a
more important factor than eugenol to reduce the effect. Chronic toxicity to the
heart. However, to express this issue, other studies with higher doses of eugenol
seem necessary.

Keywords: Oxidative Stress, Apoptosis, Organophosphate Toxins, Physical
Activity, Poisoning, Eugenol Supplement
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Table 1- Aerobic Exercise Training Protocol

The main body of

Week Warm-up : Cool down
exercise
Ist ~ 20 minutes at a speed N
of 9 meters per minute
ond ~ 20 minutes at a speed ~
of 9 meters per minute
31 5 minutes at a speed of 20 minutes at a speed 5 minutes at a speed of
9 meters per minute  of 16 meters per minute 9 meters per minute
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9 meters per minute  of 20 meters per minute 9 meters per minute
5th 5 minutes at a speed of 20 minutes at a speed 5 minutes at a speed of
9 meters per minute  of 26 meters per minute 9 meters per minute
Bth 5 minutes at a speed of 20 minutes at aspeed 5 minutes at a speed of

9 meters per minute

of 26 meters per minute

9 meters per minute
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CTGCGTAAGTGTGGGTGTGA CGAGACTGGTAGGGAAAGGG NKX2-5
GCACCCGAACACCCTTACAT AGTGGCTGATGGTGCTGAAA SERCA2a
CATACTCAGCACCAGCATCACC AAGTTCAACGGCACAGTCAAGG GAPDH

. Cat. No. k3090, Bioneer, Daejeon, Republic of Korea

. Absorbance at A260 /A280; Thermo Scientific, Waltham, MA, USA
. AccuPower RT PreMix cDNA synthesis kit, Bioneer

.. Cat. No. 204052, Qiagen GmbH, Hilden, Germany

. Real-Time PCR
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Figure 1- Expression of NKX2-5 Gene in the Studied Groups. *: A Significant
Decrease Compared to the Healthy Control Group. f: A Significant Increase
Compared to the Control-Poisoned Group. f: A Significant Increase Compared to

the Eugenol Group (P <0.05 was considered as a significant change. Data are
presented on the basis of mean and standard deviation.)
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