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. ABSTRACT

L . Background and Aim: Methamphetamine abuse causes tachycardia, tachypnea
Article info: ¢ (hyperventilation), high blood pressure, rupture of heart vessels, and an increase of fibrotic
Received: 26 May 2022 :  tissue in the human heart. This study aimed to investigate the histopathological effects of aerobic
Accepted: 24 Jun 2022 :  training and vitamin E consumption on the heart following the consumption of methamphetamine

Publish: 01 Jul 2022 . inmalerats.

Materials and Methods: In this research, 54 adult rats weighing 200-210 g were divided into
6 groups, saline, addicted (sham), addicted+oral paraffin (AP), addicted+supplement (AS),
addicted+aerobic training (AAT), addicted+aerobic training+supplement (AATS). After 23
days of methamphetamine injection, moderate-intensity aerobic training was performed for 6
weeks and 150 mg/kg of vitamin E was administered by gastric gavage. After this period, the rats
were dissected and their hearts were removed. The data were analyzed using one-way ANOVA
methods at P<0.05.

Results: The morphological investigation showed a difference between the two groups of sham
and AP with the saline, AS, AAT, and AATS in the space between the endocardium, congestion,
and vascular rupture. There was a difference in the hypertrophy of muscle fibers between the

Keywords: ¢ sham and AP with the saline, AS, AAT, and AATS in the morphometric investigation.
Metha.mphf?tami.ne, Conclusion: It can be said that methamphetamine causes pathological hypertrophy of
Exercise, Vitamin E, : cardiomyocytes and destruction and rupture of blood vessels, and acrobic training along with
Hypgtrophy, Aerobic : vitamin E consumption causes physiological cardiac hypertrophy. Regarding the effect of vitamin
training :  E alone on the type of cardiac hypertrophy and vascular changes, further studies are needed.
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1. Introduction

ddiction to opioids is one of the critical is-

sues that different countries of the world

pay special attention to it annually allocat-

ing some of their budgets to prevent its

production and distribution. According to

the report of the United Nations Office on
Narcotic Drugs, about 27 million people in the world use
methamphetamine, which has made it the most widely
used illegal drug after hashish [1]. Methamphetamine is
a synthetic chemical stimulant of the amphetamine type,
which is highly addictive and is consumed in differ-
ent ways, such as injecting, swallowing, and inhalation
through the respiratory tract [2]. These substances have
dual properties, the properties that encourage people to
use them are creating euphoria, increasing attention and
concentration, reducing fatigue, and improving daily
functions, but in addition to these, various destructive
effects, such as tachycardia, tachypnea, high blood pres-
sure, dilated pupils and increased temperature due to
consumption of these substances have been reported [3].
In a case study, Karch (2011) showed that suffering from
methamphetamine abuse causes the rupture of heart ves-
sels and the increase of fibrotic tissue in the human heart
[4]. Akhgari et al. (2017) in their research on the hearts
of deceased people suffering from methamphetamine
abuse, stated that the most common histopathological
features observed in the hearts of these people were
myocardial hypertrophy, mild to severe atherosclerosis,
and necrosis [5].

Treatment and prevention of opiate addiction is a
crucial issue that is addressed in world communities.
Nowadays, exercise and physical activity as a treatment
method is considered by researchers. But what is es-
sential is the intensity and duration of physical activity.
Shahrabadi et al. (2022) stated that intense intermittent
exercise activity decreased the expression of caspase 3
in the heart of methamphetamine-dependent rats [6], but
Yazdanperst et al. (2018) showed that intense activity
increased Bax synthesis and caspase-3 expression and
Bcl-2 synthesis decrease compared to the control group
and the group with moderate activity [7]. Regarding the
duration of exercise, it has been stated that in long-term
aerobic exercise, adenosine triphosphate (ATP) is broken
down to provide energy and support continuous muscle
contractions, and the product of this continuous break-
down is adenosine diphosphate (ADP) and adenosine
monophosphate (AMP). The re-degradation of AMP
produces products, such as hypoxanthine and xanthine,
and urea from the biochemical process of xanthine oxi-
dase. By consuming oxygen molecules, xanthine oxi-
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dase produces peroxide species [8] and according to the
results of studies, reactive oxygen species cause cell
destruction [9, 10]. The body’s antioxidant system is
one of the crucial defense lines against free radicals and
other cellular damaging factors. But in some situations,
the power of destructive factors overcomes this system;
therefore, people should use dietary or injectable antioxi-
dants. Vitamin E is a fat-soluble non-enzymatic antioxi-
dant whose isomers can control reactions based on reac-
tive oxygen species and reduce the production of lipid
peroxidation [11]. Ghafori et al., (2019) concluded that
in the heart of mice addictedto ecstasy, receiving vitamin
E significantly reduced therate of apoptosis compared to
the group that did not receive this vitamin [11]. Xihao
Duet al. (2017) investigated the protective effect of vita-
min E against the destructive effect of environmental air
pollution on the myocardium of male rats and concluded
that compared to the hearts of rats damaged by polluted
air, the rats that received vitamin E had minor injuries
and pretreatment of rats with this vitamin caused a sig-
nificant reduction of inflammatory cytokines in their
hearts [12]. Considering the limited research in this field
and the uncertainty of the combined effect of acrobic ex-
ercise and vitamin E consumption on heart tissue, this
research aims to studying the histopathological effects of
aerobic training along with vitamin E consumption in the
cardiac of methamphetamine-dependent rats.

2. Materials and Methods
Methamphetamine drug

Methamphetamine addiction was done by intraperito-
neal injection. For this purpose, methamphetamine was
dissolved in 0.9% normal saline with a weight scale. The
duration of the injection was 23 days, which was done as
an increase in the dose relative to the weight, according
to the protocol of Groman et al. (2018) [13]. The purity
and authenticity of methamphetamine were determined
by Fourier transform infrared spectroscopy in the chem-
istry laboratory of the Faculty of Basic Sciences of Qom
University (Figure 1).

Animals

The present study was an empirical type with a funda-
mental-applied approach. In this research, 60 adult male
rats (weighing 200-210 g) were purchased from Razi
Vaccine and Serum Research Institute and kept in stan-
dard laboratory conditions with suitable water and food
and natural light-dark rhythm conditions (12-12) and at
a temperature of 23+2°C. For the saline group, 10 rats
were randomly selected considering the homogeneity
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of the weights. After the beginning of the addiction by
injecting methamphetamine, 6 rats (out of the remaining
50 rats) died, and the number of 44 rats were divided into
6 groups as follows:

1. Intact group: They were kept in the same conditions
without any intervention for 6 weeks, normal saline
injection+quiet treadmill (n=10).

2. Addicted group (Sham): Methamphetamine+quiet
treadmill (n=8).

3. Addicted and paraffin  (AP) group:
Methamphetamine+oral paraffin (n=9).
4. Addict and supplement (AS)  group:

Methamphetamine+vitamin E (n=9).

5. Addicted and aerobic training (AAT) group:
Methamphetaminetaerobic exercise (n=9).

6. Addicted aerobic training and supplement (AATS)
group.

Vitamin E

Eurovital vitamin E was purchased in the required
amount from the Deputy Food and Drug, Ministry of
Health and Medical Education, Qom Province, Iran. The
dosage of this supplement was 150 mg/kg, which was
dissolved in 1.5 mg/kg of oral paraffin and fed to rats by
gastric gavage three times a week for 6 weeks [12, 14].

Exercise protocol

In the present study, 6 weeks of moderate-intensity aer-
obic training intervention was considered. Before start-
ing the main training, the animals were familiarized with
the treadmill for one week, and to determine the initial
intensity, the exhaustive incremental test was taken on
the treadmill.

Description of exhaustive test

After a 5-10 minute warm-up at a speed of 5-10 m/min,
the speed of the treadmill was increased by 0.3 m/s every
2 minutes until the animal could not continue running
[15, 16]. In this research, the final speed was 20 meters
per minute, which was used as an exhaustive indicator.
This index is used as one of the indicators to determine
the intensity of exercise.
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Description of aerobic training

Aerobic training was performed for 6 weeks, 6 sessions
per week with 50%-60% of the determined maximum
speed (10-12 meters per minute) according to Table 1
[17]. An electric shock with a voltage of 0.3 V was used
to stimulate the animal to run and continue the activity
on the treadmill. After finishing the activity, after 2 min-
utes, the animal was taken out of the treadmill chamber
and moved to the cage to relax. The method used in the
study is summarized in Figure 2.

Histological assay

After completing the training and treatment period for
6 weeks, the animals were anesthetized using the ket-
amine-xylazine mixture. Next, the animal’s abdomen
was opened and transcardial perfusion was performed,
then the heart tissue was removed and after tissue pro-
cessing and preparation of paraffin molds, incisions with
a thickness of 5 pm were prepared from samples using
a rotary microtome to stain hematoxylin-eosin microm-
eters and placed on gelatin slides. At first, the slides were
placed in special colored baskets and to remove the par-
affin, the baskets containing the slides were placed in
three xylene containers (each container for 2 minutes).
To hydrate the tissues, the samples were passed through
ethanol alcohol solutions in descending order (100%,
95%., 90%, 70%, and 50%) (each container for 2 min-
utes). Then, to stain the nucleus, the samples were placed
in hematoxylin solution (for 5 minutes) and after that,
the added dyes were completely washed off with run-
ning water. Then, for color differentiation in the tissue,
the samples were placed in 1% acid alcohol solution (1%
HCL in 70% alcohol) for 5-10 s and immediately washed
with running water. The slides were placed in a container
containing distilled water and after that, to stain the cy-
toplasm, the slides were placed in eosin solution (for 2
minutes) and then the slides were thoroughly washed
in water to wash the excess dye from the tissues. Then,
to dehydrate the slides, ethanol alcohol with increasing
concentration (90%, 95%, two containers of 100%) was
used (each container for 2 minutes). In the end, to clarify
the tissues, the samples were passed through 3 Xylene
containers (each container for 2 minutes). Finally, with
the help of entellan glue, the painted slides were covered
with coverslips on the slides, and after the slides dried,
with the help of a light microscope, the slides were quan-
titatively and qualitatively studied.
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The present study was an empirical study. This study
was carried out following the ethical principles, all ani-
mal care and laboratory methods approved by the Eth-
ics Committee of Qom University of Medical Sciences,
and with the code of ethics IRMUQ.AEC.1400.007 in
the animal care center and the cellular and molecular
research center of the Qom University of Medical Sci-
ences.

In this research, SPSS software, version 26 and de-
scriptive statistics (Mean+SEM) and inferential statistics
were used for statistical analysis. First, after determining
the normality of the data distribution by the Klomogrov-

Table 1. Program of 6 weeks of aerobic training
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Smirnov test, one-way analysis of variance (ANOVA)
was used to compare the differences between groups,
and if the differences were significant, the LSD post hoc
test was used. In all tests, a significant difference of 0.05
was considered.

3. Results

After studying the slides under the microscope, mor-
phological examination (qualitative examination) and
morphometric examination (quantitative examination)
of the slides were performed. In the morphological ex-
amination, the morphological changes of heart tissue

Week Duration (m) Intensity
1t 25 50% of the maximum speed (10 m per minute)
2nd 30 50% of the maximum speed (10 m per minute)
3t 30 55% of the maximum speed (11 m per minute)
4th 35 55% of the maximum speed (11 m per minute)
5th 35 60% of the maximum speed (12 m per minute)
6t 40 60% of the maximum speed (12 m per minute)

Journal of Vessels and Circulation
Qom University of Medical Sciences

Table 2. The Mean+SEM of the diameter of the muscle fibers of the groups in terms of micrometers

Groups Mean+SEM
Saline 314.3+37.28
Sham 410.0+37.36

AP 386.67+10.0
AS 348.0+16.85
AAT 341.70+7.92
AATS 345.049.57

Journal of Vessels and Circulation
Qom University of Medical Sciences

Table 3. The results of variance analysis of the diameter of endocardium

Results Sum Squares d, Mean Squares F P
Between groups 45027.43 5 9005.48 2.04 0.096
Intergroup 154084.76 35 4402.42
Total 199112.19 40

Journal of Vessels and Circulation
Qom University of Medical Sciences
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Table 4. The results of LSD post hoc test to determine the difference between groups

Groups MeantSE Sig.
Saline and sham 95.71+34.34 0.009"
Saline and AS 33.71+38.85 0.3
Saline and AP 72.38+33.43 0.03"
Saline and AAT 27.38+36.91 0.4
Saline and AATS 30.71+36.91 0.4
Sham and AS 62.00+37.82 0.1
Sham and AP 23.33£32.24 0.4
Sham and AAT 68.33+35.83 0.07
Sham and AATS 65.00+35.83 0.08

AS and AP 38.66+37.00 0.3
AS and AAT 6.33+40.17 0.8
AS and AATS 3.00+40.17 0.9
AP and AAT 45.00+34.97 0.2
AP and AATS 41.66+34.97 0.2
AAT and AATS 3.33438.30 0.9

cells, such as the whole structure of heart cells at 4, and
10 magnification and the striated lines of heart cells were
considered qualitatively at 40 magnification. In the mi-
croscopic view of Figure 3, the space between the en-
docardium of the fibers is marked with a black arrow,
as well as the hypertrophy of the fibers and the rupture
of blood vessels and muscle fibers -both- in this qualita-
tive study. The morphometric examination of heart cells
was examined with 40 magnification. Table 2 lists the
MeantSEM of the diameter of the endocardium of the
groups. Figure 4 shows the difference in the diameter of
the endocardium (Mean+SEM). The quantitative exami-
nation of the diameter of muscle fibers with ANOVA and
LSD post hoc test showed a significant difference be-
tween the saline and the sham group, the control group,
and the paraffin group (P<0.05). However, no significant

Table 5. Rate of vascular and muscle rupture in percentage

Journal of Vessels and Circulation
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difference was observed between other groups (Tables 3
and 4).

Table 5 presents the amount of rupture of blood vessels
and endocardium in the groups as a percentage.

4. Discussion

Among the reported injuries caused by methamphet-
amine abuse are increased blood pressure, tachycardia,
ischemia, infarction, and cardiac hypertrophy. In this re-
search, on average, the diameter of the endocardium of
the groups increased compared to the saline group, and
ANOVA showed that this increase was significant be-
tween the sham and AP compared the saline group, and
between the other groups, it was not significant. In their
research, Kaye et al. (2009) concluded that atheroscle-

Groups Saline Sham

AP

AS AAT AATS

Vascular rupture rate (%) 0 100

80

60 20 20
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Figure 1. Determining the purity of methamphetamine by infrared spectroscopy

rosis, cardiomegaly (heart enlargement), and ventricular
hypertrophy develop in the hearts of ecstasy users in
Australia [18]. Sun et al. (2019) stated that methamphet-
amine increases cardiac damage and apoptosis caused by
the reduction of melusin in male rats [ 19]. Usually, hearts
that become hypertrophied always suffer from ischemia
because neosclerosis is not coordinated with the forma-
tion of new sarcomeres, and on the other hand, ischemia
itself is caused by the reduction of blood flow and the
transfer of nutrients to different parts of the heart. Myo-
cardial ischemia may be caused by exercise, increased
heart rate or arrhythmia [20]. Hypertrophy can be inves-
tigated in two ways, which are physiological and patho-
logical. Both types of hypertrophies are initially created
as an adaptive response to the pressures on the heart, and
in both, cardiomyocytes enlarge, but a great difference
exists between them in terms of molecular mechanisms.
Physiological hypertrophy preserves cardiac function
over time, while pathological hypertrophy is associated
with cardiovascular side effects, including heart failure,
arrhythmia, and death. Pathological hypertrophy heart
phenotype is different and can be manifested as heart
failure with a fixed ejection fraction or heart failure with
a reduced ejection fraction [21]. Physiological hypertro-
phy has a protective effect against cardiovascular diseas-
es caused by physical activity and adaptation to it, while
pathological hypertrophy causes heart valve diseases,
myocardial structural disorder, and infarction [22]. In

v b b b b L b L by b by b Lo b Lo L
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200

Wavenumber
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physiological hypertrophy, the ventricular volume is in-
creased in harmony with the thickness of the ventricular
wall (eccentric hypertrophy) and cardiomyocytes grow
in both width and length. In this type of hypertrophy, the
dimensions of the heart return to their original state after
the end of the stimulation, but in pathological hypertro-
phy, the ventricular volume is reduced at first and then
the thickness of the wall is increased (concentric hyper-
trophy), which causes impaired contractile function and
thickness growth (transverse) of cardiomyocytes against
their longitudinal growth and reversibility of ventricu-
lar dimensions is not observed in this type. Eccentric
hypertrophy is caused by endurance physical activities
[21]. Petridis et al. stated that the end-diastolic volume of
15-18-year-old individuals became more prominent due
to endurance training compared to other athletes [23]
and Vella et al. in their research, which was conducted
on 50 obese women, showed that moderate to intense
physical activity reduces inflammatory markers that lead
to cardiovascular risk factors [24]Similarly, Ababzadeh
et al. concluded that aerobic exercise changes the muscle
fibers of the rat heart which causes the compatibility of
heart to the demands of this type of exercise [25]. The
results of the aforementioned researchers are consistent
with the results of this research. Therefore, it can be said
that probably the hypertrophy created in the sham and
AP groups was pathological, and the hypertrophy cre-
ated in the two exercise groups was physiological, which
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Figure 2. Summary of methods

was caused by adaptation to acrobic exercise. But in the
case of the AS group, due to the hypertrophy created and
the distance between the membranes, it is not possible to
comment with certainty about the type of hypertrophy.

As shown in Figure 3, in the sham, AP and AS groups,
vascular rupture and inflammation were also observed in
some parts. Studies show inflammation as a cause of vascu-
lar damage. Inflammatory factors, such as monocytes, mac-
rophages, and inflammatory cytokines in the vessels cause
the stimulation of adhesive molecules and proteases, which
enter the bloodstream in a soluble form and eventually cause
cardiovascular diseases [26]. The hardness of the arteries
causes high blood pressure and increases the work pressure

Journal of Vessels and Circulation
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on the heart. On the other hand, it has been shown that aero-
bic training reduces arterial stiffness and blood pressure in
people with high blood pressure. Liu et al. (2018) showed
that 12 weeks of cycling activity reduces arterial stiffness
in sedentary men [27]. Jenkins et al. (2010) concluded that
regular endurance training improves body composition
and increases the level of maximum oxygen consumption
by reducing the amount of visceral fat [28]. Adaptation to
aerobic exercise increases the expression of vasodilator fac-
tors, such as nitric oxide in the vascular endothelium, and
on the other hand, aerobic exercise decreases sympathetic
tone and increases vagal tone, and all these factors improve
cardiovascular function. Regarding the role of antioxidants,
it should be said that these factors reduce the destructive ef-
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Figure 3. Microscopic view of heart tissue with 40 magnification rom University of Medical Seiences
a: Longitudinal section view, b: Transverse section view, c: Cardiovascular section view
A: Control group; B: Sham group; C: AP; D: AS; E: AAT; F: AATS.

In the Ba view, the endocardium space between the strands is marked with a black arrow and the rupture of the strands is marked with
a blue arrow. In the Bb view, congestion is indicated by a black arrow. Vascular destruction and fibrosis is evident in the Bc view. In the
Ca view, the endocardium space and the rupture of the fibers are marked with a black arrow. In the Cb view, more space can be seen
between the endocardium of the cells. Destruction of epithelium, endothelium, and perivascular fibrosis shows the destructive effect
of methamphetamine on blood vessels. It can be seen in the Cc view. In view Da, rupture of the strands is marked with a balck arrow.
In the Db view, empty space can be observed between the strings. In the Dc view, inflamation and fibrossis marked with a balck arrow.
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Figure 4. The difference in the diameter of endocardium (pm)

fects of reactive oxygen species in tissues, such as vascular
tissue, and improve the function of the immune system, and
regular exercise with low to moderate intensity improves
the antioxidant defense function of glutathione peroxidase,
catalase, and superoxide dismutase [29], which can be con-
cluded that this issue promotes and improves the function
of the body’s immune system. In their research, Ghafori et
al. (2019) investigated the effect of vitamin E on the histol-
ogy of the heart of rats after taking ecstasy and concluded
that vitamin E has a protective effect against the destruc-
tive effects of reactive oxygen species caused by taking
ecstasy, such as the increase in collagen fibers that lead to
an increase in myocardial fibrosis and also improves the
increase in infiltration and the space between the cardio-
myocytes that was caused by the consumption of ecstasy
[11]. The result of Ghafori et al.’s research is inconsistent
with the result of the present study regarding the effect of
vitamin E on improving cardiovascular indicators. As can
be seen in Figure 3D, the space between the endocardium
is large in the AS group, like the sham and AP groups, and
the consumption of vitamin E does not reduce this space
and integrity, which is observed in the saline group and the
AAT groups. On the other hand, the use of this vitamin did
not improve and repair the damaged vessels and congestion
caused by the abuse of methamphetamine.

5. Conclusion

The findings of the present study showed that metham-
phetamine abuse causes pathological hypertrophy and
rupture of blood vessels and endocardium in the heart
tissue. On the other hand, considering the lack of signifi-
cant difference between the AAT and AATS groups, it
can be concluded that aerobic training with moderate in-
tensity causes physiological hypertrophy, reducing con-
gestion, and improving the breakdown of muscle fibers
and heart blood vessels; but, regarding the individual ef-

July 2022. Volume 3. Number 3
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fect of vitamin E in the mentioned factors, further studies
are needed.
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