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Research Paper 
Effect of High-intensity Interval Training Combined 
With Silymarin on Oxidative Stress Levels in Heart 
and Lung Endothelial Tissues of Rats Exposed to 
Diazinon

Background and Aim: Diazinon is an organophosphorus insecticide that causes oxidative stress. 
Physical activity and consumption of antioxidants improve the antioxidant status of the body. 
The present study aimed to investigate the effect of high-intensity interval training combined 
with silymarin extract on malondialdehyde (MDA) and superoxide dismutase (SOD) indices of 
heart and lung endothelial tissues in male rats exposed to diazinon. 

Materials and Methods: In this experimental study, 36 male Sprague-Dawley rats with a 
weight range of 150 to 200 g and an average age of 8 weeks were randomly assigned to the 
following groups: Control (C), sham (Sh), diazinon (D), silymarin extract (SL), high-intensity 
interval training (TH), and high-intensity interval training with silymarin extract (TH+SL). For 
eight weeks, rats in groups 3 to 6 received 1.5 mg/kg diazinon intraperitoneally five days a week. 
Groups 5 and 6 performed high-intensity interval training (HIIT) exercises five times a week, 
and groups 4 and 6 received 50 mg/kg silymarin extract intraperitoneally five days a week. HIIT 
was conducted at an intensity of 85% to 110% of VO₂ max, with speeds ranging from 15 to 45 
m/min over the 8-week period. At the end of the study, MDA levels and SOD gene expression 
were measured in the heart and lung endothelial tissues. Data analysis was performed using the 
Shapiro-Wilk test and one-way analysis of variance with Tukey’s post hoc test in SPSS software 
version 22, with a significance level set at P≤0.05.

Results: Exposure to diazinon significantly increased MDA and decreased SOD in the heart 
and lung endothelial tissues (P<0.05). However, HIIT and consumption of silymarin alone 
led to a reduction in MDA levels and an increase in SOD levels in heart and lung endothelial 
tissues of diazinon-exposed rats (P<0.05). Meanwhile, the combined intervention of HIIT with 
silymarin had an even greater effect on reducing MDA and enhancing SOD in the heart and lung 
endothelial tissues of rats exposed to diazinon (P<0.05). 

Conclusion: Regular HIIT and silymarin supplementation, both alone and in combination, can 
decrease oxidative indices and increase antioxidant defenses in heart and lung endothelial tissues 
affected by diazinon exposure. 
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Introduction

rganophosphate compounds are widely 
used in agriculture, industry, horticulture, 
veterinary medicine, and households [1]. 
Most organophosphorus compounds are 
rapidly or almost completely absorbed 
through the skin, mouth, respiratory mu-
cus, and digestion, with widespread dis-

tribution throughout the body. Due to their easy access 
and high toxicity, these compounds account for a signifi-
cant rate of accidental poisonings and suicides, resulting 
in approximately 100,000 poisoning cases worldwide 
annually [2]. In Iran, these compounds are among the 
leading causes of poisoning-related fatalities [1, 2]. 

Diazinon is an organophosphorus insecticide that en-
ters the body through the skin, respiratory tract, or di-
gestive system and is quickly converted into an active 
metabolite in the liver and kidney [3]. The severity of 
the destructive effect caused by diazinon depends on 
the dose, duration of contact, absorption method, cell 
structure, and stability in the body [4]. Studies have re-
ported oxidative damage, reduced activity of antioxidant 
enzymes, and apoptosis induction as consequences of 
diazinon poisoning [3, 5]. Besides inhibiting acetylcho-
linesterase, organophosphates generate free radicals [6]. 
The oxidation of organophosphates, especially diazinon, 
leads to the production of reactive oxygen species (ROS) 
and lipid peroxidation, facilitating cellular damage [7]. 

Free radicals, formed during lipid, nucleic acid, and 
protein oxidation, are implicated in various chronic dis-
eases, including cardiovascular conditions and certain 
cancers. Oxidative stress is the result of an imbalance 
between the production of free radicals and ROS, result-
ing in damage to many macromolecules. It occurs when 
ROS levels exceed the body’s antioxidant capacity, caus-
ing harm to cellular components, like DNA, proteins, 
and lipids, ultimately leading to pathophysiological 
disorders [8]. The body’s antioxidant system includes 
enzymatic and non-enzymatic antioxidants that can be af-
fected by exercise and nutrition. Enzymatic antioxidants 
include superoxide dismutase (SOD), catalase (CAT), 
and glutathione peroxidase (GPX), while non-enzymatic 
antioxidants include vitamins A, C, and E, glutathione, 
etc. which reduce the production and formation of free 
radicals, thus preventing their destructive effects [9]. 
Regular exercise is recommended to maintain health and 
reduce the risk of various diseases; however, prolonged 
exercise can also stimulate ROS production and activate 
the body’s antioxidant defense system [10]. 

Although evidence suggests that intense exercise can 
produce free radicals and cause cell damage, it is gen-
erally believed that regular, moderate physical activity 
improves the body’s antioxidant status and reduces free 
radical production [10]. Many studies have been con-
ducted on the effect of aerobic exercises on oxidative 
stress indicators, with many indicating that endurance 
sports activity leads to a reduction in oxidative stress 
[11]. This is while recent evidence has shown that high-
intense interval training (HIIT) leads to more metabolic 
and physiological adaptations related to changes in oxi-
dative stress compared to regular aerobic training [12]. 
HIIT is an ideal activity to achieve greater improvement 
in physiological variables because it allows a person to 
perform high-intensity activity for a longer period. The 
main difference between this training method and con-
tinuous training is that in continuous training, submaxi-
mal activity is performed continuously for a long period, 
while HIIT consists of repeated short-to-medium-du-
ration efforts at intensities above the aerobic threshold 
[13]. 

In this regard, the results of studies have shown that 
HIIT reduces oxidative stress indicators and, conversely, 
increases antioxidant indicators [14, 15]. However, find-
ings vary; for instance, Songstad et al. reported in a study 
on the effects of HIIT on malondialdehyde (MDA) lev-
els in the liver tissue of male rats that six weeks of HIIT 
did not significantly affect tissue MDA concentration 
[16]. In addition to sports activities, antioxidant foods 
can have anti-oxidative stress effects. In this context, 
silymarin extract is the active compound derived from 
Silybum marianum, consisting of a group of chemicals 
known as flavonolignans [17]. Silymarin has significant 
antioxidant properties; it reduces free radicals, inhibits 
lipid peroxidation, and increases SOD activity in eryth-
rocytes [17]. 

Considering the above information and the widespread 
consumption of organophosphates in agriculture, along 
with their side effects on various body tissues, as well as 
the contradictory results from studies related to oxidative 
stress and HIIT exercises, there is a notable lack of re-
search examining the combined effects of silymarin ex-
tract and HIIT exercise on the oxidative stress indicators 
in the body when exposed to organophosphorus toxins. 
The present study was conducted to investigate the effect 
of eight weeks of HIIT exercise along with the consump-
tion of silymarin extract on the oxidative stress indica-
tors in the heart and lung endothelial tissues of male rats 
exposed to diazinon. 

O
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Materials and Methods

In this experimental study, 36 male Sprague-Dawley 
rats with a weight range of 150 to 200 g and an aver-
age age of 8 weeks were purchased from the Center for 
Breeding and Reproduction of Laboratory Animals of 
Islamic Azad University, Marvdasht Branch, and trans-
ferred to the specialized sports physiology laboratory of 
this academic unit. After a week of adaptation to the lab-
oratory environment, rats were divided into six groups of 
six animals, which included control (C), sham (Sh), di-
azinon (D), silymarin extract (SL), high-intensity inter-
val training (HIIT) (TH) and HIIT with silymarin extract 
consumption (TH+SL). All rats were kept in clean and 
sterilized transparent cages under standard conditions, 
with a 12-hour light and dark cycle and a temperature 
range of 19-22 °C. The animals were fed with a standard 
rodent laboratory diet and had unlimited access to tap 
water. Over the course of 8 weeks, rats in groups 3 to 6 
received diazinon at a dosage of 1.5 mg/kg intraperito-
neally five days a week [3]. Groups 5 and 6 performed 
HIIT exercises five times a week, while groups 4 and 
6 received 50 mg/kg silymarin extract intraperitoneally 
five days a week [17]. 

Sampling method and measuring gene expres-
sion values

Forty-eight hours after the last training session, the rats 
were anesthetized with ketamine at a dose of 95 mg/kg 
and xylazine at a dose of 5 mg/kg intraperitoneally us-
ing an insulin syringe, and their heart tissue was isolated 
by laboratory experts. Then, it was immediately frozen 
in liquid nitrogen and kept at -70 °C. For molecular in-
vestigations at the level of gene expression, RNA was 
extracted from the heart tissue according to the manu-
facturer’s protocol (Cinagen, Iran). For this purpose, the 
heart tissue was frozen with liquid nitrogen and then, 
the tissue was crushed and homogenized by mechanical 
methods. The initial step in extracting RNA from animal 
cells involved lysing the cell walls with a lysing buffer 
known as RB Buffer. A total of 350 µL of RB Buffer was 
added to the sample (the cell sediment obtained from 
centrifugation) (10 µL of mercaptoethanol-β had already 
been added to the buffer for every 1 mL) and left at room 
temperature for 5 minutes.

In the next step, the filter column was placed in a col-
lection tube and the sample mixture was transferred to 
the filter column and centrifuged at 14000 rpm for 2 
minutes. After centrifugation, the clear solution was 
transferred from the collection tube to a new microcen-
trifuge tube. Then, an equal volume of 350 µL of 70% 

ethanol was added, and the mixture was vortexed thor-
oughly. The RB Mini Column was placed in the collec-
tion tube, and the sample containing ethanol was trans-
ferred to the RB Mini Column and centrifuged at 14000 
rpm for 1 minute, and the solution in the collection tube 
was discarded. 

In the next step, 500 µL of wash buffer 1 was added to 
the RB Mini Column and centrifuged at 14000 rpm for 1 
minute, after which the solution was discarded. Next, the 
RB Mini Column was centrifuged with 750 µL of wash 
buffer 2 at 14,000 rpm for 1 minute, and the solution in 
the collection tube was discarded. This step was repeated 
twice. The column was then centrifuged for 3 minutes at 
14,000 rpm. Then, the RB Mini Column was placed in 
the elution tube, and 50 µL of RNase-free ddH2O was 
added to the RB Mini Column, allowing it to sit for 1 
minute before centrifuging for 2 minutes at 14,000 rpm. 
The solution inside the elution tube was the extracted 
RNAs, which were kept at -70 °C. The concentration 
and purity of the RNA sample were quantitatively as-
sessed using the property of light absorption at a wave-
length of 260 nm, applying the Equation 1: 

1. C (µg/µL)=A260× ɛ× d/1000

After extracting RNA with very high purity and con-
centration from all studied samples, complementary 
DNA (cDNA) synthesis was performed according to the 
protocol of the fermentase kit (K1621). The synthesized 
cDNA was then used to conduct the reverse transcription 
reaction. First, the designed primers related to the genes 
were examined, and then the expression of the genes was 
examined using the quantitative reverse transcription (q-
RT) polymerase chain reaction (PCR) method. 

Also, to assess the expression of SOD, catalase, and 
MDA genes for the cell groups, RealQ 2x Master Mix 
Green Dye (AMPLQON, Denmark) was used accord-
ing to the kit’s instructions. The real-time PCR device 
was set to run in two steps. After completing the opera-
tion of the device and observing the graphs based on the 
increase in the number of the desired fragments and the 
amount of fluorescence emission, the ΔΔCt method was 
used to measure the change in expression of the desired 
gene compared to the reference gene B2m and the con-
trol group. Subsequently, the expression rate was calcu-
lated using the formula ΔΔCt-2 (Equation 2) [18]. 

2. ∆Ct=Ct interets-Ct B2m

Ct=∆Ct Treat-∆CtUn Treat∆∆
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High-intense interval training (HIIT) protocol

First, to familiarize the rats with the treadmill, they 
walked on a 5-channel treadmill for three days, 5 min-
utes each day, at a speed of 8 m/min. Next, to obtain the 
maximum speed, the rats first warmed up for 5 minutes 
at a speed of 8 m/min, and then, two meters were added 
to the speed of the treadmill every 3 minutes until the 
speed reached 18 m/min Following that, the speed was 
increased by 3 meters per minute every 2 minutes until 
the rats were unable to continue running, defined as a 
state in which they hit the end of the treadmill three times 
within a minute due to fatigue [19]. 

After establishing the maximum running speed, HIIT 
was conducted at an intensity of 85% to 110% of VO2 
max. This involved seven attempts lasting 1 minute at a 
speed of 31 m/min, with active rest intervals consisting 
of six attempts at a speed of 15 m/min during the first 
week (Table 1). The regimen was gradually intensified, 
reaching 10 one-minute attempts at a speed of 45 m/min 
and active rest intervals consisting of 9 one-minute at-
tempts at a speed of 23 m/min by the eighth week, with 
an average weekly increase of 2 m/min [19, 20]. 

Preparation of silymarin extract

To prepare silymarin extract, first, the seeds of native 
and cultivated milk thistle plants were placed in a freezer 
at -20 °C for 24 hours. They were then ground into a 
fine powder using a mill, and the resulting powder was 
passed through a 45-mesh sieve. Ten grams of the re-

sulting powder were placed into a Soxhlet extractor and 
extracted with ether for 12 hours. Then, fat-free powders 
were extracted using acetonitrile, methanol, acetone, 
ethanol, and ethyl acetate in an ultrasound bath for 30 
minutes. The obtained extracts were concentrated and 
dried in a vacuum. The resulting extract was dissolved 
in 10 mL of HPLC methanol and injected directly into 
the HPLC device. The USP26 method was used to mea-
sure flavolignans, and a solution with a concentration of 
1 mg/mL of standard silymarin powder was prepared in 
methanol. Subsequently, after concentrating the extract 
with normal saline, rats received a dose of 50 mg/kg of 
body weight per day intraperitoneally [17]. Also, the 
sham group (Sh) received only physiological serum in 
the same volume as the other groups, administered intra-
peritoneally five times a week for eight weeks. To induce 
stress, the treadmill was kept fixed on the conveyor belt 
during each session. A gentle blow on the tail with a soft 
brush was used to encourage the rats to continue running 
on the treadmill. 

Data analysis

To check the normality of the distribution of the results, 
the Shapiro-Wilk test was used, and to analyze the re-
sults, a one-way analysis of variance with Tukey’s post 
hoc test was conducted using SPSS software, version 26. 
A significance level of P≥0.05 was considered (P≥0.05). 

Table 1. HIIT protocol in rats

HIIT
Training 

Week
Intense Interval 

Intensity 
(VO2 max)

The Number 
of Intense 
Intervals

Speed   at High 
Intensity 
(m/min)

Low-Intensity 
Interval Intensity 

(VO2 max)

Number of 
Low-intensi-
ty Intervals

Speed   at Low 
Intensity 
(m/min)

85731506151st 

85733506162nd 

90835507173rd 

95837507184th 

100939558195th 

100941558216th 

1101043559227th 

1101045559238th 
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Results

The results of one-way ANOVA showed a significant 
difference in MDA levels in heart tissue (F=206.176, 
P=0.001) and lung endothelial (F=213.819, P=0.001), as 
well as in SOD levels in heart tissue (F=21.936, P=0.001) 
and lung endothelial tissue (F=16.970, P=0.001) among 
the research groups. The results of Tukey’s post hoc test 
indicated that MDA levels in heart tissue (P=0.001) and 
lung endothelial tissue (P=0.001) of the D groups were 
significantly higher than those in the C and Sh groups. 
Meanwhile, the MDA levels in the heart tissue of the 
HIIT, SL, and TH+SL groups were significantly lower 
than in the D group (P=0.001). Additionally, MDA lev-
els in the TH+SL group were significantly lower than 
in the TH (P=0.018) and SL) (P=0.004 groups alone. In 
the lung endothelial tissue, MDA levels in the TH and 
TH+SL groups were significantly lower than in the di-
azinon (D) group (P=0.001). The MDA levels in the lung 
endothelial tissue of the TH+SL group were significantly 
lower than in the TH (P=0.022) and SL groups (P=0.002) 
alone (Figure 1).

Also, the results of Tukey’s post hoc test showed that 
SOD gene expression levels in the D group were sig-
nificantly lower than in the C and Sh groups (P=0.001). 
However, SOD levels in heart and lung endothelial tis-
sues in the TH, SL, and TH+SL groups were significant-
ly higher than in the D group (P=0.001). Also, the SOD 
levels in the TH and TH+SL groups were higher than in 
the SL group alone for both heart (P=0.001) and lung 
endothelial tissues (P=0.004) (P=0.001). SOD levels in 

the TH+SL group in lung endothelial tissue were signifi-
cantly higher than in the TH group (P=0.005) (Figure 2). 

Discussion

The results of the present study showed that exposure 
to diazinon increases MDA levels and decreases SOD 
levels in heart and lung endothelial tissues of rats. On 
the other hand, HIIT has a significant effect on reduc-
ing MDA and increasing SOD levels in heart and lung 
endothelial tissues of rats exposed to diazinon. The main 
mechanism of diazinon toxicity, like other organophos-
phates, is the inhibition of acetylcholinesterase activity 
by its metabolites. Also, diazinon can induce oxidative 
stress and produce ROS [21]. As an indicator of oxida-
tive stress, MDA is the last product of lipid breakdown. 
Increased MDA levels indicate lipid peroxidation and 
cell membrane damage [22]. On the other hand, SOD 
and CAT enzymes are the first lines of cell defense 
against oxygen-free radicals. SOD converts superoxide 
anions to H2O2 and O2, which are subsequently convert-
ed to H2O and O2 by the CAT enzyme [23]. 

In this regard, studies have shown that diazinon poi-
soning causes a decrease in antioxidant indices and an 
increase in oxidative stress in different tissues [3, 24]. 
However, other studies have reported increased activity 
of SOD and CAT enzymes in different tissues [25]. This 
discrepancy may be attributed to factors such as the type, 
breed, and species of the animals, the type of poison and 
tissue, the route of administration of the toxic substance, 
as well as the dosage and duration of treatment. 

Figure 1) MDA levels in the research groups heart tissue (A) and lung endothelial tissue (B) 

Abbreviations: C: Control; Sh: Sham; D: Diazinon; SL: Silymarin; TH: High-intensity interval training; TH+SL: High-intensity 
interval training with silymarin.

aaaSignificant increase compared to the C and Sh groups (P=0.001), bbbSignificant decrease compared to the D group (P=0.001), 

^^^Significant decrease compared to the TH and SL groups (P<0.05).

significantly higher than in the TH group (P = 0.005) (Figures 3 and 4).  
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Figures 1 and 2: Malondialdehyde (MDA) Levels in the Research Groups, A) Heart Tissue, B) 

Lung Endothelial Tissue. C) Control, Sh) Sham, D) Diazinon, SL) Silymarin, TH) High-Intensity 

Interval Training, TH+SL) High-Intensity Interval Training With Silymarin. 

aaa (P = 0.001) significant increase compared to the C and Sh groups. 

bbb (P = 0.001) significant decrease compared to the D group.  

^^^(P < 0.05) significant decrease compared to the TH and SL groups. 
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Figures 3 and 4: Malondialdehyde (MDA) Levels in the Research Groups. A) Heart Tissue, B) 

Lung Endothelial Tissue. C) Control, Sh) Sham, D) Diazinon, SL) Silymarin, TH) High-Intensity 

Interval Training, TH+SL) High-Intensity Interval Training With Silymarin. 

aaa (P = 0.001) significant decrease compared to the C and Sh groups. 
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Additionally, the results of this study showed that HIIT 
increases the SOD levels and decreases MDA levels in 
the heart and lung endothelial tissues of rats poisoned 
with diazinon. In this regard, Ezabadi et al. showed that 
performing eight weeks of endurance training increases 
the antioxidant enzymes SOD and decreases MDA in 
rats poisoned with diazinon [3]. However, no study was 
found investigating the effects of HIIT under diazinon 
poisoning, which limited comparisons of the present 
study with similar research. Nonetheless, some studies 
have investigated the effect of intense training along with 
poisoning with various poisons on the heart tissue. For 
example, Ezabadi et al. showed that HIIT caused a sig-
nificant increase in SOD and CAT levels and a decrease 
in MDA levels in the heart tissue of male rats exposed to 
doxorubicin [3]. Azhdari et al. also showed that HIIT in-
creased antioxidant indices and reduced oxidative stress 
in the heart tissue of rats poisoned with cadmium [26]. 

On the other hand, numerous studies have shown that 
a single session of intense physical activity can increase 
lipid peroxidation [27]. In another study, performing an 
endurance training session increased the level of lipid 
peroxidation in the cardiac muscle of exercised rats [28]. 
The findings from these studies are inconsistent with 
the present research. This inconsistency may stem from 
differences in the intensity or duration of the exercise 
used in the various studies. Short-term training (a single 
session of intense training) has been associated with an 
increase in free radicals, while long-term training (four 
weeks, eight weeks, and beyond) is associated with cel-
lular adaptation that increases antioxidants [29].

Studies have shown that the stimulation of exercise to 
induce antioxidant enzymes is rooted in the increase in 
ROS production caused by muscle contraction and activ-
ity [30]. ROS, as a secondary peak, activates redox tran-
scription factors, such as activator protein 1 (Ap-1) and 
the nuclear factor of kappa B (NF-KB). These factors are 
located in the promoter region of genes encoding zinc 
(Zn)-SOD, copper (Cu)-SOD, manganese (Mn)-SOD, 
catalase, and GPX [31]. It seems that a series of fac-
tors are effective in reducing the concentration of MDA 
following the training period, and the improvement of 
oxidative stress cannot be attributed to the improvement 
of the antioxidant status. The resistance of the cell mem-
brane, especially of red cells, against ROS increases 
after exercise and may contribute to this issue [32]. In 
any case, it seems that the activation of cell signaling 
pathways leads to an increase in the expression of en-
zymatic antioxidants, such as SOD, ultimately reducing 
lipid peroxidation and MDA levels [32]. 

The results of the present study showed that the con-
sumption of 50 mg/kg silymarin has a significant effect 
on reducing MDA levels in heart tissue and increasing 
SOD levels in the heart and lung endothelial tissues of 
rats exposed to diazinon. In this regard, according to 
Beydilli et al., the consumption of silymarin extract for 
four periods reduces oxidative stress and increases serum 
antioxidants in rats poisoned with diazinon [33]. Habotta 
et al. showed that the consumption of silymarin extract 
increased the antioxidant indices in testicular tissues of 
rats poisoned with thiamethoxam [34]. El-Houseiny et 
al. also showed that the consumption of silymarin in-
creases antioxidant indices and decreases MDA levels in 
fish exposed to fluoride [35], which is consistent with 

significantly higher than in the TH group (P = 0.005) (Figures 3 and 4).  
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Figure 2) MDA levels in the heart tissue (A) and lung endothelial tissue (B) 

Abbreviations: C: Control; Sh: Sham; D: Diazinon; SL: Silymarin; TH: High-intensity interval training; TH+SL: High-intensity 
interval training with silymarin.

aaaSignificant decrease compared to the C and Sh groups (P=0.001), bbbSignificant increase compared to the D group (P=0.001), 
bbSignificant increase compared to the D group (P=0.01),^^^Significant increase  compared to the SL group (P<0.05),***Significant 
increase compared to the TH group (P=0.005).
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the results obtained in the present study. Pharmacologi-
cal and medical studies have shown that silymarin can 
enter the cell nucleus due to its similarity with steroid 
hormones, and by acting on RNA polymerase I enzymes 
and rRNA transcription, it can improve the formation of 
ribosomes to increase the synthesis of structural proteins 
[36]. It is also possible that silymarin directly reduces 
oxidative stress from H2O2 and free radicals produced 
by H2O2. Thus, it can be concluded that silymarin may 
possess antioxidant effects, leading to an optimal bal-
ance between oxidative stress caused by toxicity and its 
mitigation [37]. 

Regarding the interactive effect of HIIT and silymarin 
consumption, the results of the present study showed 
that HIIT and 50 mg/kg silymarin consumption leads 
to increased SOD gene expression levels and decreased 
MDA levels in the heart and lung endothelial tissues of 
rats poisoned with diazinon. Research shows that calci-
um modulation, following a reduction in oxidative stress 
and caspase-3 activity, along with an increase in vascular 
endothelial growth factor (VEGF) in the heart and lung 
tissues of rats, could partially inhibit the apoptotic effects 
of diazinon [38]. Also, the consumption of silymarin ex-
tract, through the activation of mitogen-activated protein 
kinase, leads to an increase in the expression of fat me-
tabolism proteins, which have fat-reducing effects in the 
blood. This reduction in fat levels further decreases oxi-
dative stress and inflammatory factors, such as nuclear 
transcription factor kappa B (NF-κB), while increasing 
the anti-inflammatory cytokine interleukin (IL)-10 and 
inhibiting IL-1β, tumor necrosis factor (TNF)-α, IL-6, 
and IL-8, thereby inducing anti-inflammatory and anti-
apoptotic effects [39]. Therefore, it seems that these two 
interventions could synergistically strengthen each oth-
er’s effects in reducing oxidative stress under diazinon 
poisoning through different pathways. 

Regarding the increase in antioxidant capacity, it can 
be stated that HIIT increases the number of mitochon-
dria and affects prostanoid metabolism, the activity of 
xanthine oxidases, and macrophage function [40]. The 
consumption of silymarin reduces lipid peroxidation 
and increases antioxidant indices [41]. Nevertheless, 
researchers have reported the effect of silymarin supple-
mentation on different tissues and its role in improving 
the antioxidant system in conjunction with physical ac-
tivities, particularly in cases of poisoning with different 
toxins [42, 43]. However, no study was found on the 
antioxidant effects of silymarin consumption on heart 
and lung endothelial tissues under diazinon poisoning. 
Therefore, comparisons of the present study with similar 
studies are limited. However, some studies have investi-

gated the simultaneous effect of silymarin and sports ex-
ercises, showing that silymarin reduces oxidative stress 
indicators caused by intense physical activities [37, 44]. 

Among the strengths of the study are the controllability 
of the training duration, and the availability of the neces-
sary equipment and facilities. However, the limitations 
o include enforced training and the lack of control over 
the effect of anesthetic drugs on the subjects. Given the 
increase in antioxidant levels and the reduction in oxida-
tive stress in the studied tissues of rats following HIIT 
and silymarin consumption, it seems that androgen re-
ceptors in heart and lung endothelial tissues align with 
slow fibers of high contraction, resulting in improved 
antioxidant activity. Therefore, in the case of diazinon 
poisoning, it is recommended to use these two inter-
ventions simultaneously due to their synergistic effects. 
Furthermore, there is a need for more studies employing 
immunohistochemical analyses and the expression of ef-
fector genes in heart and lung tissues. 

Conclusion

Eight weeks of HIIT and the consumption of silymarin 
can each have significant effects on increasing the lev-
els of the oxidative index (MDA) in the heart and lung 
endothelial tissues of rats exposed to diazinon, as well 
as on increasing the gene expression levels of certain in-
dicators of the antioxidant defense system (SOD). Nev-
ertheless, performing HIIT and taking silymarin supple-
ments simultaneously may yield more favorable effects 
on oxidative and antioxidant indicators affected by diazi-
non poisoning than either intervention alone. Therefore, 
based on the results of the present study, it is possible 
to use the benefits of HIIT and the consumption of sily-
marin extract, both separately and simultaneously, as a 
control strategy against diazinon exposure. 
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