
Introduction
As the vascular complications of diabetes are partly caused 
by inflammatory processes, reducing inflammation 
may not only improve blood sugar control and reduce 
impaired beta-cell secretion but also prevent diabetes. 
Some studies have demonstrated that tumor necrosis 
factor-alpha (TNF-α) is one of the important pro-
inflammatory mediators in insulin resistance and β-cell 
damage (1). The pro-inflammatory cytokine TNF-α is 
an important molecule in the development of insulin 
resistance. These results were obtained in cultured cells 
and TNF-α knockout rats (2). Furthermore, in healthy 
individuals, TNF-α inhibits peripheral insulin-stimulated 
glucose uptake by disrupting the phosphorylation 
of the substrate Akt 160, which is a key step in the 

canonical regulation of insulin signaling and the glucose 
transporter type 4 cascade and canonical insulin signaling 
transduction. It prevents the absorption of glucose 
and signal transmission by insulin in the whole body 
(2). In addition, a small increase in C-reactive protein 
(CRP) predicts the possibility of cardiovascular disease 
in non-diabetic and diabetic people (1). It is expressed 
in human vascular cells, and atherosclerotic plaques 
and monocytes/macrophages are important sources of 
CRP (3). CRP is produced via the activity of the main 
cells in atherosclerotic lesions, which may contribute 
to the development or progression of atherosclerosis in 
coronary plaques. Several studies have indicated that 
some inflammatory factors associated with diabetes such 
as free fatty acids and modified lipoproteins, adipokines, 
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Abstract
Background: This study aimed to investigate the effect of 8-weeks of high-intensity interval training 
(HIIT) with L-cysteine consumption on tumor necrosis factor-alpha (TNF-α) and C-reactive protein 
(CRP) of heart tissue in young rats with type 2 diabetes. 
Methods: The statistical population of the present study consisted of young (4 months) rats with type 
2 diabetes. Ten rats were selected as a healthy group, and 40 rats became diabetic. Diabetic rats 
were randomly divided into four groups: diabetes control, diabetics with training, diabetics with 
supplements, and diabetics with training + supplement. Moreover, high-intensity interval exercises 
were performed 3 days a week for 8 weeks, and 500 micromoles of L-cysteine were administered 
daily.
Results: The training + supplement group had significantly higher TNF-α levels compared to the 
diabetic control group (P = 0.002). The diabetic control group (P = 0.001) and training group 
(P = 0.001) had higher TNF-α levels compared to the healthy control. The supplement group had 
significantly less TNF-α compared to the diabetic control group (P = 0.003), while the supplement 
group (P = 0.019) and the training + supplement group (P = 0.013) had lower TNF-α levels compared 
to the training group. Moreover, the training + supplement group had lower CRP levels compared 
to the diabetic control group (P = 0.001), while the diabetic control (P = 0.001), exercise (P = 0.002), 
and supplement group (P = 0.031) had higher CRP levels compared to the healthy control. Moreover, 
the training group (P = 0.038) and the supplement group (P = 0.002) had lower CRP compared to 
the diabetic control group. Furthermore, the training + supplement group had a lower CRP level 
compared to the training group (P = 0.03).
Conclusion: HIIT along with the L-cysteine consumption reduced TNF-α and CRP in the heart tissue 
of diabetic rats. 
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and high glucose may cause CRP production (3). These 
results suggested that the CRP level in atherosclerotic 
plaques of diabetic samples can be higher than that in 
non-diabetic plaques. Given the possible association 
between local CRP levels and the severity of coronary 
artery disease, these changes may contribute to the 
progression of vascular disease in patients with type 
2 diabetes (3). The stimulation of CRP synthesis has 
also been reported to occur mainly in response to pro-
inflammatory cytokines, particularly interleukin 6 (IL-6), 
TNF-α, and interleukin-1 (IL-1) (4).

Using appropriate food supplements and exercising 
can be effective in reducing the complications of 
diabetes. L-cysteine can be mentioned among these 
supplements. Cysteine is an amino acid with the 
formula (SCH₂CH(NH₂) CO₂H) ₂, which is produced 
in the human body from the oxidation of two cysteine 
molecules that form a disulfide bond together. L-cysteine 
has anti-inflammatory effects (5). Various studies have 
shown that L-cysteine supplementation leads to the 
improvement of blood sugar or vascular inflammation in 
diabetic animals or normal models. In this regard, after 8 
weeks of L-cysteine supplementation, rats that received 
the supplement had significantly lower levels of glycated 
hemoglobin and glucose compared to rats that did not 
receive L-cysteine (6). According to studies, diabetic 
subjects had lower blood levels of H2S and L-cysteine, 
as well as altered cysteine homeostasis (7). In addition, 
the results have indicated that feeding with L-cysteine 
and Na2S reduces the phosphorylation of NF-κB and the 
secretion of TNF-α, monocyte chemoattractant protein-1, 
interleukin-8, IL-1β, and interferon gamma-induced 
protein 10. Treatment with L-cysteine (500μM), Na2S 
(25μM), and PIP3 (5 nM) increased the phosphorylation 
of AMP-activated protein kinase and peroxisome 
proliferator-activated receptor gamma expression in cells 
exposed to high glucose (8). However, no specific results 
have been reported regarding the effects of L-cysteine 
consumption on TNF-α and interleukin-13 in diabetic 
samples.

On the other hand, a large number of cross-sectional, 
prospective, and retrospective studies have reported a 
significant relationship between exercise training and 
type 2 diabetes (9). Considering the role of TNF-α in 
increasing insulin resistance, training may increase 
insulin sensitivity by suppressing TNF-α (3). Interval 
training programs have attracted increasing attention in 
recent years. A landmark study was conducted by Tjønna 
et al who compared continuous exercise with aerobic 
high-intensity interval training (HIIT) over 12 weeks 
in individuals with metabolic syndrome. Their results 
showed that interval training improves factors affecting 
metabolic syndrome despite the fact that the training 
volume differed between the two groups (10). Following 
this, other studies investigated the effect of interval 

training on people with metabolic disease, especially 
people with type 2 diabetes (11,12). In general, HIIT is 
superior in improving metabolic indices compared to 
continuous training. Despite the favorable effects of 
periodic exercise on diabetic patients, it leads to better 
effects if it is combined with a supplement such as 
L-cysteine. Therefore, this research aimed to investigate 
the effect of 8 weeks of high-intensity intermittent 
exercise along with L-cysteine consumption on the level 
of CRP and TNF-α in the heart tissue of young rats with 
type 2 diabetes.

Materials and Methods
The present research is experimental. The statistical 
population of the present study was composed of young 
(4 months) diabetic mice. To this end, 50 rats were 
purchased from one of the research centers and then 
placed in laboratory conditions with free access to water 
and food, as well as 12 hours of light and 12 hours of 
darkness. Then, some diabetic rats developed diabetes. 
Streptozotocin was used as a single dose in diabetic rats, 
and the induction of diabetes was done intravenously 
with a dose of 50 mg/kg streptozotocin, and blood 
sugar above 250 mg/kg one week after injection was 
considered induced diabetes. Then, the rats were 
divided into five groups: healthy control (HC), diabetic 
control (DC), diabetic with training (DT), diabetic with 
supplementation (DS), and diabetic with training and 
supplementation (DTS). HIIT was performed 3 days a 
week. Supplements were also injected into rats, and 48 
hours after all training and supplementation, the rats 
were anesthetized, and their heart was removed. 

Planning of the Correction and Frequency
HC (10 rats): The rats had their normal life.

DC (10 rats): This group was made diabetic 
intravenously with a dose of 50 mg/kg of streptozotocin.

DT (10 rats): This group became diabetic with a dose 
of 50 mg/kg streptozotocin intravenously and then 
performed interval training for 8 weeks.

DS (10 rats): This group was treated with a dose of 50 
mg/kg of streptozocin. Then, 1/5 tablet of L-cysteine (200 
mg; Hexal; Germany 3) was dissolved in 3 mL water and 
was administered daily by gavage (500 μmol).

DTS (10 rats): This group was made diabetic with a 
dose of 50 mg/kg of streptozotocin intravenously, and 
then they participated in HIIT for 8 weeks. Afterward, 
1/5 tablet of L-cysteine (200 mg; Hexal; Germany 3) was 
dissolved in 3 mL water and was administered daily by 
gavage (500 μmol).

Interval Training Protocol
The HIIT protocol included 10 bouts of 2 minutes 
running on a rodent treadmill (Technic Azma, Iran) 
at 90% VO2max with 60 seconds of rest at a speed of 
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20 meter/minute in the first week, and the speed was 
gradually increased to 30 m/min in 8 weeks (no slope). 
Moreover, the warming and cooling down time was 5 
minutes (13), as observed in Table 1.

L-Cysteine Consumption Protocol
First, 1.5 L-cysteine tablets (200 mg; Hexal; Germany) 
were dissolved in 3 mL of water and administered daily 
by soluble gavage (500 μmol). The dose of L-cystine was 
proportional to the dose of the human being and was 
calculated based on the human-to-animal formula (14). 
Sampling was performed 48 hours after the last training 
session and after a fasting night. To collect samples, 
the rats were first anesthetized using a combination 
of xylazine (10 mg/kg) and ketamine (100 mg/kg) via 
intraperitoneal injection. Then, the hearts of the rats were 
extracted and, after washing in physiological serum, were 
immediately frozen in liquid nitrogen and maintained in 
a freezer at -80.

Enzyme-Linked Immunosorbent Assay Testing Method
Levels of TNF-α and CRP were assayed in the heart tissue 
lysate sample by the enzyme-linked immunosorbent 
assay kits (TNF-α: DuoSet Development Kit Catalog 
Numbers DY510-05, CRP: DuoSet Development Kit 
Catalog Number: DY1744). 

Statistical Method
In this study, the Kolmogorov-Smirnov test was used 
to evaluate the normal data distribution. The one-way 
analysis of variance (ANOVA) test was also used to 
compare the inter-group, and the Tukey post hoc test 
was employed to compare the two groups. All reviews 
were performed using SPSS 22 (Chicago) software at a 
significant level of P ≤ 0.05.

Results
Table 2 illustrates the body weight. As observed, body 
weight in the DC group increased significantly compared 
to the HC (P = 0.02). However, there was a significant 
decrease in the DTS group compared to the DC group 
(P = 0.04), but there was no significant change in body 

weight in the DT group (P = 0.053) and the DS group 
(P = 0.051) compared to the DC group.

Moreover, there is a significant difference in terms of 
heart tissue TNF-α between the groups (P = 0.001). The 
results of the Post hoc test showed that the DTS has 
significantly higher TNF-α levels compared to the DC 
group (P = 0.002). Moreover, the DC group (P = 0.001) 
and DT group (P = 0.001) had higher TNF-α levels 
compared to the HC group. In addition, the DS group 
had significantly less TNF-α compared to the DC group 
(P = 0.003), and the DS group (P = 0.019) and the DTS 
group (P = 0.013) had lower TNF-α levels compared to the 
DT group. However, there was no significant difference 
among other groups (Table 2 and Figure 1).

Furthermore, the results of the ANOVA statistical test 
showed that there is a significant difference between the 
groups in terms of CRP levels in the heart tissue (P = 0.001). 
The results of the post hoc test also suggested that there is 
a significant difference between the DTS group compared 
to the DC group, and this group has a lower CRP value 
compared to the DC group (P = 0.001). In addition, DC 
(P = 0.001), DT (P = 0.002), and DS (P = 0.031) groups had 
higher CRP levels compared to the HC group. The DT 
group (P = 0.038) and the DS group (P = 0.002) had lower 
CRP compared to the DC group, and the DTS group had 
lower CRP levels compared to the DT group (P = 0.03), as 
depicted in Table 2 and Figure 2.

Discussion
The results of this study indicated that the amount of 
TNF-α significantly increased in the DC group compared 
to the HC. Alzamil also reported that diabetes increases 
TNF-α (15). Additionally, the results showed that the 
amount of TNF-α in the DS group and the DTS group 
had a significant decrease compared to the diabetic 
control group. However, in terms of TNF-α, the DT 
group was not significantly different from the DC group. 
In addition, there was no difference between the DS 
group, the DTS group, and the HC group. Based on this 
finding, interval training alone did not have a significant 
effect on TNF-α in the heart tissue of diabetic rats, but 
it can reduce TNF-α along with L-cysteine consumption. 
On the other hand, the absence of a significant difference 
between the L-cysteine group and the training group with Table 1. HIIT Training Protocol 

Week Slope Speed Time

1 0 20 10

2 0 20 10

3 0 22 10

4 0 22 10

5 0 24 10

6 0 26 10

7 0 28 10

8 0 30 10

Note. HIIT: High-intensity interval training.

Table 2. Weight in All Groups

Groups Mean ± SD (g)

HC 215 ± 15

DC 273 ± 12

DT 251 ± 8

DS 244 ± 8

DTS 233 ± 8

Note. HC: Health control; DC: Diabetic control; DT: Diabetic + training; DS: 
Diabetic + supplement; DTS: Diabetic + training + supplement: SD: Standard 
deviation.
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L-cysteine and the HC group means that the consumption 
of L-cysteine alone and in interaction with exercise could 
make the amount of TNF-α very close to the values of 
healthy samples. Hence, it is an extremely important 
opinion.

Cell culture studies by Mana et al using a 3T3L1 
fat cell model demonstrated that L-cysteine increases 
glucose metabolism and cellular phosphatidylinositol-
3,4,5-triphosphate (PIP3) (16). In addition, the 
effect of L-cysteine supplementation on increasing 
glucose utilization and PIP3 levels was reduced by 
propargylglycine, a cystathionine γ-lyase inhibitor that 
catalyzes H2S formation. Furthermore, supplementation 
with L-cysteine, PIP3, or H2S increased insulin receptor 
substrate-1, PKCz/l phosphorylation, AKT, glucose 
transporter type 4 activation, and glucose utilization in 
cells treated with high glucose. L-cysteine has a potential 
anti-oxidative effect as an oxidant and glutathione 
precursor (17) and can also reverse the physiological 
effect of nitric oxide (NO) as a carrier of NO. It has been 
reported that L-cysteine may significantly inhibit NF-κB 
activation and TNF-α release. This effect can be explained 
in the sense that L-cysteine can increase glutathione 
synthesis. This process prevents or regulates the imbalance 
of the redox reaction and the activation of the active 
enzyme I-kB by reactive oxygen species and its derivatives 

produced by the cell. As a result, it inhibits IL-1β, TNF-α, 
and other inflammatory cytokines that are regulated by 
the NF-κB signaling pathway (15). Furthermore, in terms 
of the effect of interval exercise alone, our findings are 
in contradiction with the findings of Samaie et al (18), 
Fasihi Ramandi and Khaledi (19), and Naghizadeh and 
Heydari (20). The intensity and duration of exercise may 
be the reason for the difference in results, but in general, 
interval exercise in interaction with L-cysteine decreased 
TNF-α. Exercise training was found to be effective in 
reducing TNF-α, its soluble receptors, and adhesive 
molecules in sick people, including people with impaired 
glucose tolerance. Research has shown that TNF-α can be 
reduced by exercise (19,20). The mechanism of TNF-α 
changes after interval training is stronger than its changes 
after moderate-intensity aerobic training. Factors such 
as the characteristics of the training program (e.g., the 
intensity and duration of the activity), the type of training 
program, and the duration of the training program can 
be effective in TNF-α changes (21). It also seems that 
increasing interleukin-13 is effective in reducing TNF-α 
(22).

The results of the present study indicated that the 
amount of CRP increased due to the induction of type 
2 diabetes in the DC group compared to the HC, so they 
are consistent with the findings of Mazidi et al (23) and 
Atalar et al (24). The results also showed that the exercise 
group and L-cysteine consumption had lower CRP levels 
than the DC group. The exercise and L-cysteine groups 
also had lower CRP compared to the DC group, but more 
importantly, the training group with L-cysteine had a 
lower CRP value than the training group. In this regard, 
Mana et al also found that L-cysteine supplementation 
reduces blood glucose, glycosylated hemoglobin, and CRP 
and inhibits NF-κB activation in the liver of diabetic rats 
(8). Naghizadeh and Heydari also investigated the effect 
of 12 weeks of HIIT on the IL-6, CRP, and TNF-α serum 
levels in men with hyperlipidemia and type 2 diabetes, 
reporting the reduction of IL-6, TNF-α, and CRP (20).

There are several potential mechanisms by which 
long-term exercise alters inflammatory regulation. The 
first mechanism is that exercise reduces gene expression 
and serum levels of leukocyte adhesion molecules, thus 
inhibiting the monocyte reaction of the endothelial cell. 
Another mechanism is that exercise training leads to the 
improvement of endothelial function by reducing factors 
that disrupt endothelial function. Moreover, exercise can 
improve endothelial function by increasing the release 
of NO; therefore, by improving endothelial function, 
inflammation is reduced, and in general, exercise helps 
prevent endothelial damage and inflammation (25). 
Another mechanism is that exercise leads to a decrease 
in the gene expression of cytokines by increasing protein 
synthesis and the production and release of myokines or 
by decreasing the daily hypoxia episodes that stimulate the 

Figure 1. TNF-α Difference Between Groups. Note. TNF-α: Tumor necrosis 
factor-alpha; *: P value is less than 0.05; **: P value is less than 0.01; ***: 
P value is less than 0.001

Figure 2. CRP Difference between Groups. Note. CRP: C-reactive protein; 
* P value is less than 0.05; ** P value is less than 0.01; *** P value is less 
than 0.001
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gene expression of pro-inflammatory cytokines through 
the production of free radicals. Moreover, it reduces 
the production of pro-inflammatory cytokines from 
mononuclear cells by strengthening the cardiovascular 
system (25).

On the other hand, other studies have revealed that 
oxidative stress may increase inflammation and neutralize 
antioxidants in hemodialysis patients. As a supplement 
with antioxidant effects, the effect of L-cysteine on the 
level of oxidative stress was evaluated (26). Shahbazian 
et al reported that the administration of L-cysteine 
reduces oxidative stress in hemodialysis patients (27). 
Giannikouris explained that L-cysteine significantly 
reduced inflammatory markers such as high-sensitivity 
CRP in dialysis patients (28).

Conclusion
The results of this study showed that type 2 diabetes 
increases CRP and TNF-α in the heart tissue of rats. 
However, intermittent exercise with L-cysteine decreased 
CRP and TNF-α.
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