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The effect of different exercise training modes on serum 

ferritin and iron levels of type 2 diabetic rats
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ABSTRACT

Introduction. Ferritin is an indicator of iron (Fe) storage in the body and 

plays the main role of cellular oxidation. It is hypothesized that Fe causes 

insulin resistance and then by reducing insulin secretion leads to type 2 

diabetes. Considering the effects of exercise training in increasing insulin 

sensitivity, this study was designed with the aim of investigating the effect of 

various resistance, endurance, and combined activities on serum ferritin and 

Fe levels in diabetic rats. 

Methods. Type 2 diabetes was induced by intraperitoneal injection of 

Nicotinamide solution (120 mg/kg) and Streptozotocin (65 mg/kg). One week 

after the confirmation of diabetes, the training groups underwent resistance 

(diabetic resistance group; DR), endurance (diabetic endurance group; DE) 

and combined activities (diabetic endurance and resistance group; DER) 

exercises for 10 weeks. After completing the research protocol, blood 

sampling was done to measure serum ferritin and Fe levels. 

Results. Type 2 diabetes caused an adverse increase in blood glucose, insulin 

levels, increased Homeostasis Model Assessment of Insulin Resistance 

(HOMA-IR), Fe, serum ferritin and decreased Homeostasis model assessment 

of insulin secretion (HOMA-IS). Looking to improve glycemic indices after 

10 weeks training in DE, DR and DER groups, we saw a decrease in serum 

Fe and ferritin levels, and training in DER group had a significant decrease in 

Fe compared to training in DR and DE groups. 

Conclusion. This study showed that serum iron and ferritin levels are 

significantly increased in diabetes and the increment of ferritin may be a 

reason for insulin resistance in diabetes. Given the importance of iron and 

ferritin levels in insulin resistance, combined exercise with moderate intensity 

and time by reducing these biomarkers can reduce glycemic indices in type 2 

diabetes. 
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INTRODUCTION 

An increase in ferritin level as an important 

independent biological factor may increase the 

prevalence of diabetes [1]. Ferritin is a protein-

iron (Fe)-phosphorus compound and an indicator 

of body Fe storage. Fe is essential for the transport 

of oxygen to the tissue and plays the main role of 

cellular oxidation. A high level of Fe in the serum 

leads to an increase in the level of ferritin [2]. 

Insulin affects Fe absorption and storage by 

increasing transferrin receptors. On the other 

hand, Fe affects insulin activity by interfering 

with glucose absorption [3]. 

It is hypothesized that Fe causes insulin resistance 

and then leads to type 2 diabetes by reducing 

insulin secretion [4]. It has been shown that there 

is a positive relationship between the level of 

plasma ferritin and type 2 diabetes, but so far, 

serious studies have not confirmed the hypothesis 

of increasing Fe reserves in the body and causing 
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type 2 diabetes [5]. In the study of Jehn et al., 

although it was found that the level of ferritin in 

the plasma of diabetic patients is higher than that 

of healthy people, but according to variables such 

as gender, age, race and lifestyle, there is no 

relationship between the level of ferritin and 

diabetes as a predisposing factor. There is no 

difference in the development of diabetes [6]. 

Today, health experts consider physical activity 

as one of the essential elements in the treatment 

of diabetes [7]. Physical activity can increase 

skeletal muscle response to insulin by increasing 

the expression or activities of proteins involved in 

insulin metabolism and signaling. So that 

resistance training increases glycogen synthase 

activity and GLUT4 expression. Considering the 

role of fat oxidation in improving insulin action, 

exercise increases muscle fat reserves and fat 

oxidation capacity. Also, the physical fitness of 

people with diabetes can be associated with a 

decrease in fat oxidation and a shift towards more 

carbohydrate oxidation in all exercise intensities 

[8]. 

It has been shown that diabetic patients who have 

defects in insulin function, regular physical 

exercises increase the entry of glucose into 

muscle cells in the absence of insulin through 

increasing insulin sensitivity. In addition, 

resistance exercises are able to increase the 

activity of antioxidant enzymes against stressful 

complications and protect body organs from the 

complications of diabetes [9]. 

Also, exercise has been reported to have a 

profound effect on protein turnover. Muscle and 

whole-body protein synthesis increases during 

recovery after endurance exercise. Resistance 

training has also been shown to increase total 

body protein synthesis 50-100% above resting 

levels early in recovery and up to 24 hours post-

exercise. Whole-body protein breakdown, as 

measured by stable isotope tracers, is also 

increased by endurance exercise [10]. 

Considering the different responses of the body's 

metabolism to endurance and resistance 

exercises, this study was designed with the aim of 

investigating the effect of resistance, endurance 

exercises and the combination of these exercises 

on serum ferritin and Fe metabolism in type 2 

diabetic male rats. 

MATERIALS AND METHODS 

Animals 

This experimental study was conducted on 40 

Wistar rats (10 weeks old) that were purchased 

from the Animal Breeding Center of Arak 

University of Medical Sciences. Rats were kept 

under conditions of 12 h of light /12 h dark in a 

temperature range of 23-25 C and free access to 

food and water. This study was carried out in 

compliance with all the ethical issues of working 

with laboratory animals approved by Arak 

University of Medical Sciences 

(IR.ARAKMU.REC.1394.329). One week after 

familiarizing the rats with the laboratory 

environment, they were randomly were divided 

into 5 groups (n=8): healthy control (HC), 

diabetic control (DC), training groups underwent 

resistance (diabetic resistance group; DR), 

endurance (diabetic endurance group; DE) and 

combined activities (diabetic endurance and 

resistance group; DER). 

Induction and confirmation of type 2 diabetes 

In order to induce type 2 diabetes after 12 hours 

of fasting, Nicotinamide (Sigma, USA) dissolved 

in normal saline at a dose of 120 mg/kg and after 

15 min of streptozotocin (STZ) (Sigma, USA) 

solution in 0.1 M citrate buffer with a dose of 65 

mg/kg was used as an intraperitoneal injection. 72 

h after the injection to ensure the diabetes 

induction, rats whose blood glucose level was 

more than 250 mg/dl were considered as diabetic 

[11]. The blood glucose level in rats was 

measured by a glucometer every time after 12 h 

of fasting. 

Endurance training 

The endurance training program was 

implemented on a 5-channel treadmill due to the 

easier control of speed and duration of running. 

The entire training period was divided into 3 

stages of familiarization, overloading, saving and 

fixing the work intensity. In the familiarization 

phase (first week), the mice walked on the 

treadmill every day for 10-15 min at a speed of 10 

m/min. In the overload phase (second to fourth 

week), the rats first ran on the treadmill for 20 min 

at a speed of 27 m/min, and gradually over the 

course of 3 weeks, the duration of the activity was 

increased (2 min/session) until the final level 60 

min arrived, and finally, in the phase of saving 
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Table 1. Endurance training protocol during 10 weeks on the treadmill 

and fixing the work intensity (Fifth to tenth 

week), they performed endurance training (60 

min at a speed of 27 m/min) (approximately 

equivalent to 75% VO2max) for 3 weeks. At the 

same time, in each training session, at the 

beginning, they worked for 5 min to warm up 

(with an intensity of 16 m/min) and at the end for 

5 min to cool down (with an intensity of 16 m/min 

and gradually reducing the intensity to the lowest 

value (See Table 1) [12]. 

Resistance training 

First, the animals climbed a 36-step ladder 

without weights for 1 week and repeated three 

sessions to get familiar. Then the regular exercise 

protocol started with 5 days a week and 3 sets of 

4 with 3 min rest between sets and 15 sec between 

repetitions for 10 weeks. In the second three 

weeks, the target animals were trained with a 

weight of 30% of their body weight and in the 

second three weeks with a weight of 70, 100 and 

120% of their body weight and finally in the last 

week with a weight of 200% of their body weight 

(See Table 2) [13]. 

Combined exercise 

The exercises of the combined diabetic group 

included resistance and endurance exercises in 

such a way that resistance and endurance 

exercises are performed with a frequency of 5 

days a week and alternately 1 session of resistance 

exercise and 1 session of endurance exercise 

according to the protocols of resistance and 

endurance exercise.  

Biochemical assays 

72 h after the last training session, all rats were 

anesthetized with chloroform and samples were 

taken. After clotting, the blood samples were 

placed in a centrifuge and their serum was 

extracted at 3500 rpm for 10 min and kept at -70 

C until the study variables were measured. Using 

the ELISA sandwich method, serum of FIns 

(Mercodia Rat Insulin ELISA Kit, Uppsala, 

Sweden), Ferritin (ELISA Kit, Eastbiopharm 

Company) and Fe (Selctra E auto laser device) 

was measured in the ELISA reader (BioTek-

ELx808) according to the manufacturer's 

guidelines. The homeostasis model assessment of 

insulin resistance (HOMA-IR) and homeostasis 

model assessment of insulin secretion (HOMA-

IS) were calculated based on the formula HOMA-

IR= (FIns, μU/ml) × (FBG, mmol/L) /22.5 and 

HOMA-IS = (20 × FIns (μU/ml)) / (FBG 

(mmol/L) - 3.5). 

Statistical analysis 

The results were reported as mean ± SD for the 

studied variables in each group.  The normality of 

the data was checked using the Shapiro-Wilk test, 

and the Levene's test was used to check the 

assumption of equality of variances.  In order to 

statistically analyze the data and compare 

between groups, one-way ANOVA and Tukey's 

post hoc test with a significance level of P<0.05 

was used. All statistical calculations were done 

using SPSS 22 statistical software. 

 RESULTS 

Following the adverse changes in blood glucose 

and insulin levels in type 2 diabetic rats, we 

observed an increase in HOMA-IR and a decrease 

Table 1. Endurance training protocol during 10 weeks on the treadmill 

week5-10week4week3week2week1Familiarization

60 50-6040-50 30-4020-30 15Exercise duration (min)

27 27 27 27 27 27 Speed (m/min) 

75 75 75 75 75 75Intensity equivalent (vo2max) % 

Table 2. Resistance training protocol during 10 weeks on the treadmill 

10 9 8 7 6 5 4 3 2 1 Week 

200 190 180 160 140 120 100 70 30 FamiliarizationLoad (body weight  % ) 

Table 2. Resistance training protocol during 10 weeks on the treadmill 
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Fig 1. The simultaneous implementation of resistance and endurance exercises improved the glycemic indexes in type 2 

diabetic rats. Changes of blood glucose (I), insulin (II), HOMA-IR (III), and HOMA-IS (IV) in diabetic rats following 10 weeks 

of resistance, endurance and combined exercises. The significance level was P<0.05. Abbreviations: healthy control (HC), 

diabetic control (DC), training groups underwent resistance (diabetic resistance group; DR), endurance (diabetic endurance 

group; DE) and combined activities (diabetic endurance and resistance group; DER). 

in HOMA-IS.  So that there is a significant 

difference between the studied groups in blood 

glucose (F=202.504, p<0.001), insulin 

(F=28.655, p<0.001), HOMA-IR (F=110.472, 

p<0.001) and HOMA-IS (F= 178.344, p<0.001) 

was observed. Comparison of groups showed that 

ten weeks of DE and DR groups was able to 

reduce blood glucose and insulin levels in DE and 

DR groups compared to DC group (p<0.001).  The 

significant effect of combined exercise (DER 

group) in reducing blood glucose level was 

significant (p<0.001), but there was no difference 

between DER, DR and DE groups in reducing 

insulin level (p≥0.05). In addition, HOMA-IR 

decreased in the exercise groups, so that the 

reduction of HOMA-IR in the DER group was not 

different from DR (p≥0.05), but it was different 

from DE (p=0.002). No difference was observed 
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Fig 2. The simultaneous implementation of resistance and endurance exercises   decreased serum iron (Fe) and ferritin levels 

in type 2 diabetic rats. Changes of Fe (I), and ferritin (II) in diabetic rats following 10 weeks of resistance, endurance and 

combined exercises. The significance level was P<0.05. Abbreviations: healthy control (HC), diabetic control (DC), training 

groups underwent resistance (diabetic resistance group; DR), endurance (diabetic endurance group; DE) and combined 

activities (diabetic endurance and resistance group; DER). 

between DR and DE groups in reducing 

HOMA-IR (p≥0.05).  Also, resistance and 

combined exercises increased HOMA-IS in the 

DR (p=0.032) and DER (p<0.001) groups 

compared to the DC group.  No difference was 

observed between DER and DR groups (p≥0.05) 

(See Fig. 1). 

Diabetes caused a significant change in serum 

Fe and ferritin levels in diabetic rats, so that a 

significant difference between groups was 

observed in Fe (F=141.839, p<0.001) and ferritin 

(F=541.001, p<0.001) levels. The comparison of 

the grooves showed that ten weeks of DR and DE 

groups decreased serum Fe, and DER groups had 

a significant reduction in Fe compared to DR and 

DE (See Fig. 2). 

DISCUSSION 

Our results showed that type 2 diabetes, in 

addition to adverse changes in glycemic indices, 

including increased levels of blood glucose, 

insulin, insulin resistance, and decreased insulin 

sensitivity, caused an increase in Fe and ferritin 

serum levels. Increased body Fe and oxidative 

stress play a role in the pathogenesis and 

increased risk of type 2 diabetes and other 

disorders. It has been found that Fe affects 

glucose metabolism even in the absence of Fe. 

Oxidative stress and inflammatory cytokines 

expand and strengthen these events [14]. 

Laboratory studies showed that Fe deficiency and 

excess cause mitochondrial damage by free 

radicals [15]. In addition, chronic inflammation 

with oxidative stress is another pathological 

factor for diabetes, which develops through the 

effects of pro-inflammatory cytokines such as c-

reactive protein (CRP), interleukin-6 factor (IL-6) 

and TNF-a [16].  

On the other hand, one of the mechanisms 

involved in the relationship between Fe and the 

increase in complications of diabetes is that the 

increase in Fe reserves may cause disruption of 

insulin secretion through oxidative damage of 

pancreatic beta cells, which, as a result, can 

increase glucose Serum, insulin increase and 

insulin resistance are related [17]. For unknown 

reasons, liver Fe overload is associated with 

increased serum ferritin, which is associated with 

increased insulin resistance syndrome [18]. It has 

been seen that in frequent blood donors who have 

less Fe reserves, hyperinsulinemia after meals is 

reduced, and this increases insulin sensitivity and 

creates preventive factors for diabetes [19]. In a 

study of women with high ferritin levels (greater 

than 107 ng/ml), the incidence of type 2 diabetes 

over 10 years was threefold independent of other 

risk factors, including body mass index, age, and 

race [20].  
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It has been proven that increased serum ferritin 

concentration is associated with insulin resistance 

and diabetes in the general population [21]. The 

level of serum ferritin is a direct indicator of the 

amount of stored Fe in the body. In general, a 

serum ferritin level of less than 12 μg/L indicates 

depletion of Fe reserves [22]. Although the 

mechanism of Fe -induced diabetes is not known 

in general, studies conducted on animal models 

consider 1) insulin deficiency, 2) insulin 

resistance, and 3) liver dysfunction as possible 

key mechanisms [23].  

A small prospective study from Finland, 1481 

people with blood samples collected before the 

diagnosis of diabetes showed a direct relationship 

between increased Fe stores, as the ratio of serum 

transferrin receptor concentration to serum 

ferritin concentration, and the prevalence of type 

2 diabetes in men [5]. In a meta-analysis, they 

concluded that there is a direct relationship 

between elevated serum ferritin and increased risk 

of type 2 diabetes [24]. 

Another result of this study was the improvement 

of glycemic indices after ten weeks of endurance, 

resistance, and combined training. Following the 

favorable changes in glycemic indices, we saw a 

decrease in serum Fe and ferritin levels and 

combined training compared to resistance and 

aerobic training had a significant effect in 

reducing serum Fe. In general, regular exercise is 

known as an effective strategy in the management 

and treatment of type 2 diabetes [25]. One of the 

remarkable results of the effects of sports 

activities in diabetics is the effect on blood 

glucose collection. Exercise increases glucose 

uptake in body muscles, which changes are 

dependent on insulin signaling and increased 

protein content (GULT4) [26]. 

 It has been reported that the trained muscle uses 

glucose 7-20 times more than the untrained 

muscle. Exercising and physical activity play an 

important role in fueling cell reserves and 

rebuilding them. It also reduces plasma insulin 

concentration and increases insulin sensitivity 

[27, 28]. Aerobic or resistance exercises alone 

improve blood glucose in diabetic patients, but 

the greatest effect of these exercises is when they 

are combined [29].  

Since ferritin is classified in the acute phase 

protein class, it increases in response to 

inflammatory cytokines, and as a result, it may 

increase in response to oxidative stress caused by 

endurance exercise [30]. Endurance sports are 

often compared to the acute phase such as 

infections and inflammations [31]. Although 

many endurance athletes experience a decrease in 

ferritin levels, many factors cause the ferritin 

concentration to remain elevated for several days 

after exercise [32]. Also, IL-6 is an inflammatory 

cytokine that is secreted by fat tissue and reduces 

insulin sensitivity [33].  

Sports activities can cause changes in 

inflammatory markers and ultimately improve 

insulin sensitivity [34]. High-intensity exercises 

also increase the inflammatory response. These 

exercises increase the process of ferritin 

synthesis, and damage to the cell membrane of 

ferritin-storing tissues such as the liver causes 

excessive ferritin to be released into the serum, 

and excess ferritin is most likely a mild form of 

exercise-induced hemolysis [35]. They have also 

shown that aerobic exercise causes a decrease in 

IL-6 levels [33]. 

 Some other studies have reported IL-6 reduction 

in combined activities in diabetic patients more 

than aerobic or resistance exercises [36]. So there 

is a possibility that the exercise activities used in 

this study decreased the amount of ferritin and 

serum Fe in diabetic rats after 72 hours from the 

last training session by modulating factors such as 

inflammatory cytokines and oxidative stress. 

Also, in this regard, it is possible to mention 

intravascular hemolysis, which is responsible for 

the reduction of ferritin during exercise. During 

intravascular hemolysis, hemoglobin is released 

from the hemolysis cell and is released by the 

hemolysis haptoglobin, then it is transported to 

the liver by the haptoglobin, and the hemoglobin 

Fe is discharged from the Fe reserves through 

urine or sweat and finally, my ferritin goes down. 

In endurance athletes, the phenomenon of 

intravascular hemolysis is common because the 

concentration of haptoglobin is inversely related 

to the running distance or the time of sports 

performance.  

This suggests the possibility of a close 

relationship between intravascular hemolysis and 

depletion of body Fe stores. Hemolysis occurs in 

the walls of blood vessels, the soles of the feet that 

are in contact with the ground, and even in the 
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heart valve, causing the destruction of old and 

fragile hemoglobins [37]. A lot of research has 

been done on the changes of Fe parameters in 

connection with exercise, but unfortunately, these 

parameters have received less attention in people 

with diabetes. It seems that long-term exercise 

sessions with moderate intensity can lower the 

serum ferritin and Fe levels of type 2 diabetic rats 

in a chronic state, and this decrease causes a 

decrease in insulin resistance. 

CONCLUSION 

The results of this study showed that induction 

of type 2 diabetes increased Fe and ferritin levels 

of diabetic ranks and decreased these variables 

for ten weeks of endurance, resistance and 

hybrid training. Compared to the types of 

exercise exercises in this study, combined 

exercises have had a significant impact on 

reducing Fe levels of diabetic ranks. Therefore, 

due to the use of the exercise, the researchers 

suggest the implementation of the combined 

training method. Finally, given the important 

role of Fe and ferritin in metabolic disorder as 

well as the beneficial effects of exercise 

exercises on diabetes, this requires further 

studies. 
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