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Abstract 
Background: Doxorubicin (DOX) is an anthracyclines antibiotic and is one of the most effective antitumor 
drugs. However, using this drug is associated with poisoning of healthy tissues. The purpose of this study was to 
investigate the changes in hematological parameters of male rats exposed to doxorubicin after eight weeks of 
high-intensity interval training and crocin consumption. 
Materials and Methods: In the present experimental research, 50 male Wistar rats (weight 200-220 gr) were 
exposed to intraperitoneal injections of doxorubicin (2mg/kg, seven times for 7weeks) and randomly placed into 
five groups, including healthy control (saline) group, doxorubin group, doxorubicin with Crocin group, 
doxorubicin with training group, and doxorubicin with crocin a long with training group. The training groups 
completed the course with two intense interval training during the first week and completed 8 intense interval 
training in the last weeks. Forty eight hours after the last training session, blood samples were taken directly 
from the heart of rats to measure the desired indices of red blood cell (RBC), Hematocrit(HCT), 
Hemoglobin(HB), platelet(PLT), white blood cell(WBC), and percentage of lymphocytes(%LYM), and 
neutrophils (%NEU). Independent sample t-test as well as two-way ANOVA were used for data analysis. P 
value <0.01 was set as significant level. 
Results: The results showed that DOX significantly reduced all of the blood parameters in rats in comparison to 
the control group (p<0.01). Eight-week high intensity interval training significantly increased blood parameters 
(p<0.01). In Crocin- treated rats, the blood parameters were significantly increased compared with the DOX-
intoxicated animals (p<0.01). In Crocin and high intensity interval training group, the blood parameters were 
significantly increased compared with the DOX-intoxicated animals (p<0.01). 
Conclusion: It seems that high-intensity interval training, Crocin, as well as combination of these two 
interventions can prevent severe reduction of hematological parameters in rats treated with doxorubicin. 
Keywords: Crocin, Doxorubicin, Hematological Parameters, High intensity interval training  

 
 

Introduction 
According to statistics released by the 
World Health Organization in 2011, cancer 
is the second leading cause of death after 
cardiovascular disease in the world (1). 
Doxorubicin (DOX) or Adriamycin, as one 
of the most effective chemotherapy drugs 
that belongs to the Anthracycline family, is 
an antibiotic with a wide range of anti-
tumor and anti-cancer functions that is 
widely used in the treatment of cancers (2). 
.(However, the clinical use of this drug is 
limited due to its Cytoxic effects on non-

target tissues such as heart, liver, kidney, 
skeletal muscle, testis (3) and bone 
marrow(4). This medicine reduces the 
number of leukocytes (white blood cells), 
especially in neutrophil counts 
(neutropenia). It also increases the risk of 
infection, decreases erythrocytes (hypoxia 
and fatigue), and decreases platelets; 
hence, increases inclining to bleeding (2). 
Chemotherapy also increases the incidence 
of anemia in cancer patients. In a study on 
148 patients undergoing chemotherapy, 
Kitano showed that 44% of these patients 
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had anemia before treatment and the 
prevalence of anemia among them 
increased to 84% during the 
chemotherapy. Also, 72% of patients who 
were not anemic before developed anemia 
during chemotherapy (5).  
Reduction of white blood cells during 
chemotherapy is a serious hindrance to the 
continuation of treatment and delayed 
chemotherapy (6). In patients with various 
cancers, anemia increases the risk of death 
by as much as 65% (7, 8). Anemia 
treatment can influence the patient's 
response to cancer and the progression of 
the disease (9). 
Today, physical activity, in addition to 
maintaining health and well-being, is one 
of the complementary therapies in many 
diseases. There is an undeniable evidence 
of the effect of regular physical training on 
primary and secondary prevention of many 
chronic diseases such as cardiovascular 
disease, diabetes, cancer, hypertension, 
obesity, depression and osteoporosis (10). 
Physical activity is one of the many known 
lifestyle factors that reduce the risk of 
cancer. There is increasing and convincing 
evidence that physical activity, especially 
in surveillance programs, reduces many 
common adverse effects of cancer amongst 
survivors, and generally improves the 
quality of life in these individuals (11-14). 
Some studies show that aerobic activity 
increases the amount of erythrocytes, 
especially hemoglobin, over the course of 
treatment and after chemotherapy (15). 
With physical activities, the number of red 
blood cells and white blood cells, and in 
general, the blood volume and blood 
elements involved in the immune system 
increase and this contributes to the better 
functioning of the immune system (16). 
Developing evidence suggests that high 
intensity interval training provides 
comparable physiological adaptations with 
moderate intensity training with low time 
and overall activity reduction (17). These 
findings are important from the 
perspective of public health because 
"shortage of time" is one of the most 

common barriers to regular participation in 
physical activity (18,19). In addition, 
recent evidence suggests that HIIT is more 
enjoyable than a moderate intensity 
training (20). Generally, high intensity 
interval training is defined as an activity 
that is performed at frequencies close to 
the maximum intensity and usually at an 
intensity exceeding 80% of the maximum 
heart rate (often at an intensity of 0.85 to 
0.95)(21). 
These extreme frequencies are separated 
by a few minutes of rest or activity with a 
low intensity, which leads to a slight return 
to the initial state (22). 
In addition to physical activity, over the 
past two decades, medicinal plants have 
been investigated with effective anticancer 
activity, and the use of herbal medicines in 
cancer patients is also increasing to reduce 
the side effects or increase the efficacy of 
chemotherapy drugs (23, 24). Various 
studies have shown that some antioxidant 
compounds increase tumor response to 
chemotherapy, reduce the adverse effects 
of anticancer drugs, or reduce the toxicity 
of chemotherapy in normal cells (25). 
Crocin is the most important carotenoid in 
saffron which has anti-anemiac properties 
(26). According to previous research, 
Crocin may potentially have anti-tumor 
effects and improve the side effects of 
chemotherapy (27). It has also been shown 
that Crocin inhibits the growth of cancer 
cells significantly without side effects in 
normal cells (28). 
Considering the potential of physical 
activity and herbal medicines in the 
prevention and treatment of many diseases, 
the use of a suitable and combined strategy 
for the synergistic effect of these two 
interventions in preventing or treating 
cancer and reducing the side effects of 
chemotherapy seems necessary. 
Accordingly, due to dearth of scientific 
information on the simultaneous effect of 
implementation of severe aerobic interval 
activity along with crocin consumption on 
the hematological properties of 
doxorubicin-induced rats, the aim of this 
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study was to elucidate the effect of high 
intensity interval training and crocin 
consumption on hematological parameters 
in male rats treated with doxorubicin. 
 

Materials and Methods 
Animal care 
In the present experimental study, 50 male 
Wistar rats (8-week-old, weighing 
200±220 gr) were investigated. The rats 
were purchased from Jondishapur 
University of Ahvaz. The rats were kept in 
standard cages at room temperature 
(22±3◦C), regular cycle (12 light/12 dark), 
humidity of 35 ± 5° with proper 
ventilation, and free access to food and 
water. Before randomization, all rats were 
lightly exercised on the treadmill (8-10 
m/min) for 5-10 min/day for 10 days to 
acclimatize them to the treadmill and 
protocol; however, it was not the same as 
our main training protocol. 
After two weeks of familiarization with the 
environment and the way of doing activity, 
the rats were divided into five groups: 1) 
healthy control (saline) group, 2) 
doxorubin group, 3) doxorubicin with 
crocin group, 4) doxorubicin with training 
group, and 5) doxorubicin with crocin 
along with training group. All of the 
ethical standards were observed based on 
the ethical standards of Animal Physiology 
Laboratory, Shahid Chamran University. 
Exercise training protocol  
The rats in the training groups were forced 
to run on a non-slip motorized rodent 
treadmill at two-minute intervals, five days 
a week for 8 weeks. During the training 
protocol, the heating and cooling steps 
were performed at the beginning and end 
of each main training session with 
intensity of 40% to 50% of maximum 
speed (16-20m/min) for 5 minutes. The 
main training included 2 intervals with an 
intensity of 80%(32m/min) of the 
maximum speed in the first week; 4 
intervals with 85% (34m/min) of the 
maximum speed in the second week; and 6 
intervals with 90%(36m/min) of the 
maximum speed since the beginning of the 

third week, which was sustained by the 
end of the period, but at the beginning of 
the fourth week until the end of the period, 
there were 8 severe intervals. Low 
intensity intervals included two minutes of 
intensity 40% (16 m/min) of maximum 
speed from the first week to the end of the 
third week and 30% (12 m/min) of the 
maximum speed from the beginning of the 
fourth week to the end of the period. 
Therefore, the total time of the exercise in 
the first week was 16 minutes, the second 
week 24 minutes, the third week 32 
minutes, and from the beginning of the 
fourth week to the end of period was 40 
minutes. This protocol was designed 
according to the protocol suggested by 
Rezaei et al. (2015). Due to the side effects 
of doxorubicin on the performance of rats, 
training intensity was adjusted, hence at 
the beginning of each week their 
maximum speed was calculated and the 
intensity of training based on that was 
adjusted (29). The rats in the control group 
were left on the treadmill without running 
for the same time period as the training 
groups. 
Chemicals 
Crocin was purchased as a powder from 
the Sigma-Aldrich Co (St. Louis, MO, 
USA) in five gr vials with a purity of 98%. 
The crocin group and the crocin and 
training group received 10mg/kg crocin 
dissolved in 10 ml/kg normal saline, by 
oral gavage on training days for 8 weeks. 
The health (control) and doxorubicin 
groups received the same amount of 
normal saline as gavage (30). 
Doxorubicin was purchased from the 
Belgian Abve Company and the rats were 
treated with sub-chronic protocol of seven 
weekly injections with doxorubicin 
rarefied with normal saline (NaCl 0.9%) 
(intraperitoneal injection 2 mg/kg of body 
weight, cumulative dose of 14 mg/kg). The 
animals assigned to the groups received 
doxorubicin or saline injections during the 
weekend in the day-off training (Friday 
morning: 48 h after the last training 
session and 24 h before the next one). In 
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order to prevent the effects of the round-
the-clock program, all injections were 
homogeneous and done around 10 in the 
morning (31). 
Sample Collection 
Forty-eight hours after the final training 
session, all rats were anesthetized by 
intraperitoneal injection with a 
combination of ketamine and xylazine (90 
and 10 mg/kg body weight, respectively). 
Blood samples were collected using 
anticoagulant tubes of ethylene diamine 
tetraacetic acid (EDTA) by cardiac 
puncture from all rats, and immediately 
transferred to the laboratory for evaluation 
of hematological factors. Red blood cells 
(RBC), Hematocrit(HCT), 
Hemoglobin(Hb), White blood 
cells(WBC), Lymphocyte and Neutrophil 
ratio, and Platelet count (PLT) were 
measured using Hematology Analyzer 
(Sysmex cell counter KX21, Japan).  
Statistical Analysis  
All data were analyzed using SPSS 21. 
Shapiro-wilk and Levene’s tests were used 
to determine the normality of all data and 
the variance of the groups. To examine the 
difference between the healthy (control) 
group and the doxorubicin group (the 
effect of drug injection), independent 
sample t-test was used. Two-way ANOVA 
was used to measure the effect of training 
and crocin. Where the P values were 
significant, Tukey's post-hoc test was used 
to test the differences between the groups. 
The significance level was considered to 
be less than 0.05 for all statistical analyses. 

 

Results 
Table I presents the hematological 
parameters of healthy control and 
experimental groups, after induction of 
doxorubicin and implementation of 8 
weeks exercise and receiving crocin.  
Results showed that chronic treatment with 
doxorubicin caused a significant decrease 
in all blood parameters (RBC, Hb, HCT, 
WBC, lymphocyte and neutrophil ratio 
and PLT) in experimental groups 
compared to the healthy control group 
(p<0.05) (Table II). Also, the results of 
two-way ANOVA test showed that the 
implementation of 8 weeks of high 
intensity interval training, consumption of 
crocin as well as a combination of these 
two interventions significantly increased 
all blood indices in experimental groups 
compared to the control group 
(doxorubicin) (Table II). It was also found 
that although there was a difference 
between the effect of crocin and high 
intensity interval training on increasing 
blood indexes, this difference was not 
significant. In addition, it was found that 
there was a significant difference between 
the combined effect of crocin and high 
intensity interval training and the effect of 
each of these two interventions alone on 
blood indices of the experimental groups 
compared to the control group, and these 
two interventions strengthened the effect 
of each other (p<0.05) (Table II). 

 
 

Table-I: Average and standard deviation of hematological parameters in control and experimental 
groups 

Blood 
parameters                                

Healthy control 
(saline)             

Doxorubicin        Dox + Crocin                              Dox+ training                              Dox + training+ 
Crocin                

RBC(106/mm3)       7.58± 0.750               6.24±0.402 *           6.95± 0.645               6.87 ± 0.562             7.17± 0.374              
HCT (0/0)           43.46± 4.03       36.43± 3.67*        40.56±3.46        41.33±1.72         42.60±4.82           
HGB (gr/dL)        13.72±0.402            10.96±0.564*        11.41±0.563          11.93±0.768            12.56±0.676            
PLT (103/mm3) 822±56.51                                                                                 502±51.95*               685±65.69                                                                          600±49.51                                                                                                     781±68.47                                                                       
WBC (106/mm3)             7.91±0.44                       4.27±0.79*                     6.07 ±1.28                      5.45 ±0.48                       6.51 ±0.77                      
Neutrophil (%)          25.52±3.70                  8.80 ±2.15*                 15.38 ±1.59                  14.13 ±2.73                   19.00±1.06                    
Lymphocyte (%)       72.10±2.88                                                                                      52.63±4.48 6.07 ±1.28                      56.32±7.96   66.16±2.94                         
* Significant difference between doxorubicin and healthy control groups 
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Table-II: Frequency distribution of brain and spinal cord tumors according to studied years 

 

 

Two-way ANOVA test results  
Parameter         

  
  Interaction      Training                     Crocin    t test results 

  F           P values       F        P values       F      P values t          P values  

 263.255    0.005 #     146.12     0.004#      311.296    0.001# 4.366        0.001* RBC(106/mm3)  

 10.287      0.006 #     11.195      0.004 #     14.650    0.001 # 11.788        0.015*  (٪)HCT 

 20.003     0.012 #      6.342      0.004 #      25.107    0.001 # 9.112         0.001* HGB (gr/dL)  

 19.431     0.006#       18.294     0.010 #    28.524     0.002# 0.001*        12.574 PLT(103/mm3)  

 13.510     0.018 #      11.385     0.004 #    18.244     0.001#        0.002* 9.081 WBC (106/mm3) 

 19.144     0.005 #      21.548     0.004#     28.436     0.001# 8.333        0.002* Neutrophil(  )٪  

 8.259       0.006#       8.382       0.011#     11.253  0.001# 9.377        0.001*  Lymphocyte(٪) 

* Denote significant difference between the healthy control group and the doxorubicin group, # Denote significant difference 

between the doxorubicin group and the recipient groups of the training and supplements 

Discussion 
In numerous studies, the effects of 
physical activities on cancer patients have 
been investigated. One of the problems of 
cancer patients, especially at the time of 
receiving chemotherapy drugs, is reduction 
in the number of blood cell markers, 
especially red cell count, hematocrit, and 
hemoglobin levels, which can lead to 
negative consequences such as anemia, 
fatigue, depression, decrease physical 
function, and reduced patient survival (5-
9). Researchers have argued that physical 
activities can increase the levels of blood 
indexes in inactive people, but the 
beneficial effect of physical activity, 
especially high intensity interval training, 
which has recently been revealed in 
healthy and patient societies and also in 
combination with herbal supplements on 
the blood indexes of cancer patients, has 
not been reviewed yet. The findings of this 
study showed that induction of 
doxorubicin was associated with a 
significant decrease in all blood indices, so 
that after 8 weeks of high intensity interval 
training, the use of crocin and the 
combination of these two interventions 
were significantly reversed. In this regard, 

Dimo et al., studied the effects of aerobic 
training shortly after discharge from the 
hospital in patients who received high-
dose chemotherapy and bone marrow 
transplantation. The results of this study 
showed that the hemoglobin concentration 
of the participants who participated in the 
training program increased compared to 
the untrained patients, which is consistent 
with the results of the present study. In 
their study, the inability of the control 
group during hospitalization was 27% 
higher than that of the training group and 
there was a significant difference in 
maximal physical function in the two 
groups at the time of discharge. The 
duration of neutropenia (severe reduction 
of neutrophil counts) and thrombopenia 
(reduced platelet count of less than 50,000 
per microliter), severity of diarrhea, pain 
intensity, and duration of hospitalization in 
the training group decreased significantly 
(32). Derrine also studied the effects of 
aerobic training on blood erythrocytes in 
cancer patients during treatment. The 
results of this study were expressed in 
terms of the increase in the number of red 
cells, hematocrit, and hemoglobin in the 
experimental group compared to the 
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control group, which is consistent with the 
results of the present study. In the present 
study, induction of doxorubicin reduced 
the level of hemoglobin (20%) and red 
blood cells (18%) in the doxorubicin group 
compared to the healthy control group. 
Rezaei Seraji et al. also investigated the 
effect of aerobic training on blood 
erythrocyte indices in patients with blood 
cancers after autologous stem cell 
transplantation. Their research results 
showed that the number of red blood cells, 
hematocrit, and hemoglobin levels 
decreased after intervention and during 
discharge from the hospital in both the 
control and experimental groups, but the 
decrease in the mean of red blood cells, 
hematocrit, and hemoglobin in patients in 
the experimental group was significantly 
less than the control group, which is 
consistent with the results of the present 
study (34). These findings suggest that 
physical activity may result in the 
production and release of hematopoietic 
factors.Chemotherapy reduces blood 
platelets and, as a result, increases internal 
bleeding in these patients, which can be 
one of the causes of anemia. Aerobic 
activity has been shown to shorten the 
duration of thrombocytopenia, and 
possibly aerobic activity helps to improve 
anemia. The fact that physical activity 
stimulates the production of erythropoietin 
is well known. The process of 
hematopoiesis is a complex process that is 
affected by several hormones, cytokines, 
and growth factors. It has been shown that 
severe and prolonged physical activity, the 
concentration of several cytokines, and 
hormones have an effect on the self-
division, growthand growth of 
hematopoietic stem cells. Increased 
concentration of alpha-necrosis factor, 
interleukin-β1, interleukin-6, interleukin 
receptor antagonist, and Granulocyte 
colony stimulating factor (GCSF) have 
been observed after severe and prolonged 
activity (35-38). Physical activity that 
causes aforementioned changes in the 
activity of these factors may affect the 

function of the bone marrow. On the other 
hand, physical activity reduces some of the 
pro-inflammatory cytokines in chronic 
coronary patients. Pro-inflammatory 
cytokines have a negative effect on iron 
transfusion and metabolism, resulting in 
disturbances in hemoglobin synthesis (39). 
Growth hormone increases significantly in 
patients with anemia after exercise. This 
hormone either directly or indirectly 
(through the insulin-like growth factor) 
stimulates erythroid and myeloid producer 
colonies (40). In contrast, Dolen et al., 
assessed changes in aerobic fitness and 
hemoglobin levels by investigating 
patients with breast cancer undergoing 
chemotherapy. They found that regular 
aerobic exercise and resistance did not 
protect patients with breast cancer against 
the chemotherapy reduction of 
hemoglobin, but led to a strong link 
between hemoglobin and maximal oxygen 
uptake which is not consistent with the 
results of this study (41). Due to the 
possible contradiction between the results 
of these two studies, one can point out the 
difference in intensity and duration of 
exercise and the type of subjects. To our 
knowledge, direct studies have not been 
conducted on the effects of high intensity 
interval training or crocin on 
hematological indices in human and 
animal models exposed to 
doxorubicin;however, most studies have 
been done on the effect of exercise on 
hematological changes in healthy 
populations or athletes.  

Although white blood cells typically return 

to baseline hours after intensive exercise in 

healthy populations, the effect of regular 

physical activity on cancer patients whose 

white blood cells are at risk as a result of 

receiving chemotherapy drugs, has not yet 

been clearly identified (42). In this regard, 

Neves et al., showed that severe exercise 

activities lead to increased leukocytes in 

healthy men, which leads to leukocytosis 

(an increase in the number of lymphocytes 
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in the tissue), and also the extent of these 

changes depends on the intensity and 

duration of exercise; this is consistent with 

the results of the present study (43). Also, 

Ajam et al., investigated the effect of 12 

weeks aerobic training on some of the 

immune system and general health 

indicators of women with breast cancer, 

revealing that 12 weeks of moderate-

intensity aerobic activity (40-60% of 

maximal beats heart) caused a significant 

increase in mean white blood cell count in 

the exercise group and a significant 

decrease in the control group, which is 

consistent with the results of the present 

study (44).  In another study on 10 prostate 

cancer survivors receiving androgen 

deprivation therapy, Galvao et al., found a 

significant increase in lymphocytes from 

baseline after 10 weeks of twice weekly 

resistance training possibly due to 

improved immune surveillance in response 

to resistance training (45). Although more 

research is needed to substantiate these 

conclusions, our findings, along with that 

of past research, suggested positive effect 

of exercise on WBCs and subsets in cancer 

patient populations receiving 

chemotherapy drugs.It has been shown that 

the destructive effect of doxorubicin on 

bone marrow is through binding to the 

DNA strand and inhibiting the production 

of DNA and RNA, as well as the 

production of free radicals (46). Therefore, 

the use of natural and synthetic 

antioxidants with this drug, as well as the 

effect of the drug on cancer cells, has 

always been considered. Saffron and its 

active ingredients, especially crocin, have 

anti-genotoxic and antioxidant effects. A 

comet test on bone marrow in a small 

mouse showed that saffron administration 

inhibited chromosomal damage caused by 

cisplatin, mitomycin, and urea in mice. 

Crocin has been shown to prevent DNA 

damage from small mouse bone marrow 

cells due to the use of anti-tumor drugs 

called cisplatin, cyclophosphamide, and 

mitomycin(47-48). Crocin may prevent 

genotoxic effects of anti-tumor drugs 

through the effects of lipid peroxidation, 

antioxidants, and detoxification systems 

(49). Mohammad et al., showed the 

therapeutic effect of saffron against the 

toxicity of doxorubicin in the management 

of cancer chemotherapy. In their study, 

8mg/kg of saffron was used against 

5mg/kg doxorubicin in rats. The results 

showed a significant reduction in the total 

number of red blood cells, white cells, 

platelets, and absolute percentages of 

lymphocytes on the fifth day. When 

saffron (8mg/kg) was injected five days 

before doxorubicin injection and continued 

for 10 days, blood samples were collected 

for 15 days for histological analysis, a 

significant increase in the total number of 

white cells, platelets and absolute 

lymphocytes were was observed, while no 

significant differences(P<0.05) were 

observed in red blood cells. It seems that 

flavonoids in saffron, by activating a 

network of immune responses regulated by 

T(Th) cells, stimulate B lymphocytes by 

stimulating the secretion of Th cell 

cytokines such as IFN-γ to produce IgG 

Stimulate. Therefore, saffron helps to 

increase secondary immune responses 

(IgGs) against doxorubicin poisoning and 

helps combat the toxic side effects of 

chemotherapy (50). The main purpose of 

this study was to investigate the possible 

effects of high intensity interval training in 

combination with crocin on blood 

parameters in rats exposed to doxorubicin. 

The findings showed that combination of 

high intensity interval training and crocin 

prevented severe drop in hematological 
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indices. Also, the results showed that 

intense interval trainings and crocin 

enhanced the effect of each other so that 

there was a significant difference between 

the combined effect of these two 

interventions and the effect of each of 

them alone. This finding suggests the use 

of crocin supplementation along with high 

intensity interval training, rather than 

taking each of them aloneto prevent and 

reduce the complications of treatment with 

doxorubicin.  

Conclusion  
According to the results of the current 
study, performing high intensity aerobic 
training and crocin consumption as well as 
a combination of these two interventions 
can prevent severe drop in hematologic 
indexes, and improve the treatment and 
physical function in terms of receiving 
doxorubicin. It also seems that the 
combination of training and crocin, 
compared to the effect of each of the two 
interventions alone, could more effectively 
prevent reduction of the hematologic index 
caused by receiving doxorubicin. 
 
 
 

Acknowledgments 
The present article was extracted from the 
Ph.D. dissertation in the field of sport 
physiology that was approved by the sport 
physiology department of Physical 
Education and Sport Sciences at Islamic 
Azad University, Central Tehran Branch. 
The authors would like to thank all the 
staff of the Anatomy Department of 
Jundishapur University of Ahwaz, as well 
as the Department of Animal Physiology 
at Shahid Chamran University of Ahwaz, 
who kindly cooperated with us. 
 

Conflicts of interest  
The authors declare no conflict of interest. 
 

References 

1.World Health Organization. 
Noncommunicable Disease Countries 
Profile. 2011. 
2. Carvalho C, Santos RX, Cardoso S, 
Correia S, Oliveira PJ, Santos MS. 
Doxorubicin: The Good, the Bad and the 
Ugly Effect. Curr Med Chem 2009; 
16(25):3267-3285 
3. Najafi Gha, Shalizar J, Mohammadi M. 
Protective effects of simvastatin against 
changes in doxorubicin in mouse testicular 
tissue. Sjimu 2017; 25(2): 101-114, 
(Persian). 
4. Bhinge K, Gupta V, Hosain S, 
Satyanarayanajois SD, Meyer SA, 
Blaylock B. The opposite effects of 
Doxorubicin on bone marrow stem 
cellsversus breast cancer stem cells depend 
on glucosylceramide synthase. Int J 
Biochem Cell Biol 2012. 44(11):1770-
1778. 
5. Kitano T, Tada H, Nishimura T, 
Teramukai S, Kanai M, Nishimura T, et al. 
Prevalence and incidence of anemia in 
Japanese cancer patients receiving 
outpatient chemotherapy. Int J Hematol 
2007; 86: 37-41. 
6. Ater JL, Neuroblastoma In, Behrman 
RE, Kleigman RM, Jenson HB. Nelson 
Textbook of Pediatrics. 17th ed. 
Philadelphia, Saunders. 2004; 1709-1711. 
7- Krzakowski M. Epoetin Delta: Efficacy 
in the Treatment of Anaemia in Cancer 
Patients Receiving Chemotherapy. Clin 
Oncol 2008; 20(9): 705-713. 
8- Bohlius J, Schmidlin K, Brillant C, 
Schwarzer G, Trelle S, Seidenfeld J, et al. 
Recombinant human erythopoiesis-
stimulating agents and mortality in patients 
with cancer: a meta-analysis of 
randomized trials. Lancet 2009; 
373(9674): 1532-1542. 
9- Bokemeyer C, Aapro MS, Courdi A, 
Foubert J, Link H, Osterborg A, et al. 
EORTC guidelines for the use of 
erythropoietic proteins in anaemic patients 
with cancer. Eur J Cancer 2007; 43(2): 
258-270. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-0
9-

26
 ]

 

                             8 / 11

https://ijpho.ssu.ac.ir/article-1-384-en.html


High-Intensity Interval Training and Crocin on Hematological Parameters in Doxorubicin-Induced Male Rats 

210                                                                                    Iran J  Ped Hematol Oncol. 2018,  Vol 8. No 4, 202-212 
 

10. Darren D, Nicol C, Bredin S. Health 
benefits of physical activity: the evidence. 
CMAJ 2006; 174 (6): 801- 809. 
11. Tomlinson D, Diorio C, Beyene J, 
Sung L. Effect of exercise on cancer-
related fatigue: a meta-analysis. Am J Med 
Rehabil 2014; 93:675–686. 
12. Mishra SI, Scherer RW, Snyder C, 
Geigle PM, Berlanstein DR, Topaloglu O. 
Exercise interventions on health-related 
quality of life for people with cancer 
during active treatment. Cochrane 
Database Syst Rev 2012;(8): 16-23. 
13. Gerritsen J, Vincent A. Exercise 
improves quality of life in patients with 
cancer: a systemic review and meta-
analysis of randomized controlled trials. 
Brit J Sport Med 2016;50:796–803. 
14. Fong DYT, Ho JWT, Hui BPH, Lee 
AM, Macfarlane DJ, Leung S SK, et al. 
Physical activity for cancer survivors: 
meta-analysis of randomised controlled 
trials. Br Med J 2012;344:e70. 
15- Coleman EA, Coon SK, Kennedy RL, 
Lockhart KD, Stewart CB, Anaissie EJ, et 
al. Effects of exercise in combination with 
epoetin alfa during high-dose 
chemotherapy and autologous peripheral 
blood stem cell transplantation for multiple 
myeloma. Oncol Nurs Forum 2008; 35(3): 
53-61. 
16. Gainni, A; Rajabi, H. physical fitness. 
Tehran. 3 rd ed. Samt 2005. (Persian). 
17. Gibala MJ, McGee SL. Metabolic 
Adaptations to Short-term High-Intensity 
Interval Training: A Little Pain for a Lot of 
Gain? Exerc Sports Sci Rev 2008; 36: 58- 
63. 
18. Kimm SY, Glynn NW, McMahon RP, 
Voorhees CC, Striegel-Moore RH, Daniels 
SR. Self-perceived barriers to activity 
participation among sedentary adolescent 
girls. Med Sci Sports Exerc 2006; 
38(3):534-540. 
19. Trost SG, Owen N, Bauman AE, Sallis 
JF, BrownW. Correlates of adults’ 
participation in physical activity: review 
and update. Med Sci Sports Exerc 2002; 
34: 1996–2001. 

20. Bartlett JD, Close GL, MacLaren DP, 
GregsonW, Drust B, Morton JP . High-
intensity interval running is perceived to 
be more enjoyable than moderate-intensity 
continuous exercise: implications for 
exercise adherence. J Sports Sci 2011; 
29(6): 547–553. 
21. Martin J. MacInnis and Martin J. 
Gibala. Physiological adaptations to 
interval training and the role of exercise 
intensity. J Physiol 2017;595(9):2915-
2930.   
22. Fisher, G. Oxidative stress and 
antioxidant defenses in lymphocytes 
following high intensity interval training. 
Elec Thesis 2010;104P-109P. 
23. Garodia P, Ichikawa H, Malani N, 
Sethi G, Aggarwal BB. From ancient 
medicine to modern medicine: ayurvedic 
concepts of health and their role in 
inflammation and cancer. J Soc Integr 
Oncol 2007; 5(1): 25–37. 
24. Lee TI, Chen HH, Yeh ML. Effects of 
chan-chuang qigong on improving 
symptom and psychological distress in 
chemotherapy patients. Am J Chin Med 
2006; 34: 37–46. 
25. Lamson DW, Brignall MS. 
Antioxidants in cancer therapy; their 
actions and interactions with oncologic 
therapies. Alter Med Rev 1999; 4: 304–
329. 
26. Jaliani H.Z, Riazi G.H, Ghaffari S.M, 
Karima O, Rahmani A. The effect of the 
Crocus sativus L. carotenoid, crocin, on 
the polymerization of microtubules, in 
vitro. Iran J Basic Med Sci 2013; 16(1): 
101-109.  
27. Naghizadeh B, Boroushaki MT, 
Vahdati Mashhadian N, Mansouri MT. 
Protective effects of crocin against 
cisplatin-induced acute renal failure and 
oxidative stress in rats. Iran Biomed J 
2008; 12(2): 93-100. 
28. Sun Y, Xu HJ, Zhao Y, Wang L, Sun 
L, Wang Z, et al. Crocin exhibits antitumor 
effects on human leukemia HL-60 cells in 
vitro and in vivo. EBCA Med 2013;1-7.  
29. Rezaei R, Nurshahi M, Bigdeli M. R, 
Khodagoli F, Haghparast A. Effect of eight 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-0
9-

26
 ]

 

                             9 / 11

https://ijpho.ssu.ac.ir/article-1-384-en.html


 
Khanmohammadi et al  

Iran J  Ped Hematol Oncol. 2018,  Vol 8. No 4, 202-212                                                                                    211 
 

weeks of continuous and periodic aerobic 
training on VEGF-A and VEGFR-2 levels 
of male brain Wistar rats. J Sports Physiol 
Phys Activ 2015 ; 16: 1221-1213, 
(Persian)  
30. Elsherbiny NM, Salama MF, Said E, 
El-Sherbiny M, Al-Gayyar MM. Crocin 
protects against doxorubicin-induced 
myocardial toxicity in rats through down-
regulation of inflammatory and apoptic 
pathways. Chem Biol Interact 2016; 247: 
39-48. 
31. Marques I, Santos AS, Mariani D, 
Rizo-Roca D, Padrão A, Rocha-Rodrigues 
S, et al. Physical exercise prior and during 
treatment reduces sub-chronic 
doxorubicin-induced mitochondrial 
toxicity and oxidative stress. 
Mitochondrion 2015; 20: 22–33. 
32. Dimeo F, Fetscher S, Lange W, 
Mertelsmann R, Keul J. Effects of Aerobic 
Exercise on the Physical Performance and 
Incidence of Treatment-Related 
Complications after High-Dos 
Chemotherapy. Blood 1997; 90 (9): 3390-
3394. 
33. Drouin JS, Young TJ, Beeler J, Byrne 
K, Birk TJ, Hryniuk WM, et al. Random 
control clinical trial on the effects of 
aerobic exercise training on erythrocyte 
levels during radiation treatment for breast 
cancer. Cancer 2006;107:2490–2495 
34. Rezaei Saraji B, Ravasi A, Haji Fath 
Ali A, Souri R, Mehdi Zadeh M, Amini. 
The effect of aerobic training on blood 
erythrocyte indexes in patients with blood 
cancers after autologous transplantation of 
peripheral stem cells. Iran J blood 2015; 
9(3): 251-257, (Persian). 
35. Smith LL, Anwar A, Fragen M, 
Rananto C, Johnson R, Holbert D. 
Cytokine and cell adhesion molecues 
associated with high-intensity eccentric 
exercise. Eur J Appl Physiol 2000; 82: 61-
67.  
36- Schobersberger W, Hobisch-Hagen P, 
Fries D, Wiedermann F, Rieder-Scharinger 
J, Villiger B, et al. Increase in immune 
activation, vascular endothelial growth 
factor and erythropoietin after an 

ultramarathon run at moderate altitude. 
Immunobiology 2000; 201(5): 611-620. 
37- Pedersen BK, Steensberg A, Schjerling 
P. Exercise and interleukin-6. Curr Opin 
Hematol 2001; 8(3): 137-141. 
38- Pedersen BK, Ostrowski K, Rohde T, 
Bruunsgaard H. The cytokine response to 
strenuous exercise. Can J Physiol 
Pharmacol 1998; 76(5): 505-11. 
39. Adamopoulos S, Parissis J, Kroupis C, 
Georgiadis M, Karatzas D, Karavolias G, 
et al. Physical training reduces peripheral 
markers of inflammation in patients with 
chronic heart failure. Eur Heart J 2001; 
22(9): 791-797. 
40. Tian Z, Woody M, Sun R, Welniak 
LA, Raziuddin A, Funakoshi S, et al. 
Recombinant human growth hormone 
promotes hematopoetic reconstitution after 
syngeneic bone marrow transplantation in 
mice. Stem Cells 1998; 16(3): 193-199. 
41. Dolan LB, Gelmon K, Courneya KS, 
Mackey JR, Segal RJ, Lane K, et al. 
Hemoglobin and Aerobic Fitness Changes 
with Supervised Exercise Training in 
Breast Cancer Patients Receiving 
Chemotherapy. Cancer Epidem Biomar 
Prev 2010; 19(11); 2826–2832. 
42. Karvinen KH, Esposito D, Raedeke 
TD, Vick J, Walker PR. Effect of an 
exercise training intervention with 
resistance bands on blood cell counts 
during chemotherapy for lung cancer: a 
pilot randomized controlled trial. 
Springerplus 2014; 8(3):15-23.  
43. Neves P, Tenorioa T, Lins TA, Muniz 
M, Pithon-Curi TC, Botero JP, et al. Acute 
effects of high- and low-intensity exercise 
bouts on leukocyte counts. J Exer Sci  Fit 
2015; 13(1): 24-28. 
44. Ajm M, Ghorari A, Salekr, 
Hawordiyan S, Qaytazi M. Effect of 12 
weeks aerobic training on some of the 
immune system and general health of 
women with breast cancer. J Sport Tech 
Med 2014; 4(7): 41-54, (Persian). 
45. Galvao DA, Nosaka K, Taaffe DR, 
Peake J, Spry N, Suzuki K, et al. 
Endocrine and immune responses to 
resistance training in prostate cancer 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-0
9-

26
 ]

 

                            10 / 11

https://ijpho.ssu.ac.ir/article-1-384-en.html


High-Intensity Interval Training and Crocin on Hematological Parameters in Doxorubicin-Induced Male Rats 

212                                                                                    Iran J  Ped Hematol Oncol. 2018,  Vol 8. No 4, 202-212 
 

patients. Prostate Cancer Prostatic Dis 
2008; 11(2):160–165. 
46. Rudrama Devi K, Minny Jael P, 
Kusumlatha C. Protective Role of Murraya 
Koenigii Leaf Extract on Adriamycin 
Induced Micronuclei in Mice Bone 
Marrow Erythrocytes. Int J PharmTech 
Res 2012; 4(1):156-161. 
47. Premkumar K, Abraham SK, Santhiya 
ST, Ramesh A. Inhibitory effects of 
aqueous crude extract of saffron (Crocus 
sativus L.) on chemicalinduced 
genotoxicity in mice. Asia Pac J Clin Nutr 
2003; 12(4): 474-476. 
48. Premkumar K, Thirunavukkarasu C, 
Abraham SK, Santhiya ST, Ramesh A. 
Protective effect of saffron (Crocus sativus 
L.) aqueous extract against genetic damage 
induced by anti-tumor agents in mice. 
Toxicol 2006; 25: 79-84. 
49. Premkumar K, Abraham SK, Santhiya 
ST, Ramesh A. Protective effects of 
saffron (Crocus sativus Linn.) on 
genotoxins-induced oxidative stress in 
Swiss albino mice. Phytother Res 2003; 17 
(6): 614-617. 
50. Mohammad A, Shikha C, Kumari L, 
Akhter M.D.S, Rizvi TF, Kumar R.  
Therapeutic Study of Saffron against 
Doxorubicin Toxicity in the Management 
of Cancer Chemotherapy. Int J Adv Res 
2015; 3(9): 870–878. 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-0
9-

26
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://ijpho.ssu.ac.ir/article-1-384-en.html
http://www.tcpdf.org

