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Abstract: To investigate the effect of swimming on some hematological parameters in diabetic rats is the main goal of this
study. 32 adult healthy rats were divided into Control (C), Diabetic (D), Exercise Control (E) and Diabetic+Exercise (DE) groups
respectively. The rats in the control group were not soever treated, while the D and DE groups were injected 60 mg / kg
streptozotocin (STZ) intraperitoneal (i.p). The trial continued for four weeks after the onset of diabetes. After the diabetes
was formed, 1-hour swimming exercise for 4 weeks, 5 days a week was applied to groups E and DE during the trial period. At
the end of the experiment (after 4 week) some hematological parameters (such as RBCs, Hb, Htc, platelet, WBC, differential
leucocyte count) were determined in blood samples. RBCs, Hb and Htc values were reduced in D group. On the other hand,
WABC and platelet count were increased in the same group. We observed RBC count, Hb and Htc levels were higher and WBC
count was lower in DE group according to D group. As a result; current study was observed that regular aerobic exercise

improves investigated parameters and demonstrates positive effects.
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Diyabetik Sicanlarda Yiizmenin Bazi Kan Parametreleri Uzerine Olumlu Etkisi

Oz: Diyabetik sicanlarda ylizmenin bazi hematolojik parametreler iizerindeki etkisini arastirmak bu ¢alismanin temel amacidir.
32 yetiskin saglikh sigan sirasiyla Kontrol (C), Diyabetik (D), Egzersiz Kontrolii (E) ve Diyabetik + Egzersiz (DE) gruplarina ayrildi.
Kontrol grubundaki sicanlara hicbir uygulama yapilmazken, D ve DE gruplarina intraperitoneal (i.p.) 60 mg / kg streptozotosin
(STZ) enjekte edildi. Deneme, diyabetin baslamasindan sonra dort hafta devam etti. E ve DE gruplarina, diyabet
olusturulduktan sonra, deneme siiresini iceren 4 haftalik periyotta, haftada 5 giin olmak Uzere 1 saat ylzme egzersizi
yaptirildi. Deneme sonunda (4 hafta sonra) kan 6rneklerinde bazi hematolojik parametreler (RBC, Hb, Htc, trombosit, WBC,
diferansiyel 16kosit sayisi gibi) belirlendi. D grubunda RBC, Hb ve Htc degerleri diisti. Diger taraftan, ayni grupta WBC ve
trombosit sayisi artmistir. DE grubunda RBC, Hb ve Htc diizeylerinin daha ylksek, WBC sayisinin ise daha disik oldugunu
gozlemledik. Sonug olarak; galismada diizenli aerobik egzersizin incelenen parametreleri iyilestirdigi ve olumlu etkiler

gosterdigi sonucuna varilmistir.
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INTRODUCTION

D

problems because of the pancreas gland cannot

iabetes Mellitus (DM) is a serious disease of

metabolism which can be induced important

produce insulin hormone adequately or the insulin
hormone it produces cannot be used effectively (1).
DM damages various organs, causing acute and
chronic complications (2-4). Besides being a very
serious and progressive disease, it causes acute and
chronic complications when not controlled and
negatively affects morbidity and mortality, resulting
in a great health problem for both individuals and
society (5). Along with rapid changes in lifestyle, DM
prevalence is rapidly increasing across all developed
and developing populations. The main causes of this
increase in DM prevalence are population aging,
unhealthy nutrition, obesity and sedentary lifestyles
(4).

Physical activity and sport are extremely
important for a healthy and long life. It can affect
hematological and biochemical parameters as in
adaptation to

many systems. Human physical

exercise is characterized by adaptation of

cardiovascular  system and alterations in
hematological and biochemical parameters (1,6-8).
The main goal of DM treatment is to protect or retard
chronic complications of diabetes by optimally
maintaining blood glucose, lipid profile and also
blood pressure level. For blood glucose control,
lifestyle changes such as exercise and diet are of
primary importance. It improves glycemic control,
lipid profile, immunity and decreases insulin
resistance. On the other hand, physical training such
as walking, cycling, running swimming can also play a
role as a stress factor, stimulating the hypothalamic-
pituitary-adrenal axis (1,9,10). Exercise has been
considered an important therapeutic regimen in
addition to nutrition and drug therapy in the
treatment of diabetes mellitus for a long time
(11,12). Regular physical exercises help to improve
glycemic control while preventing diseases like

cardiovascular disease, type 2 Diabetes mellitus
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(T2DM) and also obesity. (13-15). Most activities such
as walking, cycling, rowing, running, swimming and
also jogging lead to aerobic energy consumption.
Similar exercises such as these involve continuous
and repetitive movements of large muscle groups
(16). Aerobic exercise is very important because of its
utility effects on most hematologic and biochemical
parameters, as it decreases metabolism risk factors
along with insulin resistance in the treatment of
T2DM. Most studies on this subject have shown the
favorable effects of aerobic exercise with distinct
density on T2DM treatment (12,16).

The positive effects of regular exercise on
metabolism are well known, but the role of exercise
on diabetes is little known, and experimental diabetic
rats are used as a human model for T2DM. Regular
exercises are alternative treatment support
programs for both type 1 and T2DM (12). Therefore,
in the present study, we have examined the
favorable and preventive effects of swimming

exercise on some blood parameters in diabetic rats.

MATERIAL and METHODS
Animals and Treatment

In the present study, 32 healthy male Wistar
Albino rats with weights of 280 + 20 g and aged 70-
80 days were used. Rats have been provided from the
KONUDAM (Experimental Medicine Application and
Research Center of Necmettin Erbakan University).
The research design was approved by the KONUDAM
Ethics Committee for Animal Studies (Ethics code:
2014-042). The rats were housed in plastic rat cages
in the experimental animal unit at 23 + 2°C at room
50+10% humidified
environment at a 12/12 night/day light cycle and

temperature and in a
they were fed ad-libitum with a standard rat diet.
Rats were provided ad libitum access to water (~ 50
ml/day/rat) to be refreshed daily for four weeks.
The animals were divided into Control (C),
Diabetic (D), (E)

Diabetic+Exercise (DE) groups respectively.

Exercise  Control and
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Induction of Diabetes Hematological Analyses
A single dose of streptozotocin (STZ) (60 mg/kg, Leucocyte (WBC), erythrocyte (RBC),

S0130-1G)  solution was

intraperitoneally (i.p) in rats and a diabetes model

Sigma injected
was created in diabetic groups (D, DE) (17, 18). Group
E and Group DE trained 5 d/wk for 4 weeks. The STZ
solution was prepared by dissolving 60 mg / kg STZ
(Sigma S0130-1G) in 0.1 M citrate buffer (pH 4.5)
before application. After STZ injection, checking
blood glucose was done after 72 h fast from the tail
with blood glucose meters (plusMED). All the animals
who obtained blood glucose above 250 mg/dl were
contemplated diabetic. After 4 weeks of application,
blood samples were taken from the animals by
under  anesthesia into

cardiac  puncture

anticoagulant for determination.

Swimming Training Protocol

Swimming training program began after
induction of diabetes. Swimming exercise was
performed in the swimming tank (100x60 cm)
(32+1C%. The animals began experimental period
that consisted of four weeks of the swim for 60

minutes, five days a week.

differential leucocyte and thrombocyte (PLT) count,
hemoglobin (HB) and hematocrit (HTC) levels were
blood
parameters were measured with Auto Hematology
Analyzer (Mindray BC800).

determined in samples. Hematological

Statistical Analyses

Statistical analysis of the obtained findings and
determining the importance of the differences
between the groups were made using the SPSS 16.0
package program. The significance between groups
was determined Duncan's Multiple Range test in
(ANOVA).

analysis of variance Significant was

considered as P< 0.05.

RESULTS

In this study, the effect of swimming exercise on
some hematological parameters in STZ-induced
diabetic rats were summarized Table 1 and 2.
Diabetes reduced RBCs, Hb and Htc values, on the
other hand WBC count and platelet increased

significantly (P<0.05) in D group.

Tablel. Some hematological parameters in experimental groups (Xt SX).
Tablo 1. Deney gruplarinda bazi hematolojik parametreler (X + SX).

C E D DE p

WBC(x103/mm?3) 4.50 £ 0.20° 6.52 + 0.44° 8.14 +0.57° 6.94 + 0.65%° <0.05
RBC (x1085/mm?3) 8.19+0.17% 8.86 +0.10° 6.99 + 0.50° 7.18 +0.61° <0.05
Hb (gr/dl) 14.93 £0.27%° 15.78+0.312 12.26 + 0.68¢ 13.80 £ 0.58° <0.05
Htc (%) 48.25 +1.02° 50.05 + 1.55° 36.28 +2.52° 48.15 + 3.26° <0.05
Plt (L) 779.83+37.72°  579.66+82.02°  832.66+ 31.48° 608.16 + 62.03° <0.05

a, b,c; P< 0.05. WBC : White Blood Cel, RBC : Red Blood Cel, Hb : Haemoglobin, Htc : Hematocrit, Plt : Platelet.

Table 2. Differential leucocyte counts (%) in experimental groups (X SX).

Tablo 2. Deney gruplarinda diferansiyel |6kosit sayisi (%), (X+ SX).

% C E D DE p
Lym 70.37 £1.19° 39.31+10.13° 73.15+3.76° 57.53 +6.21° <0.05
Mon 3.03+0.70 4.02+2.24 3.69+£1.00 6.81+2.57 >0.05
Neu 24.75 +0.97° 53.18 + 7.59° 21.30£3.22° 33.21+5.41° <0.05
Eos 1.08 £0.27 1.65 % 0.66 0.75+0.46 1.04 £0.22 >0.05
Bas 0.81+0.17 1.78 £ 0.88 1.53+0.18 1.76 £ 0.43 >0.05

a, b; P< 0.05. Lym: Lymphocyte, Mon: Monocyte, Neu: Neutrophil, Eos: Eosinophil, Bas: Basophil
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RBC count, Hb and Htc levels in the DE group
was higher and total WBC count reduced than D
group (Table 1).

Lymphocyte count was significantly increased
and neutrophil count was reduced in diabetic group
(D) compared with the other groups (especially E and
DE Group). The basophile count was tending to
increase in experimental groups compared with C

group (Table 2).

DISCUSSION and CONCLUSIONS

Regular exercise is very important to prevent or
treat many chronic diseases and their complications
(8,19). DM is very important and serious chronic
metabolic endocrine disorder and wants definitive
therapy. Many studies on this subject reveal that
exercise is effective in improving T2DM. While
exercise can improve glycemic control, it can also
increase insulin and

sensitivity complications

associated with reverse diabetes, such as
cardiovascular damage, which is considered one of
the main complications (12,20).

Aerobic exercise has positive effects on the
hematological and biochemical parameters, such as
cholesterol, triglyceride, insulin and glucose level and
cytokines. Daily swimming training can be beneficial
effects on blood parameters in diabetics (12,21).
Some studies showed that exercise activities have
significantly improved hematocrit, hemoglobin levels
and RBC count in pregnant women, athletes, patients
with T2DM, and STZ induced diabetic (36,38).

Ghisai et al. (22) have reported that leukocytes
count was decreased and percentage of neutrophils
were increased in exercise treated diabetic rats,
while Crespilho et al. (1) said that there was no
significant change in both total leukocytes counts
and leukocyte counts in exercise- induced diabetic
rats. Moreover, Naziroglu et al. (23) have reported
that leukocyte count was significantly increase in
exercise treated diabetic rats when it compared to
diabetic group.

Sugiura et al. (24) have reported that chronic

exercise training improves the macrophage and
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lymphocyte function. In this study, the increase in
leukocyte count in exercised group is similar to the
other results that founded in various studies (1,25).
Chaar et al. (25) reported an increase in the leukocyte
count due to mobilization of
which

consequence of exercise. In this study, the increase

leukocytes and
inflammatory responses occur as a
in the number of neutrophils and monocytes in total
leukocyte count was observed only in exercise group.
McFarlin et al. (26) have reported that increasing in
leucocyte count after exercise and remained the
same for two hours. But Crespilho et al. (1) reported
no differences between diabetic and exercise groups.
On the other hand, some researchers reported an
increase in lymphocyte, NK, T and B cell counts after
exercise. Also, Neves et al. (27) and Kostrycki et al. (8)
informed that increase in leukocyte count depended
on the period and density of exercise. Crespilho et al.
(1) have observed that exercise affects opposite in
increasing neutrophil count in diabetes. Eosinophil
count may variate under stress. The increase in total
leukocyte count in experimental diabetes may be due
to an increase in free radicals, a decrease in
antioxidant activity, and an increase in inflammatory
cytokines.

In diabetic animals and humans, a relative
decrease in lymphocyte ratios in leukocyte types and
an increase in neutrophil count were observed (28-
30). Kozlov et al. (28) reported moderate neutrophilic
leukocytosis and prolonged circulation times of
neutrophils and monocytes in diabetic mice and
suggested that count may also show low-grade
inflammation. But in this study, neither lymphocyte
nor neutrophil ratios were significantly change had
been observed. Our results were at the same
consistent with the last literatures. Also, in some
study, an increase in rate of lymphocyte in leukocyte
types had been reported in diabetic animals (31).

It is well known that anemia occurred in chronic
diseases. Increased lipid peroxide production and
membrane protein oxidation in diabetes causes
hemolysis of RBC resulting from hyperglycemia

(30,32-34). Also, the observed parallel reductions in
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RBCs, Hb and HTC values in diabetic animals group in
the results of this study was reported in the results of
some other researches (30,31,35,37). Increases in
leukocyte and platelet counts with diabetes are
consistent with studies conducted in this respect
(32).

There were no significant changes in RBC count,
Hb and Htc levels between control and experimental
groups in our study and these findings were similar
between Chaar et al. (25) and Crespilho et al. (1)’s
results. Also, in this study the RBCs count, Hb and Htc
levels in the ED group was significant highest than the
D group, these levels in the exercise and D group was
significantly lower than the E group. Also, there was
a slightly increased in the levels of last previous
parameters when we compared between exercise
and diabetic group and only diabetic group, there is
no mentions of importance between this two groups.
After exercise, significant increasing in erythrocyte
count may be the result of hemoconcentration (33).

In conclusion of this study, the results showed
that the regularly swimming exercise performed in
the experimentally diabetic rats with STZ has a
positive effect on hematological parameters. Data
obtained in this study could be used later as a basis
to plan the duration, intensity and continuance of
exercise as one of available modalities for treatment

of diabetes mellitus.

Conflict of interest

The authors declare that they have no conflict

of interest.

REFERENCES

1. Crespilho DM., Curiacos de Almeida Leme JA,,
Rostom de Mello MA, Luciano E., 2010. Effects of
physical training on the immune system in
diabetic rats. Int J Diabetes Dev Ctries, 30, 33-37.

2. Saito M., Kuratsune H., Nitta H., Kawahara K.,
Hamano M., Matsuda M., Kaku K., Eto M., 2006.
Plasma Lipid Levels and Nutritional intake in
Childhood- and Adolescence-Onset Young Type

1 Diabetic Patients in Japan. Diabetes Research

35

10.

11.

and Clin Prac, 73, 29-34.

Valentovic MA., Alejandro N., Carpenter AB.,
Brown PI., Ramos K., 2006. Streptozotocin (STZ)
diabetes enhances benzo(a)pyrene induced
renal injury in Sprague Dawley rats. Toxicol
Letters, 164, 214-220.

Cambay Z., 2011. Investigation of the effects of
pomegranate flower (punica granatum) on
serum aspartate aminotransferase and alanine
aminotransferase levels in diabetic rats.
Ecological Life Sci, 6, 124-133.

Tanriverdi MH., Celepkolu T., Aslanhan H., 2013.
Diabetes mellitus and primary health care. J Clin
Exp Invest, 4, 562-567.

Balducci S., D'Errico V., Haxhi J., Sacchetti M.,
Orlando G., Cardelli P., Vitale M., Bollanti L.,
Conti F., Zanuso S., Lucisano G., Nicolucci A.,
Pugliese Get., 2019. Effect of a behavioral
intervention strategy on sustained change in
physical activity and sedentary behavior in
patients with type 2 diabetes: The IDES-2
randomized clinical trial. JAMA, 321, 880.
Diabetes 2019. 5.
lifestyle management: standards of medical care
in diabetes-2019. Diabetes Care, 42, S46.
Kostrycki IM., Frizzo MN., Wildner G., Donato
YH., Santos AB., Rhoden CR., Ludwig MS., Heck

TG., 2016. Hematological response of acute

American Association.,

exercise in obese mice: The obesity attenuation
effect on leucocytes response. J Exercise Physiol,
19, 85-93.

Hevener AL., Reichart D., Olefsky J., 2000.
Exercise and thiazolidinedione  therapy
normalize insulin action in the obese Zucker fatty
rat. Diabetes, 49, 2154-2159.

Contarteze RV., Manchado FdeB., Gobatto CA.,
De Mello MA., 2008. Stress biomarkers in rats
submitted to swimming and treadmill running
exercises. Comp Biochem Physiol Part A Mol
Integr Physiol, 151, 415-422.

Sigal RJ., Kenny GP., Wasserman DH., Castaneda-
Sceppa C., 2004. Physical activity/exercise and

type 2 diabetes. Diabetes Care, 27, 2518-2539.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacchetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orlando%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardelli%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vitale%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bollanti%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Conti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zanuso%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lucisano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicolucci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30835309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pugliese%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30835309

The Favorable Effect of Swimm...

Donmez et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Thent ZC., Das S., Henry U., 2013. Role of
exercise in the management of Diabetes
Mellitus: The Global Scenario. PloS One, 8,
e80436.

Ahmad MA.,  20109.

continuous training: is it as good as high-

Moderate-intensity

intensity interval training for glycemic control in
type 2 diabetes? J Exerc Rehabil, 15, 327-333.
Hu FB., Manson J., Stampfer M., Graham C.,
2001. Diet, lifestyle and risk of type 2 diabetes
mellitus in women. The New England J Med, 345,
790-797.

Ehiaghe FA., Agbonlahor DE., Etikerentse SMO.,
Osadolor HB., 2013. Effect of exercise induced
stress on serum cortisol level and CD4 cell count
in rats. African J Cellular Path, 1, 14-18.

Colberg SR., Sigal RJ., Yardley JE., Riddell MC,,
Dunstan DW., Dempsey PC,, ES.,
K., Tate DF.,, 2016. Physical
Activity/Exercise and Diabetes:
the  American
Association. Diabetes Care, 39, 2065-2079.
Akbarzadeh A., Norouzian D., Mehrabi MR.,
Sh., Farhangi A., Allah Verdi A,
Mofidian SMA., Lame Rad B., 2007. Induction of
diabetes by Streptozotocin in rats. Indian J Clin
Biochem, 22, 60-64.

Maciel RM., Costa MM., Martins DB., Franca RT.,
Schmatz R., Graca DL., Duarte MM., Danesi CC.,
Mazzanti CM., Schetinger MR., Paim FC., Palma
HE., Abdala FH., Stefanello N., Zimpel CK., Felin
DV., Lopes ST., 2013. Antioxidant and anti-

inflammatory effects of quercetin in functional

Horton
Castorino
A Position

Diabetes

Statement  of

Jamshidi

and morphological alterations in streptozotocin-
induced diabetic rats. Res Vet Sci, 95, 389-397.

Eljsvogels TMH., Thompson PD., 2015. Exercise is
medicine at any dose? JAMA, 314, 1915-1916.

Momma H., Sawada SS., Kato K., Gando Y,,
Kawakami R., Miyachi M., Huang C., Nagatomi
R., Tashiro M., Ishizawa M., Kodama S., Iwanaga
M., Fujihara K., Sone H., 2019. Physical Fitness
Tests and Type 2 Diabetes Among Japanese: A
Longitudinal Study From the Niigata Wellness

36

21.

22.

23.

24.

25.

26.

27.

28.

29.

Study, 29, 139-146.

Stewart KJ., 2002. Exercise training and the
cardiovascular consequences of type 2 diabetes
and hypertension: plausible mechanisms for
improving cardiovascular health. JAMA, 288,
1622-1631.

Ghisai R., Soufi FG., Mohaddes G., Somi MH.,
Ebrahimi H., Alihemmati A., Bavil FM., Alipour
MR., 2014. Effects of regular swimming on WBC
profile, inflammatory mediators and
histopathology of pancreatic tissue of high fat-
induced diabetes in adult male rats. Bull Env
Pharmacol Life Sci, 3, 14-20.
Naziroglu M., Simsek M., Kutlu M., 2004.
Moderate exercise with a dietary vitamin C and
E combination protects streptozotocin-induced
oxidative damage to the blood and improves
fetal outcomes in pregnant rats. Clin Chem Lab
Med, 42, 511-517.

Sugiura H., Nishida H., Sugiura H., Mirbod SM.,
Iwata H.,2000. Immunomodulation by 8-week
voluntary exercise in mice. Acta Physiol Scand,
168, 413-420.

Chaar V., Romana M., Tripette J., Broquere C.,
Huisse MG., Hue 0., 2011. Hardy-Dessources

MD, Connes P. Effect of strenuous physical

exercise on circulating cell-  derived
microparticles. Clin  Hemorheology and
Microcirculation, 47, 15-25.

McFarlin BK., Mitchell JB., McFarlin MA,,

Steinhoff GM.,
exercise affects leukocyte number but no NK cell
activity. Med Sci Sports Exerc, 35, 1130-1138.

Neves PRDS., Tenorio TRDS., Lins TA., Muniz
MTC., Pithon-Curi TC., Botero JP., 2015. Acute

effects of high and low intensity exercise bouts

2003. Repeated endurance

on leucocyte counts. J Exerc Sci Fit, 13, 24-28.
Kozlov IA., Novitski VV., Baikov AN., 1995.
Kinetics of blood leukocytes in mice with alloxan
diabetes. Bull Exsp Biol Med, 120, 33-35.
Mahmoud AM., 2013. Hematological alterations
in diabetic rats-role of adipocytokines and effect
of citrus flavonoids. EXCLI J, 12, 647-657.


https://www.ncbi.nlm.nih.gov/pubmed/30058613

The Favorable Effect of Swimm...

Donmez et al.

30.

31.

32.

33.

34.

Keskin E., Donmez N., Kiligarslan G., Kandir S.,
2016. Beneficial Effect of Quercetin on Some
Hematological Parameters in Streptozotocin-
Induced Diabetic Rats. Bull Env Pharmacol Life
Sci, 5, 65-68.

Nikseresht A., Fehresti Haghighi Sh., Solhjoo K.,
Kargar Jahromy H., 2013. Effect of maximum
activity on the immune system cells in diabetic
rats. Journal of Jahrom Unv Med Sci, 10, 42-47.
Naziroglu M., Butterworth PJ., 2005. Protective
effects of moderate exercise with dietary
vitamin C and E on blood antioxidative defense
mechanism in rats with streptozotocin- induced
diabetes. Can J Appl Physiol, 30, 172-185.
Oyedemi SO., Yakubu MT., Afolayan AJ., 2011.
Antidiabetic activities of aqueous leaves extract
of Leonotis leonurus in streptozotocin induced
diabetic rats. J Med Plant Res, 5, 119-125.
Donmez N., Donmez HH., Keskin E., Kisadere 1.,
2012. Effects Aflatoxin
Haematological

of on Some

Parameters and Protective
Effectiveness of Esterified Glucomannan in

Merino Rams. TSWIJ Article ID 342468.

37

35.

36.

37.

38.

Colak S., Geyikoglu F., Aslan A., Deniz GY., 2014.
Effect of lichen extracts on haematological
parameters of rats with experimental insilin-
dependent diabetes mellitus. Tox and Ind
Health, 30, 878-887.

Hassanpour G., Hosseini SA., Keikhosravi F.,
Noura M., 2017. The Effect of Swimming Training
with Cinnamon Extract on Hematological Factors
in Diabetic Rats. Iranian J Diabetes and Obesity,
9, 101-106.

Silva RP., Santos RO., Matildes NEJ., Mundim
AV., Garrote-Filho MD., Rodrigues PF., Penha-
Silva N., 2017.
testosterone associated with physical training on

Influence of the use of

some hematologic and physical parameters in
older rats with alloxan-induced diabetes. Arch
Endocrinol Metab, 61, 62-69.

Al Shehri ZS., 2017. The relationship between
some biochemical and hematological changes in
type 2 diabetes mellitus. Biomed Res and
Therapy, 4, 1760-1774.



