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ABSTRACT 
 

The present research aimed to determine the effective dose of medical ozone on some blood 
parameters in experimental diabetic rats.48 adult female rats with (a 180 - 200 g) weight average 
were randomly divided into (6) groups (n=8): control (T1), Medical ozone (MO) (T2), diabetic (T3), 
ozone-treated diabetic (T4), insulin-treated diabetic(T5), and MO, insulin-treated diabetic (T6). 
Diabetes was induced by an intraperitoneal injection of a single dose of Alloxan (150 mg/kg of the 
body weight). The diabetic rats were left for 2 days to assure the stability of diabetes in them, 
before continuing experiments. The results of RBCs in groups (T2, T4, T5, and T6) showed a 
significant increase compared with the diabetic group and control group, and Hb and  WBCs 
parameters showed a significant decrease in (T3, T4, and T5)When compared with other groups. 
The results of the platelet count there was a significant increase in (T3, T4, and T5) compared to 
the control group. Clotting time and calcium ions recorded a significant decrease in all treated 
diabetic groups (T3, T4, T5, and T6) when compared with (T1 and T2), at the same time,  the 
results of bleeding time recorded a significant decrease in (T3 and T4 ) compared with the other 
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groups while (T4 and T5) showed non-significant difference compared to (T1 and T2). The current 
study concluded that the treatment combination of medical ozone and insulin has ameliorative 
effects on some blood parameters except clotting time and calcium, ions. 
 

 
Keywords: Medical Ozone; insulin; alloxan; hematological; parameters. 

 
1. INTRODUCTION  
  
“Diabetes mellitus (DM) is a chronic metabolic 
disorder in which the body’s ability to produce or 
respond to the hormone insulin is impaired, 
resulting in abnormal metabolism of 
carbohydrates and elevated levels of glucose in 
the blood and urine. DM has been diagnosed in 
canine and feline families after humans. The 
clinical features described and investigated are 
rarely observed in other domestic large animals 
such as horses, cattle, buffalo, swine, and other 
small ruminants” [1-3]. “The classification of 
diabetes differs for large and small animals, 
although it has similarities to humans. The 
common and general forms of DM are known to 
be insulin-dependent DM (IDDM) Type-1 and 
non-IDDM (NIDDM) Type-2 in animals. Also, the 
secondary DM or Type-3 has been identified  ,
which is a complication of insulin antagonisms . 
This occurs due to pancreatic islet damage by 
pancreatic necrosis, tumor progression, and 
pancreatitis. Metabolic DM is the specific 
experimental expression of this form, primarily 
described in dogs and cats” [2,4]. 
 

“Ozone, a gas composed of three atoms of 
oxygen with a cyclic structure, was initially 
discovered as an oxidant and a disinfectant in 
1834, exerting medical affectivity first for gunshot 
gangrene” [5]. “Evidence supports ozone has 
been used for the treatment of cutaneous 
wounds with satisfactory healing results” [6]. 
“Ozone was used in many methods, tent, bag, 
even injection, and systematic applications 
referring to rectal insufflation as well as 
autohemotherapy” [7]. 
 

“Ozone has been used as a therapeutical agent 
and beneficial effects have been observed. 
However, so far only a few biochemical and 
pharmacodynamic mechanisms have been 

elucidated. many studies demonstrated that 
controlled ozone administration may promote 
oxidative preconditioning or adaptation to 
oxidative stress, preventing the damage induced 
by ROS” [1]. Taking into account that diabetes is 
a disorder associated with oxidative stress, we 
postulate that ozone treatment might protect 
antioxidant systems and maintain, at a 
physiological level, other markers of damage 
associated with diabetic complications. 
 

2. MATERIALS AND METHODS 
 
The study was carried out on (48) adult female 
albino rats weighing (180-200g). Animals were 
housed in temperature and light- controlled 
rooms and allowed free access to normal diet 
pellets and tap water. Medical Ozone (MO) was 
generated with ( Medical Ozone generator Aqua 
plus, model No: AOT-MD-520). MO given to 
each animal was adjusted to a final dose of 1.1 
mg/kg BW intraperitoneal [8]. Huminsulin R India 
was used at a dose of 0.75 IU/100 g body weight 
[9]. 
 

2.1 Induction of Diabetes Mellitus 
 
Diabetes mellitus (DM) was induced in overnight 
fasting rats by a single injection of alloxan 
(alloxan monohydrate) at a dose of 150 mg/kg 
body weight into intraperitoneal)I.P). After 
injection alloxan. Rats were given a 5% glucose 
solution for 24 hours with drinking water to 
prevent initial drug-induced hypoglycemic 
mortality. 
 

2.2 Experimental Design 
 
The mature female rats were randomly divided 
into six groups each containing eight animals as 
follows:

 
T1 Animals were daily administered  (I.P) with citrate buffer (0.1 M, pH 5). daily for six weeks. 
T2 Animals daily administered 1.1 mg/kg of MO (I.P), daily for six weeks. 
T3 Animals Untreated diabetic group will induced with single (I.P) injections of alloxan (150 mg/kg) 
T4 Diabetic rats will receive 1.1 mg/kg of MO (I.P),  for six weeks. 
T5 Diabetic rats will receive the dose of Mixtard insulin and will be injected subcutaneously at a dose of 

0.75 IU/100 g body weight, for six weeks. 
T6 Diabetic rats will receive 1.1 mg/kg of MO (I.P) and Mixtard insulin will injected subcutaneously at a 

dose of 0.75 IU/100 g body weight, respectively, for six weeks 
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2.3 Determination of Bleeding Time (BT)  
 
The rat tail was warmed for one minute in water 
at 40 ̊C and then dried. A small cut was made in 
the middle of the tail with a scalpel. Bleeding time 
started when the first drop touched the circular 
filter paper. It was checked at 30-second 
intervals until the paper was no longer stained 
with blood. The time taken for bleeding to stop 
was recorded for each rat and the average was 
taken as bleeding time [10]. 
 

2.4 Clotting time Estimation (CT)  
 
Clotting time was determined using the capillary 
glass tube method. A standard incision was 
made in the skin of the ear and the blood was 
taken into a capillary glass tube and the time of 
collection was noted. Pieces of capillary glass 
were broken from one end every thirty seconds 
and the appearance of fibrin threads was used 
as the endpoint and the time was noted in 
seconds [11]. 
 

2.5 Collection of Blood Samples   
 
On the 60th day of the experiment, Each of the 
rats was anesthetized. 10 ml blood samples were 
collected from each sacrificed rat by cardiac 

puncture and 5 ml of blood was discharged into 
blood tube EDTA K for hematological analysis 
and the residual amount was discharged into a 
gel tube to obtain the serum for biochemical 
analysis. Hematological parameters that were 
analyzed include Red Blood Cells (RBCs),                 
White Blood Cells (WBCs), Haemoglobin (Hb), 
and Platelets. They were determined                      
using Automated Hematology Analyzer 
Genex(COUNT 60). A calcium test kit is            
used to measure in serum(BIOLABO kit, 
052010A). 
 
The results obtained from the current study 
recorded a significant (p >0.001) rise in RBC 
count in the (T2) treated group when compared 
with the control group and the rest of the diabetic 
groups. as well as noticed that there was no 
significant difference in the number of RBC 
between the groups (T1, T4, T5, and T6 ), also a 
significant decrease was recorded in the diabetic 
group when it was compared with the control 
group. As for the results of white blood cells, no 
statistically significant difference was recorded 
between the (T2) group and control group, As for 
the treated diabetes groups, no statistical 
difference was recorded when comparing them, 
except (T6) group, which came close to the value 
of the control group.  

 
Table 1. Effects of Medical Ozone on some hematological parameters of diabetic female rats 

 

Groups n=8 Parameters 

RBCs (106/μL) Hb(g/dl) WBCs(103/μL) 

T1 7.8642 ±0.2364 b 13.8250 ± 0.2246 b 7.71 ± 0.47ab 
T2 9.0783± 0.1595 a 14.4250 ± 0.1605 a 8.05 ± 0.47a 
T3 6.0575± 0.2153 c 10.1917 ± 0.1367 d 6.00 ± 0.48c 
T4 7.4225 ± 73.976 b 10.6583 ± 0.1389 cd 6.37 ± 0.66c 
T5 7.3983 ± 73.9788 b 10.3583 ± 0.2224d 6.26 ± 0.62c 
T6 7.8892 ± 0.1807 b 10.9000 ± 0.1692 c 7.52 ± 0.73b 

LSD 0.60 0.50 0.47 
Values expressed in small letters mean significant differences at p. value < 0.001 

 
Table 2. Effects of Medical Ozone on hemostatic parameters of diabetic female Rats 

 

Groups 
n=8 

Parameters 

Platelets count x 
103/Μl 

Clotting Time Bleeding Time Calcium 

T1 457.0833 ±55.9 d 2.0333± 0.22293 a 3.5833±0.41090 a 7.1917± 0.69473 a 
T2 473.5000 ±   48.9cd 1.8833± 0.15859 a 3.2792 ± 0.33345 b 7.3833± 0.67532 a 
T3 769.4167± 58.6 a 0.9542±0.13049 d 1.9583± 0.37005 c 5.0375±0.55478  c 
T4 571.0000 ± 39.6 b 1.1058± 0.16082 c 2.0117± 0.42000 c 5.1083 ±0.46993 c 
T5 553.8333 ±  46.6 b 1.9833± 0.14035 b 3.2750± 0.249930b 5.1500±  0.61274 c 
T6 493.0000 ± 30.6  c 1.8750±0.171230 b 3.2708±0.33671b 5.6417 ± 0.47760 b 

LSD 38.8 0.13 0.29 0.47 
Values expressed in small letters mean significant differences at p. value >0.001 
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The results of hemoglobin value in the current 
study noticed the T2 group recorded a statistical 
increase in the level of hemoglobin when 
compared with the T1 group. While the groups of 
diabetics were given doses of (MO)T2 or (Insulin) 
T4, they recorded a significant increase when 
compared with other diabetic groups 
 
The platelet count results showed a significant 
increase in the (T3)group compared to the other 
groups, while the (T2) group did not show any 
significant difference when compared with the 
control group. At the same time, there was no 
significant difference between (T4) and (T5), but 
compared to(T3) there was a significant 
decrease. López [12] while the (T6)group 
recorded a significant decrease compared to the 
(T3) group In addition to being close to reading of 
the (T2) group.  
 
Results showed a significant decrease (p 
>0.001) in bleeding time in the (T2) and ( T3) 
groups when compared to the (T1), at the same 
time showed the ( T4) group non-significant 
difference in bleeding time compared to (T3) 
group while the (T5and T6) recorded significant 
increase when compared to (T3) group.  
 
The results of clotting time showed a significant 
decrease in the (T2) group when compared with 
the control group, while the (T3) group showed a 
significant decrease compared to the control 
group.  
 
On the other hand, all treated diabetic groups 
recorded a significant increase in clotting time 
compared to the (T3) group and at the same 
time, both groups (T5 and T6 )were approached 
to the reading of the (T2) group. The obtained 
results are in the tab. (2) revealed a non-
significant change in Ca++in serum of female 
rats when compared between the (T2) group and 
(T1) group while the results showed a significant 
decrease in serum Ca++of diabetic group (T3) 
compared with the control group. At the same 
time, there was a non-significant difference 
between (T4), and (T5) compared to (T3) group. 
 

3. DISCUSSION  
    
In a study by Lopez [13] that used medical ozone 
autohemotherapy in horses, a significant 
increase in red blood corpus was detected; this 
result is similar to observations in the present 
study. “Ozone therapy acts as a form of oxygen 
therapy that stimulates mitochondria and gives 
them a bath of fresh air. Oxygen is the most vital 

element required for human life and it is the key 
to good health, the best way to optimize health is 
to oxygenate every cell in the body” [14].  
 
 The results of the present study supported by 
Bocci [15], and Mahmoud et al. [14] found that 
ozone therapy increases the oxygen level in the 
blood, oxygenates the tissues in the whole body, 
and can activate biochemical pathways in 
erythrocytes, hemoglobin, and leukocytes without 
acute or chronic toxicity. “during prolonged ozone 
therapy, the bone marrow may release a cohort 
(about 0.9% of the pool) of new erythrocytes with 
improved biochemical characteristics” [16].  
 
The appreciable decrease in RBCS count, Hb 
and WBCS count in the untreated alloxan-
induced diabetic rats correlates with the findings 
of Mansi [17] and Mounce and AL-Saeed, [18]. 
“Reactive oxygen species have also been 
implicated in the mechanism of RBCS damage” 
[19]. “The cytotoxic action of diabetogenic agents 
such as alloxan is mediated by reactive oxygen 
species” [20].  
 
“In diabetic rats, red blood cell (RBC) count was 
found to decrease significantly, due to the non-
enzymatic glycosylation of RBCS membrane 
protein which is directly associated with the 
hyperglycemic condition. High glucose level 
leads to the generation of toxic product alteration 
which causes many such as reduced production 
of bone marrow” [21]. “Hyperglycemia results in 
glycosylated hemoglobin, thus total hemoglobin 
level is decreased in alloxan-induced diabetic 
rats” [22]. “Reduction in hemoglobin may be 
accompanied by a fall in the red blood corpus 
count and packed cell volume” [23].  
 
“The hyperglycemic situation leads to the 
production of lipid peroxides. These peroxides 
increase membrane stiffness, decrease cellular 
deformability, decrease the life span of RBCs 
and lipid fluidity, and also cause hemolysis of 
RBCs and low hemoglobin” [24]. “The previous 
study recorded that WBCs which play a pivotal 
role in initiating immunity showed a significant 
decrease (P>0.05 and P>0.01 respectively) In 
untreated diabetic rats” [25].  
 
“According to the current results, observed that 
the addition of MO with daily doses of insulin 
does not affect the action of insulin, as a 
significant increase in the number of RBCs and 
WBCs.The combination of metabolic actions of 
insulin and the ability of ozone to enhance 
antioxidant endogenous systems, in addition to 
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oxidative stress by oxidative preconditioning 
mechanisms, resulted in a reduction in lipid and 
glucose oxidation and increased NO oxidation 
caused by insulin alone plus antioxidant 
supplementation of ozone can normalize all 
parameters” [26]. “Ozone may increase the 
endogenous antioxidant defense mechanism in 
rats, thereby protecting them from cranial and 
spinal tissue neuropathies. Moreover, the 
combination of ozone and Insulin therapy has a 
better prospectus for treating DM” [27].  
 
“Diabetes-associated reductions in the 
antioxidant state can be ameliorated by insulin 
combined with antioxidant therapy. These results 
indicate that the combination of insulin treatment 
with ozone in calculated doses leads to a more 
significant enhancement in metabolic oxidative 
states and vascular complications in diabetic 
rats” [28].  
 
“Administration of insulin and exogenous 
antioxidants significantly normalized the RBC 
count because of the ability of antioxidants to 
scavenge the peroxides, reduce membrane 
damages, and simultaneously insulin competes 
for the regulation of glucose metabolism and 
hence prevents glycosylation of proteins” [29]. 
 
Ozone causes a decrease in blood and plasma 
viscosity (plasma macromolecules are 
decreased). Moreover, ozone may induce a 
hypo-coagulatory state thus decreasing the 
tendency to clot [30], This agrees with the results 
of the current study.  
 
In the present study diabetes rats (DM) group 
showed an increment in platelet count. It is 
reported that platelet hyperactivity in patients 
with hyperglycemia results from dysregulated 
signaling pathways that lead to an increased 
tendency to activate and aggregate response to 
a given stimulus [31], Platelet activation therefore 
triggers thrombus formation, microcapillary 
embolization and facilitates the development of 
other cardiovascular diseases. Akingbami et al. 
[32] added that diabetes mellitus is characterized 
by enhanced platelets activation and coagulation 
proteins and reduced fibrinolytic activity which 
usually precede the development of 
cardiovascular complications.  
 
As shown in Table (2), It was observed that 
alloxan decreased the bleeding time and clotting 
time. The increased platelet counts in the 
diabetic rats may have been responsible for the 
observed decrease in bleeding and clotting times 

and may increase the risk of intravascular blood 
clotting and associated diseases [29]. As for the 
results of the calcium level in the serum, a 
significant decrease was recorded in the diabetic 
groups when it was compared with the (control 
and MO) groups this is consistent with a previous 
study [33]. 
 

“In many research studies, a relationship 
between trace elements and diabetes mellitus 
was observed, in different studies an alteration in 
the metabolism of these trace elements (calcium 
and magnesium was noted” [34]. “Calcium ion 
plays an important role in glycemic control by 
affecting the biosynthesis and release of insulin 
from beta cells of the pancreas. There is a 
significant correlation between diabetes and 
hypocalcemia” [35].  
  
The current study found that after ozone therapy 
there are no statistically significant changes in 
hemostatic parameters, at the same time MO 
plus insulin might provide a simpler, safer, and 
more effective means for preventing and 
ameliorating chronic complications of DM than 
each given alone perhaps because of their action 
as an antioxidant.  
 

“The combination of metabolic actions of insulin 
and the ability of ozone to enhance antioxidant 
endogenous systems, in addition to oxidative 
stress by oxidative preconditioning mechanisms, 
resulted in up-regulation of NOS isoforms and 
reduction in lipid and glucose oxidation and 
increased NO oxidation caused by insulin alone 
plus antioxidant supplementation of ozone can 
normalize all parameters” [36,37]. 
 

4. CONCLUSION  
       

Finally, from the previous discussion of these 
results and according to reports of other 
investigators in similar studies: It can be 
explained that ozone therapy has a significant 
effect on the improvement of diabetic patients 
undergoing insulin treatment as evidenced by the 
improvement in hematological and hemostatic 
parameters. The results of the current study 
would introduce a scientifically applicable 
protocol to help , physicians dealing with 
diabetes, organize a plan of care to overcome 
this problem and prevent complications of it and 
the development of associated morbidities. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 



 
 
 
 

AL Rumaidh and Hasan et al.; Uttar Pradesh J. Zool., vol. 45, no. 7, pp. 57-63, 2024; Article no.UPJOZ.3345 
 
 

 
62 

 

REFERENCES 
 
1. Catchpole B, Adams JP, Holder AL, Short 

AD, Ollier WE, Kennedy LJ. Genetics of 
canine diabetes mellitus: Are the diabetes 
susceptibility genes identified in humans 
involved in breed susceptibility to diabetes 
mellitus in dogs? Vet. J.2013;195:139-147.  

2. American Diabetes Association. Diagnosis 
and classification of diabetes mellitus. 
Diabetes Care. 2014;37:S81-S90.  

3. Robinson WF, Robinson NA, Maxie MG. 
Jubb, Kennedy, and Palmar’s Pathology of 
Domestic Animals. Elsevier, St. Louis, MO. 
2016:1-101. 

4. Niaz K, Maqbool F, Khan F, Hassan FI, 
Momtaz S, Abdollahi M. Comparative 
occurrence of diabetes in canine, feline, 
and few wild animals and their association 
with pancreatic diseases and ketoacidosis 
with a therapeutic approach. Veterinary 
world, 2018;11(4):410. 

5. Bocci V. Ozone as Janus: this 
controversial gas can be either toxic or 
medically useful. Mediat Inflamm. 
2004;13(1):3- 11 

6. Martínez-Sánchez G, Al-Dalain SM, 
Menéndez S, et al. Therapeutic efficacy of 
ozone in patients with diabetic foot. Eur J 
Pharmacol. 2005;523(1–3):151- 161. 

7. Bocci V, Zanardi I, Huijberts MS, Travagli 
V. An integrated medical treatment for 
type-2 diabetes. Diabetes Metab Syndr. 
2014;8(1):57- 61 

8. Morsy MD, Hassan WN, Zalat SI. 
Improvement of renal oxidative stress 
markers after ozone administration in 
diabetic nephropathy in rats. Diabetology & 
metabolic syndrome. 2010;2(1):1-7. 

9. Saleh S, El-Ridi M, Zalat S, El-Kotb S, 
Donia S. Additive effect of ozone therapy 
to insulin in the treatment of diabetic rats. 
Menoufia Medical Journal. 2014;27(1):85. 

10. García-Manzano A, González-Llaven J, 
Lemini C, Rubio-Póo C. Standardization of 
rat blood clotting tests with reagents used 
for humans. Proceedings of the Western 
Pharmacology Society. 2001;44:153–155 

11. Harris DT, Gilding HP, Smart WAM. 
Experimental Physiology for Medical 
Students. 6th Edn., Sagar Publications, 
New Del; 1956. 

12. Hajam YA, Rai S, Ghosh H, Basheer M. 
Combined administration of exogenous 
melatonin and insulin ameliorates 
streptozotocin induced toxic alteration on 
hematological parameters in diabetic male 

Wistar rats. Toxicology reports. 2020;7: 
353-9. 

13. López LG. Efecto de la Ozonoterapia 
sobre los parámetros hematológicos y 
constantes fisiológicas en equinos; 2007.  

14. Mahmoud Adel Abdel-Hakim, Emad Tawfik 
Ahmed, Fady Samy Faltaous, Haidy Nady 
Asham Effect of Ozone Therapy on 
Anemic Cancer Patients Undergoing 
Chemotherapy, European Journal of 
Applied Sciences. 2020;12(2):56-61 

15. Bocci V. The case for oxygen-ozone 
therapy. British journal of biomedical 
science. 2007;64(1):44-49. 

16. Bocci V: Ozone. A new medical drug. 
Dordrecht, The Netherlands: Springer; 
2011. 

17. Mansi KMS. Effects of administration of 
alpha-melanocyte-stimulating hormone (α-
MSH) on some hematological values of 
alloxan-induced diabetic rats. Am J 
Pharmacol Toxicol. 2006;1:5–10. 

18. Mounce FS, AL-Saeed MH. Study the 
effect of phytoesterol of ceratoina siliqua 
fruit and insulin on hematological and 
biochemical parameters in diabetic 
pregnant female rabbits induced by 
Alloxan. Basrah Journal of Veterinary 
Research. 2017;16(1):219-242. 

19. Rao GU, Kamath C, Raghothama, KSP, 
Rao P. Maternal and fetal indicators of 
oxidative stress in various obstetric 
complications. Ind J Clin Biochem. 2003; 
18:80–86. 

20. Szkudelski T. The mechanism of alloxan 
and streptozotocin action B cells of the 
ratpancreas. Physiol Res. 2001;50:536–
546. 

21. Abbas M, Siddiqi MH, Khan K, Zahra K. 
Hematological evaluation of sodium 
fluoride toxicity in oryctolagus cunniculus. 
Toxicology Reports. 2017;4:450-454. 

22. Sheela CG, Augusti KT. Antidiabetic 
effects of S-allyl cysteine sulphoxide 
isolated from garlic Allium sativum Linn. 
Ind J Exp Biol. 1992;30:523–6.  

23. Muhammad NO, Oloyede OB. 
Hematological parameters of broiler chicks 
fed Aspergillus niger - fermented 
Terminalia catappa seed meal-based diet. 
Global J Biotechnol Biochem. 2009;4:179–
183.  

24. Kolanjiappan K, Manoharan S, Kayalvizhi 
M. Measurement of erythrocyte lipids, lipid 
peroxidation, antioxidants, and osmotic 
fragility in cervical cancer patients. Clinica 
Chimica Acta. 2002;326(1-2):143-149. 



 
 
 
 

AL Rumaidh and Hasan et al.; Uttar Pradesh J. Zool., vol. 45, no. 7, pp. 57-63, 2024; Article no.UPJOZ.3345 
 
 

 
63 

 

25. Helal EG, Abd-Elwahab SM, Mohammad 
AA. Comparison between the effect of 
ozone and vitamin C in the treatment of 
diabetes mellitus. The Egyptian Journal of 
Hospital Medicine. 2013;51(1):434-447. 

26. Sindhu RK, Koo JR, Roberts CK. Vaziri 
ND. Dysregulation of hepatic superoxide 
dismutase, catalase, and glutathione 
peroxidase in diabetes: response to insulin 
and antioxidant therapies. Clinical and 
experimental hypertension. 2004;26(1):43-
53. 

27. Karademir MUSTAFA, Sönmez M, Akcılar 
RAZİYE, Koçak FATMA, Yay A, Eser O. 
Evaluation of the therapeutic potential of 
intraperitoneal ozone gas in combination 
with insulin above cranial and spinal 
neuropathy in rats with diabetes mellitus. 
bratislava medical journal-bratislavske 
lekarske listy. 2018;119(10). 

28. Saleh S, El-Ridi M, Zalat S, El-Kotb S, 
Donia S. Additive effect of ozone therapy 
to insulin in the treatment of diabetic rats. 
Menoufia Medical Journal. 2014;27(1):85. 

29. Hajam YA, Rai S, Ghosh H, Basheer M. 
Combined administration of exogenous 
melatonin and insulin ameliorates 
streptozotocin-induced toxic alteration on 
hematological parameters in diabetic male 
Wistar rats. Toxicology reports. 2020;7: 
353-359 

30. Van Der Zee H, De Monte A. Ozone auto-
chemotherapy in lower limb ulcerations. In 
Proceedings of the 15th Ozone World 
Congress. London: Speedprint MacMedia 
Ltd (London). 2001:148-157. 

31. Kakouros N, Rade JJ., Kourliouros A, 
Resar JR. Platelet function in patients with 
diabetes mellitus: From a theoretical to a 

practical perspective. International Journal 
of Endocrinology; 2011. 

32. Akingbami A, Dada AO, John OS, 
Ushanaiki O, Adediran A, Odesanya M, 
Ogbara A, Uche E, Okunoye O, 
Arogundade O, Aile K. Mean platelets 
volume and platelets count in type 2 
diabetes mellitus patients on treatment and 
nondiabetes mellitus controls in Lagos, 
Nigeria. The Pan African Medical Journal. 
2014;18. 

33. Tahir IM, Akhter N, Parveen A, Mehboob 
H, Saleem S, Munir N, Akram M. Effects of 
methanolic and aqueous extracts of 
Ipomoea batatas L on mineral contents 
level (calcium and magnesium) in alloxan-
induced diabetic rats. Pakistan Journal of 
Pharmaceutical Sciences; 2018. 

34. Hans P, Sialy R and Bansal D. Magnesium 
deficiency and diabetes mellitus. Curr. Sci., 
2002;83:12-25. 

35. 34.Al-Yaseen, Nimnim T, Challab D 
Calcium and diabetes mellitus type Two a 
prospective study done on people with 
type 2 diabetes in Diwaniya Teaching 
Hospital. Kufa Med. J. 2009;12(1):468-475. 

36. Sindhu RK, Koo JR, Roberts CK, Vaziri 
ND. Dysregulation of hepatic superoxide 
dismutase, catalase, and glutathione 
peroxidase in diabetes: response to insulin 
and antioxidant therapies. Clinical and 
experimental hypertension. 2004;26(1):43-
53 

37. Falih S, HASAN BF. Medical Ozone 
treatment alleviate blood oxidative stress 
and pancreas damage in an alloxan-
induced diabetes model in Rats. University 
of Thi-Qar Journal of Science. 2023; 
10(2):1-9. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://prh.mbimph.com/review-history/3345 


