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Abstract 

Background 

This investigation is concentrated on how hematological and serum biochemical markers would change in streptozotocin-induced 
Insulin-Dependent diabetes mellitus(IDDM) in male adult wistar rats. Hematological parameters, serum protein electrophoresis 
parameters and hepatic transaminases level (SGOT-SGPT) were all measured in both control group rats (N=6) and diabetic group rats 
(N=6) and comparison between two groups was performed. 

Material and Method 

Single dose intraperitoneal injection of 60 mg/kg dose of streptozotocin(STZ) in male adult wistar rats, induces extensive necrosis in 
langerhans β-cell islets, because of its cytotoxicity. Experimental diabetes mellitus can be induced completely in less than 72 hours 
after STZ intraperitoneal injection. Streptozotocin(STZ) was purchased from Sigma company. Diabetic and control group rats were 
kept separately in different metabolic cages, and their blood glucose(BG), hematological parameters, serum protein electrophoretic 
pattern and hepatic transaminases level were analyzed and comparison was done. 

Results 

In our investigation, Insulin-Dependent Diabetes Mellitus(IDDM) was completely induced one week after single intraperitoneal 
injection of 60 mg/kg BW. Diabetes mellitus induction was verified by measuring fasting plasma glucose level in blood samples of 
rats. Level of blood glucose, hematological parameters, serum protein electrophoretic pattern and hepatic transaminase enzymes level, 
were all measured. In diabetic group rats level of blood glucose (BG), hepatic transaminase enzymes (SGOT & SGPT), serum α1-

globulin and β-globulin were significantly increased but in albumin, albumin/globulin ratio (A/G ratio) and serum α2-globulin a 
significant decrease was observed in diabetic rats in comparison with normal rats. 

 

Conclusion 

Extensive inflammation and tissue necrosis induced following diabetes mellitus induction in rats. Significant alterations were observed 
in serum protein electrophoresis fractions and hepatic transaminase enzymes level due to streptozotocin cytotoxic impacts on some 
tissues specifically liver. 

Because of extensive β-cells necrosis and degeneration caused by streptozotocin exposure, high level of blood glucose(diabetic 
hyperglycemia) was observed in diabetic rats. This type of experimentally induced diabetes mellitus would highly affect 
hematological parameters. Insulin-Dependent Diabetes Mellitus induced by streptozotocin, can lead to anemia, neutrophilia and 
lymphocytosis and also has decreasing effects on red blood cell indices (HGB, MCV, MCH, MCHC) in diabetic group rats. 
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1. Introduction 

One of the most imperative experimental physiology aims is to induce different types of diseases in laboratory animals and perform 
investigations on their various biological and pathological aspects so as to make our knowledge deeper about these diseases. In this 
way it would be so significant to have a holistic perspective of these diseases that has been induced in animal models in order to have 
a better understanding of different aspects and manifestations of these disorders. Animal laboratory medicine is crucial to have a 
stronger background to do research about different diseases in translational investigations. Diabetes mellitus is one of the one of the 
most significant and threatening complex disorders and it is needed to perform more studies on its laboratory medicine indications. 
Diabetes Mellitus (DM) is an intricate metabolic disorder which can make clinical complications in the body. This disorder is 
identified by the pathologically elevation of blood glucose level, antioxidants decrease and abnormal metabolic pattern of lipids, 
carbohydrates, proteins and electrolytes(1-3). It has been approximated that nearly 366 million people are likely to become diabetic by 
the year 2030(4,5). The most significant diabetes mellitus complication is the extreme elevation of blood glucose level, referred as 
"Diabetic Hyperglycemia", mostly induced by insulin hormone synthesis and secretion impairment, insulin function defect or a 
complex of these two pathological conditions(6,7). Insulin hormone is normally synthesised and secreted in full-specific, full-
differentiated and full-functional pancreatic endocrine cells. Tissue-specific insulin expression is regulated at the transcriptional level, 
and the major regulatory elements are located in the 5′ flanking region of the insulin-encoding gene called "INS gene"(8). 
Diabetic Hyperglycemia could be the result of glucose and lipid metabolic changes and also the alteration in  hepatic enzymes level(1, 
9). In spite of all developments in diabetology and diabetes mellitus biology and therapy, such as treatment with hypoglycemic drugs, 
diabetes mellitus is still a significant cause of mortality and morbidity in the world(4). Another essential diabetes mellitus 
complication is Reactive Oxygen Species (ROS) increase, that is the main cause of diabetes mellitus-induced hyperglycemia and can 
cause cell damage in many ways(10). Diabetes mellitus is widely supposed to be associated with increased oxidative stress(OS) and 
this could be supported by enhanced lipid peroxidase accumulation in the plasma of diabetic patients(11-16). High level of blood 
glucose in diabetic patients is responsible for many of the clinical manifestations such as polyphagia, polydipsia and polyuria. 
Diabetes Mellitus is an chronic metabolic disorder leading to critical clinical complications including chronic hyperglycemia, thirst, 
polyuria, visual blurriness, weight loss, lack of energy, diabetic ketoacidosis, hyperosmolar and hyperglycemic non-ketotic 
syndrome(17). Proteins glycation induced by chronic hyperglycemia can induce complications in kidneys, eyes, arteries and nerves. 
There are both non-pharmacological and pharmacological approaches in diabetes mellitus therapy. The non-pharmacological approach 
includes drug usage such as using oral hypoglycemic agents and insulin. Unfortunately, present conventional drugs are associated with 
adverse side effects like lipoatrophy, lipohyperatrophy, headache, abdominal pain, nausea, hypoglycamia, anaphylactic reaction (one 
of the insulin side effects) and upper respiratory tract infection(URTI) that is highly reported in the patients under treatment by 
metformin(18). As mentioned, none of the antidiabetic drugs can have a proper long-term glycemic control without causing any 
adverse side effect(19). Because of these complications in diabetes mellitus pathogenesis in the body; it needs to do more studies on 
this intricate metabolic disorder. Streptozotocin is a chemotherapeutic alkylating agent and a cytotoxic glucose analogue(20-23). It is 
the most prominent diabetogenic agent which is used to experimentally induce insulin-dependent diabetes mellitus in laboratory 

animals(24-28). Streptozotocin-induced diabetes mellitus is caused by extensive, severe necrosis and degeneration of the pancreatic β-
cell islets(25, 29-31). This state could lead to an insulinopenia syndrome called as "Streptozotocin-induced diabetes mellitus"(21). 
Streptozotocin and related alkylating chemicals cytotoxic activity depends on their cellular appearance. Because of nitrosoureas high 
chemical affinity to lipids, streptozotocin cellular uptake through the plasma membrane is so swift and it would be accumulated in 

pancreatic β-cells selectively(32, 33). Insulin-producing cells which do not express GLUT2 glucose transporter on their membrane 
would be streptozotocin resistant(34, 35). Streptozotocin also damages other tissues expressing GLUT2 glucose transporter, 
specifically liver and kidney(36, 37). Streptozotocin cytotoxicity is because of its ability to have DNA alkylating and methylating 
activity(38, 39) and also protein glycosylation induced by this chemical agent(40). After DNA damage induced by streptozotocin 
cellular uptake, DNA repair mechanisms will be activated in response to DNA damages; one of the results is poly (ADP-ribose) 
polymerase overstimulation which can abate cellular NAD+  and stores of ATP(41-43). Cellular energy stores depletion could lead to 

extensive necrosis and damage of β-cells islets(44, 45). Although probably streptozotocin-induced DNA methylation and alkylation 

are the main responsible reasons for β-cells necrosis, it is likely that after streptozotocin exposure, β-cells functional incompetency 
could be developed by protein methylation. Streptozotocin was injected intraperitoneally in the dose of 60 mg/kg body weight to 
induce diabetes mellitus in rats. Diabetes mellitus was completely induced and subsequently, diabetic hyperglycemia was 
observed(46,47). The present research is focused on the effects of intraperitoneal injection of 60 mg/kg body weight streptozotocin on 
hematological parameters, level of blood glucose and serum protein electrophoretic pattern and hepatic transaminase levels in diabetic 
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group rats in comparison to control group rats. In the following parts of this article we will have the literature review in second part, 
materials and methods in the third part and then we shall have results in the next part, and the last part would be concentrated on 
discussion and conclusion. 

 
2. Literature Review 

2.1 Hematology  

Several studies have documented hematological alterations in streptozotocin-induced insulin dependent diabetes mellitus such as 
Akpan and Ekaidem research in 2015 which was concentrated on immunological and hematological alterations often occur in diabetes 
mellitus in result of oxidative stress induced by diabetes mellitus. Diabetes mellitus was induced by one intraperitoneal injection of 60 
mg/kg BW of streptozotocin in rats. The results of this investigation showed that the diabetic control had significantly higher level of 
WBC count than the normal control. Red blood cell(RBC), Hemoglobin(HGB) and Packed cell colume(PCV) were all significantly 
reduced in comparison to normal control as well as red blood cell indices including MCV, MCH and MCHC. But platelet count(PLT) 
of the diabetic control was significantly increased in comparison to the control group. At the end of experimental period, the glucose 
level of blood received from the caudal vein of rats also showed a significant increase due to diabetic hyperglycemia(48). 

A study carried out by Keskin and et al. in 2016 to estimate the beneficial and preventive effects of quercetin on some hematological 
parameters in streptozotocin-induced diabetic rats. Streptozotocin was injected at a single dose of 60 mg/kg (i.p) for diabetes mellitus 
induction. After diabetes mellitus induction, leukocyte count(WBC), erythrocyte count(RBC), hemoglobin(HGB), hematocrit(HCT), 
platelet count(PLT), mean corpuscular volume (MCV), mean corpuscular hemoglobin(MCH), mean corpuscular hemoglobin 
concentration(MCHC) and differential leukocyte count were examined in blood samples. Red blood cell(RBC) and platelet 
count(PLT), Hemoglobin(Hb) and hematocrit(HCT) levels in diabetic rats significantly decreased in comparison to control ones. 
MCV, MCH, MCHC levels did not show any significant alteration. Leukocytes count was increased in diabetic rats; the Neutrophil 
count was also increased in diabetic group rats(49). 

Another study was Peelman and et al. research in 2004. The effective mechanism for leukocytosis in obesity, diabetes mellitus and 
atherosclerosis has been reported mostly unknown in that research. Recent evidence suggests that leptin and leptin receptor are parts 
of a pathway that stimulates hemopoiesis. This hemopoiesis stimulating pathway could be involved and lead to elevation of white 
blood cell count(50).  
A research by Pertynska-Marczewska and et al. in 2004 showed that advanced glycation end products(AGEPs) and pro-inflammatory 
cytokines could be the reason for polymorphonuclears and mononuclears activation and elevation in peripheral blood. Some 
investigations are offering different reasons for leukocytosis occur in diabetes mellitus(51). For example in 2004 Shurtz-Swirski and et 
al. documented that probable mechanism of raised WBC count is oxidative stress that occur in diabetes mellitus(52) 
 
2.2 Serum Clinical Biochemistry 

Several studies have been carried out to evaluate serum biochemical modifications occur in diabetes mellitus such as Zafar and et al. 
investigation in 2009 which was performed to evaluate the impacts of Diabetes Mellitus on liver morphology, architecture and 
function. The hepatic effects of diabetes mellitus were evaluated in vivo using streptozotocin (STZ)-induced diabetic rats as an 
experimental model. Diabetes mellitus induced by a single dose of STZ (45 mg/kg, b.w.) given intraperitoneally in sodium citrate 
buffer at pH 4.5. Histopathological analysis of liver in diabetic rats showed accumulation of lipid droplets, inflammatory cells 
infilteration, increased fibrous content, dilation of portal vessels, congestion of these vessels and proliferation of bile ducts epithelial 
cells. Increased levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase(ALP), were also 
observed in the diabetic rats. Serum plasma glucose was also significantly elevated(46). 
A comprehensive research by Zafar and et al. in 2010 revealed a plasma glucose level significant increase in diabetic rats in 
comparison to control group rats. Transaminase enzymes (AST and ALT) level were also increased(53). 
Another research by Ahmed and et al. in 2012 on Streptozotocin-Induced Diabetes Mellitus to investigate the effects of hesperidin and 
naringin on serum glucose, blood glycosylated hemoglobin (HbA1C) and serum insulin levels in high fat fed (HFD)/streptozotocin 
(STZ)-induced type 2 diabetic rats. Also the effects on serum lipid profile, adiponectin and resistin levels, cardiac functional 
biomarkers and liver and muscle glycogen contents were evaluated. The significant increase of blood glucose level was also observed 
in diabetic rats. They reported a significant elevation in AST, ALT, LDH and CK-MB in diabetic rats as well(54). 
 
In Kim et al. (2014) study diabetes mellitus was induced by single injection of streptozotocin (STZ, 200mg/kg, i.p.) in mice. After 
diabetes mellitus induction, plasma glucose, SGOT, SGPT, LDH and ALP were significantly increased in diabetic group mice(55). 
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Salih et al. in 2014 designed a research to evaluate the biochemical changes of liver function following STZ-induced Diabetes 
Mellitus in mice. They induced diabetes mellitus by a single injection of STZ (150mg/kg BW i.p.) then serum samples were collected 
after two, four and six weeks of injection. Significant increase in blood glucose level, the liver weight/body weight ratio, levels of 
ALP, AST, ALT, bilirubin and cholesterol were observed. Increase in the activity of ACP was insignificant. Serum LDH was 
increased significantly by the second and fourth week but decreased at the sixth week. The study concluded that STZ-induced 
Diabetes Mellitus affects the biochemical function of liver and causes liver enzymes disturbances (56). 
Single dose intraperitoneal injection of 60 mg/kg streptozotocin in male adult wistar rats causes extensive necrosis in langerhans β-cell 
islets and in less than 72 hours can induce experimental diabetes mellitus. Streptozotocin was purchased from Sigma company. The 
diabetic and normal rats were kept in metabolic cages separately, and their hematological parameters, serum protein electrophoretic 
pattern and level of AST and ALT were measured in all animals after the experimental period, and the comparison between these 
groups was done. Intraperitoneal injection was done in non per oral state. Streptozotocin was dissolved in 10 mM sodium citrate 
buffer before giving intraperitoneal injection. Twenty male adult wistar rats(200-250 gr) were used for this investigation, housed in 
controlled temperature room (20-22 °C) with a 12 h light/dark period. All animals were kept according to criteria outlined in the guide 
for the care and use of laboratory animals prepared by national academy of sciences and published by national institute of health. All 
procedures were performed in sterilised condition. These twenty male adult wistar rats were divided into two seperate groups 
including control (n=6) and diabetic group (n=6). Streptozotocin was dissolved in citrate buffer (15 mg/ml) 4.5 PH solution. Control 
rats (n=6) were given only physiological saline (50 mg/kg bw i.p.) and streptozotocin-induced diabetic rats(n=6) were exposed to 60 
mg/kg body weight by intraperitoneal administeration. Blood samples were prepared for hematological analysis by collecting blood 
directly from the heart. Collected blood was allowed to clot for about 30 minutes at room temperature(20-22 °C) and serum was 
obtained from fresh blood of rats to measure biochemical parameters. The hematological parameters, serum protein electrophoresis 
parameters and hepatic transaminases level were measured after seven days of diabetes mellitus induction. In all of the groups, the 
blood samples were centrifuged at 3000 rpm for 15 min, plasma and buffy coat were separated then samples were obtained and 
analyzed. 

3.1 Hematological Assay 

Blood samples were collected directly from the heart. The complete blood count (CBC) was performed on an automated hematology 
analyzer using well-mixed whole blood with K2-EDTA to prevent blood clotting. CBC/diff analysis was performed by hematology 
diagnostics division. Total white blood cell count (WBC) was estimated according to the visual method of Dacie and Lewis 
(1991)(58). The percentage of packed cell volume (PCV) was determined according to the hematocrit method, while the blood 
hemoglobin (Hb) concentration in all blood samples was measured according to the cyanomethemoglobin method using Drabkin’s 
reagent (Alexander and Grifiths,1993)(59). Mean cell volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) were calculated as outlined in Dacie and Lewis (1991). Differentiated white blood cell counts 
were estimated using the method of Osim et al.(60). 
 
3.2 Biochemical Assay 
 
3.2.1 Blood Glucose Level 
 
At the end of the experimental period, rats blood glucose concentration were checked by caudal vein blood sampling and using 
Bionime glucometer. 
 
3.2.2 Serum Protein Electrophoresis(SPEP) 
 
Serum protein electrophoresis (SPEP) was performed on cellulose acetate strips by using an already made buffer (pH 8.6). The 
cellulose acetate layers have initially been soaked in the buffer solution, and more amounts of the buffer was removed by placing them 
in between two Whatman no-1 filter papers. Then, the strips were put on the central compartment of the electrophoresis chamber. Two 
filter paper strips were placed on both sides of the cellulose acetate strip to connect them with the two buffer containing chambers on 
both sides of the electrophoresis chamber. Then, ten microliters of the serum samples were loaded on the cellulose acetate strip at the 
sources of the origin. Then, the electrophoresis chamber was connected to the power pack, and it was subjected to electrophoresis. 
After one hour, the strips were removed, and they were stained by using Ponceau S. after distaining them by using  
the reagent. Finally, the separated protein fractions could be observed. 
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3.2.3 Hepatic Transaminase (AST-ALT) 
 
The activities of serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were estimated using standard methods 
on Cobas MIRA_ (Roche Diagnostics, Basel, Switzerland) automated analyser. 

4. Results 

Following single intraperitoneal injection of 60 mg/kg body weight streptozotocin, diabetes mellitus was induced completely after one 
week, then blood glucose level, hematological parameters, serum protein electrophoresis parameters and hepatic transaminases were 
measured to perform a comparison between normal control and diabetic control rats. All data are scheduled in the following tables. 

Table no 1: Showing Hematological Analysis of Control and Diabetic Rats 

Group 
 

WBC HGB MCV MCHC MPV PLT Neutrophil Lymphocyte MCH HCT
% 

Control 2560.00
± 
620.08 

15.88 
±0.49 

56.51 
± 0.584 

33.03 
± 0.29 

6.45 
± 0.15 

183833.33 
± 
114979.24 

530.00 
±124.01 

 1987.50 
± 465.06 

18.73 
±0.28 

37.23 
±2.41 
 

Diabetic 5966.67
± 
1249.17 

11.25 
±0.84 

50.33 
± 1.09 

27.11 
± 1.88 

6.50 
± 0.22 

366000.00 
± 
95645.23 

1193.33 
±249.836 

4460.00 
± 936.443 

16.33 
±0.51 

42.65 
±3.69 

Change 
percentag
e from 
control to 
diabetic 
rats 

+133.04 -29.15 -10.93 -17.92 +0.77 +99.09 +125.15 +124.40 -12.81 +14.5
5 

Table no 2: Showing Biochemical Analysis of Control and Diabetic Rats 

Group Glucose(mg/dL) AST(IU/L) ALT(IU/L) Albumin α-1 Globulin α-2 Globulin β-Globulin  A/G ratio 

Control 105.33±5.77 81.75±9.37 60.00±4.88 71.25±1.09 7.00±0.16 14.85±1.53  10.45± 0.50 2.38±0.17 

Diabetic 374.33±34.81 137.167±19
.22 

120.66±11.
54 

51.61±3.27 9.88±1.10 9.70±0.92 18.30±2.67 1.13±0.19 

Change 
percentag
e from 
control to 
diabetic 
rats 

+255.38 +67.77 +101.1 -27.56 +41.14 -34.68 +75.11 -52.52 

 

All data are expressed as Mean±SEM and p < 0.05 considered significant difference when diabetic group rats compared with control 
group rats. 
 
4.1 Hematology 
 
Hematological alterations in diabetic group rats were observed. Streptozotocin-induced insulin-dependent Diabetes Mellitus can lead 
to HGB decrease (anemia), neutrophilia (significant elevation in Absolute Neutrophils Count) and lymphocytosis (significant increase 
in Absolute Lymphocyte Count). The total number of leukocytes (leukocytosis) 
was observed in diabetic rats in comparison to normal control group rats. RBC indices (MCV, MCH, MCHC) were also decreased 
significantly in diabetic rats. There was no significant difference (P>0.05) observed in Platelet count (PLT) and mean platelet volume 
(MPV) between two groups. 
 
4.2 Biochemistry 
 
Biochemical analysis was done on serum samples in both diabetic and control group rats. Level of fasting plasma glucose (FPG) was 
significantly elevated in diabetic rats in comparison to normal rats. Serum protein electrophoretic pattern (SPEP) was significantly 
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changed in diabetic group rats. Significant alteration in serum proteins observed in diabetic rats including significant α-1 globulin and 

β-globulin fractions elevation (p<0.05), and α-2 globulin and albumin fractions significant decrease (p<0.05). Albumin/Globulin ratio 
(A/G ratio) was also decreased significantly (p<0.05) in diabetic rats. 

5. Discussion 

Diabetes mellitus (DM) is recognized as a complicated metabolic disorder described by lack of blood glucose concentration 
homeostasis and abnormal metabolic pattern of carbohydrates and lipids(61). Persistent hyperglycemia during diabetes mellitus can 
induce many chemical alterations such as nonenzymatic glycosylation of proteins in the body (62) or generating Reactive Oxygen 
Species(ROS)(10). These chemical mechanisms in diabetes mellitus are responsible for most of the clinical complications observed in 
diabetic patients. Alteration in the activity of several glycolytic and gluconeogenic enzymes of the liver have also been documented in 
diabetic state(1). Streptozotocin-induced diabetes mellitus provides chronic oxidative stress along with the resulting 
hyperglycemia(63). Streptozotocin is a cytotoxic alkylating agent which induces swift and irreversible necrosis in pancreatic β-cell 
islets(64). 
Whereas a single diabetogenic dose of streptozotocin has been used to induce complete β-cells degeneration in most species within 24 
h, multiple sub-diabetogenic doses of streptozotocin partially damage β-cell islets, moreover induced inflammatory process could lead 
to macrophage and subsequent infiltration of lymphocytes which would be followed by the insulin deficiency onset(65). 
Earlier analyses have used different doses of streptozotocin to induce diabetes mellitus in laboratory animals. The single diabetogenic 
dose of streptozotocin has been documented in different studies from 50 mg/kg body weight(46) up to higher doses such as 70 
mg/kg(66) or intraperitoneal injection of 150 mg/kg body weight(56). These doses could be used to induce diabetes mellitus 
completely. 
One week after intraperitoneal injection of streptozotocin, diabetes mellitus was induced completely in rats. Fasting plasma glucose 
(FPG) showed a significant increase in diabetic group rats(p<0.05), so this investigation confirmed previous studies(67). 
 
Proteins glycation induced by diabetic hyperglycemia can have modificational impacts on erythrocytic membrane proteins and 
hemoglobulin(Hb) as well(68). Proteins dysfunction in diabetes mellitus could be induced by these biochemical modifications and 
probably are responsible for long-term diabetes mellitus clinical complications. Lipid peroxidation increase, is one of the most 
significant findings in diabetes mellitus, which is a marker of elevated oxidative stress in diabetes mellitus(69). Increase of lipid 
peroxides induced by elevated lipid peroxidation, and glycosylation of cell membrane proteins may lead to red blood cells membrane 
damage, hemolysis and anemia. Free radicals-induced lipid peroxidation of the membrane could increase the rigidity of plasma 
membrane and decrease deformability of cells, reduce erythrocytic survival and fluidity of lipids(70). 
 
The relation between anemia and chronic disorders has been well-documented and confirmed in different researches such as Weiss et 
al. in 2005. In this research, the RBC membrane lipid peroxide was not measured however erythrocytic indices including MCV, MCH, 
MCHC and HGB were measured(71). The MCH, MCHC and HGB values in diabetic group rats showed significant decrease in 
accordance with prior hematological studies reporting anemia as a pathophysiological complication of diabetes mellitus(72). This 
reduction is probably because of blood osmoregulation defect and abnormal synthesis of hemoglobin (HGB)(73). HCT was not 
significantly changed in diabetic rats in comparison to normal rats (p>0.05). Mean platelet volume (MPV) and platelet count (PLT) 
were also measured, and both hematologic markers were not significantly changed in diabetic rats in comparison to normal 
rats(p>0.05). 
Serum ferritin is a biomarker that can reflect total body iron stores; moreover it is a sensitive biomarker of inflammatory stress in the 
body(74). Serum ferritin increase has been reported in diabetes mellitus that could reveal inflammatory component of this complex 
metabolic disorder(75), and this inflammatory component can affect lots of biomarkers in the body such as hematological parameters 
and serum biochemical factors. 

In the peripheral blood analysis, leukocytosis (absolute increase in the white blood cells count) in both of the polymorphonuclears and 
mononuclears count was observed in diabetic group rats. It could not be only the result of oxidative stress in diabetes mellitus(52). It 
also could be induced by glycation end products. Glucose interaction with proteins amino groups, produces derivatives called 
"advanced glycation end products (AGE)", it has been demonstrated that these glycation end derivatives could enhance some 
angiogenic and inflammatory cytokines expression including VEGF, TNF-α and IL-8, and this process could be the reason for 
leukocytes activation and increase(51). In other words, Transformation growth factor (TGF)-β1(76), Superoxide(77), interleukin-1β 
and other chemokines(78) can activate leukocytes to take part in diabetes mellitus pathogenesis. The exact mechanism of leukocytosis 
in diabetes mellitus is still unknown, but it is suggested that leptin and leptin-receptors are parts of a hemopoiesis stimulating 
process(50). Interestingly, the high structural similarity between leptin-receptors and class-1 cytokine receptors has been shown(79) 
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Therefore, there is probably a similar pathway for IL-6 and leptin playing their role and this can probably explain why leukocytes are 
enhanced in diabetes mellitus(80). 
Earlier studies on hematological analysis in streptozotocin-induced diabetes mellitus have revealed moderate neutrophilic leukocytosis 
in diabetic rats(81). Our investigation is also in accordance with these studies. 
 
Serum biochemical assay including serum protein electrophoresis analysis and hepatic transaminase enzymes level evaluation were 
also done on serum samples of both control and diabetic group rats. Electrophoresis of serum proteins showed the level of different 
bands of serum protein fractions including albumin, α-1 globulin, α-2 globulin, β-globulin and �-globulin in the blood. Serum protein 
electrophoretic pattern was changed in diabetic group rats. Alteration pattern in serum proteins observed in diabetic rats, including 
significant α-1 globulin and β-globulin fractions elevation (p<0.05) and α-2 globulin and albumin fractions significant decrease 
(p<0.05). Albumin to globulin ratio(A/G ratio) was also decreased significantly (p<0.05) in diabetic rats. 

It has been shown that hepatobiliary diseases such as necrosis, inflammation or non-alcoholic hepatic steatosis could be induced by 
diabetes mellitus(82, 83) and the mortality rate caused by advanced-stage hepatic diseases in diabetic patients is higher than 
cardiovascular causes(84), therefore hepatic injuries can develop in diabetes mellitus and these hepatocellular injuries probably play 
striking role in serum protein electrophoretic pattern alteration in diabetes mellitus. 

Some mechanisms such as oxidative stress, chronic hyperglycemia, chronic inflammation, lipotoxicity and many other mechanisms 
can induce pancreatic β-cells dysfunction in diabetes mellitus(85, 86). An investigation has demonstrated that oxidative stress and 
hepatocellular fat accumulation (hepatic steatosis) can play a significant role in hepatic disorders caused by diabetes mellitus(87). It 
has also been investigated that endoplasmic reticulum stress(ERS) is another important factor in pancreatic β-cells dysfunction in 
diabetes mellitus(88). It has also been investigated that endoplasmic reticulum stress (ERS) is another critical factor in pancreatic β-
cells dysfunction in diabetes mellitus(88). Pro-inflammatory cytokines such as TNF-α and interleukin-1β (IL-1β) can activate 
signalling cascade of cell death including ASK-1 and p38 MAPK in the diabetic liver and this could lead to hepatocellular damage in 
diabetes mellitus(89). These hepatic damages induced by diabetes mellitus could lead to many alterations in serum proteins 
concentration especially serum protein electrophoretic pattern. 

Inflammatory component of diabetes mellitus has been investigated and proved in many studies. The significant change in the 
cocentration of acute phase reactants (APR) in serum protein electrophoresis profile was observed in diabetic group rats. APRs are 
essential glycoproteins involved in inflammatory responses in the body(90). α-1 antitrypsin, α-1 acid glycoprotein, β-globulins, 
plasma fibrinogen, C-reactive protein (CRP) and many others are known as "positive acute phase reactants" which will increase in 
inflammatory response and albumin, pre-albumin and transferrin are known as negative acute phase reactants which show decrease in 
inflammatory responses in the body. The response to inflammation by acute phase reactants is called as "Acute Phase Response". 
Synthesis of these acute phase reactants(APRs) which mostly done by liver can be enhanced in response to specific cytokines secreted 
in inflammatory processes such as IL-1 and TNF-α(91, 92) and as mentioned, these cytokines( TNF-α, IL-1β) are elevated in diabetes 
mellitus because of its inflammatory nature(51, 89). Serum albumin as explained is a negative acute phase reactant, therefore decrease 
of serum albumin in diabetic rats could be induced by inflammatory processes involved in the pathogenesis of streptozotocin-induced 
diabetes mellitus as explained(75). Hepatic necrosis and inflammation induced by diabetes mellitus pathogenesis is probably another 
reason for albumin level decrease in the blood(87, 89) because hepatocytes are the only producing units of albumin protein in the body 
and hepatic injuries can decrease albumin level in blood because of hepatocytic damages. Inflammatory mechanisms involved in 
diabetes mellitus also can affect globulins level in blood as discussed. α-1 globulin and β- globulin elevation was observed due to 
inflammatory response or because of streptozotocin-induced diabetes mellitus resulting extensive necrosis(93-95).  

α-2 globulin and albumin/globulin ratio(A/G ratio) markers were also analysed. α-2 globulin and albumin/globulin ratio (A/G ratio) 
were decreased significantly (p<0.05). α-2 globulin decrease could be the result of hemolysis due to elevated lipid peroxides and red 
blood cells membrane damage(70) or hepatic dysfunction induced by diabetes mellitus, because the liver is responsible for 
haptoglobulin synthesis that is a significant component of α-2 globulin fraction in serum protein electrophoresis(93-95). 
Hepatic transaminases including AST and ALT were also measured in blood samples. Both enzymes were increased significantly in 
diabetic rats blood(p<0.05). This could be the result of hepatic necrosis development in diabetes mellitus and hepatotoxicity. 
Both hepatic lesions or even hemolysis could induce AST elevation because it could be also found in red blood cells; therefore, the 
hemolytic process could be a reason for its increase in blood samples, but ALT enhancement is more liver-specific and shows 
hepatocellular extensive damage in diabetic group rats. 
Many studies have reported that single diabetogenic dose of streptozotocin showed an increase in glucose, ALT and AST  levels(46, 
53-56). 
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The present study results confirmed the previous studies and showed that single dose of streptozotocin causes a significant increase in 
glucose level in diabetic rats in comparison with control group rats and also showed an increase in ALT and AST. 
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7. Conclusion 
 
The present study was carried out to investigate hematological and serum clinical chemistry alterations in experimental animal model 
of diabetes mellitus induced by single intraperitoneal injection of 60 mg/kg body weight streptozotocin. At the end of the experimental 
period, the significant elevation in the level of blood glucose(BG), hepatic transaminases including Aspartate aminotransferase (AST) 
and Alanine aminotransferase (ALT) was seen. In serum protein electrophoresis analysis, serum α-1 globulin and β-globulin fractions 
showed significant increase but serum α-2 globulin fraction, albumin and albumin/globulin ratio showed significant decrease. Also, 
many hematological changes were observed in diabetic group rats. RBC indices including MCH, MCV, MCHC and HBG were 
significantly decreased in diabetic rats, but there was no significant change in HCT, MPV and PLT in diabetic rats in comparison with 
control group. Total white blood cells increase (leukocytosis) was also observed in diabetic group rats. 
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