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Abstract 
This study was conducted to evaluate the activities of liver enzymes and phagocytic cell 

activity in puppies with experimentally induced diabetes mellitus. Ten puppies were included 
in this study which divided into two groups (control and diabetic groups). Diabetes mellitus 

was induced by single injection of alloxan monohydrate at dose of 100 mg/kg B.w. Into 
marginal ear vein. Blood samples were collected from animals of both groups at zero time 

(before alloxan injection), ten days, twenty days and thirty days after alloxan injection to 
measures the serum glucose levels, liver enzymes Alanin aminotransferase (ALT)& Aspartate 
aminotransferase (AST) and phagocytosis activity against Salmonella typhimurium. The 

results revealed that, the serum glucose concentration, Alanin aminotransferase and Aspartate 
aminotransferase activities were elevated starting from the first 10 days period after induction 

of diabetes mellitus, also there positive relation between the activities of liver enzymes (ALT 
& AST) and serum glucose level in the animals of diabetic groups. The results also revealed 
that the animals of diabetic group have deficient phagocytosis activity.  

Introduction 
Diabetes mellitus is a syndrome 

initially characterized by a loss of glucose 
homeostasis. The disease is progressive 
and associated with high risk of 

atherosclerosis, kidney and nerve damage 
as well as blindness (7). Diabetes mellitus 

is a condition in which the pancreas no 
longer produce enough insulin or cell stop 
responding to the insulin that is produced, 

so that glucose in the blood can not be 
absorbed into the cell of the body (12). The 

disease is classified into the following 
types: 
 A-Type-I: also called insulin dependent 

diabetes mellitus (IDDM) is an 
autoimmune disease in which the 

pancrease produce little or no insulin (25). 
This type of disease sometimes called 
juvenile diabetes and begins most 

commonly in childhood and characterized 
by sudden onset and it is world wide in 

distribution (15).  
B-Type-II diabetes mellitus:(formerly 
called non insulin dependent diabetes 

mellitus (NIDDM, obesity related diabetes 
or adult onset diabetes). The most common 

form of diabetes and a count for 90% of all 
cases (15). TypeII diabetes mellitus is a 
metabolic disorder resulting from body's 

inability to make enough or property used 
insulin (11).  

C-Gestational diabetes: is defined as 

glucose intolerance that is first detected 
during pregnancy (18). Towards the end of 
pregnancy a pregnant women may has 

higher than normal levels of glucose in her 
blood stream. Although it is usually 

disappear after delivery, the mother is at 
increasing risk of developing type II 
diabetes later in life (17). 

D-Secondary diabetes: hypersecretion of 
any of the hormones which tend to induce 

hyperglycemic effect may cause glucose 
intolerance, thus Cushing’s syndrome, 
phaeochromocytoma,acromegaly and 

glucaganomas may cause secondary 
diabetes. Generalized destruction of the 

pancrease by acute and chronic 
pancreatitis, haemochromatosis and 
occasionally carcinoma may cause insulin 

deficiency (72).     
The typical signs and symptoms of all 

types of diabetes mellitus described in 
details by (6; 5; 21). There is an increased 
susceptibility to bacterial and fungal 

complications. Boils, carbuncles and 
urinary tract infection. Sometimes 

complicated by pyelonephritis and renal 
papillary necrosis are of frequent 
occurrence and may be precipitate diabetic 

comma. Diabetes have an increased risk of 
tuberculosis, especially of the lungs, and 

unless treated, the disease tends to progress 
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rapidly (28).Diabetes mellitus might 

interrupt the migration of neutrophils to the 
disease lung due to lack of unuseful 
glucose and energy. This will to increased 

tissue damage by bacteria and disturbed 

gas exchange process during pneumonia 
(2). 

Materials and Methods 
 1- Study population: 

Ten (10) local breed puppies aged 
between (2-4) months and weighted (3 - 
4.5)kg were used in this study. All animals 

were prepared to experiment by treatment 
with ciprofloxacin (20 mg/kg B.w. daily 

for six days); Ivermectin (0.2 mg/kg B.w. 
single dose) and Niclosamind (50 mg/kg 
B.w.). The animals were divided into two 

groups each has 5 animals: 
 a- Control group,  b-Diabetic group.  

  Diabetes mellitus was induced in 
overnight fasting puppies by single 
injection of alloxan monohydrate at dose 

100 mg/kg into marginal ear vein. Each 
100 mg of alloxan was diluted in 1 ml of 

0.9% normal saline (1). 
2-Samples: 

   Five (5) ml of blood were collected from 

animals of diabetic and control groups by 
venous puncture according to procedures 

described by (13). Each blood sample was 
divided into two portions, the first portion 
was kept without anticoagulant to obtain 

serum for biochemical analysis of glucose 
and liver enzymes and the second portion 

was kept in anticoagulant tube for 
phagocytosis test. 
3- Laboratory examination: 

a- Estimation of fasting serum glucose  
Fasting serum glucose were estimated 

every ten days intervals from the beginning 

of experiment by using special kit from 

Randox Company  
B-Estimation of liver function: 

Serum AST and ALT were estimated 

every ten days intervals from the beginning 
of experiment by using special kit from 

Randox Company. 
c-Phagocytosis test: was done at 30 days 
after injection using Salmonella 

typhimurium as atarget antigen for 
leukocyte according to procedures 

described by (20) as the following: 
1- Differential leukocytic count was done 
for any blood samples according to 

procedure described by (8). 
2- The blood samples were diluted by 

Hanks cell solution to obtain the 
concentration of leukocytes about 1×103 
cell/ml of suspension. 

3- Salmonella typhimurium from recent 
clinical isolated were cultured on trypticase 

soya broth (Diffco) and incubated at 37ºC 
for 24 hours, then diluted by Hanks cell 
solution to obtain the concentration of 

bacteria about  1×103 cell/ml.  
4- Phagocytosis test was done by using 

screw caped tubes. 0.5 of blood suspension 
was added to 0.5ml of bacterial 
suspension; the tubes were rotated and 

incubated at 37ºC for 24 hours, then 
bacterial colony count raised from 0.1 ml 

of mixtures was done for each tube. 

Results and Discussion 
1- Fasting serum glucose concentration: 

At zero time there was no significant 
differences in the means of serum glucose 

concentration between diabetic and control 
groups (5.3 ±0.6 Vs 5.2 ±0.52 mmol/L) 
(P>0.05).On day ten after alloxan 

injection, the serum glucose concentration 
increased significantly (P<0.01) in the 

diabetic group compared with control 
group and the same results were reported 
on 20th and 30th days (Table 1). This result 

is similar to the result of (2 and 4). Alloxan 
acts on the insulin producing pancreatic 

B.cells within islets of Langerhans which 

are selectively destroyed by oxidant 

production (24). Current evidence suggests 
that the selective cytotoxicity of alloxan is 

due to the function of three factors: 
efficient uptake, oxidant production by 
coupling of drug with intracellular 

reluctant (ascorbat and thiols) and coupled 
with low levels of glutathione peroxidase 

in the islets (7). 
2- Serum Alanin aminotransferase 

(ALT) concentration: 

On zero time the results revealed no 
significant difference between diabetic and 

control group (P>0.05). On day ten after 
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alloxan injection the serum ALT 

concentration increased significantly in 
diabetic group compared with control 
group (P<0.01). The same results were 

reported at twenty and thirty days after 
alloxan injection (Table 2). 

3- Serum Aspartate aminotransferase 

(AST) concentration: 

On zero time there was no significant 

differences in serum AST concentration 
between diabetic and control groups 
(P>0.05). On day ten after alloxan 

injection the serum AST concentration 
increased significantly in diabetic group 

compared with control group (P<0.01). 
The same results were reported at twenty 
and thirty days after alloxan injection 

(Table 3).Kechrid and Bauzernav (16) 
found that serum AST and ALT of diabetic 

animals were significantly higher than 
those of non diabetic animals. Torbenson 
et al. (26) indicted that the concentrations 

of the transaminases were dramatically 
elevated to greater than 10 times the upper 

limit of normal. Some investigators have 
suggested that the increase in enzyme 
levels in patients with diabetes mellitus 

resulted from the influence of insulin on 
liver and muscle tissue (23). Muscles and 

liver destruction is frequently associated 
with diabetes mellitus so that serum 
activities derived from the muscles and 

liver such as creatinin phosphokinase 
(CPK), lactate dehydrogenase (LDH) and 

AST are elevated (9). Liver tissue contains 
three times the amount of ALT as heart 
muscles or kidney so that rise in ALT 

activity is almost always due to 
hepatocellular damage and usually 

accompanied by arise of AST (23). The 
levels of ALT and AST of patients with 
secondary complication were significantly 

higher than normal which may be due to 
hepatocellular damage followed by cardiac 

tissue damage (22). Species with high 
alanin aminotransferase (ALT) activity in 
the cytoplasm of the hepatocytes include 

dogs, cats and primate whereas the liver of 
equine, bovine, birds and marmoset donot 

(3).Hepatocellular injury or metabolic 
disturbances cause alter hepatocellular 
membrane permeability which results in 

release of this soluble enzyme. Subsequent 

to an acute, diffuse injury, the magnitude 
of ALT increase in the plasma crudely 
reflects the number of affected 

hepatocytes. In chronic inflammatory liver 
disease the magnitude of ALT rise dose not 

related to the degree of pathology. A 
variety of tissues such as liver and skeletal 
muscle contain high AST activity. Because 

myositis and myocarditis are uncommon 
disease in dogs arise of plasma AST 
activity generally indicate hepatic 

pathology (19).          
5- Phagocytosis activity: 

The number of bacterial raised from 
0.1ml of mixture at different periods of 
incubation was showed in table (4). At 

zero time there was no statistical 
differences in number of colonies between 

the diabetic and control groups 
(P>0.05).After half an hour period of 
incubation the number of colonies raised 

from 0.1ml of mixture obtained from the 
diabetic group was significantly higher 

than those obtained from the control group 
(P<0.01), and the same results were 
obtained at 1 hour and two hours after 

incubation. This result can be explained by 
several points: 

1.The function of polymorphoneclear 
leukocyte may be impaired this point 
require further study to establish or 

exclude it. 
2.Phagocytosis promoting peptide (tuftsen) 

may be deficient (10). 
3.Antibody mediated serum opsonization 
activity may be deficient due to decrease of 

serum immunoglobulin level in diabetes 
mellitus (14). 

4.Complement mediated serum 
opsonization activity may be deficient 
(20). 

 The possible mechanism for complement 
deficiency observed in diabetes mellitus 

would include decrease synthesis of 
complement component and/or increase 
utilization of these factors (3).The fact that 

liver and spleen are the major sites of 
complement synthesis (20). In addition to 

demonstration of sever histopathological 
changes in diabetes millitus (3) suggest 
that; the complement system deficiency in 
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diabetes millitus due to decrease synthesis 

of complement component by severely 
affected macrophages or hepatocytes is the 

main possible cause of phagocytosis 

deficiency in diabetes millitus. 

 

Table (1): Serum glucose concentration in diabetic and control groups by mmol/L. 
 

Group Zero time 10 days 20 days 30 days 

Control group 
5.3 ± 
0.6 

5.4 ± 
0.5 

5.6 ± 
0.43 

5.72 ± 
0.56 

Diabetic group 
5.2± 
0.52 

10.2 ± 
0.36 

15.62± 
0.42 

18.21± 
0.36 

P value P>0.05 P<0.01 P<0.01 P<0.01 

 
Table (2): Serum ALT concentration in diabetic and control groups by IU/L. 

 

Group Zero time 10 days 20 days 30 days 

Control group 
16.21 ± 

1.2 

17.32 ± 

0.9 

      16.81 ± 

0.83 

16.12 ± 

1.12 

Diabetic group 
16.22± 

1.32 

136.23 ± 

4.33 

184.26± 

5.32 

205.3± 

5.62 

P value P>0.05 P<0.01 P<0.01 P<0.01 

 

Table (3): Serum AST concentration in diabetic and control group by IU/L. 
 

Group Zero time 10 days 20 days 30 days 

Control group 
22.5 ± 

1.6 
25.6 ± 

1.3 
23.3 ± 

1.7 
22.3 ± 

1.6 

Diabetic group 
      23.6± 

2.6 
68.18 ± 

2.3 
98.12± 

3.2 
112.4± 

2.8 

P value P>0.05 P<0.01 P<0.01 P<0.01 

 
Table (4): Number of bacterial colonies raised from 0.1ml of suspensions in diabetic and 

control groups 

Group Zero time 1/2 hrs 1 hr 2 hrs 

Control group 
50.18 ± 

2.23 
45.3 ± 
1.82 

40.2 ± 
1.32 

25.3 ± 
1.61 

Diabetic group 
50.2± 

02.16 

56.2 ± 

1.33 

61.3± 

3.52 

72.5± 

2.91 

P value P>0.05 P<0.01 P<0.01 P<0.01 

 

References 
1.Al-Aumar, L.W.K. (1994). The effect of 

garlic on blood glucose and 
cholesterol level in normal and 

diabetic rabbits. M.Sc. thesis. 
College of Veterinary Medicine/ 

University of Bagadad [Arabic]. 
2.Al-Egeely,S.A.A. (1996). Effect of 

experimental diabetes mellitus on 

severity of acute pneumonia 
induced by Klebsiella pneumonia 

in adult rabbits. M.Sc. thesis. 
College of VeterinaryMedicine/ 
University of Baghdad. [Arabic]. 

3.Al-Karagoly, H.K.U. (2007). 
Clincopathological study of 

experimentally induced diabetes 
mellitus in domestic rabbits. M. 
Sc. thesis, College of Veterinary 

Medicine/ University of Basrah. 



AL-Qadisiya Journal of Vet.Med.Sci.                      Vol./8                   No./1                          2009 
 

 07 

4.Al-Mashhadani, H.A.J. (1999). The 

effect of Eucalyptus 
camalodensis leaves extract on 
serum glucose and protein in 

induced diabetic rabbits 
experimentally. M.Sc. thesis. 

College of Veterinary Medicine/ 
University of Baghdad [Arabic]. 

5.Anderson, R.A.; Debusk, R.S. and 

Shumake, R.L. (2004). Diabetes 
mellitus. Am. J.Clinc. Nut., 
71:1433-1438. 

6.Barbara, A. and Edelman, S.V.(2000). 
The natural history of type 2 

diabetes: practical point to 
consider in developing prevention 
and treatment strategies. Clin. 

Diabetes, 18(2): 122-125. 
7.Bartosikova, L.; Necas, J.; Suchy, V.; 

Kubinova, R.; Vesela, D.; Benes, 
L.; Bartosik, Illek, J.; Salphachta, 
J.; Klusakova, J.; Bartosova, L.; 

Starnadova, V.; Frana, P. and 
Franova, J. (2003). Monitoring of 

antioxidative effect of morine in 
alloxan induced diabetes mellitus 
in laboratoer rat. Acta.Vet.Brno. 

(72): 191-200. 
8.Bauer, J.D. (1980). Haematoloy. In: 

Sonnenwish, AC and Jarrett, L 
(eds). Grad wohl's clinical 
laboratory methods and 

diagnosis. 8th edicion. The C.V 
Mosby Company London. 

9.Celik, I.; Yegin, E. and Odabasoglu, 
F.(2002). Effect of experimental 
diabetes mellitus on plasma 

lactate dehydrogenase and 
glutamic- oxaloacetic 

transaminase level in rabbits. 
Turk.J.Bio. 26: 151-154. 

10. Constanopolous, A. (1972). Tuftsen 

deficiency syndrome with defect 
Phagocytosis. J. Pediatr, 80: 564. 

11. Droumaguet, C.; Balkau, B.; Simon, 
D.; E.; Tichet, J.; Charles, M.; 
Eschwege, E. and DESIR study 

group (2006). Use of Hb Alc in 
predicting progression to diabtes 

in French men &women, Data 
from an epidemiological study on 
the insulin resistance syndrome 

(DSIR). Diabetes Care, 29: 1619-

1625. 
12. Edgren, A.R. (2003). Diabetes mellitus. 

National Institute of Health, 94: 

2098. 
13. Fingold, M.S. and Baron, J.E. (1986). 

Baily and Scott's diagnostic 
microbiology 7th edition. The C.V 
Mosby Company. London. 

14. Garvilis, P. (1974). Correlation of 
serum IgM we\ith absence of 
functional splenic tissue. Am.J. 

Med, 57: 542. 
15. Harris, M. (2007). Descriptive 

epidemiology 1st edition chapter 
1. National Institutes of Diabetes 
& Digestive and Kidney disease. 

P.p.: 1-4. 
16. Kechrid, Z. and Bauzerna, N. (2004). 

Effect of zink deficiency and 
experiental diabetes on 
glutamate-oxaloacetate and 

glutamate pyrovate 
aminotransferases and alkalin 

phosphatase activities in rats. 
Int.J. Diabetes & Metabolism, 
11:14-18. 

17. Kim, D.; Sands, J. and Kelin, J. (2002). 
Changes in renal medullary 

transport proteins during 
uncontrolled diabetes mellitus in 
rats. Am. J. Physiol. Renal 

Physiol., 258: F303-309. 
18. Kjos, S. and Buchanan, T. (1999). 

Gestational diabetes mellitus. The 
New England Journal of 
Medicine. 341: 1749-1756. 

19. Meyer, D. and Twedt, D. (2001). Liver 
disease. Lecture Notes 3ed 

edition. Colorado state 
University. Inc. p.p.: 88-92. 

20. Muhsen, R.K. (2001). Serum 

opsonization and Phagocytosis 
activity in patients with glucose-

6-phosphate dehydrogenase 
deficiency. The Veterinarian, 
11(3): 42-47. 

21. Rhoads, S. and Bassyoni, C. (2005). 
Type 1 

diabetes.www.lierymedicine.com. 
22. Sekar, N.; William, S.; Balasubra-

maniyam, N.; Kamarjan, P. and 



AL-Qadisiya Journal of Vet.Med.Sci.                      Vol./8                   No./1                          2009 
 

 01 

Govendasamy, S. (1990). 

Optimization of sodium 
orthovanadate to treat 
streaptozotocin induced diabetes 

rats. J.Biosci. 15(2): 67-75. 
23. Sheth, S.G.; Gordon, F.D. and Chopra, 

S. (1997). Non-alchoholic steat-
ohepatitis. Ann.Inter.Med. 126: 
1337-1345. 

24. Silva-Sousa, Y.T.C.; Peres, L.C. and 
Foss, M.C. (2003). Enamel 
hypoplasia in litter of rat with 

alloxan induced diabetes millitus. 
Braz. Dent.J. 14(2): 65-69 

25. Su, X.; Hu, Q.; Kristan, J.M.; Costa, 
C.; Shen, Y.; Gero, D.; Matis, L. 
and Wang, Y. (2000). Significant 

role for Fas in the pathogenesis of 
autoimmune diabetes. The 

Journal of Immunology, 164: 
2523-2532. 

26. Torbenson, M.; Chem, Y.; Burunt, E.; 

Cummings, O.; Gottfied, M.; 
Jakate, S.; Lin, Y.; Yeh, M. and 
Ferrel, L. (2006). Glycemic 

hepatopathy: An under 
recognized hepatic complication 

in diabetes mellitus. Am.J. Surg. 
Path. 30(4): 503-513. 

27. Underwood, J.C.E. (2000). Clincopath-

ological study of experimentally 
induced diabetes mellitus in 
domestic rabbits. M.Sc. thesis, 

College of Veterinary Medicine/ 
University of Basrah. 

28. Weekers, F.; Giulietti, A.; Michalaki, 
M.; Coopmans, W.; Herk, E.W.; 
Mathieu, C. and Berghe, G.V. 

(2003). Metabolic, endocrine and 
immune effect of stress 

hyperglycemia in rabbit model of 
prolonged critical illness. 
Endocrinology, 144: 5329-5338. 

 

.(

AST&ALT

Salmonella typhimurium

ALT AST

AST&ALT

 


