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Alloxan exhibit the most potent diabetogenity and are used for induction of experimental diabetes mellitus. Many studies 
reported an understanding of mechanism of diabetogenic agent causes diabetes. However, only a few report on superoxide 
dismutase in the tissues of experimental alloxan diabetic condition. One of the intracellular antioxidant - copper, zinc-superoxide 
dismutase (Cu,Zn-SOD) was immunohistochemically studied in the liver of alloxan diabetes mellitus Macaques (Macaca 
fascicularis). A total of 12 male Macaca fascicularis were used for this experiment. They were divided into three groups, 
control group, non-insulin-dependent diabetes mellitus (NIDDM) group, and insulin-dependent diabetes mellitus (IDDM) 
group. The hyperglycemic condition was obtained by alloxan induction to alter the P-cells of pancreas. The reaction products 
of Cu,Zn-SOD were qualitatively observed in the cytoplasm of hepatocytes, as well as quantitatively observation in the 
nucleus of the cells. Both qualitatively and quantitatively observation showed that the enzyme decreased in the liver of both 
diabetes groups when compared to the control group. The decrease of the SOD was more clearly shown in the IDDM group 
than in the NIDDM group. The decrease of the enzyme was also showed by the decrease in percentage of positive-cells, and 
increase in percentage of negative-cells to the total hepatocytes in the liver tissues of both diabetes mellitus groups as com- 
pared to the control group. These results suggested that diabetes mellitus condition may increase oxygen-free radical and 
therefore it decreased the content of Cu,Zn-SOD in the liver tissues. 

INTRODUCTION 

Antioxidants as free-radical scavengers play an important 
role in the protection of cells against oxidative stress and 
maintain a balance between the various toxic oxygen species 
(Touati 1992). The protection can be done in several ways 
such as by prevention, stopping or decreasing of oxidations 
(Schuler 1990), as well as by catalyzing free radicals by in- 
tracellular antioxidant enzymes (Mates et al. 1999). 

The intracellular antioxidant enzymes comprise catalase, 
glutathione peroxidase, and three isoforms of superoxide 
dismutase (SOD); copper, zinc (Cu,Zn)-SOD, manganese 
(Mn)-SOD, and iron (Fe)-SOD. The SOD provides a primary 
defense against  superoxide anion radical  generated 
intracellularly. The distribution of SOD in rat tissues was re- 
ported immunohistochemically by Dobashi et al. (1989), and 
immunocytochemically by Wresdiyati and Makita (1998). 
The enzyme was localized in the liver, lung, kidney, intes- 
tine, and heart of rats. 

Increased levels of the active oxygen species, free radical, 
create a situation known as oxidative stress, which lead to a 
variety of biochemical and physiological lesions often result- 
ing in metabolic impairment and cell death. This highly reac- 
tive oxygen can readily react with various biological macro- 
molecules such as DNA, proteins, lipids, and cause protein 
destruction. The lesions in turn lead to various diseases and 
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degenerative process such as aging and carcinogenesis in 
humans and animals (Ames & Shigenaga 1992). 

Hyperglycemia is a common feature of all forms of dia- 
betes mellitus and has been implicated in a number of diabe- 
tes-related conditions, including retinopathy, nephropathy, 
neuropathy, and vasculopathy (Cerami et al. 1988). Diabetes 
mellitus occurs in nonhuman primates with approximately the 
same frequency as in human beings (Howard 1982, Wagner 
et al. 1996). Many metabolic, hormonal, and pathologic ab- 
normalities common to human diabetic subjects have been 
reported in nonhuman primates, making them excellent mod- 
els of the disease (Howard & Yasuda 1990, O'Briend et al. 
1996). 

Reactive oxygen species (ROS), which induce oxidative 
damage, are reported to have been correlated to several dis- 
eases, such as cancer, heart injury, aging, and diabetes mellitus 
(Freisleben 2001). Matkovics et al. (1997) reported that in 
alloxan diabetic rat tissues, the oxidative stress is enhanced. 
Kakkar et al. (1998) also reported an increased oxidative stress 
rn rat liver and pancreas during progression of streptozotocin- 
induced diabetes. The oxidative stress may be caused by the 
highly blood glucose level, that cannot be used or stored in 
the tissues, and increase of the oxidation process to produce 
energy sources. Oxidative damage was also reported In the 
non-insulin-dependent diabetes mellitus patients (Aguirre et 
al. 1998, Leinonen et al. 1997). So far, there are a few reports 
on intracellular antioxidant especially Cu,Zn-SOD, immuno- 
h~stochemically, in the tissues of experimental alloxan dia- 
betic macaques (Macaca fascicularis). 
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