
83Int J Diab Dev Ctries | July-September 2008  | Volume 28 | Issue 3

Introduction

Diabetes is characterized by impaired carbohydrate 
metabolism and uncontrolled glucose levels and 
perturbation of glucose homoeostasis.[1,2] Since brain 
is affected by recurrent episodes of hypoglycemia and 
poor metabolic control, protein metabolism undergoes 
serious alterations during diabetes.[3] Diabetes-induced 
hyperglycemia enhances the extent of neurological 
disorders due to enzyme inactivation.[4] Activities 
of enzymes connected to glucose metabolism and 
neuronal activities have been studied as a function of 
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diabetes.[5,6] The present study aimed at identifying the 
limiting molecular events for the speciÞ c lesion which 
can be correlated directly to diabetes. I have herein 
ventured to report the degradation of proteins by 
protease activity in the brain of alloxan diabetic albino rat 
models. Presence of a proteinase activator in the cerebral 
extract of diabetic rats has also been presented. Protective 
intervention of plant extract has been reported. 

Methodology

Institute bred immature albino Wistar rats ranging in 
weight from 245�260 g were used for the present study. 
These animals were housed in polypropylene cages at 
laboratory temperature (26 ± 2 oC) and fed standard 
pellet diet (Hindustan Lever Ltd. Bombay, India). Water 
was available ad libitum. 

Induction of diabetes 
Diabetes was induced by an intravenous injection 
of a freshly prepared aqueous solution of alloxan 
monohydrate (40 mg/kg). 

The study protocol was approved by the Institutional 
Animal Ethics Committee. The animals were divided 
into two groups (group 1: control rats; group 2: diabetic 
rats) of 11 each. 

The animals were decapitated and the brains were 
quickly removed and washed in ice-cold saline. Different 
regions of the brain were separated with sterilized Þ ne-
bent forceps and scalpel, weighed in an electric balance 
in mammalian Ringer and immediately used for the 
determination of different biochemical parameters. 

Glucose and protein levels were measured by the 
colorimetric method of Nelson and Somogyi as described 
by Oser[6] and Lowry method,[7] respectively.
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Proteolytic activity 
Protease activity in the tissue homogenate of different 
brain regions was estimated using casein (4% in 50 mM 
sodium phosphate buffer, pH 7.5). The assay mixtures  
(2 ml) were incubated for 3 h at 40 °C, after which 
the reaction was stopped by the adding 3 ml of 5% 
trichloro acetic acid. The protease activity was measured 
colorimetrically[7] and was expressed as micro mols of 
tyrosine equivalents liberated/h/mg protein. Also, the 
effect of the inhibitor pepstatin (speciÞ c for protease 
cathepsin D) on cerebral protease was determined. 
Pepstatin was from Peptide Institute Inc., Osaka, Japan. 
Optical density was measured using DU2 Beckman 
Spectrophotometer. 

Effects of in vitro administration of the aqueous cerebral 
extract (0.5 ml) from alloxan diabetic rats on the brain 
protease activity levels of normal animals were studied. 
It was noted from preliminary experiments that only the 
cerebral extract from the diabetic animal was capable 
of causing signiÞ cant increase of the enzyme activity in 
the brain of normal animals and therefore, the effects of 
in vitro administration of the extracts from cerebellum, 
medulla and whole brain of diabetic animals were not 
studied. 

The assay system, on addition of brain aqueous extract 
from normal animals constituted the controls. Preliminary 
experiments indicated negligible difference between the 
enzyme activity levels of controls prepared by adding 

the cerebral extract from diabetic animals to the assay 
system after terminating the enzyme reaction and those 
receiving the brain extract from normal animals. Hence, 
the latter were used as the experimental controls. The 
assay system with the aqueous cerebral extract from the 
diabetic rats was the experimental samples. 

Statistical analysis of the data was done using student�s 
t test. P < 0.05 was considered signiÞ cant. 

Results and Discussion 

The weights of the animal and brain exhibited insigniÞ cant 
decrease as a function of the disease [Table 1]. The blood 
sugar level demonstrated 226% elevation as a function of 
diabetes [Table 1]. 

The protease activity increased (P < 0.01) in the cerebral 
cortex and medulla oblongata as a function of alloxan-
induced diabetes suggesting the functioning of high protein 
hydrolytic activity and possible utilization of the products 
for metabolic processes which undergo substantial change 
due to diabetes-induced pathological manifestations [Table 
1]. Earlier studies also indicated such changes as a decline 
in the protein content and its synthesis as a function of 
diabetes.[5] 

The use of the inhibitor pepstatin (speciÞ c for cathepsin D) 
categorized the proteolytic enzyme in the brain tissue to be 
cathepsin D [Figure 1]. 

On administration of cerebral extract from the brain of 
diabetic animals to the control tissue, the changes observed 
were those of diabetic manifestations indicating the 
presence of controlling factors which shift the neuronal 
functions paralleling the demands imposed by the diabetic 
conditions [Table 1]. 

It has been demonstrated that small bioactive peptides 
present in the CNS are implicated in neurotransmission 
and functional regulation. These processes are mediated 
through proteolytic enzymes.[8] Involvement of peptide 
hydrolases in the conversion and inactivation of speciÞ c 
neuropeptides emphasizes the enhanced proteolysis during 
diabetes leading to neuronal dysfunction. 

Presence of a proteolysis activator in the brain cerebral 
extract of diabetic animals suggests the genesis of factor/s 
in the cerebral cortex of the brain during diabetes in albino 
rat models, capable of elevating the proteolysis of the brain 
tissue [Table 3]. This may lead to serious alterations in 

Table 1: Changes in the blood glucose levels of albino rats as a 
function of alloxan diabetes

 Body wt. (g) Brain wt. (g) Blood glucose 
   (mg/l00 ml)

Control rats 80 ± 2.3 1.8 ± 0.08 100 ± 3.2
Diabetic rats 75 ± 1.6 17 ± 0.6 326 ± 7.5
All rats  �6.2*  �5.0* +226***
Values are mean ± SD of 26 observations, @: *Not signiÞ cant; ***P < 0.001
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Figure 1: Inhibition of proteolytic activity by the inhibitor from the cerebral extract 
of normal animal
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the dynamics of brain proteins and protein metabolism[5] 
leading to cellular impairments during diabetes [Tables 2 
and 3 and Figure 1]. 

Activity levels of protease in the cerebrum, cerebellum 
and medulla oblongata of normal animals determined in 
the presence of the cerebral extract from diabetic animals 
were signiÞ cantly high [Table 3]. The changes produced by 
the nervous extract of diabetic rats indicated the presence 
of substances in the cerebral extract of alloxan diabetic rats 
capable of elevating protease activity of normal animal on 
in vitro administration. 

Acknowledgments 

The author is thankful to AICTE, India for Emeritus Fellowship 
and Prof. B. G. Shivanada, Principal, AI-Ameen College of 
Pharmacy, Bangalore, India for their constant support and 
encouragement. 

References 

1. Lakhman SS, Sharma P, Kaur G, Kaur G, Changes in glucose 
metabolism from discrete regions of rat brain and its relationship to 
reproductive failure during experimental diabetes. Mol Cell Biochem 
1994;141:97-102.  

2. Green Tack DA, Takeuchi PR. Nerve microenvironment diabetic 
neuropathy. Neurochem 1994;17:1395-407. 

3. Biessels GJ, Kappelle AC, Bravenboer B, Erkelens DW, Gispen WH. 
Cerebral function in diabetes mellitus. Diabetologia 1994;34:643-5. 

4. Jayashree C, Nayeemunnisa. Neurochemical correlates of alloxan 
diabetes: Brain aminotransferease heterogeneity in the rat. Life Sci 
1975;17:1159-66. 

5. Nayeemunnisa, Nawaz R, Jayashree C. Changes in the regional 
protein metabolism in the central nervous system (CNS) of diabetic 
rat: Protection by Cichorium intybus (Chicory). PHCOG MAG 
2006;2:130-2.

6. Oser BL. Hawk�s Physiological Chemistry. 14th ed. New Delhi: Tata 
Mc-Graw Hill Publishing Co. Ltd; 1976.   

7. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein 
measurement with Folin phenol reagent. J Biol Chem 1951;193:
265-75.  

8. Kaur A, Singh H. Proteolytic activity of rabbit brain tissue at various 
pH values. Curr Sci 1982;51:19-20. 

Table 2: Activity levels of protease in different regions of the 
brain of control and diabetic rats

 Cerebrum Cerebellum Optic lobes Medulla
    oblongata

Control rats 47.4 ± 3.7 37.2 ± 5 14.0 ± 1.0 25.5 ± 2.2
Diabetic rats 58.1 ± 4.4** 48.2 ± 3** 15.8 ± 3.2*** 35.4 ± 1.5**
Protease activity expressed as milli moles free amino acids/min/mg protein. 
Values are mean ± SD of 9 observations, **P < 0.01, between controls and 
diabetic, ***NS,Not signiÞ cant 

Table 3: Effect of cerebral extract on the protease activity in 
different brain regions of albino rats

Nature of the extract used  Cerebrum  Cerebellum  Medulla Ob

Normal cerebral extract    
 Treated tissue (Control)  33 ± 4.2  38 ± 3.9  50 ± 2
Diabetic cerebral extract    
 Treated tissue (Exptls)  69 ± 5.7  90 ± 4.4  71 ± 2. 
Percentage Change  79.1**  93.47** 46.0*
Activity is expressed as micro moles of tyrosine equivalents/mg protein/hr, 
Values are Mean ± SD of 9 observations *P<0.01,**P < 0.001
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