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Abstract OBJECTIVES: The study was carried out on fi fty male rabbits of the New Zea-
land White breed. Diabetes was caused by a single, intravenous alloxan injec-
tion. Rabbits which had glycaemia 7th day after the alloxan administra-
tion higher than 11 millimol/litre were selected for the studies. They were 
divided into 5 groups: I – control (without diabetes); II – 3-week diabetes; III 
– 6-week diabetes; IV – 3-month diabetes; V – 6-month diabetes. 
METHODS: In control and experimental rabbits the activity of β-glucuronidase, 
N-acetyl-β-glucosaminidase, lysosomal acid phosphatase, leucine amino-
peptidase, cathepsin D, and lysosomal arylesterase was determined in lyso-
somal fractions of the liver and kidney. 
RESULTS: Alloxan caused lowering of the activity of all the investigated 
enzymes in the kidney and liver except lysosomal arylesterase.
CONCLUSION: Alloxan injection caused a signifi cant increase in the activ-
ity of all the investigated enzymes. The advisable lysosomal enzymes may 
be useful for the monitoring of the course and effectiveness of diabetes 
therapy.
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Introduction

It is known that diabetes causes profound meta-
bolic disturbances of carbohydrate, protein and lipid 
metabolism which leads to pathological changes in 
the organs and subsequent complications of the large 
blood vessels of the heart, brain, kidney and legs 
known as diabetic macroangiopathy and the small 
vessels of the heart, kidney and eye retina, known as 
diabetic microangiopathy [1–6].

A prompt diagnosis of these disturbances and 
a proper treatment are not easy because they are 
highly unspecifi c. Therefore, laboratory diagnostics 
of diabetes is extremely important because it signifi -
cantly infl uences the quality and length of a patient’s 
life.

 Contemporary diagnostics more often analyses 
the rate and scope of biochemical transformations 
in cells on the basis of the activity of the lysosomal 
substructure. Lysosomal enzymes have become the 
object of investigations aimed at fi nding, among other 
things, the indices of stress reactivity, apoptose and 
degradation of energetic substrates in various spaces 
of cellular protoplasm. Lysosomal enzymes are begin-
ning to be recognised as indicators of various diseases 
[7–16].

Material and methods

The experiment was carried out on fi fty 12-month-
old male rabbits of the New Zealand White breed, 
coming from the Research Institute of Experimental 
and Laboratory Animals in Chorzelów (Poland). The 
animals were kept in standard cages in a ventilated 
room at 18°C with 12 h daylight and 12 h darkness. 
They received standard, homogenous industrial food 
mixture, 19% of crude protein (Altromin Standard 
Diets 1320 Totally Pathogen Free TPF; International, 
Germany) in a quantity of 100–200 gram/individual/
day and they had a constant access to water. Before 
the alloxan administration and on the day of slaugh-
ter, the rabbits were weighed and the glucose con-
centration in blood plasma and total cholesterol was 
determined on the basis of enzymatic methods using 
diagnostic tests of the „Bio- Lachema-Test” Co., Brno, 
Slovak Republic. It was expressed in millimol/litre of 
blood plasma.

 Diabetes was caused by single injection of 2 ml 
of 10% alloxan solution to vena marginalis auris 
(Sigma St. Louis, USA) dissolved in a solution 0.9% 
natrium chloride, in the concentration 100 mg/kg of 
body weight. Rabbits in which glucose concentration 
in blood plasma on the 7th day after alloxan injection 
was higher than 11 millimol/litre were selected for 
the experiment. At the same time, the control rabbits 

received 2 ml of 0.9% natrium chloride solution. In 
the control group the mean level of glucose in blood 
plasma was 5.73 millimol/litre. 

During the experiment the glycemia level was 
measured at 7-day intervals by using glucometer and 
Destrostix belts (Bayer GmbH Vienna, Austria).

 Rabbits were divided into fi ve groups (n = 10 in 
each group): I control (with 0.9% natrium chloride - 
without diabetes); II – 3-week diabetes (21 days); III – 
6-week diabetes (42 days); IV - 3-month diabetes (90 
days); and V - 6-month diabetes (180 days).

 After 21, 42, 90 and 180 days after the diagnosis 
of diabetes, the rabbits from the experimental and 
control groups were killed by intravenous thiopental 
injection and slices of the liver and kidney were imme-
diately taken.

Weighed slices of the liver were perfused with 0.9% 
solution natrium chloride cooled to +5°C and simi-
larly with the slices of kidney were suspended in 0.1 
M phosphate buffer cooled to +5°C at pH 7.0 (500 mg 
of tissue/5 ml buffer). The whole was homogenized at 
+5°C in a Potter homogenizer with a tefl on piston at 
200 rot./min. The liver and kidney homogenates were 
subjected to differentiated centrifuging according to 
[17].

In the lysosomal fractions of the liver and kidney 
the activity (nanomol/mg of protein/hour) of beta-
glucuronidase (BGRD, EC 3.2.1.31) was determined 
according to [18]; acid phosphatase (AP, EC 3.1.3.2) 
according to [19]; leucine aminopeptidase (LAP, EC 
3.4.11.1) according [20]; lysosomal arylesterase (EL, 
EC 3.1.1.2) according [21]; cathepsin D (Cath.D, EC 
3.4.23.5) according to [22] using as substrate 2% azo-
casein in 6M urea. All substrates were from Serva 
Feinbiochemica GmbH & Co., Heidelberg, Germany.

Protein was also determined in the lysosomal frac-
tions [23], insulin concentration was determined by 
the Radio-Test (Slovak Republic, and glucose concen-
tration using the “Bio-Lachema-Test” tests (Slovak 
Republic). The experiments have been confi rmed 
by the University Ethics Commission for Animals 
Research of the Swietokrzyska Academy in Kielce. The 
results obtained were analysed statistically according 
to the Student’s t test.

Results

As can be seen in Table 1, the greatest decrease of 
body weight gain was observed in the group of rab-
bits with 6-month diabetes (226 g). A similar decrease 
was revealed in rabbits with 3-week diabetes (208 g) 
and a much lower decrease in rabbits with 6 weeks 
diabetes (69 g). In rabbits with 3-month diabetes, a 
slight increase in body weight gain (39 g) was found.
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Table 1. Values of the body weight, insulin, glucose and cholesterol level (x ± SD) in blood plasma in the course 
of the model alloxan diabetes; 
 
 Traits  Control               Model alloxan diabetes
   three weeks six weeks three months six months
 Body weight (g)  2880 ± 120 2900*   2850   2775   2625* 
   (-208) (-69) (+ 39) (-226)
                ***           ***           ***            *** 
Insulin level (µU/ml)   2.51 ± 0.91  17.53 ± 3.83  28.48 ± 6.15 27.91 ± 9.77   18.64 ± 3.76
                ***           ***           ***            *** 
Glucose level (mmol/l)   5.73 ± 1.53 21.79 ± 3.78  32.02 ± 4.32  31.33 ± 4.22  23.15 ± 2.89
                ***              *              *             ** 
Cholesterol level (mmol/l)  1.37 ± 0.921    1.94 ± 0.877      1.65 ± 0.7 63     1.71 ± 0.566     2.20 ± 0.764

 * P < 0.05; ** P < 0.01; *** P < 0.001 - the differences statistically confi rmed

Table 2. The activity of lysosomal enzymes (x ± SD) in the liver of rabbits (in nanomol/mg of protein/hour) in the 
course of the model alloxan diabetes; control = 100%;

 Enzyme  Control      Model alloxan diabetes
   three weeks  %  six weeks  %  three months  %  six months  %
          ***           ***               *          *** 
 NAG  0.535 ± 0.05  1.22 ± 0.09  228  1.10 ± 0.05  206  0.669 ± 0.07  125  1.20 ± 0.05  224
          ***           ***               ***          *** 
 BGRD  0.431 ± 0.05  0.845 ±0.06  196  0.746 ±0.07  173 0.655 ± 0.06  152  0.866 ± 0.04  201
                    *               ***          *** 
 AP  0.474 ± 0.07  0.520 ± 0.05  110  0.569 ± 0.07  120 0.706 ± 0.03  149 0.720 ± 0.07  152
            *           ***               **            ** 
 Cath.D and L  0.530 ± 0.01  0.662 ± 0.07  125  0.853 ± 0.09  161  0.689 ± 0.05  130  0.742 ± 0.06  140
                      *                *            ** 
 LAP  0.496 ± 0.04  0.580 ± 0.03  117   0.595 ± 0.06  120   0.620 ± 0.06  125 0.640 ± 0.06  129
                                    *          *** 
 EL  0.271 ± 0.07  0.255 ± 0.09  94  0.221 ± 0.02  81  * 0.214 ±  .006  79  0.103 ± 0.05  38

 * P < 0.05; ** P < 0.01; *** P < 0.001 - the differences statistically confi rmed

Table 3. The activity of lysosomal enzymes ( x ± SD) in the kidney of rabbits (in nanomol/mg of protein/hour) in 
the course of the model alloxan diabetes; control = 100%;

 Enzyme  Control      Model alloxan diabetes
   three weeks  %  six weeks  %  three months  %  six months  %
            **                          ***          *** 
 NAG  0.410 ± 0.05 0.635 ± 0.02  155  0.425 ± 0.01  104  0.704 ± 0.08  172  0.830 ± 0.01  202
          ***           ***               ***          *** 
 BGRD  0.320 ± 0.03  0.734 ± 0.03  229  0.536 ± 0.05  167  0.895 ± 0.02  280  0.976 ± 0.03  305
          ***            ***                 ***              * 
 AP  0.268 ± 0.07  0.600 ± 0.06  224  0.790 ± 0.05  295  0.730 ± 0.01  273  0.334 ± 0.08  125
                        *                ***           *** 
 Cath.D and L  0.370 ± 0.02  0.377 ± 0.09  102  0.480 ± 0.07  130  0.822 ± 0.07  222  0.531 ± 0.07  143
                       *               ***           *** 
 LAP  0.130 ± 0.05  0.136 ± 0.01  105  0.158 ± 0.04  121  0.260 ± 0.02  200  0.235 ± 0.03  181
          ***           **               ***           *** 
 EL  0.285 ± 0.01  0.480 ± 0.07  168  0.433 ± 0.04  152  0.403 ± .004  141  0.500 ± 0.06  175

 * P < 0.05; ** P < 0.01; *** P < 0.001 - the differences statistically confi rmed
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The insulin level increased already in animals with 
3-week diabetes to 17.53 µU/ml and in rabbits with 
6-week diabetes – to 28.48 µU/ml. In rabbits with 
3-month and 6-month diabetes the insulin concentra-
tion decreased slightly to 27.91 and 18.64 µU/ml suit-
able. The mean glucose level in the control group was 
5.73 millimol/litre; in animals with 3-week diabetes 
it increased to 21.79 millimol/litre, and after 6 weeks 
– to 32.02 millimol/litre. In rabbits with 3-month dia-
betes the glycemia level decreased slightly to 31.33 
millimol/litre, and it decreased to 23.15 millimol/litre 
in rabbits with 6-month diabetes.

The total cholesterol level in the control group 
was on average 1.37 millimol/litre and it increased in 
the course of 3-week diabetes to 1.94 millimol/litre. 
After 6 weeks and 3 months from diabetes induction 
it decreased slightly to 1.65 millimol/litre and 1.71 
millimol/litre, but after 6 months it increased signifi -
cantly to 2.20 millimol/litre.

As can be seen in Table 2, in the course of alloxan 
diabetes a signifi cant increase in the activity of all the 
investigated lysosomal hydrolases was found in the 
liver of the rabbits except EL. The highest activity of 
NAG was recorded in the third week of alloxan diabe-
tes; BGRD and AP in the sixth month; Cath.D and 
L in the sixth week, but the highest decrease of EL 
activity was found in the sixth month of the disease.

As is shown in Table 3, alloxan injection caused a 
statistically confi rmed increase in the activity of all 
the investigated lysosomal hydrolases in the kidney. 
The highest NAG, BGRD and EL activities were 
found in the sixth month of diabetes; Cath.D and L, 
and LAP in the third month and AP in the sixth week 
of experimental alloxan diabetes. 

Discussion

In spite of the fact that contemporary medicine, 
physiology and endocrinology made signifi cant prog-
ress in the interpretation of diabetes mechanisms, 
the essence of this disease is still unknown [24-25].

In the applied model of alloxan diabetes, apart from 
the increase of the insulin level, glycemia and total 
cholesterol level in blood plasma, we also found highly 
signifi cant changes in the activity of the investigated 
lysosomal enzymes. Increase of the activity of the 
studied NAG and BGRD glycosidases was observed. 
Glycosidases take part in the degradation of glycopro-
teins, glycolipids and glycosaminoglycans and hyper-
glycaemia, which accompanies diabetes, causes an 
increase of glycosilation of many proteins. The highest 
increase in NAG activity was recorded in the liver in 
the third week, and in the sixth month in the kidney 
after diabetes induction. The highest BGRD activity 
in the liver and kidney was recorded in the sixth 

month of the disease. The glycosidases in the course 
of diabetes were the subject of some publications 
[26-29].

An increase of activity was recorded for Cath.D 
and L, and LAP too. An increase of activity of the 
investigated lysosomal enzymes in the course of model 
alloxan diabetes probably suggests the vast adapta-
tion processes during hyperglycaemia, beginning with 
labilisation of the membranes of the lysosomal system 
through an increase in their permeability for particu-
lar substrates and intensive degradation processes.

We would like to suggest that the advisable lyso-
somal enzymes may be useful for the monitoring of the 
course and effectiveness of diabetes therapy [30–34].
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