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Abstract OBJECTIVES : Changes in the activity of alanine aminopeptidase, leucine amino-
peptidase and cathepsins D and L in the liver and kidney of male and female of 
mice, injected with 0,4 IU/kg b.w. insulin for 4 and 8 days.
METHODS : The homogenates of the liver and kidney were taken for exami-
nation. The activity of alanine aminopeptidase, leucine aminopeptidase and 
cathepsins D and L has been determined according to [1] method.
RESULTS : The activity of alanine aminopeptidase, leucine aminopeptidase, 
cathepsins D and L in the liver and kidney of male and female of mice decreased 
in effect of insulin injections for 4 and 8 days.. 
CONCLUSION: The changes of enzyme activities showed a stimulating effect of 
the insulin injection on the labilization of lysosomal membranes. The range of 
the reaction remained in a relationship with the kind of the organ, the type of 
enzyme, time over which insulin indroduced operates in the organism, and with 
the sex.

Introduction

The mechanisms regulating the activity of 
the lysosomal system, and the secretion of its 
enzymes evoke considerable interest in numer-
ous biochemical laboratories as indicated by the 
increasing number of papers on this topic found 
in literature [2–11]. The results of these investi-
gations showed that the changes the activity of 
the degradative system of the lysosomal compart-
ment are a significant factor maintaining the cell 
in a state of dynamic homeostasis as well as an 
important indicator of reactivity to stress. 

In our experiment we studied the changes of 
the activity of the proteolytic enzymes in the liver 
and kidney of mice exposed to the action of the 
farmacological doses of the exogenous insulin.

Material and methods

The study was performed out on 56-day-old 
45 male and 45 female of mice chosen at random, 
weighed about 22.0 ± 1.10 g, from the Institute 
of Genetics and Animal Breeding of the Polish 
Academy of Sciences in Jastrzebiec [Poland]. 
The animals were kept in standard cages in a 
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ventilated room in natural photoperiod at 21°C. They were fed with 
standard food mixture [16% of protein – Murigran, product of Poland 
from “Animal Food Company” from Motycz near Lublin], with con-
stant access to water. All animals received good veterinary care. Mice 
have been divided into four experimental groups [male I–II; female 
III–IV], and control groups [male–V; female–VI; n = 15 individuals in 
each group]. Mice of the experimental groups [I and III] were injected 
subcutaneously with 0,4 IU/ per kg of body weight of exogenous insu-
lin [Insulin semilente ChO-S, Polfa Tarchomin S.A., Poland] in the 
amount of 250 µl twice daily at 8:00–9:00 a.m. and 6:00–7:00 p.m. 
for four days. The mice of the experimental groups [II and IV] were 
injected with insulin analogously for eight days. Mice of the control 
groups [V and VI] received subcutaneously 250 µl of 0,9% NaCl for 
four days.

After a suitable time, mice were 
killed by cervical dislocation, and slices 
of the liver, and kidney were taken im-
mediately. The slices of the liver were 
subjected to perfusion 0,9% NaCl solu-
tion cooled to +5°C and similarly with 
the slices of the kidney were suspended 
in 0,1 M phosphate buffer, pH 7,0 at the 
temperature +5°C, at 500 mg tissue/per 
4 ml solution ratio. The material was 
homogenized in a teflon homogenizer 
at 200 rotations/min. Differential cen-
trifugation of the liver and kidney ho-
mogenates was carried out according to 
[12] method. 

In the lysosomes of the liver and 
kidney the activity [in nanomol/mg of 
protein/hour] of leucine aminopepti-
dase [LeuAP, EC 3.4.11.1], alanine ami-
nopeptidase [AlaAP, EC 3.4.11.2] was 
estimated according to [1] method, and 
total proteolytic activity of cathepsins 
D and L without inhibitors [Cath. D, 
EC 3.4.23.5; Cath. L, EC 3.4.22.15] was 
estimated according to [13] method. 
Protein was also determined in the 
lysosomes of the liver and kidney ac-
cording to [14] method, and glucose 
level in the blood plasma according 
to the enzymatic method using “Bio-
Lachema-Test” [Brno, Slovak Repub-
lik]. All substrates were from Serva 
Feinbiochemica GmbH & Co. [Heidel-
berg, Germany]. The results obtained 
were analyzed statistically according to 
the Student-Fisher t- test.

The experiment was approved by 
the University Ethics Commission for 
Animal Research of the Swietokrzyska 
Academy in Kielce.

Bozena Witek, Ewa Ochwanowska, Adam Kolataj, Teodora Król, Danuta Baranowska & Jan Rafay

Table 1. Glucose level [x ± SD] in blood plasma of the males and females after 4 and 8 days of insulin administration; 

Traits
Control

[before insulin injection]
after 4 days of 

insulin administration
after 8 days of 

insulin administration
Glucose [mmol/L]

males
females

5.71 ± 1.90
5.80 ± 1.74

4.82 ± 1.24*
5.01 ± 1.19

4.73 ± 1.03* 
4.79 ± 1.20*

* P < 0,05 – statistically confirmed diferences;

Figure 1. The activity [x ± SD] of the cathepsins 
D and L, alanine aminopeptidase, and leucine 
aminopeptidase (in nmol/mg of protein/hour) 
in the liver of males of mice after 4 and 8 days of 
insulin administration.

Figure 2. The activity [x ± SD] of the cathepsins 
D and L, alanine aminopeptidase, and leucine 
aminopeptidase (in nmol/mg of protein/hour) in 
the kidney of males of mice after 4 and 8 days of 
insulin administration.
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Results

Table 1 shows that the glucose level 
in the blood serum of the males after 4 
and 8 days insulin injection decreased 
significantly to 4.82 ± 1.24 mmol/L and 
to 4.73 ± 1.03 mmol/L, respectively. 
Glucose level in the blood serum of 
females decreased markedly to 4.79 ± 
1.20 mmol/L, after 8 days of insulin in-
jection, only. 

Figures 1–4 show that the activities 
of all estimated proteolytic enzymes of 
the liver and kidney of males [Fugures 1 
and 2] and females [Figures 3 and 4] de-
creased in comparison with the values 
of the control group.

As can be seen from the Figure 1, 
total proteolytic activity of cathepsins 
D and L in the liver of males decreased 
significantly after 4 and 8 days of insu-
lin administration [to 0.660 ± 0.025 and 
to 0.670 ± 0.037, respectively]. The leu-
cine aminopeptidase activity decreased 
markedly after 4 and 8 days [to 2.33 ± 
0.184 and to 2.40 ± 0.210], suitable. 

Figure 2 informs that cathepsins D 
and L activity in the kidney decreased 
significantly after 4 and 8 days of insulin 
administration [to 0.704 ± 0.014, and to 
1.534 ± 0.137, respectively]. The ala-
nine aminopeptidase activity decreased 
statistically confirmed to 19.02 ± 1.01 
and to 24.09 ± 2.62 after 4 and 8 days of 
insulin injection, respectively. 

According to Figure 3, activity of ca-
thepsins D and L in the liver of females 
decreased markedly after 4 and 8 days 
of insulin injection [to 0.843 ± 0.105 
and to 0.860 ± 0.098, suitably]. Leucine 
aminopeptidase activity decreased to 
5.21 ± 1.04 after 4 days, and to 5.80 ± 
1.39 after 8 days of insulin administra-
tion.

As can be seen in Figure 4, the activ-
ity of cathepsins D and L in the kidney 
of females decreased to 1.38 ± 0.401 and 
to 1.61 ± 0.529, and activity of alanine 

aminopeptidase decreased markedly to 28.31 ± 6.15 and to 30.42 ± 
7.33 after 4 and 8 days of insulin administration, respectively.

Discussion

The environmental unfavourable effects on animals cause among 
others, stress responses. In the opinion of many authors stress in an 
adaptation response which involves almost all the structure of body 
of lively organism, beginning from the molecular level [15–19]. One 
of the cell arrangements which takes part in those responses is the 
lysosomal complex.

The lysosomal compartment, participating in the processes of 
transport and liquidation of exogenous substances as well as already 
used cell organella, reacts as one of the first cytoplasmic systems by 
activating the resistance mechanisms in situations constituting a 
threat to the maintenance of the existing homeostasis [20]. Proteo-
lytic lysosomal enzymes e.g. cathepsin D are widely accepted tissue 
markers of tumorous and the important diagnostic factors [21–22]. 
Catabolism of cell protein plays a decisive role during the embryogen-
esis [23–24]. 

The results of our investigations on the effect of injecting mice 
with exogenous insulin indicated significantly decreased of the ac-
tivity of cathepsins D and L, alanine aminopeptidase and leucine 
aminopeptidase. The insulin is an anabolic hormone, which modify 

Insulin-induced changes of proteolytic activity of the lysosomal enzymes

Figure 3. The activity [x ± SD] of the 
cathepsins D and L, alanine aminopeptidase, 
and leucine aminopeptidase (in nmol/mg of 
protein/hour) in the liver of females of mice 
after 4 and 8 days of insulin administration.

Figure 4. The activity [x ± SD] of the 
cathepsins D and L, alanine aminopeptidase, 
and leucine aminopeptidase (in nmol/mg of 
protein/hour) in the kidney of females of mice 
after 4 and 8 days of insulin administration.
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carbohydrates, lipids and proteins metabolism [25–
26]. It regulates the glucose metabolism by increasing 
production of glycogen, fatty acids, triglycerides, glyc-
erol and dioxide [27–29]. The insulin intensify intra-
cellular protein synthesis and has significant influence 
on production of ATP – using in amino acids activation 
[30–31]. As the research showed [32] the insulin injec-
tion increased its participating in protein biosynthesis 
and decreased the range of proteolytic process, causing 
simultaneously decrease of amino acids level in the 
blood [33]. 

On the basis of our results obtained, one can see a 
different influence of the insulin on the activities of in-
vestigated proteolytic lysosomal enzymes. The insulin 
injected for 4 and 8 days in dose 0,4 IU/per kg of body 
weight decreased the activities of the examined hydro-
lases in the liver and kidney of males and females. The 
significant decrease of the activity of these enzymes 
depend principally on the type of enzyme, time over 
which insulin introduced operates in the organism, on 
the sex, and on the organ. Similar observations were 
conducted [34]. These investigations indicate, that 
insulin had a stabilizing effect on the lysosomal mem-
branes when exposure to the insulin was prolonged. 

Our results suggest that the insulin can act as met-
abolic stressor eliciting adaptative responses in hepa-
tocytes and kidney cells. Preasumably these changes 
are connected with the function of the insulin as a 
compound which is able to intensify processes of deg-
radation in the lysosomal compartment of the cell. We 
suggest that changes in the reactivity of the examined 
proteolytic lysosomal enzymes caused by the action of 
exogenous insulin can be regarded as manifestations 
of the organisms adjustment to biochemical stressors 
disturbing their normal cell homeostasis.
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