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ABSTRACT

CoCl, introduction increased cathepsin G activity in
the heart and liver as well as endothelial elastase (EEI)
in kidney that indicated the development of destruc-
tive processes. CoCl, introduction decreased EEI and
cathepsin G activities in blood serum and cathepsin G
in lungs. HgCl, injection decreased EEI in blood se-
rum, heart, liver, kidney and cathepsin G in blood
serum. These decreasing of proteinases activities may
be caused by cytotoxic effects of heavy metals and/or
the inclusion of these proteases in the destructive
processes and absence of their synthesis and/or release.
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1. INTRODUCTION

Heavy metal ions exhibit cytotoxicity and significantly
affect on the health of the human [1,2]. They may in-
crease the release of reactive oxygen species (ROS) that
results in cell damage due to oxidative stress [3]. CoCl,
is widely used to simulate oxidative stress [4,5]. Its
prooxidant effect is determined by the ability to directly
interact with the free radicals of oxygen and hydrogen
peroxide and as result of activating the enzyme systems
of ROS release and decreasing level of antioxidants [6].
It is known, that the effect of CoCl, is the result of acti-
vation of the processes of lipid peroxidation, reducing
concentration of extracellular superoxide dismutase and
compensatory increasing catalase activity [5,7]. CoCl,
also to protect cells through removing adiponectin in
adipocytes via an intracellular mechanism independent
of tumour necrosis factor o which can be as result of
metabolic disorders [7].

It should be also noted that at physiological conditions
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in an organism cobalt, iron, copper, chromium and vana-
dium are exposed to the redox cyclic reactions while
other metals such as mercury, cadmium, nickel and arse-
nic enhance oxidative stress indirectly by increasing the
level of oxidized glutathione and binding with sulthydryl
groups of proteins [8].

Special interest is now being given to influence of
mercury [9,10]. There is information on low doses of
mercury effect on endothelial modulation of coronary
blood circulation [10]. The basic mechanisms of in-
creased cardiovascular risk in response to mercury is still
not fully understood [9,10].

In endothelial function realization an important role is
belonging to the endothelial thiol elastase (EEI). Such
activation may be associated with the development of
morphofunctional disorders of the vascular structures
and the nature of the metabolic processes. EEl can de-
stroy extracellular matrix components such as elastin and
collagen which are fundamental structural elements of
the arterial wall and may be involved in vascular func-
tion, arterial aging, and atherosclerosis [11]. In the lit-
erature, contradictory results have been reported about
the associations of serum elastase parameters with
atherosclerosis. The results of experimental animal stud-
ies and human studies, conducted in Europe, Canada, and
the United States, were inconsistent but tended to support
the hypothesis of deleterious atherogenic effects of elas-
tase. Paradoxically, most Japanese studies have shown
opposite results and have suggested that elastase may
prevent atherosclerosis and arterial wall dysfunction. The
associations of arterial wall dysfunction with serum EEI
activity was unexpected and remains difficult to explain.

Special interest may be the study of cathepsin G (EC
3.4.21.20), which is a serine protease of neutrophil cyto-
plasmic azurophilic granules acting in combination with
ROS [12]. Upon neutrophil activation, granular cathepsin
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G are secreted extracellularly, these protease are released

from neutrophil cell surfaces by high concentrations of salt.

Cathepsin G is degradated the myosin, elastin, proteogly-
cans, laminin, collagen, immunoglobulins G and M [13].

Cathepsin G functions are allocated with platelet acti-
vation, proteolysis of blood clotting factors, chemotaxis
and etc. Cathepsin G is one of several enzymes trans-
forming angiotensin I into angiotensin II and is also ca-
pable of cleaving angiotensin II directly from angiotens-
inogen [14]. Cathepsin G can activate the TGF-beta
pathway, resulting in myocyte necrosis, hypertrophy, and
increased fibrosis, it may play a role in the progression to
heart failure by activating angiotensin II, leading to det-
rimental effects on the heart [15]. Cathepsin G prefers
the bulky hydrophobic amino acid Leu and accepts the
bulky aromatic amino acids Phe and Tyr [16]. Cathepsin
G shows a strong preference for the charged amino acid
Lys at P(1) in tropoelastin, whereas Lys was not identi-
fied at P(1) in cathepsin G digests of elastin due to ex-
tensive cross-linking at Lys residues in mature elastin.

Relationship of changes in the activity of cathepsin G
and EEl in the development of organs dysfunction re-
mains to be unclear.

The main purpose of this work is the determination of
the activity of the cathepsin G and the EEI at the oxida-
tive stress caused by the introduction of cobalt and mer-
cury salts.

2. MATERIALS AND METHODS

2.1. Experimental Animals and Experimental
Design

Male Wistar rats 2 - 3 months old were injected intrap-
eritoneally by the cobalt chloride (CoCl,-6H,0) in a dose
of 3 mg/100g body weight (n = 6) or chloride of mer-
cury (HgCl,) at the rate of 0.7 mg per 100 g body weight
(n = 6) in 0.9% solution of NaCl [17,18]. Control ani-
mals (n = 6) were injected the saline in the appropriate
volume. Rats were decapitated at 2 h after injection.

The study was conducted in accordance with the
“General principles of work with animal, approved by
the IIT National Congress on Bioethics” (Kiev, 2007) and
consistent with the provisions of the “European Conven-
tion for the Protection of Vertebrate Animals that are
used for experimental and other scientific purposes”
(Strasbourg, 1985) Animals were kept in a vivarium on a
standard diet.

2.2. Preparation of Tissue Homogenates

A blood was collected into centrifuge tubes to obtain
serum. The liver was perfused with cold saline solution.
The tissues of lung, heart, liver and kidney (300 mg)
were homogenized in 3 ml of Na-phosphate buffer pH
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7.4 at 4°C - 6°C. Blood and the resulting homogenates
were centrifuged for 10 min at 5000 g in a centrifuge RS-
6 at 4°C. Samples were stored at —20°C until analysis.

2.3. Enzyme Assays

The EEIl and cathepsin G activities were determined in
non-nuclear fractions of the homogenates of the above
mentioned tissues using highly sensitive enzymatic
methods [19,20]. Their principle is based on the use for
the proteolytic reactions of the complexes of the marked
enzyme (horseradish peroxidase) and substrates of pro-
tein nature which were immobilized on polystyrene. The
level of residual activity of the enzyme marker was set
on the magnitude of the optical density which was meas-
ured at 490 nm.

Determination of the EEI activity is based on the clas-
sification of enzymes of the NC-IUBMB on the mecha-
nism of their catalysis, allowing to isolate thiol (cysteine)
proteases (EC 3.4.22) [21,22]. These proteases are dif-
fering in the sensitivity to inhibitors [22,23]. The sub-
strate in the estimation of the EEl was N-Succinyl-Ala-
Ala-Val. Elastase with activity from 0.0005 to 0.5 U/mg
protein was taken as control samples [20]. Prior to the
proteolytic reaction the activity of the serine and metal-
loproteinases were inhibited by addition to the investi-
gated samples of inhibitor solution in ratio of 1:1. This
solution contained 0.02% fenilsulfonilflyuoride and 6%
ethylenediaminetetraacetate.

The substrate in case of the assessing of the cathepsin
G activity was a fragment of angiotensin II 5 - 8, that
conjugated metaperyodate method with horseradish per-
oxidase and immobilized on polystyrene by drying a
solution of 0.5 M ammonium bicarbonate. Unbound
molecules are washed with distilled water containing
0.5% non-ionic detergent Tween 20. Control was pre-
sented by a cathepsin G (0.05 - 1.00) mg/ml [19]. In or-
der to increase of the analysis specificity the trypsin-like
enzymes, which can cleave the globular proteins such as
a marker enzyme, were inhibited in the reaction with
aprotinin. For this separately on titration plate researched
samples are prepared (n = 40) and control samples are
brought in titration plate (n = 8). The aprotinin 20 pg/ml
were added to the test samples 1:1 by volume, incuba-
ted during 5 min at 37°C. Then the proteolytic reaction of
cleavage of immobilized enzyme-substrate complex was
performed. For this the reaction mixture was introduced
into the wells and incubated for 15 min at 37°C. The
reaction products were removed money and the level of
residual activity of the enzyme marker was set as before.

The EEI and the cathepsin G activities were expressed
as U/mg of proteinx 10 and mg/Ixh, respectivelly. The
protein concentration was determined by Bradford assay
[24].
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2.4. Reagents and Equipment

During the investigation it was used polystyrene plates
from “Linbro” (USA), a fragment of angiotensin II 5 - §,
horseradish peroxidase, elastase, cathepsin G, N-Suc-
cinyl-Ala-Ala-Val, fenilsulfonilflyuoride, aprotinin from
“ICN” (USA), microspectrophotometer from “Flow”
(UK) and other reagents were domestic manufacture.

2.5. Statistical Analysis

Statistical processing of the obtained results was per-
formed by the method of Student-Fisher using the Excel
software. The Student criterion t estimation was used as
a traditional method of testing the homogeneity of the
data in each group and to compare groups. The arith-
metic mean of each sample and then the dispersion and
the Student criterion t were expected. On this basis the
decision for a given level of significance and the number
of degrees of freedom (m + n — 2) of the t-distribution
tables was accepted. If |t| > t critical, the homogeneity
hypothesis (no difference) is rejected, if |t| < t critical,
less than that corresponds to the confidence level of 0.05,
then accepted. Student-Fisher method is based on an
assessment of the differences of means for the two
groups and the differences between the two dispersions
simultaneously.

3. RESULTS

CoCl, and HgCl, injections in organism leads to decrease
of activity of both studied parameters in comparison with
control level in blood serum (Table I). There is necessa-
ry to mention that changes in the serum of the studied para-
meters are most pronounced compared with those in the
tissues and to a greater extent by the introduction of
COC]Q.

It is revealed that CoCl, injection in organism caused
in cathepsin G activity decreases in lungs in comparison
with control level too. At HgCl, injection in organism
EEI activity in all studied samples except of lung tissue

and cathepsin G in blood serum decreased in comparison
with control level. Decreasing activities of the studied
parameters may be due to their use in destructive proc-
esses and absence of synthesis and/or release.

As a result of CoCl, injection was an increase in the
activities of the studied parameters, namely the increase
in EEI activity in the kidneys and cathepsin G activity in
heart and liver in comparison with control level, which
indicates the development and progression of destructive
processes.

4. DISCUSSION

It is known too, that CoCl, has toxic action on mem-
branes. It leads to inhibition of the Na*, K*-ATPase ac-
tivity, the inhibition of the functional state of kidney,
glomerular filtration rate, increasing level of tubular re-
absorption of water, and reducing volume of spontaneous
urine output [5]. At the same time the electrolyte secre-
tory renal function is violated and the sodium excretion
is reduced. It can be assumed that these changes may be
due to a violation of the structural integrity of vessel
walls because of destructive processes going on EEI par-
ticipation. These data on kidney are combined with the
results of another study which reported that heavy metals
can cause renal effects [25].

It is known too, that CoCl, serves as hypoxia-depen-
dent factor [7,26,27], and endothelial cells respond to
hypoxia by decreasing the degradation of hypoxia-in-
ducible factor la. The accumulation of last leads to in-
crease transcription of numerous proteins involved in cell
growth and survival [28], that may cause the increase of
EEl activity, synthesized by endothelial cells.

Activation of cathepsin G in the liver by the introduc-
tion of CoCl,indicates on a functional loading the given
organ connected with the processes of detoxification [29].
In addition to, it may indicate an increase of neutrophils
release of this enzyme that also is an indicator of oxida-
tive stress [30]. This is consistent with the postulates of
the theory of free radical oxidation [1,31]. It should also

Table 1. The endothelial elastase and cathepsin G activities in rats at oxidative stress caused by heavy metal ions.

Cobalt chloride

Mercury chloride Control

Endothelial elastase
activity, U/mg

Biological materials Cathepsin G

Endothelial elastase
activity, U/mg

Endothelial elastase

activity, U/mg Cathepsin G

Cathepsin G activity,

protein X107 activity, pg/th protein X107 ug/h protein X107 activity, pg/th

Blood serum 0.039 + 0.008" 0.092+0.030"  0.091 +0.027" 0.122 + 0.040" 0.821 +0.273 3.92+1.30
Lung 0.788 +0.185 0.158£0.014"  0.671+0.167 0.273 £ 0.085 0.755 +0.251 0.316 + 0.069
Heart 0.775 + 0.332 0.724£0.164"  0.088+0.033" 0.179 + 0.057 0.287 +0.033 0.273 +0.071
Liver 0.554 + 0.208 0.545+0.139"  0.013+0.002" 0.115+0.038 0.416 +0.138 0.153 +0.026
Kidneys 1.411+0.520 0.133+£0.030  0.066 % 0.029" 1.29 + 0.60 0.438 +0.178 0.083 +0.014

p<0.05, "p<0.01.
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be noted that CoCl, at the dose of 15 mg/kg, i.e., higher
than used by us, resulting in damage the integrity of the
cells, causes the development of cytolysis and necrosis
of hepatocytes and ultimately the development of in-
flammatory processes in the liver [29].

Under the influence of CoCl, the weight ratio of right
ventricle to the total mass of the ventricles is increased
and it is observed right ventricular hypertrophy and pul-
monary hypertension [32]. At this point of view it may
see the correlation of values of this ratio with the level of
malondialdehyde (a marker of oxidative damage) in
heart tissue. Because of development of oxidative stress
in the heart, as in the liver, it may be a release of cathep-
sin G by neutrophils [30], which is able to form vaso-
constrictor peptide angiotensin II from angiotensin I
and/or angiotensinogen [13,14]. CoCl, inhibits the renin-
angiotensin system by reducing the expression of angio-
tensin I in vascular smooth muscle cells [33]. Thus, we
can assume the possibility of formation of angiotensin II
from angiotensinogen with cathepsin G participation at
the CoCl, action which contributes to the development
of hypertensive changes. Overexpression of cathepsin G
also may lead to decreased number of differentiated
smooth muscle cells, to the lower amount of angio-
tensin 1 receptor in atheroma [34]. Cathepsin G activa-
tion in heart can result in myocyte necrosis and in-
creased fibrosis [15]. The latter may be due to cathepsin
G participation in the angiotensin II formation, but not
digestion of elastin.

Significant reduction of both the studied parameters in
serum at the influencing factors may be due to the rapid
penetration of heavy metals ions in tissues [35]. Since
the sites of penetration and location of metal particles
are often distant from each other the distribution of them
through a blood must take place. Endothelial cells lo-
cated on the internal surface of blood vessels must have
the direct contact with the above particles which can
lead to a concentration dependent cytotoxicity. It should
also be noted that low values of serum elastase activity
are strongly and independently associated with increased
carotid plaque occurrence and subsequent development
of atherosclerosis [11]. This contributes to the develop-
ment of hypertensive changes, in addition, a more pro-
nounced effect can be expected as a result of CoCl,.

Tissue-specific effects in the lungs may be due to hy-
poxia-dependent effects of CoCl, and that these effects
may be related to running out of cathepsin G in the de-
structive processes. Cobalt is a transition metal ion that
can replace iron in oxygen-sensitive protein and mimic
hypoxia which contributes to the development of lung
disease [36]. It should be noted that CoCl, induces hy-
poxia in a sublethal concentration (100 mM). The ab-
sence of changes in the studied parameters in the lungs
when HgCl, injected is probably due to the relatively
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low concentration of the toxicant. It is known that the
introduction of 0.68, 1.2, 2.4 mg/kg of HgCl, did not
alter the basal cardiorespiratory parameters [9,10]. The
acute toxic is inducing by a dose of 120 pg/kg which
leads to the stop of breathing and death [9].

It is known that the introduction of 60 pg/kg HgCl,
causes a significant increase of systolic and diastolic
blood pressure which is associated with activation of the
sympathetic nervous system. Since we have used a dose
of 70 pg/kg, we can assume the activation of vasocon-
striction although the participation of cathepsin G in this
process is not significant character as its changes in heart
not valid. The change of the EEIl activity can directly
effects on the formation of connective tissue proteins,
particularly elastin [37]. The decreasing the EEI activity
as a result of HgCl, may be associated with an increased
content of elastin, which in turn may lead to the devel-
opment of myocardial hypertrophy. So our results corre-
late with those of Japanese studies showing that elastase
may prevent atherosclerosis and arterial wall dysfunc-
tion.

High total mercury concentrations in the tissues lead
to a significant depletion of the liver [38]. The mecha-
nism of oxidative damage associated with increased of
lipid peroxidation, thiobarbituric acid reactive substan-
ces and the loss of protein-bound thiols. Mercury can
bind to sulfhydryl groups of proteins, which leads to a
decrease in thiol EEI activity [8]. This may be due to the
distortion of metal-responsive transcription factor-1
(MTF-1). MTF-1, also metal regulatory transcription
factor-1, is a pluripotent transcriptional regulator invol-
ved in cellular adaptation to various stress conditions,
primarily expo- sure to heavy metals but also to hypoxia
or oxidative stress [39]. MTF-1 is the main activator of
metallothionein genes, which encode small cysteine-rich
proteins that can scavenge toxic heavy metals and free
radicals.

The indicated reduction of EEI activity in the kidneys
also may be due to the high total concentration of mer-
cury in their tissues. Toxicity (Hg>") is associated with
the disorder of renal function [25,40]. It is due to pro-
duction of the ROS and oxidative stress [40].

It should be noted that a conducted earlier study re-
vealed increased activity of alpha-1 proteinase inhibitor
in the tissues of the heart and kidneys under the influ-
ence of the introduction of cobalt chloride in rats [41].
We can assume the possibility of participation of alpha-
1 proteinase inhibitor in the control of EEI activity in the
kidney and cathepsin G in the heart.

The increase of the activity of another protease in-
hibitor, namely, alpha-2 macroglobulin in the tissues of
the lungs, liver and kidneys, previously noted in the
study of the influence of the introduction of mercury
chloride in rats [42]. Increased activity of alpha-2 ma-
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croglobulin can reduce the EE] activity.

5. CONCLUSIONS

Thereby the injection of CoCl, in animals leads to in-
creasing cathepsin G activity in the heart and liver as
well as the EEI in kidney. These changes may indicate
on the development and progression of destructive proc-
esses. The cathepsin G activation in the liver shows its
functional loading in the detoxification processes and
increase of neutrophils release of this enzyme as a result
of oxidative stress; the latter characterizes a change of
heart which in turn may lead to increased formation of
angiotensin I from angiotensinogen. The EEI activation
in the kidneys may be associated with hypoxia-depend-
ent effects of the toxicant. Decreasing the EEl and
cathepsin G activities in blood serum as a result of both
CoCl, and HgCl,, and cathepsin G in the lung at the
CoCl, introduction, as well as the analogous reaction of
the EEl in tissues of heart, liver and kidneys may be due
to the rapid penetration of heavy metals ions in tissues
and its cytotoxic effects, the inclusion of these proteases
in the destructive processes and by absence of their syn-
thesis and/or release. The decreasing the cathepsin G
activity in the lungs when CoCl, was injected, as the EEI
activation in the kidneys, may be associated with hy-
poxia-dependent effects of the toxicant. Decreasing of
the thiol EEI activity in most of the samples at the HgCl,
introduction is associated with the loss of the protein-
bound thiols and in the heart can cause to increased con-
tent of elastin and leads to the development of myocar-
dial hypertrophy.

The study of these enzymes in people with metabolic
disorders and hypertension is promising.
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