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INFLUENCE OF RECEIPT DRINKING WATER EXCESS IONS COPPER
AND ZINC ON ANTIOXIDANT-PROOXIDANT BALANCE IN THE LIVER
CONDITIONS AND MECHANICAL INJURY AND EFFECTIVENESS
OF ANTIDOTE THERAPY
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Abstract
In the late period of a traumatic illness (14-28 days), after intensive skeletal trauma
infliction, elevated liver tissue is the intensity of free radical lipid oxidation, signs of
extinction of antioxidant defense are noted. Against her background heavy skeletal trauma
and excessive intake of copper ions and zinc in comparison with animals without additional
intoxication in these terms in liver tissue is higher level of lipid peroxidation, less - the
activity of enzymes antioxidant protection. Introduction of unithiol to injured animals with
excessive ions of copper and zinc within 14 days after application accompanied by severe
skeletal trauma disorders significantly less traumatic disease markers studied as up to 28 days
do not reach the level of animals without additional toxic effects.
Keywords: skeletal trauma, lipoperoxidation, antioxidant defense, salt of copper
and zinc, unithiol.
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Introduction: In modern conditions heavy metal salts belong to the main pollutants in
the environment of Ukraine. If in the territory of the industrial regions of Ukraine (central,
southern and eastern) in the soil and water dominated cadmium, lead and
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strontium [14],

then zinc and copper prevail almost all over Ukraine [4, 15]. Even in such an ecologically safe
region as Ternopil, an excessive accumulation of copper and zinc ions in living organisms
that inhabit reservoirs [16] is noted. Excess of maximum permissible concentration of copper
ions in drinking water of Ternopil in 20 times and zinc ions in 3 times, as evidenced by the
Program of environmental monitoring of Ternopil region for 2006-2010 [12].
In a number of publications, mechanisms of adverse effects on the body of
accumulation of copper and zinc ions are presented. Significant interference of these ions in
the system of peroxide oxidation of lipids / antioxidant protection with the intensification of
oxidative processes, activation and subsequent inhibition of antioxidant defense, in particular
reduction of superoxide dismutase activity, catalase, reduced glutathione. There are
significant changes in the functional state of the liver, pancreas, muscles, transmembrane
processes. [18-20]. In this regard, there was a hypothesis about the possibility of modifying
the course of various pathological processes under conditions of accumulation of copper ions
and zinc in the body, which required a special study.
As a model of pathology we used a severe skeletal trauma, whose frequency is
constantly increasing year by year, and the effectiveness of treatment continues to be
unsatisfactory [7]. In these conditions there is a traumatic disease that involves the
pathological process of tissue and organs that are removed from the zone of direct damage,
and accompanied by the development of multiple organ failure and insufficiency. The
pathogenesis of traumatic disease is dominated by hypoxia with the intensification of lipid
peroxidation processes [10] and the depletion of antioxidant defense [3].
The aim: To determine the effect of excess copper and zinc ions supply with drinking
water on the antioxidant-prooxidant balance in the liver under mechanical trauma and the
effectiveness of antidote therapy.
Materials and methods: Experiments were performed on 60 non-linear white male
rats weighing 180-200g. Chronic intoxication with copper and zinc sulfates was performed by
daily administration into the stomach through a probe of their solutions in a dose of 5 mg/kg-1
in terms of metal once a day [6]. After 14 days in terms of thiopental sodium anesthesia (40
mg/kg-1body weight) in the first group and research (20 individuals) simulated skeletal
injury, caused by shock dosed closed fracture of both hips and additionally simulated blood
loss (20-22% of the volume of circulating blood) by crossing the femoral vein which was
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injected into the paranephral tissue for the formation of a hematoma [5]. In the second
experimental group (20 individuals) after additional toxic effects, and starting from 1 day
after trauma, unithiol was injected into the peritoneum - a universal antidote of heavy metal
salts in a dose of 0.01 g per 100 g of animal weight [8], the third experimental group consisted
of 20 animals that modeled the skeletal trauma itself. The control group included 6 intact
animals.
Animals were extracted from the experiment under conditions of thiopental-sodium
anesthesia (60 mg  kg -1 body weight) after 1-4 and 28 days post-traumatic period by total
blood flow from the heart. In animals liver homogenate were determined the content of TBCactive products of the LPO [1], the activity of superoxide dismutase [17] and catalase [11]
The received digital material was processed in the Department of System Statistical
Studies of the State Health Research Center "Ternopil State Medical University by
I. Ya. Horbachevsky of the Ministry of Health of Ukraine" in the STATISTICA software
package (Stat Soft Inc., USA) using Mann-Whitney's non-parametric criterion.
Results and discussions: As we can see from the Table 1, 14 and 28 days after
modeling severe skeletal injury liver tissue content of TBA-active products of lipid
peroxidation remained significantly higher than in controls (at 108.2 and 62.3%, p <0.05)
decreasing to 28 days (by 22.0% compared to the previous observation period, p <0.05).

Table 1 - The content of TBA-active products of LP in the liver tissue in the late traumatic
period in rats with excessive intake of copper ions and zinc ions and their correction by
unithiol ( M  m )
Experiment conditions
14 days
28 days
p
-1
Control = (3,18  0,12) mmol kg
Skeletal trauma
< 0.05
5,160,21*
*#
The salts of copper and zinc + Skeletal trauma
<0.05
8,160,35
*
#
o
The salts of copper and zinc + Skeletal trauma
<0.05
6.54  0.28
and unithiol
Notes: Here and in table 2 and 3:
1. * - control differences are statistically significant (p <0,05);
2. # - differences in the group with skeletal trauma are statistically significant (p <0,05);
3. о - differences in the group with skeletal trauma and excessive of copper and zinc ions
are statistically significant (p <0,05).
Against the background of severe skeletal trauma and excessive intake of copper and
zinc ions, the rate was higher than in the control: after 14 days - 3.84 times (p <0.05). After 28
days it decreased - by 33,1% compared with the previous term of observation, but 2,56 times
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exceeded the control group (p <0,05). Following the use of unithiol, skeletal trauma was
associated with an excessive flow of copper and zinc ions with less intensification of lipid
peroxidation processes. After 14 days, the content of liver tissue of TBA-active products of
LPP was 24.6%. It was lower than in the group of animals with the same trauma without
correction of unithiol (p <0.05), and after 28 days - by 18.9% (p <0.05). In both of these
terms, the indicator was significantly higher than in animals with heavy skeletal trauma (p
<0,05).
The activity of SOD in liver tissue in the period of late manifestations of traumatic
illness (Table 2) practically did not differ from the level of control (p> 0,05). In the
background of severe skeletal trauma and excessive intake of copper ions and zinc, the index
for all terms of observation was lower than in the control group: 48.6% and 31.4%
respectively, which was statistically significant (p <0.05). During these periods of observation
it was also much lower than in animals with only skeletal trauma (p <0.05).

Table 2 - Activity of SOD in liver tissue in the late period of traumatic illness in rats with
excessive intake of copper and zinc and its correction with unithiol ( M  m )
Experiment conditions
14 days
28 days
-1
To control = ( 0.70  0.04 ) conditional units kg
Skeletal trauma
0,80  0,03
0.68  0.04
*
#
The salts of copper and zinc + skeletal trauma
0,36  0,02
0,48  0,03 * #
The salts of copper and zinc + skeletal trauma 0.46  0.02 * # о 0,58  0,02 * #
and unithiol

p
<0.05
<0.05
<0.05

After application of unithiol in comparison with the group of animals without
correction, the index increased and in 14 days exceeded by 27,8% (p <0,05), after 28 days by 20,8% (p <0,05), but did not reach of the control group and the group with the heavy
skeletal trauma (p <0.
In turn, the activity of catalase in the liver tissue against the background of severe
skeletal trauma (table 3) in 14 days was significantly lower than in the control (by 22.7%,
p <0.05). After 28 days the index increased and reached the level control (p> 0.05).
Simulation of severe trauma on the background of an excess of copper and zinc ions was
accompanied by a significantly lower activity of the catalase in the liver tissue: after 14 days by 43.3% (p <0,05), after 28 days - by 30,6% (p <0 , 05). As can be seen, the index up to 28
days increased in comparison with the previous observation period (by 22.4%), which turned
out to be statistically significant (p <0.05).
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After using of unithiol correction, the catalase activity disruption was less. After 14
and 28 days index was statistically significant greater than in the group of animals with severe
skeletal trauma and excessive intake of copper and zinc ions (liability etc. but is 18.5 and
11.3%, p <0.05). It should be noted that in conditions of unithiol correction the index up to 28
days did not reach the level of animals with the skeletal trauma itself (p <0,05).

Table 3 - Activity of catalase in liver tissue in the late period of traumatic illness in rats with
excessive intake of copper and zinc and its correction with unithiol ( M  m )
Experiment conditions
14 days
28 days
-1
Control = (1,795  0, 084) mkcat kg
Skeletal trauma
1,387  0.047 *
1,586  0,044
*#
The salts of copper and zinc +
1,017  0.029
1,245  0.027 * #
skeletal trauma
The salts of copper and zinc + skeletal
1,205  0.039 * # o 1,386  0.035 * о
trauma and unithiol

p
< 0.05

<0.05

Thus, in the period of late manifestations of traumatic illness, the level of processes of
lipid peroxidation, which drops to 28 days, remains, but does not reach the level of control.
Under these conditions, the activity of SOD is normal. The activity of catalase increases from
14 to 28 days, reaching the level of control in this period. Consequently, in the late period of
traumatic illness, the intensity of free radical oxidation of lipids remains high, signs of
extinction of antioxidant defense are noted. The lack of normalization of the key markers of
traumatic illness in the late period after the trauma is given in the works of other authors [2,
9], which indicates cascading and autocatalytic processes that occur in severe trauma.
In severe skeletal trauma, simulated against the background of excessive copper and
zinc ions, all of the studied parameters are much worse. The content of TBA-active products
of LP, the reduced activity of SOD and catalase remains in the clinker's tissue high. Indicators
up to 28 days are improved, but do not reach the level of injured animals without excessive
copper and zinc ions. This fact confirms the significant negative effect that ions of copper and
zinc cause in the body against the background of injury [18]. They are able to modify the
course of a traumatic illness, which confirms the above working hypothesis.
Application of unithiol from the moment of injury to 14 days posttraumatic period was
accompanied by a pronounced positive effect. Compared to non-corrected animals, the
content of TBA-active products in the liver tissue significantly decreased. SOD and catalase
activity increased. However, they all did not reach the level of animals with the skeletal
trauma without the addition of copper and zinc ions. Thus, unithiol significantly improved the
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course of traumatic disease in the late period after injury. This is obviously due to its antidote
properties in respect of ions of heavy metals: mercury, copper, chromium, bismuth and other
substances. It contains in the molecule two sulfhydryl (SH) groups that can interact with
many metal ions to form solid compounds. There is an opinion that unithiol has a high affinity
for copper ions. The basis of the mechanism of action of unithiol is the interaction not only
with the heavy metal ions in the blood, but also with those that have already entered into
interaction with enzymes and other protein substances in the body. At the same time,
previously released metal ions of the SH group of proteins are released and their functions are
restored. Such a mechanism is due to the fact that the connection of unithiol with heavy metal
ions is more durable than the bond of the same metals with SH-groups of proteins. Unithiol
compounds with heavy metal ions are low-toxic, water-soluble and therefore easily excreted
from the body with urine [8, 13].
The results obtained by us indicate the ability of heavy metal salts to deepen the
mechanisms of violations that occur in severe trauma. They aim at the expediency of
determining in the blood of the injured body the content of heavy metal ions and elevated
levels, to be used in complex intensive therapy of unithiol, requiring further in-depth study.
Conclusion: 1. In the late period of a traumatic illness (14-28 days) after the
application of severe skeletal trauma in the liver tissue, the intensity of free radical oxidation
of lipids increases. Signs of extinction of antioxidant defense are noted.
2. In the period of late manifestations of traumatic illness against a background of
severe skeletal trauma and excessive intake of copper ions and zinc in comparison with
animals without additional intoxication in the liver tissue, the level of lipid peroxidation is
higher, and the activity of antioxidant defense enzymes is lower.
3. The introduction of unithiol into traumatized animals with excessive intake of
copper and zinc for 14 days after causing severe skeletal trauma is accompanied by fewer
violations of the studied markers of traumatic illness that do not reach the level of animals
without additional toxic effects up to 28 days
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