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Abstract

Background: Low molecular weight components (proteins
and peptides with a molecular weight less than 45 kDa),
were isolated from bovine colostrum and Sacharomyces
cerevisue and Pleurotus osteatus cell components. It has
been determined their effects on physiological
characteristics (weight change, body temperature, work
capacity) and biochemical parameters (cholesterol,
triacylglycerols, creatinine and albumin) and lipid
hydroperoxides (figure prooxidant activity) activity of
glutathione peroxidase (a measure of antioxidant system)
on the model of Cu-induced liver fibrosis.

It is shown that irrespective of the method and the source
of the LMWCC and the Mix-factor its components
eliminated the loss of body weight, the body temperature
normalized, and partially restored working capacity of
animals with Cu-induced fibrosis.

Methods: A three-fold serial intraperitoneal
administration of copper sulfate to animals at the dose of
33% of the lethal dose with an interval of 48 hours
between injections was accompanied with development
of liver fibrosis. Doses of "Mix-factor" and LMWCC were
chosen for the removed of influence of experimental
animal’s fibrosis. In the investigation were used the
methods of definition of content of cholesterol,
triacylglycerols, creatinine and albumin. Besides, it has
been activity of glutathione peroxidase and content of
lipid hydroperoxides.

Results: Content of cholesterol, triacylglycerols, creatinine
and albumin remained unchanged in animals with Cu-
induced liver fibrosis, a lipid hydroperoxides have
increased by 90% in blood serum and 83% in liver
mitochondria and activity of glutathione peroxidase was
reduced.

Introduction of LMWCC and mix-factor increases the
activity of glutathione peroxidase and normalize lipid

hydroperoxides content. It has been identified S-shaped
dose dependence of LMWCC on indicators of pro-
antioxidant system.

Conclusion: The results showed that LMWCC obtained
from various sources (from cow colostrum or from
Pleurotus ostreatus fungi, or from yeast) activated
antioxidant defense enzymes (glutathione peroxidase),
eliminated oxidative stress in animals with Cu-induced
liver fibrosis. These biochemical changes in the body of
animals with fibrosis were accompanied by normalization
of physiological characteristics (body temperature, growth
rate of animals).

Keywords: Colostrum; Liver fibrosis; Pro-oxidants and
antioxidants

Introduction
Multiple studies have helped to establish an important role

of oxidative stress in occurrence of various pathologies and its
participation in the body's adaptation mechanisms [1-5].
However, it is quite difficult to establish a fine border between
physiological and pathological functions of resultants of free
radical reactions. In addition to comprehension of
pathogenesis mechanisms, it is also important for
understanding of participation of free radical reactions
resultants in physiological processes regulation.

We believe that the best approach to solution of that
problem is the use of appropriate biological models and
natural substances with antioxidant properties. The liver
fibrosis may be used as the model.

It has previously been shown that a multiple sequential
administration of copper sulphate to experimental animals
was accompanied with development of liver fibrosis, the
formation of which occurred against the backdrop of oxidative
stress [6]. As we know, liver fibrosis is induced by a variety of
physical and chemical factors, medicinal drugs, alcohol [7-9].
At the present time, liver pathologies represent a significant
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proportion of disability and mortality factors [10] and
development of tools and methods to eliminate these
pathologies is a relevant objective. Components of colostrum
may be used as regulatory factors, including those for the
antioxidant system.

It is known that the colostrum has a unique composition of
various biologically active compounds [11-13] and is used in
treatment of Alzheimer's disease, multiple sclerosis, Crohn's
disease, rheumatoid arthritis, and others [14-16]. It was of
interest to investigate a possibility for elimination (treatment)
of the liver fibrosis with components of bovine colostrum and
to define the role of prooxidant-antioxidant system in
manifestation of this disease. Along with this, the colostrum
contains so-called "heavy" immunoglobulins that cause allergic
reactions [17].

Hence lipids and high molecular weight proteins were
removed from the colostrum, and low molecular weight
components of colostrum (LMWCC) were obtained, which
were used in this study. We have previously received a
biological substance "Fungidol" or "Mix-factor" of
Sacharomyces cerevisue and Pleurotus osteatus cell
components, which possesses pronounced anti-oxidant
properties on the model of Cu-induced fibrosis [18].

The idea for this paper was that if liver fibrosis is
accompanied with development of oxidative stress, and
colostrum components enhance the antioxidant activity of the
system and eliminate the oxidative stress, elimination of the
morphological manifestations which are typical for this
pathology can be expected as well. Through a comparative
analysis of the effects of "Mix-factor" and LMWCC on the same
properties of the pro-antioxidant system, you can establish the
specificity of action of those low molecular weight substances.

The paper identifies some somatometric performance of
experimental animals (body weight, rectal temperature, ability
to perform a task), performance ability, content of lipid
hydroperoxides, glutathione peroxidase activity in blood
serum, mitochondria, and cytosol of the liver, as well as liver
functional activity (content of cholesterol, triacylglycerols,
creatinine, and albumin) in animals with a Cu-induced fibrosis.

Method of Investigations

Materials and methods
Experiments were carried out on adult male (3 months of

age.) Wistar line, which were divided into 4 experimental
groups: control group of animals-intact; group of animals with
Cu-induced liver fibrosis; group of animals with fibrosis, which
additionally administered per os “Mix factor" in a dose of 0.1
mg/100 g body weight; and a group with fibrosis, which
additionally administered per os in different doses LMWCC.
Each group consisted of 8-10 animals. The induction of fibrosis
and the introduction of biological substances ("Mix Factor"
and LMWCC) was carried out according to the scheme shown
in Figure 1.

Figure 1 Scheme, showing a procedure of obtaining of Cu-
induced liver fibrosis by triple administration of copper
sulfate in dose of 1 mg/100 g body weight every 48 hours
(group 2) and the subsequent administration to these
animals of “Mix factor” (group 3) and LMWCC (group 4).
Control group (1).

Identification of some somatometric
performance of experimental animals

Experimental animals were regularly weighed at the same
time before feeding on 1-th, 3th, 7th, 11th, 13th and 15th
days. The changes of temperature determined at the same
days using MicroTherma 2T Hand Held Thermometer
(Braintree Scientific, Inc., USA). For determination of the ability
of experimental animals to do work we used the test
"swimming with the load" [19].

An experimental model of induction of fibrosis
and a selection of doses of biologically active
substances

Previously, it was shown that a three-fold serial
intraperitoneal administration of copper sulfate to animals at
the dose of 1 mg/100 g of body weight that is 33% of the
lethal dose with an interval of 48 hours between injections
was accompanied with development of liver fibrosis [20].
Doses of "Mix-factor" and LMWCC were chosen with a
somatometric indicators assessment and by reduction in
mortality of experimental animals. It was found that a
prominent therapeutic effect without causing lethality is
caused by the dose of 0.1 ml/100 g of body weight for both
"Mix-factor" and for LMWCC.

Analytical definitions
Before killing, animals were anesthetized. Blood was

collected into dry centrifuge tubes, incubated 30 min at 20°C,
and centrifuged for 15 min at 1500 g. The protein
concentration was determined by the Lowry method [21].
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When slaughtering animals, blood was collected and serum
was prepared. We recovered liver by perfusion with cold
saline, homogenized in 0.25 M sucrose solution containing 10
mM EDTA at pH 7.4 4°C to 6°C.

The mitochondria were isolated by differential
centrifugation as described [22]. Microsomal fraction was
pelleted by centrifugation at 90,000 g for 90 minutes, and the
supernatant used as the cytosol fraction. Determination of
lipid hydroperoxides were carried out as described [23], and
glutathione peroxidase activity were determined by method
[24].

Determination of content of cholesterol, triacylglycerols,
creatinine and albumin were determined in the blood serum
using biochemical analyzer Beckman Coulter AU480
(Germany).

Statistical analysis
The results obtained were processed statistically using the

Wilcoxon-Mann-Whitney and Student's t-test, using the
software package "Statistika V.6". Results were considered as
statistically significant at p<0.05.

Results of the Study

Influence of LMWCC and the "Mix-factor" on
some somatometric indicators of animals with
Cu-induced fibrosis

Change in body weight depends on diet, age, genetic
features, and all those factors which directly or indirectly affect
the rate of metabolism. In particular, pathologies that affect
these indicators will influence the dynamics of growth as well
(Figure 2).

The intensity of growth of 3-month old males from the 1st
to the 15th day of observations, which corresponded to the
time of fibrosis induction, followed by administration of
biologically active substances, was in line with standard
indicators. During that period, their weight increased by 12%,
which was taken as 100%.

Administration of copper sulfate to animals at the dose of 1
mg/100 g of body weight, which corresponds to 33% of the
lethal dose, resulted in a sharp and significant weight loss.
Already on the 3rd day after administration of copper sulfate,
they lost 10 g of their weight (Figure 2A). After repeated
administration of copper sulfate the process of weight loss is
less pronounced, indicating the induction of adaptive response
in those animals. These results confirm a previously
established fact of induction of the hormesis effect to that
toxicant [25].

Figure 2 Changes in weight (A) of control animals, of
animals with Cu-induced fibrosis, and animals with Cu-
induced fibrosis treated with LMWCC in a dose of 0.1mg/
100g weight. (B)-rectal temperature in intact animals,
animals with fibrosis with fibrosis and animals treated with
0.1 mg/100 g of body weight LMWCC. (C)-ability to do
exercise (swimming with load) in the control animals (1),
animals with fibrosis (2), and animals treated with LMWCC
at 0.1 mg/100 g weight (3).

In that case, the animals against the backdrop of copper
sulphate introduction were receiving LMWCC at the dose of
0.1 mg/100 g of body weight, then on day 3 a slight growth
retardation was observed in them, and they lost only 2% to 3%
of the initial body weight later on the 7th day, and after that
they did not differ from intact control in the growth intensity
(Figure 2A).

If the animals received a twice lower dose of LMWCC (0.05
g/100 g of body weight), they gained weight slower from the
7th to the 19th day than at the dose of (0.1 g/100 g of body
weight). These results strongly suggest that LMWCC at the
dose of 0.1 g/100 g of body weight eliminated an inhibitory
effect of copper sulphate on the dynamics of growth of the
animals.

In the next series of experiments, the change of rectal
temperature in experimental animals was determined as an
indicator of changes in the overall metabolism in those
animals. The body temperature in the group of intact animals
during the period 1 to 13 day of the experiment remained the
same, or rather kept within the physiological range (Figure 2B).

At the same time, the body temperature dropped to 1°C in
animals with Cu-induced fibrosis, and this decrease was stable
for at least 11 days from the first administration of copper
sulfate (Figure 2B). If the animals with fibrosis received
LMWCC at the dose of 0.1/100 g of body weight, their body
temperature was not significantly different from the intact
control and was significantly higher than in the animals with
fibrosis (Figure 2B).
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Consequently, a relationship between weight loss and
decrease in rectal body temperature was observed for animals
with Cu-induced liver fibrosis. This can be interpreted as a
general metabolic inhibition by copper ions in these animals.
Three administrations of LMWCC at intervals of 24 hours
between doses to animals with liver fibrosis, eliminated a
decrease of temperature and reduced the rate of body weight
loss in those animals. If this is the case, it can be expected that
it will affect the animals' ability to perform work.

In the next series of experiments the ability of these groups
of animals to perform work was determined in the test of
swimming with a load. It was found that performance in
groups of animals with fibrosis was significantly lower than
that of the control animals. Administration of LMWCC
significantly increased their performance ability (Figure 2C).
These results support the conclusion about the ability of the
LMWCC to eliminate the inhibition of the total metabolism of
copper ions.

Lipid hydroperoxides content and glutathione
peroxidase activity in the serum of
experimental animals

The content of lipid hydroperoxides (LH) in the blood serum
of animals with fibrosis was increased by 90% in comparison
with the control (Figure 3).

These results are consistent with a previously established
fact about manifestation of an oxidative stress against the
backdrop of Cu-induced fibrosis [6].

In the case with animals with liver fibrosis that received the
“Mix-factor”, their lipid hydroperoxides content in the serum
was lower by 37% in comparison to those with fibrosis and
little different from the intact control (Figure 3A).
Administration of LMWCC to animals with fibrosis at the dose
of 0.1 mg/100 g of body weight also resulted in decrease of
lipid hydroperoxides content in the serum by 40% (Figure 3A).

Therefore, both the “Mix-factor” and LMWCC reduce a
development of oxidative stress, which was induced by copper
ions. Such antioxidant effect of the “Mix-factor” and LMWCC
can be achieved by various mechanisms and one of them is an
increase in activity of antioxidant enzymes.

Earlier studies demonstrated that the most pronounced
correlation between the content of Lipid Hydroperoxides and
antioxidant enzymes was shown by glutathione peroxidase
(GP) [26]. It was found that administration of the "Mix-factor"
to animals with induced fibrosis slightly increased GP activity,
and the activity of GP against the backdrop of LMWCC
increased by 68% in comparison with the group of animals
with fibrosis (Figure 3B).

Figure 3 Contents of lipid hydroperoxides (A) and
glutathione peroxidase activity (B) in the serum of control
animals (1), animals with Cu-induced fibrosis (2), in animals
receiving per os the “Mix factor” after the fibrosis induction
in triple with an interval of 24 hours (3) animals receiving
LMWCC on fibrosis background (4) * P<0.05 compared with
intact control, ** P<0.05 compared with the group with Cu-
induced fibrosis.

At the same time the GP activity after the administration of
LMWCC and the "Mix-factor" was not different from the intact
control (Figure 3B). Therefore, the "Mix-factor" and especially
LMWCC increased GP activity against the backdrop of fibrosis
and, as a consequence, reduced the lipid hydroperoxides
content in the serum.

Influence of LMWCC on the antioxidant system suggests
that biologically active substances can be attributed to natural
antioxidants. In this regard, it was necessary to establish a
dose-dependent influence of LMWCC on the content of lipid
hydroperoxides and the GP activity.

Figure 4 Contents of lipid hydroperoxides and activity of
glutathione peroxidase in serum in animals with Cu-induced
fibrosis treated of different doses of LMWCC. * P<0.05
compared with intact control.

After administration of LMWCC to the animal group with
fibrosis at the dose of 0.01 mg/100 g of body weight the lipid
hydroperoxides content decreased by 43% in comparison with
the group of animals with fibrosis without admission of
LMWCC. Increase of the doses up to 0.05 mg/100 g and 0.1
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mg/100 g of body weight produced the same effect. On the
contrary, the dose of 1 mg/100 g of body weight was
accompanied by an increase of lipid hydroperoxides content in
the serum by 109% in respect to low doses (Figure 4).

In that case, if the group of animals with fibrosis was treated
with LMWCC at the dose of 3 mg/100 g, the lipid
hydroperoxides content in the serum increased by 56% in
comparison with those with fibrosis and by 114% in
comparison with the intact control (Figure 4).

At the same time the GP activity in the serum was
unchanged with administration of LMWCC at the dose of 0.01
mg/100 g in comparison with the fibrosis and was lower than
the intact control by 39% (Figure 4). Increasing in the dose of
LMWCC up to 0.05 mg/100 g to 0.1 mg/100 g was
accompanied by an increased activity of the GP, but at the
doses of 1.3 mg/100 g its activity decreased sharply (Figure 4).
Thus, it was even lower than that of fibrosis for the dose of 3
mg/100 g of body weight by 41% and by 62% in comparison
with the untreated control (Figure 4).

Consequently, there is an S-shaped relationship between
the activity of glutathione peroxidase and lipid hydroperoxides
content in the serum, antioxidant activity is witnessed at low
doses of LMWCC (0.01-0.1) mg/100 g of body weight), and
prooxidant activity at higher ones (1-3) mg/100 g of body
weight).

As it is known, the main place of LH formation in the cell is
mitochondria [27]. In the next series of experiments the LH
content and the GP activity in liver mitochondria were
determined. The content of lipid hydroperoxides and the
activity of glutathione peroxidase in animals with induced
fibrosis, and after the effect of the "Mix-factor" and LMWCC in
liver mitochondria

Figure 5 Content of lipid hydroperoxides in liver
mitochondria (A) and the GP activity in mitochondria (B) in
the control group (1), group with Cu-induced fibrosis (2),
and in group with fibrosis treated triple by "Mix-factor" (3)
and also after triple administration of LMWCC (4). The
mean values and the statistical error of 8-10 repetitions are
presented. * P<0.05 compared with intact control, **
P<0.05 compared with the group with Cu-induced fibrosis.

The LH content in liver mitochondria of rat with Cu-induced
fibrosis was increased by 83% as compared to liver
mitochondria in the intact animals (Figure 5).

If the animals with fibrosis received "Mix-factor" at the dose
of 0.1 mg/100 g of body weight, the LH content in
mitochondria was reduced by 45%, and after administration of
LMWCC to such animals with fibrosis by 71% in comparison
with the group of animals with fibrosis, that matched the
values in the serum (Figure 5).

GP activity in mitochondria with fibrosis with an
administered "Mix-factor" was higher by 48% in comparison to
those with fibrosis, and in the case of LMWCC by 59%. Activity
of LH in groups of animals treated with the "Mix-Factor" and
LMWCC did not differ among them (Figure 5).

If we evaluate the antioxidant activity of liver mitochondrial
system for the ratio of Glutathione Peroxidase/Lipid
Hydroperoxides, administration of the "Mix-factor" to animals
with fibrosis was accompanied by an increase by 2.1 times and
after LMWCC by 2.8 times, which corresponded to that in the
blood serum.

At the same time, the "Mix-Factor" and LMWCC had no
effect on activity of another antioxidant enzyme-glutathione
reductase (GR).

These results may indicate that the investigated low
molecular weight substances of colostrum have a "selective"
effect on the elements of antioxidant protection and form a
specific pattern of its many elements (Table 1).

To confirm the effect of the test substances on GP and
glutathione reductase in the next series of experiments their
activity in the cytosolic fraction of the liver was determined.

Currently there are 7 known isoforms of GP that localize in
various cell compartments. These isoforms vary in activity and
a degree of response to different exposures [28,29].

Table 1 The activity of glutathione reductase in animals with
Cu-induced fibrosis, induced fibrosis treated "Mix Factor" and
with induced fibrosis treated with LMWCC. Presents the
average values of 8-10 repetitions.

Variant of experiment Activity of glutathione reductase. nmol
NADPH/min x mg of protein of
mitochondria

Cu-inducted fibrosis 34.7 ± 5.9 n=8

Fibrosis after administration
of «Mix-factor»

32.1 ± 5.0 n=8

Fibrosis after administration
of LMWCC

31.2 ± 2.7 n =10

It turned out that after administration of "Mix-factor" and
LMWCC to animals with Cu-induced fibrosis the glutathione
peroxidase activity increased equally by 38% and 36% and the
glutathione reductase activity remained unchanged in
comparison to the group of animals with fibrosis (Figure 6).
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Figure 6 Activity of glutathione peroxidase (A) and
glutathione reductase (B) in the cytosol fraction of liver cells
in intact group of animals (1) in animals with Cu-induced
fibrosis (2), and animals with fibrosis treated by "Mix-factor"
in a dose of 1 ml/100 g mass (3), and animals with fibrosis
treated by the LMWCC in a dose of 1 mg/100 g (4).

Although an increase in the GP activity in the cytosol
fraction manifested at a lesser extent than in the serum and
mitochondria, it also took place, while the glutathione
reductase activity remained unchanged.

Therefore, small doses (0.1 mg/100 g of body weight) of
"Mix-factor" and LMWCC increased the activity of glutathione
peroxidase localized in the blood serum, mitochondria and
cytosol fraction of the liver and did not affect the activity of
glutathione reductase and did not reduce lipid hydroperoxides
that occurred with recovery of the body weight and
temperature of animals with Cu-induced fibrosis.

Characteristics of some of morphological and
biochemical indicators of liver functional
activity in Cu-induced fibrosis

For over 50 years, the most reliable indicator in determining
the stage of fibrosis has been a morphological analysis of the
liver. But because the liver biopsy is associated with a risk of
hypotension, internal bleeding, damage to the biliary system
and the frequency of hospitalization after biopsy is 1% to 5%,
with complications up to 0.57% of the cases [30], noninvasive
methods of analysis are used more often.

The main group of noninvasive methods of analysis is
related to assessment of the functional activity of the liver. The
AAR, Shasta index, BARD score and others are the most
frequently used tests. Most of the tests include: an activity of
aspartate, and of aminotransferases, a content of albumin,
cholesterol, etc. However, all these functional tests can usually
detect a progressive fibrosis or cirrhosis.

Morphological changes in the liver were observed within 24
hours after the last administration of copper sulfate. Thus,
hepatocytes with elements of necrosis and apoptosis were
diffusely encountered. The most pronounced changes were
observed in the morphology of the capsule. It was severely
thickened with a large number of fibroblasts, lymphocytes,
monocytes, etc. Vascular endothelium was damaged; there
was a hemorrhage in the liver parenchyma and a collagen
accumulation (Figure 7).

A collagen content was increased by 30% in comparison
with the control. Therefore, triple administration of copper
sulphate to animals was accompanied with morphological
changes that are characteristic of an inflammatory process,
and a slight increase in collagen content that indicates a
development of an early stage liver fibrosis [31].

In the next series of experiments indicators of a hepatic
functional activity after three administration of copper sulfate
were determined.

The content of cholesterol, triacylglycerol, albumin, and
creatinine were similar in all animal groups that were studied
(Table 2). These results indicate that the functional activity of
the liver after 3 successive injections of copper sulfate, and
also the administration of LMWCC did not differ from the
control, even against the backdrop of morphological changes
and increased production of connective tissue in the liver.

Therefore, the experimental animals had initial stages of
development of liver fibrosis.

Figure 7 Microphotography of intact animals liver (A) and
liver of animals with Cu-induced liver fibrosis (B). Van
Gieson's stain. Increase X400 focal length.

Table 2 Contents of various biochemical parameters in experimental groups of animals.
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Group
Parameter

Cholesterol Triacyl glycerides Creatinine Albumin

Intact 1.6 ± 0.2 0.77 ± 0.13 69.7 ± 15.1 32.3 ± 0.4

Fibrosis 1.2 ± 0.4 0.79 ± 0.27 50.0 ± 3.9 29.3 ± 2.6

Fibrosis with administration of LMWCC 1.5 ± 0.5 1.0 ± 0.48 93.0 ± 20.0 33.5 ± 4.0

Fibrosis with administration of Mix factor 1.2 ± 0.2 0.91 ± 0.84 49.0 ± 2.6 30.3 ± 2.3

Discussion
The results showed that 1) already 24 hours after the last

administration of triple administration of copper sulfate at the
dose of 33% of the lethal one the oxidative stress is induced at
the liver level and of the body in general; b) the growth of
animals is inhibited and their body temperature is lowered by
1°C, and an ability of the animals to perform work is reduced;
c) a collagen content is increased and the morphology of the
liver changes, which is characteristic of initial stages of
development of fibrosis; d) wherein the main functional
characteristics of the liver remain at the level of the control
animals.

2) per os administration of LMWCC and the "Mix-factor" at
the dose of 0.1 mg/100 ml and 0.1mg/100 g of body weight
three times with intervals of 24 hours between the doses to
animals with fibrosis at early stages of its development was
accompanied with: а) increase of activity of the antioxidant
enzyme-glutathione peroxidase in the serum, liver
mitochondria, and to a lesser extent in liver cytosol fraction; b)
elimination of oxidative stress (the content of hydroperoxides
is not different from the control; c) normalization of growth
indicators and a body temperature and partly of animal
performance capability.

3) Low molecular weight components obtained from various
sources (from cow colostrum or from Pleurotus ostreatus
fungi) provide an offset in the balance of prooxidant ↔
antioxidant system toward antioxidants, and eliminate
morpho-physiological manifestations that are characteristic of
liver fibrosis.

For many years, it has been believed that fibrosis is an
irreversible pathological condition that is accompanied with
development of connective tissue, loss of functional activity of
the body and development of liver cirrhosis.

Currently, there are works where a possibility of the
treatment of fibrosis was demonstrated, i.e., it may be
reversible [32]. However, a successful treatment of this
pathology is not always achieved. We believe it depends on
the timing of the induction of the fibrosis stage. As it is known,
clinicians distinguish 4 stages in development of fibrosis [33].
We have developed a model of Cu-induced fibrosis, according
to a functional activity of the liver, the morphological
characteristics of that organ, and activity of the pro-
antioxidant system can be attributed to initial stages of
development of this pathology.

These results suggest that body intoxication from copper
ions is accompanied by severe systemic response which
manifests itself at various levels of the organization. The
relationship between these levels is complex and diverse. In
particular, there is no direct connection between a
manifestation of oxidative stress and an inhibition of body
weight growth intensity and the body temperature. Since the
inhibition of the total metabolism, as evidenced by a decrease
in body temperature, should be accompanied with a decrease
in respiration rate, then, as a consequence, free radical
production should decrease, and in this case, there was a
significant increase (90%) of lipid hydroperoxides against the
backdrop of general metabolism inhibition. This situation can
be explained by a pronounced inhibition by copper ions of not
only the general metabolism, but the activity of antioxidant
enzymes as well, which was accompanied by a significant
increase in a number of products of free radical reactions due
to lower respiration rate and overall metabolism.

Such metabolic and physiological situation can be explained
by the fact that immediately after administration (24 hours
after the last dose) by means of binding to proteins the copper
ions inhibit the activity of not only the antioxidant enzymes,
but the action of a wide range of other proteins, which may
bring to inhibition of protein synthesis [34], resulting in a
"aversion" to food, disability of the digestive system or
contractibility.

From then on, there is formation of a new metabolic pattern
which is "directed" to the survival of the organism in such
extreme conditions, i.e., they have the adaptive nature of the
reaction.

Firstly, this is due to a diverse regulatory role of free radical
products.

So, an increase in free radical reactions products is
accompanied not only by oxidative stress, but also by
activation of cellular immunity that is essential for survival of
the organism.

It is known that phagocytic cells such as neutrophils, "use"
an oxidative stress as a method for inactivation of bacterial
cells. An increase in phagocytic activity of neutrophils was
observed against the backdrop of Cu-induced liver fibrosis,
which was shown in [6].

Secondly, products of free radical reactions activate stellate
cells which play a central role not only in development of
fibrosis, but in subsequent choice of a response strategy to
inflammation. It is exactly the stellate cells that produce
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connective tissue matrix in liver under fibrosis and they also
produce matrix metalloproteinases that are able to ensure the
hydrolysis of connective tissue after the acute phase [9].

Available data suggest that it is possible to provide a
selection of one or another direction for inflammatory
processes development by regulation of the function of
stellate cells.

Of course, stellate cells are sensitive to a large number of
pro-inflammatory cytokines (IL-1, TNF2, NO, TgFg3-1, platelet
activating factor, etc.), and other regulatory molecules.

However, the available data suggest that one of the factors
in starting the cascade mechanisms of regulation of the
stellate cells activity is products of free radical reactions.

And finally, a formation of the hormesis effect to copper
sulphate may give evidence in favor of an adaptive oxidative
stress which occurs in response to administration of copper
sulphate [25].

So, if the experimental animals are successively
administered copper sulphate three times with intervals of 48
hours at the dose of 33% of the lethal one, they have
developed liver fibrosis [6]. If these animals against the
backdrop of liver fibrosis are administered a lethal dose of
copper sulfate, all animals survive well, whereas in the control
group 100% mortality was observed within 1 hour after
administration of that toxicant [25]. Therefore, formation of
liver fibrosis was accompanied by such reorganization of the
system of copper ions deposition (copper binding proteins)
and increase in the detoxification function that even a
subsequent administration of lethal doses did not lead to
death of the animals.

The results and data available in the literature suggest that
the most pronounced changes in this series have been
associated with activation of the prooxidant system and such
reaction possesses a pronounced adaptive nature.

Therefore, multiple sequential administration of copper
sulphate to experimental animals was accompanied with its
binding with a variety of proteins in the body and in liver cells
that have been shown in our work [25], and they form a
specific physiological and metabolic pattern that has an
adaptive nature. However, in spite of the adaptive nature of
those changes, such metabolic system is extremely unstable
and in future they will "choose" one of the possible response
strategies.

The choice of the strategy for further response will be
influenced by a complex of factors. We believe that if a
number of products of free radical reactions will decrease
after some time, the metabolism will be similar to the
metabolism of the intact animals. In the event when an
oxidative stress will persist for a long time (presently we do
not know this amount of time), the strategy of fibrogenesis will
be chosen. This is supported by the results of the present
work.

In the event when during that time (24 hours after the last
administration of copper sulfate) low molecular weight

components of colostrum or low molecular weight
components of fungi and yeasts were begun to be
administered to the animals it was accompanied with
activation of antioxidant enzyme-glutathione peroxidase,
reduction of lipid hydroperoxides in mitochondria and serum
down to the level of the control group, and the body
temperature, the growth rate, and partially the performance
ability were restored against this backdrop. Therefore, a
physiological and metabolic pattern is not very different from
that of the control animals.

This effect of LMWCC and the "Mix-factor", which are
derived from different sources on the pro-antioxidant system,
can be explained by means of several mechanisms.

Firstly, there are components with antioxidant properties
included in the LMWCC and the "Mix-factor", however, to
determine their contribution to elimination of the oxidative
stress in an in vivo system is extremely difficult. Previously it
has been shown that the components of the "Mix-factor"
exhibit an antioxidant activity comparable with tocopherol in
the in vitro environment [18].

Secondly, there are immunostimulants also among the
components of colostrum, which may have a direct effect on
the immune system [17].

Finally, low molecular weight components of colostrum, and
also of the "Mix-factor" are capable to perform regulatory
effects as well as growth factors [18]. We can believe that a
biological system response to low molecular weight
components will depend not only on their properties and
composition, but primarily on a state of the biological system
and of course, their concentrations.

As the present paper showed after the introduction of
LMWCC in various doses there was a pronounced monomodal
dose-dependent response in activity of the antioxidant
enzyme-glutathione peroxidase and in the content of lipid
hydroperoxides (Figure 4).

Conclusion
The results showed that LMWCC obtained from various

sources (from cow colostrum or from Pleurotus ostreatus
fungi, or from yeast) activated antioxidant defense enzymes
(glutathione peroxidase), eliminated oxidative stress in animals
with Cu-induced liver fibrosis. These biochemical changes in
the body of animals with fibrosis were accompanied by
normalization of physiological characteristics (body
temperature, growth rate of animals).
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