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Abstract: Background: The concept of functional nutrition has been actively developed in recent years. LMWCC
contains biologically active compounds of natural origin and can be promising components of functional nutrition.

Methods: Wistar rats (intact, rats with Cu-induced toxicosis and rats with Cu-induced toxicosis, who received LMWCC
per os in different doses of 0.01, 0.05, 0.1, 1, 2, 3 mg / 100 g of body weight of the animal). The effect of low-molecular
weight components of cow colostrum (LMWCC) have been studied on the some physiological and biochemical
parameters (body weight, temperature, ability to perform work, activity of aspartate aminotransferase, alanine
aminotransferase, cholesterol, triacylglycerides, creatinine, albumin, gamma-glutamyltransferase and lipid
hydroperoxides) in experimental animals with Cu -induced toxicosis.

Results: It was found that LMWCC in small doses (0.05-0.1 mg / 100 g of weight) restored the growth rate, body
temperature and partially working capacity in the test "swimming with a load" of animals with Cu-induced toxicosis.
Restoration of physiological parameters in animals with Cu-induced toxemia correlated with activation of the antioxidant
enzyme glutathione peroxidase and a decrease in serum hydroperoxides in blood serum.

It was suggested that LMWCC can be promising components of functional nutrition for various toxicoses.

Conclusions: LMWCC has antioxidant properties in relatively small doses (0.05-0.1 mg / 100 g of weight). Restoration of
the physiological characteristics of animals with Cu-induced toxicosis correlates with the elimination of oxidative stress.

Large doses of 1 mg/ 100 g of body weight and more manifest pro-oxidant properties.
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1. INTRODUCTION

One of the priority areas of biomedical sciences is
the development of the concept of functional nutrition
[1, 2]. The biological effect of functional nutrition can be
achieved in the following cases: 1 - nutrition
components contain natural biologically active
compounds; 2 - a reasonable diet plan (dose, interval
and timing of intake); 3 - accounting for the features of
the body's functional systems (quantitative and
qualitative "deviations" from homeostatic indices).

Only fundamental study of the mechanisms of
action of nutrition components on the body can allow
developing a single concept of functional nutrition.
Components of cow colostrum can be considered as a
promising substance in functional nutrition. Cow
colostrum contains 3-5 times more protein compared to
milk, rich in hormones, vitamins and, in particular,
vitamin A, contains a wide range of cytokines, and
biologically active metabolites [3-5]. All components of
the colostrum can be divided into at least 3 groups: 1 -
factors regulating the immune response (in particular -
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the transfer factor, cytokines); 2. - growth factors
(insulin-like growth factors, TGF-a, TGF-, growth
factor of fibroblasts, etc.); 3 - factors of the regulation of
metabolism (leptin, insulin, cAMP, etc.) [6-8].

However, it can be noted a number of restrictions
on the use of colostrum as a food product. Firstly, the
colostrum contains a number of high molecular weight
proteins that have allergic properties. Secondly, the
colostrum composition changes very quickly during
storage. The high content of biologically active
compounds in the product can also cause negative
effects.

We hypothesis that the isolation of individual
biologically active compounds from the colostrum, the
development of ways to stabilize and store these
compounds can circumvent these limitations. The low
molecular weight colostrum components were obtained
in the present work, their effect on physiological and
some biochemical indices of experimental animals with
an increased contain of copper ions in the body were
studied.

2. MATERIALS AND METHODS

All procedures with animals were carried out in
compliance with bioethical principles [9] taking into
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account the circadian rhythms of formation of biological
responses. For this animal always received the food in
the same time, were maintained under the standard
conditions and all manipulation were carried out at the
same time before feeding.

The experiments were carried out for 3 months
male rats of the Wistar line. All animals were divided
into three experimental groups. In each experimental
group there were 9-12 animals.

The first group was the intact control, the animals
were kept in standard vivarium conditions. The second
group is animals with Cu-induced toxicosis. To do this,
they intraperitoneally injected an aqueous solution of
copper sulphate at a dose of 1 mg / 100 g of body
weight three times at intervals of 48 hours between
administrations. 24 hours after the administration of
copper sulphate, the animals were lulled with ether
anesthesia and taken into an experiment. The third
group was the animals that were administered sulphate
copper as well as the animals of the second group, and
24 hours later, low molecular weight components of the
colostrum (LMWCC) were administered to them daily
for 3 days. After 24 hours after the last administration
of LMWCC, the animals were taken into the
experiment.

The animals of this group were divided into several
groups that received LMWCC in different doses: 0.01
mg / 100 g of body weight, 0.05 mg / 100 g of body
weight, 0.1 mg / 100 g of body weight, 1 mg / 100 g of
body weight, 2 mg / 100 g of body weight, 3 mg / 100 g
of body weight.

The body weight of the animals was determined
from 1 to 15 days of animal preparation for the
experiment. The rectal body temperature was
determined with a MicroTherma 2T Hand Held
Thermometer (Braintree Scientific, Inc., USA).

Evaluation of the performance of animals was
evaluated in a swimming test with a load as described
[10]. Cholesterol content (mol/l), triacylglycerides
(mol/l), creatinine (umol / L), albumin (g / I), activity of
alanine aminotransferase, aspartate aminotransferase
(U / L), gamma glutamyltransferase (U / L), was
determined in the blood serum on a biochemical
analyzer Beckman Coulter AU480 (Germany). The
content of lipid hydroperoxides in serum was
determined as described in [11].

All experiments were repeated no less than in three
independent experiments. There were at least 9
animals in each experimental group. As characteristics
of the samples obtained mean, standard deviation,
standard error of the mean, the sample volume were
used. Statistical processing of results was carried out
using "Statistica 6" program. The differences between
the control and experimental variants were considered
as significant at p <0,05.

3. RESULTS
a. Some Physiological and Biochemical
Characteristics of Animals with Cu-Induced
Toxicosis

One of the most significant negative factors
inducing disturbances of homeostasis with the further
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Figure 1: Changes of the body weight (A) and the rectal temperature (B) of the intact group (1) and after the groups after
multiple administration of copper sulphate from the 1-st to the 15—th day of observations and the time of swimming with the load
(C) of the control (1) and experimental groups after the administration of copper sulphate (2).

* — significant differences between groups P=0.05.
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formation of prepathologies and pathologies are toxic
compounds of diverse nature. Common toxicants are
heavy metal ions, and in particular copper ions, which
are present in significant amounts in water and food
[12].

To assess the effect of low-molecular components
of the cow colostrum (LMWCC) as a functional feed,
the model of Cu-induced toxicosis was used.

Multiple consecutive administrations of 1 mg of
copper sulphate per 100 g of body weight into
experimental animals were accompanied by inhibition
of the growth rate of animals compared to the animals
of the control group (Figure 1A).

On the 3" day after the beginning of the
administration of this toxicant, the mass of animals did
not increase in the control group, but decreased by 4%
from the initial body weight. The loss of body weight in
such animals lasted until the 7™ day of the experiment,
and later it was slowly restored to the initial level by the
13" days of observation (Figure 1A).

In experimental animals along with inhibition of body
weight growth, the body temperature lowered (Figure
1B). So, if the body temperature of intact animals
corresponded to 37.6 - 37.8°C while in animals
receiving copper sulphate, it was reduced by 0.8 -
1.0°C (Figure 1B). Such animals lost the ability to
perform swimming with a load (Figure 1C).

Consequently, toxicosis with copper ions, as well as
with other toxic compounds, was accompanied by
pronounced physiological changes. It is known that the
administration of copper ions to experimental animals
is accompanied by the accumulation of copper
primarily in the liver cells [13]. The increase in copper
ions amount in the liver can be accompanied by
depression of the liver and the development of the
initial stages of liver fibrosis [14].

To assess liver function, the activity of alanine
aminotransferase and aspartate aminotransferase was
assessed as an indicator of the functional activity of the
liver. We report that after two days after the first
administration of copper sulphate, the activity of these
transferases did not change in comparison with the
control level (Figure 2). The amount of cholesterol,
triacylglycerols, creatinine and albumin remained
unchanged in comparison with the control (Figure 2).
The activity of gamma-glutamyltransferase (GGT)
increased by 263%. The content of lipid
hydroperoxides in blood serum increased by 37%,

which correlated with the decrease in the activity of one
of the antioxidant enzymes, glutathione peroxidase
(Figure 2).
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Figure 2: Changes in ALT (1), AST (2), cholesterol (3),
triacylglyceride (4), creatinine (5), albumin (6), GGT activity
(7), lipid hydroperoxides (8) and glutathione pyroxidase (9) in
blood serum in animals after administration of copper
sulphate in percent, in relation to the control level, which is
taken as 100%.

* — significant differences between groups P=0.05.

Consequently, Cu-induced toxicosis was accom-
panied by a change of physiological characteristics of
animals, while the main functional parameters of the
liver remained normal. However, the liver showed
oxidative stress (inhibition of the antioxidant enzyme
glutathione peroxidase and an increase of the amount
of lipid hydroperoxides) and an increase in the activity
of gamma-glutamyltransferase. These results suggest
the initial stage of liver dysfunction.

Such functional changes in the liver can be induced
by various factors: drugs, alcoholic beverages, toxic
compounds of diverse nature, and such model can be
used to develop functional nutrition concept.

b. Influence of LMWCC on the Physiological and
Biochemical Parameters of Experimental Animals
with Inhibition of Liver Function

Three consecutive administrations of LMWCC per
0os to animals with Cu-induced toxicosis showed a
dose-dependent effect on changes in body weight and
temperature, as well as on the working capacity
(swimming with load). Thus, low LMWCC doses
(0.01/100 g of body weight) eliminate the growth
retardation and raise the rectal temperature (Figure
3A, B).
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Administration of LMWCC at 0.1 mg/100 g of body
weight had a similar effect on body weight growth and
body temperature. However, if the doses of LMWCC
were increased to 0.1 mg/100 g of body mass, the
effect of "recovery" of intensive growth was less
evident, and a dose of 3 mg / 100 g of body weight
even led to an additional inhibition of growth, and it was
even smaller than animals receiving copper sulphate
on the 13-15 day of the experiment (Figure 3A).

A large dose of LMWCC (3 mg/100 g of body
weight) did not affect the body temperature; it remained
lower, compared with the intact control (Figure 3B).

Consequently, the optimal dose of LMWCC to
eliminate the effects of Cu-induced toxicosis is 0.01 to
0.1 mg/100 g of body mass. Administration of LMWCC
at a dose of 0.1 mg / 100 g of weight to animals with
Cu-induced toxicosis increased the ability of animals to
perform work, although it did not restore it to the control
values characteristic of intact animals (Figure 3C).

To study the effect of LMWCC on oxidative stress,
which was induced by multiple administrations of
copper sulphate to experimental animals, the amount
of lipid hydroperoxides (LHP) and serum glutathione
peroxidase activity were determined after
administration of LMWCC at different doses. It was
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found that a triple administration of LMWCC at a dose
of 0.1 mg/100 g of body mass after the intoxication with
copper was accompanied by a decrease in the amount
of LHP to the values of intact animals (Figure 4A).

If the dose of LMWCC was increased to 0.5 mg/100
g of body weight, then the amount of LHP remained
unchanged compared to the animals treated with
copper sulphate and a large dose 3.0 mg/100 g of body
weight even caused an increase of LHP by 56 %
compared to animals with copper-induced toxicosis and
215%, if compared with the intact control (Figure 4A).

Consequently, LMWCC, administered to an animal
with an increased content of LHP in the blood serum,
was accompanied by a bimodal dose-dependent
response of the organism. A small dose (0.1 mg/ 100 g
of weight) of LMWCC reduced their amount, and large
doses increased them.

As it was already noted, the increase in the LHP
amount correlated with a decrease in the activity of the
antioxidant enzyme, GP [14]. This correlation was
maintained even after the administration of LMWCC at
different doses to experimental animals (Figure 4B).

Thus, the LMWCC at 0.1 mg/100 g of body weight
increased the activity of GP compared to intact control
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Figure 3: Body weight (A), body temperature (B) and time of swimming with load (C) in a group of animals with Cu-induced

toxicosis (1) and after administration of per os LMWCC (2).
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Figure 4: The amount of lipid hydroperoxides (A) and the activity of glutathione pyroxidase (B) in the control group (1), animals
after multiple production of copper sulphate (2), and after the production of LMWCC in a dose of 0.1 mg/ 100 g (3) In a dose of
0.5mg/ 100 g (4) and 2.0 mg / 100 g (5) after receiving toxic doses of copper sulphate.

* — significant differences between groups P=0.05.

values, and an increase of the dose to 0.5 and 2
mg/100 g of body weight was accompanied by a
decrease in its activity by 30% and 41%, respectively,
compared with animals receiving the copper sulphate
only (Figure 4B).

The amount of cholesterol, ftriacylglycerides,
creatinine, and albumin in the blood serum after
administration of LMWCC at different doses to the
experimental animals remained unchanged compared
with the animals receiving the copper sulphate only.

4. DISCUSSION

The general intoxication of the organism is well-
known as such a morbid state that is caused by the
prolonged action of exogenous and endogenous toxic
compounds of diverse nature [16].

The most common causes of toxicosis may be low-
quality products, drugs, chemicals and, in particular,
heavy metal ions [17]. Chemotherapy is always
accompanied by a pronounced intoxication of the
organism [18].

Along with exogenous toxicosis, endogenous
toxicosis can also occur. It can arise as a result of
deterioration of cell and tissue structures, due to burns,
radiation damage, trauma and various autoimmune
pathologies [19]. The exogenous toxic factors always
induce secondary endotoxic products. It must be taken
into account when choosing a strategy for antitoxic

activities. The intoxication of the body with copper ions
was accompanied by the accumulation of copper ions
in various organs and, above all, in the liver. Most of
the copper ions were found in the fraction of copper-
binding proteins of the cytosol of liver cells,
mitochondria and membranes of the endoplasmic
reticulum of hepatocytes [20]. Previously, it was shown
that three consecutive administrations of copper
sulphate ions induced the destruction of hepatocytes,
which was accompanied by the synthesis of connective
tissue in the liver [21].

Therefore, copper ions, entering the body, serve as
both exogenous toxicants and induce the formation of
endogenous toxic compounds. Probably, this kind of
combination of exogenous and endogenous toxicity
occurs not only for Cu-induced toxicosis, but also for
toxicosis of another aetiology.

In response to primary toxicosis, which is
manifested in the loss of efficiency, weakness,
flatulence, diarrhoea and other ailments [22], at least a
few strategic options can be used by the organism:
elimination of toxicosis factors and restoration of
physiological and biochemical indexes to typical levels;
transition to a chronic condition with the subsequent
formation of various chronic pathologies, in particular,
toxic hepatitis, fibrosis, liver cirrhosis, etc.

Currently, the fights against toxicosis are reduced
by the following: 1 — elimination of the source of toxic
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compounds; 2 — activation of the excretion of toxic
compounds.

At the same time, the most important component in
eliminating the negative consequences of toxicoses
must be a system of correction of metabolic states
aimed at "fixation = remembering" of the alternative
metabolic variants, which we classified as chronic
pathologies. We are convinced that such correction
should be carried out not by farmaceuticals, but by
functional food products.

From this point of view, functional nutrition is not so
much the food for systematic use in order to reduce the
risk of developing diseases and to prevent the
deficiency of nutritional ingredients, as the food to
eliminate the potentially possible chronic pathologies.
This food should be used for limited periods of time, not
for systematic nutrition. In this regard, a promising
product for functional nutriton can be the cow
colostrum.

However, at Cu-induced toxicosis, the activity of
alanine transferase and aspartate aminotransferase,
cholesterol, triacylglyceride, creatinine and albumin
remained at the level of intact control. This indicates
that the functional activity of LMWCC 24 hours after the
sequential administrations of copper sulphate did not
change.

At the same time, the activity of gamma-
glutamyltransferase, which participates in the exchange
of aminoacids, in the liver increased by 250%
compared with the intact control.

As it is known, an increase of the activity of GGT by
a dozen times in the blood serum suggests the
development of hepatitis, fibrosis and cirrhosis [23].
The relatively small increase in GGT activity, in
comparison with the stable activity of ALT and AST,
and other functional parameters of the liver, indicates
that the scheme of Cu-induced toxicosis used in this
work, led to the initial stages of liver function
abnormalities. It should be noted that such initial stages
of inhibition of liver function can take place in a real
situation and can be attributed to pre-pathology, which
can be adjusted by food.

As it is known, one of the primary reactions of
biological systems to a variety of stress factors is the
pro-antioxidant system [24]. This position is supported
by the results of this work. Thus, comparatively to the
background of the preservation of the functional

parameters of the liver as normal, an increase of the
amount of lipid hydroperoxides increases and the
activity of glutathione peroxidase decreases.

Therefore, one of the "primary" responses of
metabolic reactions to toxicosis is the shift in the
balance of the prooxidant-antioxidant system towards
the prooxidants and the increase in the activity of
gamma-glutamyltransferase.

The restoration of glutathione peroxidase activity by
LMWCC to the level of intact control correlated with the
normalization of serum lipid peroxide hydroperoxides.
Restoration of the pro-antioxidant system to the level of
intact animals correlated with complete or partial
recovery of body weight, body temperature and
working capacity. Such results suggest that LMWCC
restored metabolic rate on the background of inhibitory
action of copper ions.

The mechanism of restoration of the oppressed
metabolism cannot be reduced only to the activity of
the pro-antioxidant system. The LMWCC are
represented by various biologically active compounds
that regulate not only the redox system of the
organism, but also the activity of the immune system,
possibly both the body's detoxification systems and
anabolic processes.

An important aspect of the LMWCC effects is the
dose-response characteristics of the organism answer
to the LMWCC. If small doses of 0.05 - 0.01 mg/100 g
of body weight caused a pronounced antioxidant effect,
then large doses of 1 to 3 mg/100 g of body weight, in
contrast, had pronounced prooxidant activity. The
mechanisms of such activity require special studies.
However, it can be assumed that LMWCC contains
different compounds that exhibit both pro- and
antioxidant activity. Since the ratio of these
components is different, then at low concentrations,
antioxidants are contained in a larger amount, and as
the dose increases, the number of components that
induce prooxidant activity increases. When certain
concentrations (up to 1 mg/100 g of body weight and
more) are achieved, the prooxidant activity exceeds the
antioxidant activity. In connection with this, when
LMWCC is included in the functional nutrition, it is
necessary to adhere strictly to the daily doses of
LMWCC.

In conclusion, we note that LMWCC can be
included in the composition of functional foods
recommended for toxicosis of various aetiologies.
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