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ABSTRACT

In the presence of cobra venom, the rate of NAD.H oxidation along the internal pathway of the
mitochondrial respiratory chain is suppressed, and the rate of NAD.H oxidation along the external
pathway increases. These changes occur against the background of cytochrome c deserption from
the inner mitochondrial membrane and a significant increase in the process of mitochondrial lipid
peroxidation. These facts indicate that when animals are poisoned with cobra venom, profound
disturbances are observed in the system of oxidative phosphorylation and the electron transport
chain. The introduction of flavosan into the body of animals poisoned with cobra venom leads to an
increase in the rate of NAD.H oxidation along the internal pathway of the mitochondrial respiratory
chain and suppression of the rate of NAD.H oxidation through the external pathway.
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INTRODUCTION

Actuality of the topic: According to the World bites alone, of which about 40 thousand die [1-
Health Organization (WHO), about 0.5 million 3]. Poisons of snake snakes primarily affect
people suffer annually from poisonous snake the respiratory center [1, 4], the nervous
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system with secondary damage to the blood
circulation [1, 5], they almost do not cause
local changes. Under the influence of cobra
venom, many organs, including the liver,
usually undergo acute fatty degeneration. In
poisoned animals, the protoplasm of the liver
cells turns out to be turbid and granular; the
number of mitochondria decreases,
respiration and oxidative phosphorylation of
mitochondria are impaired [6-9]. At the same
time, low concentrations of poisons cause
dissociation of respiration and oxidative
phosphorylation, and large concentrations -
inhibition of the respiratory function of the
mitochondria.

Recently, it was found that the total flavonoid
preparation from Thermopsis (Thermopsis
alterniflora, legumes - Fadaceae) - flavosan
(flateron), low toxicity, its administration
orally at a dose of 5000 mg / kg body weight
did not cause a noticeable side effect and
death of animals [10].

A study of the effect of flavosan (flateron) on
the animal body under hypoxic conditions
showed that it markedly increases the
resistance of animals to oxygen starvation
[11]. The antihypoxic effect of flavosan
(flateron) is associated with the economical
consumption of oxygen under conditions of
hypoxia [11, 12].

It was shown that when flavosan (flateron) is
introduced into the body of animals against
the background of the action of cobra venom,
the life expectancy of animals increases.
Higher doses of flavosan (flateron) noticeably
prevent an increase in gas-oxygen exchange,
that is, the body uses oxygen more
economically [13], which ultimately leads to an
increase in the life expectancy of animals
poisoned with cobra venom [14].

And basedn on the above mentioned, we
consider that it is important to study the anti-
venom effects of flavosan (flateron) in case of
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poisoning of rats with the poison of the
Central Asian cobra.

In experimental studies, white male rats
weighing an average of 180-200 g were used.
The animals were kept on a mixed diet in a
well-ventilated, light room, in wooden cages
(50x30 c¢m in size), 6-8 rats each. The rats
received food and water ad libitum.

In the experiment, some mechanisms of the
antitoxic action of flavosan (flateron) were
studied. The poison of the Central Asian cobra
Naja naja Oxiana Echwald was chosen as the
toxin. The animals were divided into 5 groups
of 6-8 each. In the second, third, fourth and
fifth groups, the venom of the Central Asian
cobra was injected intramuscularly to the
animals at a dose of 2 mg / kg body weight
[14]. After 2 min, the animals of the second,
third and fourth groups were additionally
injected with flavosan (flateron) - 250, 500 and
750 mg | kg of body weight, respectively. The
first group of rats received saline. The animals
were decapitated 15 min after the introduction
of the cobra venom.

The poison of the Central Asian cobra was
obtained from the Institute of Zoology of the
Academy of Sciences of the Republic of
Uzbekistan. In this work, we used samples of
the poison from the collection of 2010 and
201, dried in a desiccator over calcium
chloride.

Mitochondria were isolated from the liver
tissue of animals using the generally accepted
method of differential centrifugation [15] with
some modifications [16]. The rats were
sacrificed, the liver was removed and
immersed in a beaker with an isolation
medium of the following composition: sucrose
300 mM, Tris-HC1 - 10 mM, EDTA - 2 mM. The
liver was cleaned of foreign tissues (fat,
connective tissue), then its weight was
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determined by weighing, crushed with
scissors and placed in a tenfold volume of pre-
cooled isolation medium compared to the
organ and homogenized for 30-40 s in a
combined homogenizer with a Teflon pestle
having a threaded knife block with a cloth
feeding device.

The activity of the mitochondrial polyenzyme
systems was determined after freezing and
thawing of mitochondria. NAD.H-oxidase
activity was assessed by adding 3 umol
NAD.H. to a 1 ml cell. NAD.H-oxidase activity
was also determined in the presence of 2 ug
of rotenone. Change medium: 0.66M sucrose
containing 50 mM Tris-HCl, pH 7.4 and 5 mM
histidine [17]. The activity of oxidase systems
in mitochondria was recorded
polarographically using a rotating platinum
electrode under standard conditions in a 1 ml
polarograph cell at 25 ° C. The protein content
was determined by the Lowry method [18].
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It is known that liver mitochondria has two
oxidation systems - an internal
phosphorylating pathway for the oxidation of
succinate and substrates oxidized through
NAD, and an external pathway for free
oxidation of added NAD.H; the initial part of
the respiratory chain of this pathway is
NAD.H2-cytochrome bs-reductase [19]. One of
these oxidation pathways is inhibited by
rotenone (internal oxidation pathway). Table 1
shows the results of a separate determination
of the rates of NAD.H oxidation by the internal
and external pathways at 250C. It can be seen
that the introduction into the animal organism
of 2 mg of cobra venom per kg of body weight
of cobra venom, the rate of NAD.H oxidation
along the respiratory chain is 41.2% of the
control. At the same time, the rate of NAD.H
oxidation by the external - rotenone
insensitive pathway of NAD.H oxidation
increased by 95.7%.

Table 1

Influence of flavosan (flateron) on the internal and external pathways of NAD.H oxidation

of mitochondria against the background of rat poisoning with cobra venom (M + m; n = 6-

Flavo-san Respiration rate, nanogram oxygen atom / min
Variant doses, mg / mg protein
kg Internal oxidation path | External oxidation path
NAD.H NAD.H
Healthy animals 0 61,24%5,05 4,60+0,42
Poisoned animals 0 36,0114,21**** 9,00*:0,77*W
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250 42,62+4,00 7,81+0,53
500 49,84%4,67 6,90+0,38"
750 54,45+3,85 5,92£0,32°

Note: here the degree of reliability of the differences: * P <0.05; ** P <0.02; *** P
<0.01; **** P <0.001.

Thus, these data indicate that inhibition of the mitochondrial membrane to

respiratory activity of the inner membrane
and an increase in the external pathway of
mitochondrial oxidation is one of the earliest
functional disorders of mitochondria when
animals are poisoned with cobra venom.

The introduction of flavosan (flaterone)
against the background of animal poisoning
with cobra venom leads to the normalization
of the internal and external pathways of NAD
oxidation of mitochondria, and these changes
depended on the dose of flavosan (flaterone).
So, if after the introduction of 250, 500 and
750 mg of flavosan (flateron) per kg of animal
body weight, the external pathway of NAD.H
oxidation increases by 69.8, respectively; 50.0
and 28.7% of the normal level, then the
internal path decreases - 30.4; 18.6 and 10.6%.
This means that flavosan (flateron) stabilizes
the inner mitochondrial membrane and
inhibits the elimination of cytochrome ¢ from
the membrane.

In our opinion, the conditions for activation of
the external pathway of NAD.H oxidation and
inhibition of the internal pathway of substrate
oxidation in animals poisoned with cobra
venom is the desorption of cytochrome from
the inner mitochondrial membrane into the
intermembrane space, resulting in the
connection of the flavins-cytochrome bsg
system to cytochrome oxidase. These results
indicate a deep disruption of the conjugation
between the protein-phospholipid bonds of
the inner mitochondrial membrane during
swelling [20, 21]. Membrane disorders
associated with changes in phospholipids
significantly alter the ability of the inner
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accept
cytochrome c [21, 22]. These characteristics
are very sensitive to the formation of
membrane damage and change even with
small degrees of "hidden" damage [22]. In our
opinion, the cleavage of phospholipids of the
inner mitochondrial membranes by
endogenous phospholipases under the action
of cobra venom leads to disruption of the
function of a free-floating carrier of reducing
equivalents  from  dehydrogenases to
cytochrome chains - coenzyme Q [23]. There
are three coenzyme Q binding sites in the
respiratory chain: 1) researched and
characterized by L.S. Yaguzhinsky and sotr.
[24] a hydrophobic site in succinate
dehydrogenase; 2) a section of the respiratory
chain between cytochromes b and c1, where
antimycin A, 2-hydroxy-3-alkylbenzo- and
naphthoquinones bind; 3) the site of rotenone
binding in NAD.H-dehydrogenase [23]. At
these points of coenzyme Q binding, the
interaction of the coenzyme core with the
corresponding enzyme is carried out due to
different functional groups of the coenzyme Q
molecule [24].

Side Panels Damaged mitochondria trigger the
release of cytochrome c¢ through the
mitochondrial pores [25]. The released
cytochrome c is the “death sentence” of the
cell [26]. Cytochrome ¢ entails the
transmission of an apoptosis signal, which
often results in various diseases. Thus, in many
apoptotic neurons during the development of
the nervous system in vertebrates, the loss of
cardiolipin, an easily oxidized phospholipid,
which is part of the inner mitochondrial
membrane, occurs. It was shown that the
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content of cardiolipin decreases before the
disappearance of mitochondria in these cells,
and by the time of loss of cardiolipin the mass
of mitochondria decreases insignificantly. And
the fact that the disappearance of cardiolipin
is competitively associated with the
production of reactive oxygen species by
mitochondria and an increase in lipid
peroxidation indicates the participation of
free oxygen radicals in these processes [27].
This is well correlated with the message of
fundamental importance about the two-stage
process of release of cytochrome c from the
mitochondria of apoptotic cells. At the first
stage, cytochrome c is separated from the
inner mitochondrial membrane, where it is
associated with cardiolipin due to electrostatic
and |/ or hydrophobic interactions. This
separation occurs after the oxidative
modification of cardiolipin. The subsequent
increase in the permeability of the outer
mitochondrial membrane under the action of
the Bax oncoprotein leads to the release of
cytochrome ¢ from mitochondria [28]. The
loss of molecular interaction between
cytochrome c and cardiolipin, caused by lipid
peroxidation, was reported by other
researchers somewhat earlier [29]. It is the
modification of cardiolipin under the
conditions of lipid peroxidation that induces
the release of cytochrome ¢ from
mitochondria into the cytosol, which is one of
the important initial stages of apoptosis.

Cytochrome ¢, released from the
mitochondrion into the cytosol, binds to a
cytosolic protein called “the first factor
activating apoptosis” (Apaf-1). Apaf-1 also
binds to deoxyATP (dATP) and several
molecules of procaspase 9 (an inactive
precursor of caspase 9, a special protease
enzyme) [30-32]. After the formation of the
complex, procaspase 9 is cleaved into caspase
9 and a shorter peptide that does not have
any activity. Caspase 9 attacks procaspase 3,
cleaving it to form active caspase 3. Caspase 3
is a protease that proteases enzymes that
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occupy key positions on the metabolic map of
the cell, as well as nuclease precursor proteins
and structural proteins. Ultimately, all of this
ATPase is either inactivated by the oxidized
form of phosphatidylserine, or simply does
not recognize the oxidized phospholipid. That
is why the oxidation of phosphatidylserine by
ROS leads to its appearance in the outer layer
of the plasma membrane. Apparently, there is
a special receptor that detects
phosphatidylserine in the outer lipid layer. It is
assumed that this receptor, by binding
phosphatidylserine, sends a signal of
apoptosis inside the cell.

Here, first of all, we are not interested in what
further processes and in what role the
released cytochrome c is involved, but the
very fact of its release from mitochondria.
From our point of view, this seemingly simple
act is very important, since, as a positive
feedback, it supports the disruption of the
transport of electrons in the respiratory chain,
reduces the utilization of O2 by mitochondria
and, therefore, contributes to its
accumulation in the cell and the stability of the
state necessary for apoptosis oxidative stress,
first in the mitochondria, then in the
cytoplasm and within the entire cell. In
addition,  positive  feedback on the
maintenance of oxidative stress in cells is
realized, apparently, through other channels.
One of them is the active forms of oxygen -
dependent damage to mitochondrial DNA
(mtDNA)  with  the  formation  and
accumulation, in particular, of 8-hydroxy-2@-
deoxyguanosine. True, this oxidative damage
to mtDNA is repaired to some extent [33].
Another channel of such feedback can act
through oxidative damage to mtDNA
polymerase, which should lead to a decrease
in mtDNA replication [34] and, accordingly, to
a weakening of the mitochondrial base. Thus,
in mitochondria, there are different ways to
maintain the oxidative stress that has arisen in
them not below a certain level.
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After analyzing the results, we can conclude
that in the presence of cobra venom, the rate
of NAD.H oxidation along the internal
pathway of the mitochondrial respiratory
chain is suppressed, and the rate of NAD.H
oxidation along the external pathway
increases. These changes occur against the
background of cytochrome c deserption from
the inner mitochondrial membrane and a
significant increase in the process of
mitochondrial lipid peroxidation. These facts
indicate that when animals are poisoned with
cobra venom, profound disturbances are
observed in the system of oxidative
phosphorylation and the electron transport
chain. The introduction of flavosan (flaterone)
into the body of animals poisoned with cobra
venom leads to an increase in the rate of
NAD.H oxidation along the internal pathway
of the mitochondrial respiratory chain and
suppression of the rate of NAD.H oxidation
through the external pathway.
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