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ABSTRACT

The article clarifies role of the monooxygenase system in the development of acute
pancreatitis. Authors determine cytochrome P-450 possesses unique properties that ensure the
maintenance of chemical homeostasis in physiological and pathological states of the internal
organism medium. The liver is the main organ supporting physico-chemical homeostasis,
detoxification of endogenously formed and exogenously introduced xenobiotics into the body.
But there is also extrahepatic metabolism of foreign compounds. The intestine plays an
important role in this process. Endogenous intoxication syndrome disrupts metabolism and
reduces the functional activity of natural detoxification systems, in particular by inhibiting the
liver’s monooxygenated detoxification system.
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INTRODUCTION

Nowadays, researchers have shown an interest in inter-system and inter-
branch relationships at the level of cell activity, especially in bodies responsible for
the functioning of the whole organism, the maintenance of its homeostasis at
pathological conditions arising in fact, internal or external causes. Because of their
particular structural and functional position and liver values, hepatocytes are of
primary interest as they are constantly attacked by endogenous and exogenous

xenobiotics. The liver parenchyma has the ability to counteract all these
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threats. The functional activity of hepatocytes is determined by the solidity of
enzymes of the monooxygenase system [1].

The microsomal monooxygenase (MMO) system is present in the
endoplasmic reticulum (ER) of most animal tissues. The highest P-450 microsomal
cytochromes are found in liver cells, but they also function in the lungs, kidneys,
the brain of the smooth muscles of blood vessels, the intestinal epithelium, the
mucous membrane of the nose, the mammary gland and other tissues. MMO
catalyzes the oxidation of foreign compounds (drugs, carcinogens and other
xenobiotics) just like a number of endogenous substrates (hormones, steroids, fatty
acids, prostaglandins, etc.). Microsomal cytochromes P-450 - are the main
metabolic drugs in the human body. Hence researchers' keen interest in drug
discovery mechanisms, undesirable effects and interdrug interactions. The MMO
system can metabolize a large number of different substrates due to multiple forms
of cytochrome P-450 with different substrate specificity [14].

Cytochrome P-450 possesses unique properties that ensure the maintenance
of chemical homeostasis in physiological and pathological states of the internal
organism medium. The first is the ability to catalyze oxidation reactions of a
variety of chemical compounds. In addition, his enzymes are involved in the
metabolism of many endogenous substances (steroids, bile and fatty acids,
prostaglandins, leukotrienes, biogenic amines, etc.). Second, when foreign
compounds are introduced into the body, the monooxygenase system is activated -
P-450 cytochrome in liver cells is increased and enzymatic reactions are enhanced.
Third, cytochrome P-450 is represented by a large number of different isoforms
induced by various compounds [4].

With the participation of cytochrome P-450 during Xenobiotic
monoxification, reactive metabolites are formed that implement specific effects. At
the same time, toxic products are eliminated from the body by means of
conjugation reactions. Regardless of the damaging factor, one of the first links in
the chain of pathological disorders (toxogenesis) is the membrane-mediating

effect. It inhibits the functioning of the cascade of microsomal and mitochondrial
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enzymes involved in the maintenance of cell homeostasis, its repair and the
elimination of xenobiotics (or their metabolites). The next step - disrupts cell
energy formation, then creates a surplus of free radicals, which triggers two typical
integral mechanisms of cell damage and death: hypoxic and free-radical
necrobiosis. Such a vicious circle does not allow hepatocytes to implement the
mechanism of natural cytoprotection [3].

It is generally accepted that, in microsomal NAD(P)H-specific liver redox
chains, the cytochrome b5 is an intermediate carrier of electrons between the P-450
flavor and cytochrome. The main feature of the oxygenase system containing
cytochrome-P450 is its intracellular localization. [19].

The cytochrome P-450-containing liver mono-oxygenase system (P-450-
hydroxylase) is at the top of the evolutionary ladder. All of its components are
actually related to membrane proteins. Due to their wide specificity, microsomal
monooxygenases are able to oxidize non-polar compounds with a completely
different chemical nature. In this way they perform a key function - decomposition
of xenobiotic hydrophobic toxicants and their removal from the body [17].

NADPH-P450 - The reductase belongs to a large family of oxidoreductases.
Typical members of this family, in addition to NADPH-P-450 reductase, are
synthase nitrooxide (NOS), flavocytochrome P-450BM3, and methionine synthase
reductase (MSR). The proteins of this family are characterized by the presence of
two flavinase-binding domains associated with Flavinadeninucleotide (FAD) and
Flavinmononucleotide (FMN). Each flap coenzyme fulfils its role. FAD accepts
two electrons from NADP*H (two reducing equivalents) and immediately transfers
them to FMN [15]. The FMN transmits the reduction equivalents to the
cytochrome P-450 in turn, one after the other [18]. Precise protein-protein and/or
interdomain interactions are necessary for rapid and specific electron transport in
multi-protein or multi-domain oxidative-reducing enzymes. Thus, precise control
of the association and dissociation of domains or proteins is key for rapid and
controlled electron transfer [11]. NADPH-P450 reductase is a multidomain

protein, and its function requires certain inter-molecular and inter-domain
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interactions. Precise and specific interactions between the FMN and FAD domains
within the molecule, and between the FMN domain and the cytochrome P450 are
necessary for electron transport, which provides the catalytic function of the
cytochrome P-450 [7].

Let us remind that besides NADP*H-dependent reduction of cytochrome P-
450 in microsomal monooxygenated cytochrome system P-450 there is another
supplier of electrons - cytochrome b5. This protein performs a number of other
non-electron transfer functions. Consider this protein in more detail. Cytochrome
b5 (CYB5B) is a small (about 15 kDa) protein containing heme as a prosthetic
group. In mammalian cells, there are two isoforms of the cytochrome b5 with a
general structure (similar order of structure and identical placement of polypeptide
chains), but coded by different genes. They play a variety of intracellular
localizations: the membrane of the endoplasmic reticulum contains the microsomal
isoform (CYB5A) and the external membrane of the mitochondria contains the
mitochondrial (CYB5B) [20].

Analysis of available mammalian genome data has shown that all CYB5
contains 134 amino acid residues. A comparison of CYB5A amino acid sequences
in mammals showed an identity of 84-97%. The CYB5B isoform and contains 146
amino acid residues, the identity of the primary CYB5B sequences in mammals
was 63-65%. The primary structures of the two CYB5 isoforms are similar: a
pairwise comparison of full-size CYB5A and CYB5B rats showed only 49%
identity [9].

Despite their common structure, CYB5 isoforms exhibit different physico-
chemical properties and affect P-450 (CYP) activity in different ways. These
differences are due to the structure of the hydrophilic domain CYBS5. It is shown to
have a more rigid structure and is thus more resistant to chemical and thermal
denaturation. However, it is less effective with redox partners than the CYB5B
[10] isoform. Cytochrome b5 has long been known to activate some P-450
cytochrome monooxygenase reactions, but the mechanism of this effect remains

controversial. In recent years, researchers have clarified this problem by
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identifying three ways in which b5 cytochrome effects on the functional activity of
P-450: 1) direct, CPR-independent, transfer of two necessary electrons from
NADP-cytochrome b5-reduction to P-reduction450; 2) Second electron
transmission on the cytochrome P-450, whose hemic iron is in oxyferrous state; 3)
Allosteric stimulation of P-450 activity not associated with electron transfer.

The results of the study showed that each of these techniques can work in a
natural environment. Cytochrome b5 is also involved in lipid biosynthesis, acting
as an electron donor for at least three individual microsomal desaturations that
synthesize unsaturated fatty acids. These acids are necessary to ensure membrane
fluidity and also serve as precursors for peanut acid and eicosanoid signal
molecules. Cytochrome b5 is also important for the biosynthesis processes of
plasmalgen and sterols, and is also a donor of electrons for desaturation enzymes
involved in catalyzing the synthesis reactions of these compounds. Cytochrome b5
Is associated with endoplasmic reticulum, as is its electron donor, NADH-
cytochrome-b5reductase. The addition of NADH to the suspension of the liver
microscope enhances the functional metabolism of the medicinal substances,
indicating the involvement of b5 reduction/ cytochrome b5 in P-450-mediated
reactions [12]. The cytochrome b5 is known to recover easily in the presence of
NADPH [16]. On this basis, it can be assumed that cytochrome P-450-reductase
can also be used as an electron donor for cytochrome b5, which was also
confirmed in vitro using purified protein preparations [13]. These studies linked
the cytochrome b5 to the monooxygenase system of P-450 microsomal
cytochromes. Questions emerged about the role and mechanisms of cytochrome
b5 on the metabolism of medicinal substances [8].

Data from numerous studies carried out in Russia and other foreign
countries make it possible to assert that one of the main biochemical processes
determining the individual response of the organism to xenobiotics (including
medicinal substances) is a biotransformation with the predominant participation of

a large family of cytochromes P-450, conjunction enzymes and transport proteins

[5].
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The liver is the main organ supporting physico-chemical homeostasis,
detoxification of endogenously formed and exogenously introduced xenobiotics
into the body. But there is also extrahepatic metabolism of foreign compounds.
The intestine [6] plays an important role in this process.

One of the complex pathogenic links and severe clinical manifestations of
acute pancreatitis is endogenous intoxication, which contributes to the
development of polyorgan insufficiency syndrome in acute destructive pancreatitis.
Unidentified toxic protein-based substances - so-called low and medium molecular
mass (BSM) - contribute significantly to the pathogenesis of pancreatogenic
endotoxicity. They are formed by the aggressive action of proteases on the protein
structures of the organism.

Pathological changes in the body at EC depend on the balance of two
opposite processes: the rate at which endotoxins are produced and released into the
blood, on the one hand, and their detoxification, the body’s protective systems and
treatment measures, on the other. The state of the natural detoxification system
affects the survival of the organism in the event of generalized infection. Three
interconnected functional systems are known to protect the internal environment
from the damaging effects of various exogenous and endogenous toxic factors: 1)
monooxygenase; 2) immune; 3) excretion. Despite the development and
widespread introduction into clinical practice of various methods of intracorporeal
detoxification of the body (peritoneal dialysis, hemo-, plasma-, lymph-
phosphorption, plasmapheresis, etc.)Endotoxicity, as the leading pathogenetic
factor of toxic shock, remains the leading cause of death in pancreatogenic
peritonitis patients.

Endogenous intoxication syndrome disrupts metabolism and reduces the
functional activity of natural detoxification systems, in particular by inhibiting the
liver’s monooxygenated detoxification system. In pancreathology, it is generally
believed that as soon as hepatocellular insufficiency develops during OD, clinical
signs of polyorgan insufficiency immediately appear. A sharp decline in the

detoxification potential of the liver increases the generalized effect of toxins on the
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body and consequently leads to the development of multi-organ insufficiency,
which is generally the cause of death [3].

CONCLUSION

Research has showed that pancreatitis is a polytheological acute aseptic
inflammation of the pancreas. Its main cause is the activation of digestive enzymes
produced by the pancreas. In the pathogenesis of acute pancreatitis special role is
given to enzymes of monooxygenase system: cytochromes P-450 and b5, whose
main function is detoxification of xenobiotics. When cytochrome function is
Impaired, xenobiotics are reduced and acute pancreatitis develops. A detailed study
of the functioning of the mono-oxygenase system of an organism will help to

create new methods of treatment and prevention of acute pancreatitis.
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