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Abstract
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New ways of approaching the problem of obtaining antiviral drugs based on fundamental research into the mechanisms of virus 
reproduction and their interaction with the host's body, using its proteolytic system, have been outlined. There are two ways to pro-
tect the virus-stricken cell in two ways: blocking the breakdown of hemagglutinin of the influenza virus by specific antibodies in the 
intercellular space and blocking the thripsin-like protein sprocage inhibitor hemagglutinin precursor protein in the cell itself.

Introduction
The development of effective measures to combat viral in-

fections remains one of the most pressing health problems. The 
successes of fundamental research have allowed us to penetrate 
deeply into the mechanisms of viral reproduction, structural or-
ganization and function of individual viral structures, but have 
not yet provided reliable and effective ways to combat the vast 
majority of pathogens of mass acute viral diseases of humans and 
animals [1-5]. The solution to this problem requires the attrac-
tion of new ideas and approaches, in the search for a new research 
methodology in the field of fundamental and practical virology, in 
a comprehensive analysis of the interaction of two systems - the 
parasite and the host a comprehensive analysis of the interaction 
of the two systems - the parasite and the host. This interaction is 
a single whole, representing a set of internal relationships of two 
opposite beginnings. The end result of this interaction is geneti-
cally determined by the host and the pathogen and depends on the 
level of regulation, both the process of viral reproduction and the 
body's defenses. The balance between these processes determines 
the outcome of the interaction, which can lead to the death of the 

host, his complete recovery or the formation of a chronic form ofin-
fection [6-9].

The biology of viral pathogens is associated with difficulties in 
the creation of selective antiviral drugs. Advances in biochemistry 
and molecular biology in recent years, revealing the specifics of vi-
rus reproduction, provide new approaches for directed interven-
tion in the viral reproduction cycle.

Proteolytic activity associated with influenza virus

For the first time in the early 1980s, when cleaning and concen-
trating the influenza virus, different strains, to obtain polyvalent 
influenza vaccines, we were faced with the fact that we cannot free 
the influenza virus from proteolytic activity [10]. To address this 
issue, we have improved cleaning methods). To address this issue, 
we have improved cleaning methods. But no matter what cleaning 
method they use, we were not able to free the influenza virus from 
proteolytic activity. This connection cannot be broken neither the 
impact of 0.1% of sodium dodecissulfate solution, nor the forces 
of electrophoretic mobility of charged negatively molecules, nor 
centrifugal forces. On the basis of this, we can talk about a power-
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ful hydrophophobe interaction of viral and cellular molecules [11-
13]. Determining proteolytic activity in purified and concentrated 
influenza virus drugs can serve as a marker of the quality of the 
virus's purification [14].

Proteolytic activity by other authors has been detected in the 
Sendai virus [15], foot-and-mouth disease [16-17], and hepatitis 
B [18].

To study the nature of the virus-associated proteinase, we ob-
tained specific immune rat serums to normal choorionanise shells 
of a chicken embryo and neutralized the proteinazu associated 
with the influenza virus and concluded that proteinase, primarily 
associated with the influenza virus, is of cellular origin [10,14].

As early as the early 1960s, the presence of antigenic compo-
nents in viral drugs, the origin of which is the host cell, was con-
firmed by a number of researchers [19-21]. Thus, in the compo-
sition of purified particles of influenza virus, parainfluenza virus 
Sendai and Newcastle disease virus found heterogene antigen type 
Forsman, antigen similar to the group-like antigen A of humans, 
and antigen, carrying the species specificity of those cells on which 
the virus develops [22].

Currently, "neoalbumine" antigen (OA) is the only host antigen 
rationed and controlled in the manufacture of influenza vaccines 
[23]. An analysis of the purified preparations of the influenza virus 
for the presence of proteolytic activity in our studies showed that 
purification of the influenza virus by ultracentrifugation methods 
does not exempt the influenza virus from proteolytic activity. In 
the sucrose gradient (15 - 60%), proteolithic activity is clearly di-
vided into several isoforms [11].

The pre-cleaning of the polyacrylamide gel in electrophoresis 
also led to a clear separation of thripsin-like proteinaze into 7 - 9 
fractions of high proteolytic activity. A similar enzyme profile has 
been found in the normal chorionallanise fluid and chorionallanis 
shells of the chicken embryo. The difference was that proteolytic 
activity was much lower and proteinase was generated faster from 
elyats. Antiserums to the chorinallanous membranes neutralized 
the proteolytic activity associated with the influenza virus [24-25].

The results led us to conclude that the influenza virus is asso-
ciated with the serininus protein-containing trypsin-like type of 
cellular origin, which has molecular heterogeneity. This protein 

is firmly absorbed as on the surface, so on deep-located virion 
polypeptides, as evidenced by our studies with the removal of its 
superficial glycoproteins hemagglutinin and neuraminidase, with 
the help of twin-90 and ester. The bulk of proteolytic activity was 
concentrated in the RNP fraction. The presence of cellular elements 
in the composition of the purified influenza virus was ascertained 
by many authors [26-29], but no one had previously studied the 
presence of proteolytic enzymes in the composition of the purified 
influenza virus. In RNP preparations, we found proteinase activity. 
As our studies have shown, the purified influenza virus has always 
contained a protein with proteolytic activity. While the release of V, 
an antigen that represents a complex of hemagglutinin and neur-
aminidase, no protein activity was detected. In RNP preparations, 
we found proteinase activity.

This suggests that this enzyme plays an important role in the 
morphogenesis of the influenza virus and largely determines its 
pathogenic and virulent properties.

influenza virus

The system of proteins and inhibitors is represented in the body 
by a large group of proteins. Proteolytic enzyme inhibitors act as a 
constant level of appropriate enzymes in the body, are found with 
the latter in constant dynamic equilibrium. Disruption between en-
zymes and inhibitors is important for the development of patho-
logical processes [30].

Our research shows that in the lungs and serum of uninfected 
animals and chicken embryos, the levels of protein activity and in-
fungal protein adhesive activity are in balance, which is disrupted 
by infection with the virus Influenza A.

In the infectious process, there are several periods that are char-
acterized by varying degrees of virus reproduction, protein activity 
levels and inhibiting activity proteinavirus.

The most profound changes occur in the first hours after infec-
tion. Thus, 6 hours after infection, the amount of proteinaza in the 
lungs and serum of infected animals is reduced and inhibiting ac-
tivity increases [24]. A similar phenomenon has been observed for 
The Newcastle Disease and Aueska Disease [31].

Thus, it can be assumed that in the first minutes after infection, 
observed changes in the enzyme-inhibitor balance in the animal 

The dynamics of trypsin-like protein alike activity in the pro-
cess
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appear to be related to the fact that the flu viruses used contain 
both enzymes and their inhibitors. Further, the decrease in proteo-
lytic activity is associated with the corresponding accumulation of 
proteinase inhibitor in the infected body. Influenza-infected cells 
appear to induce the appearance of an inhibitor, both in the lung 
tissue and in the serum. Consequently, lung inhibitors are as if the 
first line of defense of the organ when acting different strains of 
the influenza virus.

Of great interest is the nature of proteinase accumulating in in-
fected lungs. Our preliminary studies have shown that proteinases 
are heterogeneous and only one of them is able to correctly break 
down hemagglutinin and cause an increase in infectious activity.

In our research, we found protein inhibitors of different na-
tures.

Other authors also claim that seren protein inhibitors are in-
duced by influenza viruses. Thus, the allantoic fluid inhibitor dif-
fered [32] from the trypsin inhibitors of the 17-day amniotic fluid 
[33] and the ovomucoide in the chicken embryo protein. The al-
lantoise fluid protein inhibitor had properties similar to the prop-
erties of subtilisin inhibitors, described for ovoinhibitors and 
ovomacroglobulin of chicken embryos, black bean seeds [34] and 
Streptomyces Subtilisin inhibitor [35].

Proteinase inhibitors in the reproduction cycle of adenovirus-
es [36], the vesicular stomatitis virus [37] and the simple type 2 
herpes virus [38] are virus-specific inhibitors that block critical 
metabolic stages of infected cells. Our research suggests that virus-
induced inhibitors detected in the first hours after infection, block 
the activity of host cell proteinase, leaving influenza virus proteins 
protected from proteolytic hydrolysis, when the inhibitors run out, 
the proteinaza begins to break down hemagglutinin and the virus 
titre increases, so, 6 hours after infection, an additional inhibitor 
should be introduced to block protein activity [39].

In studying changes in protein and inhibitory activity in chick-
en embryos, large and small infecting doses of influenza virus A/R 
R/8/34 found that they experienced similar changes as in the body 
of white mice. During the period of maximum accumulation of in-
fectious and hemagglutinating activity (24 hours), neither protein-
ase nor inhibitory activity was detected [40]. S. Ewasyshin and G. 
R. Sabina [41] has been shown to replicate different strains of in-
fluenza viruses when the release of different strains of influenza 

viruses shows a distinct suppression of the protein-resistant activ-
ity of the allantoisic fluid when the release of the infectious virus 
approaches its maximum.

The complete suppression of inhibiting activity was delayed by 
a day and occurred by 48 hours. During the inhibitor blockade (48 
- 96 hours), protein activity increased rapidly. This suggests that 
there are different inhibitors. The first peak of the inhibitor acts 
as the body's protective function for the introduction of infection. 
The second peak of the inhibitor was suppressed slightly, although 
during this period the infectious virus reached its maximum, with a 
small dose of infection the second peak was not changed at all. The 
third peak was sharply depressed by a large dose and changed little 
with the action of a small dose. If the primary function of the third 
inhibitor is to preserve the infectious virus by protecting it from 
proteolytic degradation, the interference with the synthesis of the 
inhibitor may be of important therapeutic importance [42].

From the lungs of healthy mice was isolated, 6 isoforms of tryp-
sin-like proteinase, and 8 isoforms from the lungs of infected mice, 
in which specific proteolytic activity increased dramatically com-
pared to the source material [43]. Danenberg A. M. and E. L Smith 
isolated from the lungs of cattle two isoforms of alkaline protein-
ase, in their substrate specificity resembling chimotripsine [44].

By studying the physical and chemical properties of thripsin-
like protein, isolated from uninfected and infected lungs, the opti-
mum pH for proteiniase itoforms from uninfected lungs varied in 
the pH zone of 7 - 8, closer to pH 8, while for proteinase isolated 
from the infected lungs, optimum pH was deflected into the acidic 
side, especially for THE VI isoform and was in the pH zone 4 - 5 
[45]. merge their shell with the cell membrane and increase the 
conductivity of the cell membrane, at low pH values (5,0 - 5,5).

Analyzing the molecular mass of isolated isioforms of trypsin-
like proteinases derived from the lungs of healthy mice found that 
they were all not homogeneous and contained several proteins.

In our research, we had to address the question of how to steril-
ize the isolated isoforms so as not to lose proteolytic activity? 0,22 
мм MDSC cells were the breeding of the virus. The highest hemag-
glutin titre was obtained in the action of the VI isoform, while the 
infectious titer was the highest in interaction with the III isoform.

Excretion and cleaning of thripsi-like proteinase from the 
lungs mice
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Enzymes isolated from the lungs of infected mice did not con-
tain an isoform that would increase the infectious titger above the 
control numbers. It seems that the isoform responsible for the de-
velopment of infection does not necessarily have the highest rates 
of hemagglutinin.

In the literature, there is a consensus that that the infectious 
process is only possible when hemagglutinin is divided into two 
subunits NA1 and NA2, and that this is due to cellular proteinase 
[46]. But total cellular proteinase has heterogeneity and consists of 
six isoforms with different molecular, substrate specificity, differ-
ent sensitivity to inhibitors and different effects on hemagglutinin 
formation titers and infectious activity during the multiplication of 
influenza virus in MDS cells.

 For the first time in 1987, studies have been conducted on cel-
lular antiprotein immunoglobulins that block the development of 
influenza infection. For the isolation of several fractions of trypsin 
proteinase isoforms from uninfected lungs of mice, a large num-
ber of animals was required, which indicates that in a healthy 
body proteinases are calculated in a minimal amount, but play a 
huge role in virus penetration. Cellular proteinases are apparently 
involved in the "stripping" of influenza virions. It is known that 
antiviral drugs such as remantadine, interferon and bonaftan are 
known to prevent the virus shell from merging with endothelial 
membranes and precede the transcription stage of the viral ge-
nome [3]. Proteolytic enzyme inhibitors suppress the reproduc-
tion of the influenza virus at later stages. However, from the body's 
point of view, it would be more beneficial to prevent infection at an 
earlier stage- the stage of viral particles entering the cell.

According to the literature shown for influenza Viruses A, B and 
C types, paramyxoviruses, rotaviruses, that viral particles acquired 
infection only after thripsin or trypsin-like proteinases, while che-
motrypsin proteinase, inducing the slicing of surface proteins, 
their function and infection of embryos were not activated [47]. 
In our studies, antiproteinase immune sera (especially 4 groups) 
blocked trypsin activity, and the influenza virus did not multiply in 
the transplanted MDSC cell culture.

In the literature, we have not met data on the receipt of specific 
immune serums to trypsin-like proteinase, and, especially, do not 
mention its isoforms.

 The effect of antiproteinase immune sera on the propagation 
of influenza virus

We have obtained hyperimmune rat serums to all thripsin-like 
proteins.

In studying the effects of antiprotein immune and normal se-
rums on the reproduction of the influenza virus A/Phil/2/82, in 
the presence of trypsin, on the cell culture of MDSC it was found 
that the immune serums of four groups in breeding 1:8 dose 0.2 
ml per test tube [2] blocked the activity of trypsin and viral infec-
tion did not develop. Similarly, normal rat serum was affected at the 
same dose, which indicates a non-specific effect on their trypsin ac-
tivity. However, the immune antiprotein serum of the fourth group 
suppressed the reproduction of the virus on the cells of MDSC (and 
in breeding 1:80 ml), while the action of normal serum stopped in 
breeding 1:10 ml.

In studying the protective properties of antiproteinous serums 
and normal rat serum in white mice, infected in the intranasally, 
lethal dose of influenza virus A/PR/8/34 (IV passage), it was found 
that 100% of the death of control mice occurred on 4 - 5 days. Ani-
mals that were instilled with normal rat serum six times died on 
the 7th day. In the treatment of mice with pools of immune sera I, II, 
IV, V and the VI animal mortality rate declined and occurred signifi-
cantly later than in the control group, 30% of the animals did not 
die, but recovered [48].

 The fourth serum pool was most effective, with 60% of the in-
fected mice surviving, and on the 14th day after infection in the se-
rum and lungs, we did not detect either hemagglutin or infectious 
virus. The immune serum to the VI isoform did not protect mice 
from death at all, although the III isoform from VI differed only in 
one protein, with a molecular weight of 32 kDa [49]. The presence 
of a protein with a mass of 32 kDa, which showed protaminin-
splitting activity in the flu virus indicates V.P. Lozitsky., et al [50]. 
We also, working in parallel with V. P. Lozitzky, found a high peak 
of protaminsplital activity, characteristic of allantois uninfected 
chicken embryos, which gave us the opportunity to assert that pro-
teinase has a cellular origin [10].

Reducing the mortality of mice under the influence of antipro-
tein immune serum can apparently be associated with the ability to 
suppress the reproduction of the virus. This is particularly evident 
in the example of the fourth serum pool, which is simultaneously 
most active in the culture of MDSC tissue.
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We received immune antiproteinases serums and to nine iso-
forms isolated from the lungs of mice infected with the flu virus. 
Studying their protective effect, came to the conclusion that specif-
ic immune serums, to isoforms isolated from the lungs of infected 
mice did not have protective functions, on the contrary, the intro-
duction of specific serums to I, II, IV, VIII and X isoforms intensified 
the reproduction of the influenza virus and the animals quickly 
died.

Thus, research on the protective properties of antiproteinous 
serums in influenza infection was conducted for the first time. Re-
ceived positive results that open the possibility of creating drugs 
with a universal effect, which is very significant with the large vari-
ability of influenza viruses.

The second way to block a viral infection is to use trypsin-like 
protein inhibitors.

Therefore, the goal of further our research is to obtain a tryp-
sin-like protein inhibitor from the lungs of healthy mice and in-
fected with influenza A virus.

Trypsin-like proteinasa plays a key role in the development of 
the pathological process in the body. It breaks down the outer pro-
tein of the influenza virus (hemagglutinin) into two subunits - NA1 
and NA2 [51]. Only after splitting the virus penetrates the cell and 
begins to multiply [52]. A new approach to the treatment of influ-
enza: blocking the proteolytic activation of the virus by proteinase 
inhibitors is currently considered the most promising [53]. The 
mechanism of the antiviral effect of inhibitors is associated with 
suppression of proteolytic activity [54]. Data from a series of virus 
models indicate that the mechanism of proteolytic activation has 
a general biological universal value. In picornaviruses and togas 
viruses, proteolytic activation with the formation of mature viral 
proteins. In influenza viruses and paramyxoviruses, proteolytic ac-
tivation is associated with the breakdown of glycoproteins, which 
cause the virus to enter the cell. Inhibitors block the process of 
cutting viral proteins by inhibiting the activity of cellular enzymes. 
In the presence of cellular proteinase inhibitors, after one cycle 
of reproduction of the original virus with chopped proteins, viral 
offspring with undigested, functionally inactive viral proteins are 
formed. Virions are not capable initiate an infectious process in 

Gettingan inhibitor of trypsin-like proteins and studying their 
protective properties in deadly influenza in an experiment

connection with the block of the early stages of the reproduction 
cycle - the absorption and penetration of the virus into the cell [55].

For the first time in world practice, we have isolated a trypsin-
like protein inhibitor from the lungs of healthy mice. It was charac-
terized by a high degree of purity and contained a small amount of 
impurities. The inhibitor had a molecular mass of 47500 Yes. De-
veloped and patented method of obtaining and cleaning the inhibi-
tor trypsin-like proteinases [56]. The dedicated inhibitor is similar 
tothe alpha-1-inhibitor of human serum proteinase (m.m. 48000 
- 55000 Yes) and an egg protein trypsin inhibitor (m.m. 49000 
Yes), but not similar to the trypsin inhibitor isolated from the lungs 
of cattle (a Kunitz-Northrop-type inhibitor) that had a molecular 
mass of 65,000 Da. Proteolytic activity of the isophyform trypsin-
like protein test method, it was found that it suppressed the activity 
of almost all isoforms, except the fourth (41.8%) eighth (28.3%).

In our research, using a cellular inhibitor to suppress the devel-
opment of influenza virus in chicken embryos, it has been found 
to inhibit the development of infectious and hemagglutinating ac-
tivity and the formation of a common protein. At the same time, 
the trypsin-like protein inhibitor, isolated from the lungs of mice 
pre-infected with the influenza virus, did not have this ability. In 
further studies, we used an inhibitor to treat influenza infection in 
animals, which was isolated from the lungs of healthy mice. In the 
treatment of white mice pre-infected with a lethal dose of influenza 
virus, 80% of the animals recovered and remained alive for up to 
14 days after infection.

To obtain an antiviral drug that would have the least energy for 
humans, we used donated blood waste to produce gamma globulin 
and albumin.

According to our research, fresh canned human donor blood 
contained a large amount of trypsin-like protein inhibitor. More-
over, more inhibitor is contained in serum than in red blood mass. 
A year after storage at -180C, inhibitory activity persisted, but the 
activity was much lower than in fresh blood (from 450 g/l to 70 
g/l). In donated human blood, the amount of trypsin-like protein-
ase inhibitor was independent of the amount of proteinase. At the 
same time, in the blood of white mice there was a correspondence 
between proteinases and their inhibitors [56]. The mismatch be-

The presence of trypsin-like protein inhibitors in industrial 
waste of gamma-globulin production
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tween proteinase and inhibitor in human blood, apparently, is 
due to the fact that the person suffered some kind of infectious 
disease or suffers from chronic infections. The serine proteinsof 
human blood are the X factor and with a molecular weight - 59 
kDA, plasmin, with a molecular weight - 85 kDA, and blood clotin 
with a molecular weight - 36 kD. Protein inhibitors in human blood 
are: antithrombin -3, alfa 2 - macroglobulin, alfa1 - globulin, alfa 
2 – globulin and alfa1 – antitripsin. According to Yesiko Nagai1990 
г (.) the X factor breaks down the hemagglutinin of the influenza 
virus, In the only arginine site, on two subunits NA1 and NA2. Vi-
rus-activating protein as and Factor X is not only structurally but 
also functionally similar to each other. Bochringer Mannheim Bio-
chemica refers to serinprotein proteins. At the first stage of obtain-
ing gamma globulin and albumin from the 2 + 3 fraction, according 
to Cohn, fibrinogen is ejected. Factor X is included in this waste. 
Centrifugate, which contains 481.11 mg of trypsin-like proteinase 
inhibitor per kilogram of weight, is used for disposal. - In this cen-
trifuge is a1 - antitrypsin. Antitrypsin - and1 or1 - inhibitor pro-
teinasis is the main inhibitor of seren proteinases of human blood 
plasma [58].

In the second stage of obtaining gamma globulin for disposal is 
sediment containing prothrombin, alpha and beta-globulins and li-
poids. This precipitation, according to our results, contains 469.87 
mg of trypsin-like protein inhibitor per kilogram of weight. This 
precipitation includes antithrombin - 3 (AT-3) or heparin factor - 
the regulator of the clotting system of blood. According to the OA. 
Markova., et al. (1989 ) in normal AT-3 content for donors ranged 
from 160 to 250 micrograms/ml. The zone of alpha-globulins also 
includes1-antitrypsin and2-macroglobulin [59-60]. 

In the third stage of receipt of gamma globulin, the waste is 
sediment containing profibrinolysine (plasminogen).

In the fourth stage of the deposition of gamma-globulin for dis-
posal is centrifuge No.3. According to our data, the material of cen-
trifugate № 3 contains 166.37 mg of trypsin-like protein.

 Thus, the raw materials for obtaining a trypsin-like protein in-
hibitor can be waste after the first and second stage of the process, 
where the sediment is laundered by 2/3 and prothrombin release. 
These wastes contain the largest amount of trypsin-like protein 
inhibitor.

Conclusion
Thus, one of the most important stages of development of many 

viruses in the host body is their introduction into the cell after pre-
deproteinization. Regulating this stage of the virus development is 
one of the fundamental principles of their reproduction. Induction 
or introduction of a proteolytic virus activation inhibitor is one of 
the promising ways to treat viral diseases, including influenza.
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