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Abstract

Background. Pneumosclerosis is a frequent complication of chronic obstructive pulmonary disease, bron-
chial asthma, and chronic obstructive bronchitis. The development of these complications aggravates the
course of the disease, worsens its prognosis, leads to an increase in the duration of inpatient treatment,
and significantly worsens the quality of life of patients, especially in terms of age.

Methods. The experiments were carried out on 25 laboratory rabbits with a pneumosclerosis model. The
intensity of lipid peroxidation in the lungs was assessed in terms of malondialdehyde and chemilumines-
cence intensity in blood samples obtained in various blood samples.

Results. The dynamics of the development of pneumosclerosis was characterized by an increase in the
intensity of lipid peroxidation in the lungs. The intensity of these processes was expressed to a greater
extent in the arterial blood sample, indicating the specificity of the identified changes for this pathological
process. An increase in the intensity of chemiluminescence in arterial blood on the 10th day of pneu-
mosclerosis development was noted by 3.6 times, and on the 20th day - by 3.3 times compared with the
control values. Even in the long-term studies, this indicator was 1.7 and 2 times higher than the control
values and was more pronounced than in venous blood.

Conclusion. Reproduction of the experimental model of pneumosclerosis is characterized by the intensity
of lipid peroxidation processes to a greater extent in the lungs than in other organs not affected by the
pathological process. These changes were identified using a separate assessment of the level of lipid pe-
roxidation in venous and arterial blood with the calculation of the venous-arterial difference. At the same
time, more pronounced changes were noted in relation to the chemiluminescence index, indicating a high
role of free radical compounds in the formation of this pathological process.
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INTRODUCTION

Pneumosclerosis is an overgrowth of connective
tissue in the lungs resulting from various pathologi-
cal processes. [1,2,6,7] Pneumosclerosis is a collec-
tive concept in terms of etiology, pathogenesis, and
morphology. [8-10] Of paramount importance in its
development are non-specific infectious processes -
pneumonia, lung abscess, etc. [3,12,13,26].

All the above chronic lung diseases leading to
the development of pneumosclerosis create condi-
tions for the development of endothelial dysfunction,
which is facilitated by the presence of hypoxia, in-
creased levels of cytokines, leukotrienes, tumor ne-
crosis factor, etc. [5]. An important element of the
pathogenic effect of these humoral factors is the
induction of oxidative stress, the manifestation of
which is largely associated with the activation of lipid
peroxidation [17,24].

It is known that excessive formation and accumu-
lation of lipid peroxidation products is one of the fac-
tors of membrane damage and promotes the devel-
opment of an inflammatory reaction in the body
[19,22].

According to A. N. Klimov [4], excessive for-
mation of free radicals makes a significant contribu-
tion to the intensive oxidation of lipids and, thus,
plays a decisive role in the formation of atheroma-
tous plaque.

Lung tissue is one of the largest total biological
membranes in the body. In the works of Novo-
zhenov V. G. [29] it was shown that lipid peroxida-
tion affects the phospholipids of membrane cells,
disrupts membrane transport, and ultimately leads to
cell death, in the lungs there is a possibility of free
radical reactions in the layers of a surfactant - sur-
factant.

Excessive accumulation of primary, intermediate
and end products of lipid peroxidation have a nega-
tive impact on the function and structural integrity of
cell and subcellular membranes [17,25]. In accord-
ance with this, it is important to evaluate changes in
the activity of lipid peroxidation directly in the lungs
in the dynamics of the development of an experi-
mental model of pneumosclerosis, which was the
goal of this study.

MATERIALS AND METHODS

The experiments were carried out on 25 mature
rabbits of both sexes weighing 1900-2600 grams,
which were on the usual laboratory diet. Pneu-
mosclerosis in rabbits was modeled according to the
original technique developed by us (“Method for
modeling pneumosclerosis” Patent of the Intellectual
Property Agency of the Republic of Uzbekistan No.
IAP 20060015 dated April 20, 2006) by endobron-
chial 7-day insufflation of an air powder consisting of
talc dust and 300,000,000 units of staphylococcal
culture. At the same time, the developing pathologi-
cal process was supported by the introduced virulent
culture.

Morphological studies of the lungs in the dynam-
ics of the development of pneumosclerosis showed
that on the 10-20th day of its modeling, proliferation
of young undifferentiated cells of the connective tis-
sue took place. In some places, the differentiation of
young cells of the connective tissue into mature fi-

broblasts with the secretion of fibrous structures was
noted. In the later periods of the formation of pneu-
mosclerosis (40-80 days), there was the presence
of whitish layers in the form of a grid around the ves-
sels and bronchi.

Microscopically, the proliferation of connective
tissue was seen peribronchially, periascularly, peri-
lobularly. In the connective tissue layers, thickened
vessels because of myofibrosis, sclerotic capillaries,
lymphoid follicles with the expansion of lymphatic
vessels, deposition of carbon pigment were detect-
ed. Emphysematous areas are found in places. The
interalveolar septa were drawn together, thickened,
and sclerosed. In many areas, the structure of the
lungs was completely lost, the lung tissue was re-
placed by fields of fibrosis.

The assessment of the intensity of lipid peroxida-
tion in the lungs in control and simulated animals on
days 1, 10, 20, 40 and 80 of the pathological pro-
cess was carried out by determining the accumula-
tion of malondialdehyde and the intensity of chemilu-
minescence in blood samples obtained at the en-
trance (venous blood) and at the exit (arterial blood).
blood) from the lungs. The accumulation of
malondialdehyde was determined by the method of
L.I. Andreev et al. [4] Chemiluminescence intensity
was determined by the method of T.N. Fedorov et
al. [30]

RESULTS

The results obtained showed that the intensity of
lipid peroxidation in the control series of experiments
in venous blood was more pronounced than in the
arterial blood sample. The level of chemilumines-
cence in venous blood at the entrance to the lungs
was 72.3x3.1 imp/10s, and in arterial blood it de-
creased to 49.6+2.75 imp/10s. The venous-arterial
difference, which amounted to "-" 22.7+0.04
imp/10s, indicated a decrease in the level of light
indicators with chemiluminescence in the endothelial
system. ldentical changes were noted in relation to
the level of malondialdehyde, which in venous blood
was 0.240.01 nmol/l and decreased to 0.14+0.012
nmol/l as it passed through the lungs. The venous-
arterial difference, which amounted to "-" 0.06+0.001
nmol/l, indicated the retention of these compounds
in the lungs.

Modeling of pneumosclerosis already on the 1st
day of the pathological process led to ambiguous
changes in terms of indicators characterizing lipid
peroxidation. A significant increase in the intensity of
lipid peroxidation in arterial blood to 79.4+0.84
imp/10s in terms of chemiluminescence intensity
and to 0.31+£0.011 nmol/l (p<0.05) in terms of malo-
nic dialdehyde level was accompanied by a change
in the value venous-arterial difference. At the same
time, in the case of chemiluminescence intensity, it
acquired a “+” value, that is, blood enrichment oc-
curred at the expense of the lungs, while in the case
of malondialdehyde, its level in both venous and
arterial blood was the same with a zero value of the
venous-arterial difference.

A similar trend of changes in the activity of lipid
peroxidation was also noted on the 10th day of mod-
eling pneumosclerosis. The intensity of chemilumi-
nescence in this period increased both in venous
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and arterial blood up to 94.6£3.1 imp/10s and
177.448.5 imp/10s (p<0.05), respectively (table).
The venous-arterial difference, which amounted
to "+" 82.8+0.21 imp/10s, testified to the specificity
of these changes, and was probably associated with
the development of pneumosclerosis.
Table
Characteristics of changes in the intensity of lipid
peroxidation in various blood samples in the dynam-
ics of the development of an experimental model of
pneumosclerosis

Chemiluminescence Malondialdehyde
(imp/10 s) (nmol/l)
SERIES venous arterial | venous arterial
blood blood blood blood
72,3 49,6 0,2 0,14
Control 43"y | +275* | 2001 | 0012
1 da 76,8 79,4 0,32 0,32
y +2.4 +0,84* | +0,011 | +0,011
10 da 94,6 177.4 0,39 0,59
Y| 131 +8,5* | 0,012 | +0,003*
141,9 162,7 0,38 0,43
20day | 45 | 105 | 2001 | +0021*
101.4 82,4 0,52 0,44
40day | 145 | 150¢ | £002 | +0025*
104.8 102,4 0,56 0,55
80day [ o +05° | +0.011 | +0.001*

*p<0.05 compared with venous blood sample at the
entrance to the lungs

The level of malondialdehyde in this period also
increased both in venous and arterial blood to
0.3940.012 nmol/l and 0.59+0.003 nmol/l (p<0.05),
respectively. Intensification of lipid peroxidation pro-
cesses was noted, confirmed by the positive value
of the venous-arterial difference, which reached “+”
0.2 £ 0.002 nmol/l at this time.

The 20th day of the development of the patholog-
ical process was characterized by intensification of
lipid peroxidation in peripheral organs and an in-
crease in the intensity of chemiluminescence in ve-
nous blood up to 141.924.5 imp/10s, while maintain-
ing a sufficiently high activity in arterial blood, reach-
ing up to 162.7+9.5 imp/10s (p<0.05). Changes in
the level of malondialdehyde in this period were not-
ed only in arterial blood, where there was a slight
decrease in its level compared to the previous peri-
od to 0.43+0.021 nmol/l (p<0.05).

In the subsequent periods of observation (up to
80 days), against the background of the relative sta-
bility of the intensity of chemiluminescence in ve-
nous blood, there was a decrease in this indicator
compared to the previous period. However, in a
comparative aspect, these changes were significant-
ly higher than the control values. The venous-arterial
difference in this indicator acquired a "-" value and
on the 40th day was "-"19.0£5.9 imp/10s (p<0.05),
and on the 80th day it was "-"2.4+0.01 imp/10s
(p<0.05).

The level of malondialdehyde during these ob-
servation periods continued to increase both in ve-
nous (up to 0.56+0.011 nmol/l) and in arterial (-
0.01£0.0011 nmol/l) blood samples, respectively.

In general, the dynamics of the development of
pneumosclerosis was characterized by an increase

in the intensity of lipid peroxidation in the lungs. The
intensity of these processes was expressed to a
greater extent in the arterial blood sample, indicating
the specificity of the identified changes for this
pathological process. Thus, an increase in the inten-
sity of chemiluminescence in arterial blood on the
10th day of the development of pneumosclerosis
was noted by 3.6 times, and on the 20th day - by 3.3
times compared with the control values. Even in the
long-term studies, this indicator was 1.7 and 2 times
higher than the control values and was more pro-
nounced than in venous blood.

The maximum value of the level of malondialde-
hyde in venous blood fell on the 40th day and on the
80th day of observation, where it increased by 2.6
and 2.8 times compared with the control values. In
arterial blood, this trend was more pronounced than
in venous blood samples. At the same time, if on the
10th day of the experiments the level of malonic di-
aldehyde was 4.2 times higher than the control val-
ues, then in the long term there was a slight de-
crease. However, this indicator remained higher
than the control values by 3.2 and 3.9 times.

DISCUSSION

It is known that lipid peroxidation is a universal
mechanism that regulates the state of cells, both in
normal and pathological conditions [17,27,30]. Ac-
cording to modern concepts, increased lipid peroxi-
dation is one of the leading factors of cell membrane
damage in the pathogenesis of chronic respiratory
diseases [21,30]. In addition, recent studies have
convincingly proven the role of hypoxia in increasing
lipid peroxidation.

The characteristic changes in the intensification
of lipid peroxidation in the dynamics of the develop-
ment of pneumosclerosis revealed by us during our
studies are probably due to the influence of reactive
oxygen species (superoxide anion, hydrogen perox-
ide, hydroxyl radical) on polyene acyls in the struc-
ture of glycerophospholipids of the biological mem-
brane. As literature sources indicate, because of
such a free radical attack, a chain process of free
radical (peroxide) lipid oxidation begins, which ulti-
mately leads to the destruction of lipids to cytotoxic
water-soluble carbonyl intermediates [23,31].

Several authors believe that reactive oxygen
species affect a variety of biological structures, but
lipid peroxidation is of particular importance for the
lungs, which is associated with the intensive lipid
metabolism of this paired organ [21,29].

It is known that lung tissues contain an excess of
unsaturated fatty acids, which are a substrate for
lipid peroxidation [18,20,28]. According to Syrom-
yatnikova N.V. [21], the respiratory organs are char-
acterized by a high intensity of lipid metabolism. Li-
pids, lipoproteins, and fatty acids are the main
source of energy in the lungs. They also provide the
most important metabolic and structural processes
[29].

CONCLUSION

Thus, the reproduction of the experimental model

of pneumosclerosis is characterized by the intensity

of lipid peroxidation processes to a greater extent in
the lungs than in other organs not affected by the
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pathological process. These changes were identified
using a separate assessment of the level of lipid
peroxidation in venous and arterial blood with the
calculation of the venous-arterial difference. At the
same time, more pronounced changes were noted
in relation to the chemiluminescence index, indicat-
ing a high role of free radical compounds in the for-
mation of this pathological process.
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LIPID PEROKSIDASYONI PNEVMOSKLEROZ
RIVOJLANISHIGA QANDAY TA'SIR ETIShI:
TAJRIBAVIY ASOSLASH.

I.A. Marupov, Sh. A. Boboqulova, A.O. Oxunov, F.
M. Abdurahmonov, K. X. Boboev, D.N.Qorixonov,
I.Yu.Yoqubov, A.Sh. Yarqulov, Sh.A. Hamdamov,
Sh.R. Razzoqov

Toshkent Tibbiyot Akademiyasi
Abstrakt

Dolzrabligi. Pnevmoskleroz surunkali obstruktiv
o'pka kasalligi, bronxial astma va surunkali ob-
struktiv bronxitning tez-tez uchraydigan asoratidir.
Ushbu asoratlarning rivojlanishi  kasallikning
kechishini og'irlashtiradi, uning prognozini
yomonlashtiradi, statsionar davolanish muddatining
ko'payishiga olib keladi va bemorlarning hayot si-
fatini, aynigsa yoshga qarab sezilarli darajada
yomonlashtiradi.

Tadqiqgod usullari. Tajribalar pnevmoskleroz
modeli bo'lgan 25 ta laboratoriya quyonlarida o't-
kazildi. O'pkada lipid peroksidatsiyasining intensivligi
turli xil gon namunalarida malon dialdegid va xi-
milyuminesans intensivligi bo'yicha baholandi.

Natijalar. Pnevmosklerozning rivojlanish dina-
mikasi o'pkada lipid peroksidatsiyasining intensivlig-
ining oshishi bilan tavsiflanadi. Ushbu jarayonlarning
intensivligi ko'proq darajada arterial gon namu-
nasida ifodalangan bo'lib, bu patologik jarayon
uchun aniglangan o'zgarishlarning o'ziga xosligini
ko'rsatadi. Pnevmoskleroz rivojlanishining 10-kunida
arterial gonda xemiluminesans intensivligining o'si-
shi nazorat ko'rsatkichlari bilan solishtirganda 3,6
marta, 20-kunida esa 3,3 marta qayd etilgan. Hatto
uzoq muddatli tadgiqotlarda ham bu ko'rsatkich
nazorat ko'rsatkichlaridan 1,7 va 2 baravar yuqori va
venoz qonga qaraganda anigroq edi.

Xulosa. Pnevmosklerozning eksperimental mod-
elini quzg’ashi patologik jarayondan ta'sirlanmagan
boshqa organlarga qaraganda o'pkada ko'proq dara-
jada lipid peroksidlanish jarayonlarining intensivligi
bilan tavsiflanadi. Ushbu o'zgarishlar venoz-arterial
fargni hisoblash bilan venoz va arterial qonda lipid
peroksidatsiyasi  darajasini alohida baholash
yordamida aniglandi. Shu bilan birga, xemilu-
minesans indeksiga nisbatan aniqroq o'zgarishlar
gayd etildi, bu ushbu patologik jarayonning shakllan-
ishida erkin radikal birikmalarning yuqori rolini ko'r-
satadi.

Kalit so'zlar: pnevmoskleroz, xemiluminesans,
erkin radikal birikmalar, malondialdegid, o'pkaning
metabolik funktsiyasi.

KAK BJIMAET NEPEKUCHOE OKUCNEHUE 1NA-
nMaoB HA PA3BUTUE MHEBMOCKITIEPO3A:
OKCMNMEPUMEHTAINIbHOE OBOCHOBAHME

N.A. Mabpynos, LW. A. Bobokynosa, A.O. OxyHoB,
. M. A6aypaxmaHos, K.X. bo6oes, [1. H. Kopuxo-
HoB, W. 0. Akybos, A.LU. Apkynos, LW.A. Xamgamos,
LW.P. Passakos

TawkeHTckas MeguunHckasa Akagemus
AGcTpakT

AxTyanbHocTb. [MTHEBMOCKIEpo3 ABMASKTCA Ya-
CTbIM OCMOXHEHWEM XPOHUYECKOW OOCTPYKTUBHOWN
OonesHn nerkux, BpoHXManbHOM acTMbl, XPOHWUYe-
CKOro OOCTpyKTMBHOro OpoHxuTa. Passutne 3Tmx
OCMNOXHEHUN YTskenseT TedyeHne 3abonesaHus,
yXydwaeT ero nporHos, NpUBOAWUT K YBENUYEHUIO
NPOOOSPKUTENBHOCTM CTaLMOHAPHOTO JeYEHUsi, Cy-
LLLECTBEHHO yXYALlaeT KayeCTBO XWU3HM MaLUEHTOB,
0COGEHHO B BO3pacTHOM acrekTe.

MeTtoabl. OKCnepMMeHTbl NpoBeaeHbl Ha 25 na-
BGopaTopHbIX KPONMKax C MOAENbH MHEBMOCKMIEPO-
3a. [lpoBOAMNMN OUEHKY MHTEHCMBHOCTU NEPEKUCHO-
rO OKUCIEHWS NMMNUAOB B FETKMX MO MNOKa3aTensam
MarioHOBOro Aguansgernga u MHTEHCMBHOCTU XEMU-
NMIOMUHECLEHUUN B npobax KpOBW, MOMYyYEHHbIX B
pasnuyHbIX Npobax KpoBMw.

Pe3ynbTtartbl. [InHamvka passButus NHEBMOCKe-
po3a xapakTtepu3oBanacb MOBbILLEHWEM WHTEHCUB-
HOCTW MEPEKUCHOrO0 OKUCIIEHWUSI NUNWAOB B JIETKMX.
MHTEHCMBHOCTb 3TKX nNpoueccoB bbina BblpaXeHa B
Gonbllen cTeneHn B apTepuanbHon npobe Kposw,
CBUOETENbLCTBYKOLWAs O CneunduyYHOCTU BbISIBIIEH-
HbIX UI3MEHEHMWI ANl 4aHHOro NaTonorM4eckoro npo-
uecca. NoBbllWEeHNe NHTEHCUBHOCTU XEMUMIOMUHEC-
LueHuun B aptepuanbHon kposu Ha 10-cyTku passu-
WS NHEeBMOCKNepo3a 6bino oTmeyeHo B 3,6 pasa, a
Ha 20-cyTkm — B 3,3 pas3a MO CPaBHEHUID C KOH-
TPOMbHbIMY 3HaYeHuaAMW. [Jaxke B oTAaneHHble Cpo-
KW UCCrneaoBaHU AaHHbIA nokas3aTenb Obin Bbille
KOHTPOJbHbIX 3Ha4YeHu B 1,7 n B 2 pasa u 6bin 6o-
nee Bblpa)keH, YEM B BEHO3HOW KPOBMU.

3aknroyeHue. BocnpousBedeHne 3KCNepUMEH-
TanbHOW MOAENN NMHEBMOCKIIEPO3a XapakTepusyeT-
CSA MHTEHCUBHOCTbIO NPOLLECCOB MEPEKUCHOIO OKMC-
neHnst NMNuaoB B OOMbLUEN CTENEHU B NETKUX, Yem
B OPYrMxX opraHax, He 3aTPOHYTbIX MaTONOrM4YeCKUM
npoueccomM. OTU U3MeHeHUs1 Obinu BbISIBMEHbI Npu
NOMOLLM pa3fenbHOM OLLEHKN YPOBHA MoOKasaTenemn
NMEPEKUCHOTO OKUCIEHUS NUNUOOB B BEHO3HOW W
apTepuvanbHOM KpPOBWM C MNOACYETOM BEHO3HO-
apTepuanbHon pasHuubl. [pn atom Gonee Bbipa-
XEHHble W3MEHEHWSI OTMEYEHbl MO OTHOLUEHWUIO K
nokasatenio XeMUNIMUHECLIEHUUN, CBUOETElb-
CTBYIOT O BbICOKOW ponu cBOGOOHOpaaMKanbHbIX
coeguHeHnn B hopMMpOBaHMM OAHHOrO NaTomnoru-
Yeckoro npotecca.

KnioueBble cnoBa: MHEBMOCKNEPO3, XeMUIio-
MUHeCLieHUusl, cBODOAHbIE paauvKarnbHble COoeauHe-
HWS, MaroHOBbIN Auanbaurna, Metabonuyeckas
YHKUNA NETKUX.
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