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STRUCTURAL AND FUNCTIONAL CHANGES IN THE LUNG OF RATS AFTER
POISONING WITH TOXIC SUBSTANCES

Resume. At industrial facilities, accidents and man-made disasters are accompanied by the release of
highly toxic pulmonotoxicants into the environment. At a high level of exposure, a toxic process is formed,
damage to the respiratory system in the body. The article shows that when exposed to chlorine for 30 days,
respiratory tract damage and structural and functional changes in the lung of rats are observed. The toxic
effect of chlorine on the epithelial cells of the respiratory tract and the endothelium of the capillaries of the
lungs of rats can be associated with the manifestation of its oxidizing properties. In addition, chlorine disrupts
enzymatic reactions in tissues, inactivates oxidative defense enzymes, and changes the structure. Histological
examination in the lungs of rats of the second group revealed venous stasis, alveolar edema, hemorrhages,
and the use of a detoxifying product reduced the degree of pulmonary hydration and a decrease in the
manifestation of pathological processes by increasing the antioxidant reserves of the lungs. In the course
of the experiment, the efficacy and safety of a specialized detoxifying product combining bronchodilator,
antispasmodic, immunomodulating and antioxidant properties for the prophylactic treatment of lesions of the

respiratory system was revealed.
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YIbl 3ATTAPMEH YINAY KE3IHAE EFEYK¥APLIKTAP
OKMNECIHIH K¥PbUIbIMAbIK-®YHKUUWOHANABIK ©3rEPICI

TywniH: ©HAipicTik HblIcaHAapAa anaTtTap MeH TEXHOreHAik anartap
KopLuaFaH opTafa eTe ynbl NyNIbMOHOTOKCMKAHTTapAblH 6eniHyiHe
cebenwi 6onaabl. ©cep eTyaiH XXofapbl AeHreniHge TOKCUKanbIK
nNpoLEecc - OpraHn3mMAeri TbIHbIC any XyWeCiHiH 3aKbiMAaHybl TYbIH-
nanabl. Makanaga xnopmeH 30 KyH acep eTKeHAe ThbIHbIC any Xorn-
[AapblHblH 3aKbIMOAHYbl )XaHe ereykypblKTapablH ekneciHae Kypbl-
NbIMAbIK-PYHKUMOHaNAbIK e3repictep 6ankanaTbiHAbIFbI KOPCETIN-
reH. XnopablH ThIHbIC any >onaapblHbIH 3NMTENUiA xacyLuanapbl-
Ha XaHe ereykympblkTapablH 6Kne KanunnsprnapbiHblH 3HAOTENNMI-
He YbITTbl 8Cepi OHbIH TOTbIKTBIPFLILLTBIK KACUETTEPIHIH, KOpiHYyiMeH
bavinaHbicTbipyFa 6onagbl. CoHbIMEH KaTtap, Xrop TiHgepaeri dep-
MEHTaTUBTI peakumsanapabl Oy3abl, TOTbIFy KOPFaHbIC (DEPMEHTTE-
piH MHaKTUBaUMSNanbl XXaHe KypblfblMbIH ©3repTei. ExiHwi Ton-
Tafbl ereykynpbiKTapablH ©KNeciH MMCTONOrNAnbIK 3epTTey KesiHae
BEHO3[blK CTa3, anbBeonspnbl iCiHy, KaH KeTynep aHbIKTanapl xaHe
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CTPYKTYPHO-®YHKUUOHATbHbLIE UBMEHEHUA NErKOro
KPbIC NPU OTPABNEHUA TOKCUYECKMMU BELWECTBAMU

Pe3tome. Ha npomblILLNEHHbIX 06beKTax aBapum 1 TEXHOTEHHbIE Ka-
TacTpodbl CONPOBOXAAKTCA BbIOPOCOM B OKpY>KatoLLytO0 Cpeay Bbl-
COKOTOKCUYHbIX MyNbMOHOTOKCUKAHTOB. pyn BbICOKOM YpOBHE BO3-
aenctena hopmmnpyeTcs TOKCUYECKUIA NPOLIECC, NMOPaXeHUst Ablxa-
TenbHOW CUCTEMbI B opraHu3ame. B ctatbe nokasaHo, 4To npu BO3-
aencteum xnopa B TedeHne 30 gHen HabnogaeTcs nopaxeHne apl-
XaTenbHbIX MyTeW U CTPYKTYPHO-PYHKLMOHANbHbIE N3MEHEHNS Nér-
KOro KpblC. TOKCUYEeCKoe AeiiCTBME XIopa Ha anuTenunarnbHble KreT-
KW AbIXaTenbHbIX NyTe 1 SHAOTENWUIA KanunnspoB NErkux KpbiC MOX-
HO CBsi3aTb C NPOSIBIIEHNEM €r0 OKUCIUTENbHbIX CBOMCTB. MomuMo
3TOro, XINop HapyLlaeT hepMeHTaTUBHbIE PeakLny B TKaHSAX, MHaK-
TUBMPYET PePMEHTbI OKCUAAHTHOW 3aLUMThIl, U3MEHSIET CTPYKTYPY.
[Mpu rnctonormyeckom nccnegoBaHUm B NETKUX KpbIC BTOPOW rpyn-
Mbl BbISIBNIEH BEHO3HbIN CTa3, anbBEONSAPHbLIA OTEK, KPOBOU3MNUSA-
HWSA, a NPUMEHeHNe AeTOKCULMPYIOLLEro NPOAYKTa CHU3MIO CTe-
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[AeTOKCMKaLMs KyparblH KOnaaHy eKneHiH aHTUOKCUMAAHTThbl KOpbIH
)KOFapbInaTy apKblifibl 6KMNe ruapataumsichbl 48pExXeciH asanTbin, na-
TONorMAnbIK NpoLecTepain KepiHiciH TomeHaetei. Taxipube 6apbl-
CblHAA ThIHBIC any >XyMeCiHiH 3akbiMaaHynapblH NPOdUIaKTUKanbIK
emaey YLWiH GpoHXoNUTUKANbIK, CNa3MoNUTUKasbIK, UIMMyHOMOAY-
NAPbIK XXOHEe aHTUOKCUAAHTThI kKacueTTepai BipikTipeTiH MmamaH-
OaHAbIpbIffFaH ybITChI3gaHablpaTbliH OHIMHIH, TWiIMAINIri MeH Kayin-
ciaairi aHbIKkTangpl.

Tywningi cesnep: exne, mopdonorusi, Taramaplk kocrnanap, aHTMOK-
cuAaaHT, Xnop.

Introduction. When exposed to high chlorine concentrations
and prolonged exposure, the lower respiratory tract is also af-
fected. Intense irritation of the receptor field of the respirato-
ry tract causes a reflex reaction from the smooth muscles of
the trachea, bronchi, as well as the respiratory and vasomo-
tor centers. First of all, the epithelium of the upper respirato-
ry tract is affected, and then the epithelial lining of the alveo-
li. The epithelium swells, degenerates, which leads to its ne-
crosis and complete suppression of mucociliary clearance [1-
5]. It is also known that the selective effect of chlorine on type
2 pneumocytes, leading to a decrease or even a complete ces-
sation of surfactant secretion. Damage to the surfactant system
leads to the development of massive atelectasis. Under normal
conditions, the oxidase system of type 2 pneumocytes protects
the surfactant system and the cells themselves from chemical
agents and free oxygen radicals. But exposure to chlorine and
its hydrolysis products, which are strong oxidants, destroys this
protection. The destruction of type 1 pneumocytes leads to an
increase in the permeability of the alveolar wall for water, mac-
romolecules and blood cells. The fibrin contained in the edem-
atous fluid is involved in the breakdown of the surfactant. In
parallel, there is a violation of blood circulation in the thickness
of the mucous membranes of the respiratory tract and diffuse
damage to the endothelium of the pulmonary capillaries. This
leads to a change in the permeability of the endothelial mem-
brane. As a result, the movement of plasma through the capil-
lary wall occurs in pathological ways through the damaged en-
dothelium. An increase in the level of oxidants, metabolic prod-
ucts of destroyed endothelial cells of the lung capillaries, pro-
gressive hypoxia initiate the destruction of mast cells, which is
accompanied by a massive release of biologically active sub-
stances - histamine, acetylcholine, serotonin, bradykinin, hepa-
rin, etc. [6-11]. Despite the research carried out in this area, the
problem of treating toxic pulmonary edema remains highly rele-
vant. This is due to the fact that in case of mass poisoning with
such widespread in industry compounds as chlorine, ammonia,
phosgene, nitrogen oxides, a number of acids, the development
of toxic pulmonary edema determines the severity and progno-
sis of intoxication. The most promising prophylactic method for
intoxication with toxic substances is the use of biologically ac-
tive additives, which makes it possible to improve the general
condition, bypassing the organs of detoxification and places of
nonspecific binding. Based on the above, we have created a
model for the study of structural and functional changes in the
lung of rats receiving a specialized detoxifying product against
the background of chlorine poisoning for 30 days.

neHb NEroYHoNM rmapataumm U yMeHbLIEHUE NPOSIBIIEHUS NATOMNO-
rMYECKMX NPOLIECCOB 3@ CYET MOBLILLEHUS] aHTUOKCUAAHTHbIX pe-
3epBOB Nérkmx. B xoge BbINONHEHUs1 aKCNeprMeHTa BbisiBNeHa ag-
EKTUBHOCTb U 6e30NacHOCTb MPUMEHEHNS AN NPOoUNakTM4ecko-
ro NIeYEHNS1 NOPAKEHNUN [bIXaTENBHON CUCTEMbI CrieLman13npoBaH-
HOro AeTOKCULIMPYIOLLEEro NpoAayKTa, codeTatoLLero B cebe BpoHxo-
NUTUYECKME, CNasMONUMTUYECKME, UMMYHOMOAYIVPYIOLLME U aHTU-
OKCWOAHTHbIE CBOWNCTBA.

KntoueBble cnoBa: nérkue, mopdonoruns, 6aabl, aHTUOKCUAAHT,
xrop.

Material and research methods. The experimental study was
carried out on the basis of the laboratory of evolutionary and
ecological morphology of the al-Farabi Kazakh National Uni-
versity. For the experiment, rats were formed at the age of 3
months, according to the principle, taking into account age and
weight. The experiment involved 30 rats, which were divided in-
to three groups: control, two experimental. Rats were housed
10 individuals in cages on a litter of fine wood shavings. The
animals were fed twice a day. The controls received the usual
basic diet, the second group received 10 mg / | of chlorine with
water, the third group received 10 mg / | of chlorine with water
in combination with a detoxifying specialized product at a dose
of 100 grams, the recipe for which consists of beets 25g, car-
rots 25g, pumpkin 20g, apples 20g, sugar 8g, mineral impuri-
ties 2g. All groups of animals were kept in standard vivarium
conditions without restriction of food and water consumption.
After 30 days, the animals were removed from the experiment
by pickling under ether anesthesia in accordance with ethical
standards and recommendations for the humanization of work
with laboratory animals reflected in the “European Convention
for the Protection of Vertebrate Animals used for Experimen-
tal and Other Purposes”. Histological material was recorded in
10% buffered formalin solution (pH 6.8-7), dehydrated in alco-
hols of ascending strength, embedded in paraffin blocks, from
which sections with a thickness of 4-5 ym were prepared on a
Leica RM 2145 microtome. Histological sections were stained
with hematoxylin and eosin, and PAS was also performed. The
study of histological sections was carried out using a Leica
DM6000 B microscope [12].

Results. Histological examination of the respiratory part of
the lungs of the rats of the control group on semi-thin sections
showed that the structure of the lungs is preserved, they consist
of airways and the respiratory part with a characteristic struc-
ture. The walls of the medium-sized bronchi are covered with a
single-layer, multi-row ciliated epithelium. The own layer of the
mucous membrane consists of loose connective tissue. Acini
are visible located in the walls of the alveoli. The air-conducting
section is short, represented by bronchi of 3-5 orders, divided
into small bronchi and bronchioles. The mucous membrane of
the bronchial wall is lined with ciliated epithelium, which, as the
caliber decreases, changes shape, turning from a high prismat-
ic epithelium into a low cubic epithelium (fig. 1). Physiological
abnormalities were not observed. The general condition of the
animals was satisfactory, the coat was uneven, baldness was
visible in some places. The weight is preserved, the pupils are
slightly reddened. Morphological study of experimental animals
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of the second group, which received 10 mg / | chlorine with wa-
ter without using a specialized detoxifying product for 30 days,
was observed in lung cells destructive, pathological changes
in the form of alveolar edema, subpleural hemorrhage (fig. 2).
The walls of a large bronchus are thickened due to edema and
inflammation. First of all, the epithelium of the upper respira-
tory tract is affected, and then the epithelial lining of the alve-
oli. The epithelium swells, degenerates, which leads to its ne-
crosis (Fig. 3). Physiological observation showed pronounced
symptoms of irritation of the eyes, open areas of the skin and
upper respiratory tract, which were combined with lethargy, lat-
eral position of the body. There was a slight ataxia, there were
short periods of motor excitement with the development of rap-
idly passing clonic seizures.

On histological preparations of organs of experimental rats of
the third group, which received a specialized detoxifying prod-
uct for a month, it was found that there were no visible mor-
phological disorders from the alveolar epithelium of bronchi-
oles in the lungs (Fig. 4). In the tissues of the lung, the struc-
ture of the structure is preserved. The epithelium is without vis-
ible changes, vacuoles are visible in the cytoplasm, the nuclei
are indistinct, blurred, swollen. The lumen of the alveoli is nor-
mal. The epithelial lining of the bronchi is preserved, the ves-
sels are slightly congested, punctate hemorrhages and initial in-
terstitial edema (Fig. 5).

Therefore, it can be seen on histological preparations that poi-
soning of animals with chlorine in the lungs is observed ne-
crosis, degeneration, edema, violation of the integrity of cells,
strong destructive changes. There is a violation of blood circula-
tion in the form of plethora, plasmorrhage. At the joints between

Fig. 1. The histological structure of
the respiratory part of the lungs is
normal. Hematoxylin-eosin. X 210.

r N ‘ L%,
Fig. 4. The epithelial lining of the bronchi

is preserved, the vessels are slightly
congested. Hematoxylin - eosin. X 210.

Fig. 2. The walls of the bronchus are
thickened due to edema and inflammation.
Hematoxylin - eosin. X 210.

the swollen acini, there is an interstitial tissue rich in blood ves-
sels. And the use of a specialized detoxifying product for intox-
ication of rats with chlorine showed an increase in the immu-
nity of animals, facilitated the course of intoxication and a de-
crease in hydration of the lung tissue, and also had a positive
effect on the state of the respiratory system. In this case, it can
also be assumed that a specialized detoxifying product pre-
vents or reduces the severity of toxic pulmonary edema, no
special changes were noted. In the lungs of the alveolar epi-
thelium, there is a slight swelling of the nuclei, the lumen of the
alveoli is unchanged.

Conclusion. Experimental studies have made it possible to as-
sess the effectiveness, completeness of the therapeutic effect,
the effect on the structural and functional changes caused by
chlorine in the lung parenchyma. In experiments on rats, key in-
dicators of the effectiveness of treatment with chlorine lesions
were determined. It was shown that the use of a specialized de-
toxifying product had a positive effect on increasing the immuni-
ty of animals when inoculated with chlorine, reduced the degree
of pulmonary hydration, and reduced the manifestation of bron-
chial obstruction by increasing the antioxidant reserves of the
lungs. Physiological abnormalities were not observed. The gen-
eral condition of the animals was satisfactory, the coat was un-
even, baldness was visible in some places. The weight is pre-
served, the pupils are slightly reddened. In this case, it can al-
so be assumed that a specialized detoxifying product prevents
or reduces the severity of toxic pulmonary edema, no special
changes were noted. In the lungs of the alveolar epithelium,
there is a slight swelling of the nuclei, the lumen of the alveo-
li is unchanged.

Fig. 3. Necrosis, degeneration
and swelling of the epithelium.
Hematoxylin-eosin. X 210.

Fig. 5. The epithelial lining of the bronchi
is preserved, the vessels are slightly
congested. Hematoxylin - eosin. X 200.
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Findings:

1. Chronic chlorine poisoning of rats in the experiment causes
destructive changes in the studied lungs of animals of the sec-
ond group. There is plethora of blood vessels, edema, hemor-
rhage in the interalveolar septa, fragmentation.

2. Insignificant changes in the lung structure of rats of the third
group in the experiment when feeding a specialized detoxifying
product were focal in nature.

3. It was revealed that a specialized detoxifying product has tar-
geted bronchodilator, antispasmodic, immunomodulatory and an-

tioxidant properties that increase the body's adaptive capabilities.
4. It was found that feeding rats with a detoxifying specialized
product in case of chlorine poisoning of rats increased immuni-
ty, a decrease in intoxication and hydration of lung tissue was
observed.

5. It was proved that the study of the lung of rats showed the
pathomorphological essence of the process and made it possi-
ble to conduct an experiment. The use of a specialized detox-
ifying product significantly reduced the negative effect on the
pathological changes in the lungs of rats.
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KoHdnuKT nHTEepecoB — He 3asBreH.

[aHHbIi MaTepuan He Gbin 3a8BMNeH paHee, AnNa nybnvkauuy B APYrux U3NaHNaX U He HaxOAWTCS Ha pacCMOTPEHUM APYrMU uspaternb-
ctBamu. [Mpu NnpoBeAeHN faHHOWN paboTbl He BbINo PUHAHCUPOBaHWSA CTOPOHHUMMN OPraHN3aLUSaMU U MEQULMHCKUMI NpeacTaBUTeNsLCTBa-
MK. PrHAHCUPOBAHNE — HE MPOBOAMIIOChH.

ABTopnapabiH yneci. bapnbik aBTopnap ocbl MakanaHbl xasyfa TeH Aapexeae KaTbICTbl.

Myanenep KakTbIFbICbl — MANIMAENTEH XKOK.

Byn martepuan 6acka 6acbinbimagapaa xapuanay yiiH 6ypbliH ManiMaenviereH xasHe 6acka 6acbinbiMaapAbiH kapayblHa YCbIHbIIMaraH.
OcCbl XyMbICTbI XYPridy Ke3iHAe CbIpTKbl ybiMAApP MEH MeauuMHanbIK eKinaikTepain KapXblnaHabipybl xKacanfaH Xok. Kapxbinanabipy
Xyprisinmeai.
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