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EXPERIMENTAL STUDY OF THE TOXIC EFFECTS
OF TOBACCO SMOKE AND NITRITES ON THE BODY
OF IMMATURE AND MATURE RATS

Topicality. In the context of the progression of man-made pollution of the environment a priority for Toxicology
and Medicine is the study of the characteristics and mechanisms of the combined effect of xenobiotics - risk factors for
many environmentally related diseases.

The aim of these studies was to investigate the cytotoxicity and markers of endogenous intoxication when ex-
posed to the body of immature and mature rats sodium nitrite poisoning on against the background of 15 days intoxica-
tion with tobacco smoke.

Material and methods. Experiments were performed on immature and mature rats, which during the 15 days
exposed to tobacco smoke. 24 hours before the end of the experiment one animal group was treated with sodium nitrite
at a dose of 45 mg/kg body weight, sodium nitrite second was administered 72 hours before euthanasia. The rats were
taken out of the experiment under thiopental anesthesia.

In the serum and organs of animals determined by the content of nitrite ion, in the blood - methemoglobin content
and erythrocyte index of intoxication.

Results and discussion. Experimental results confirmed that the complication of exposure to tobacco smoke by
introducing into the body of sodium nitrite in rats causes a marked change in the nitrite ion content of methemoglobin
and permeability of erythrocytero

Conclusions. It was found that the most sensitive to the effects of tobacco smoke and sodium nitrite are immature rats.

Key words: tobacco smoke; sodium nitrite; rats; nitrite-ion; methemoglobin

IL. I. Iuxanbkuii, J1. C. ®ipa
ExcniepyMeHTa/ibHe BUBYEHHS TOKCUYHOI'O BIUIMBY TIOTIOHOBOI'O AMMY Ta HIiTPUTIB

Ha OpraHi3sM cTaTeBOHe3pPi/IMX Ta 3piiuX mypiB

AKTya/ibHiCTB. B yMOBax nporpecyBaHHs TEXHOT€HHOT'O 3a6py/iHEHHS JOBKI/LJI1 OZIHUM i3 IPIOPUTETHUX HANPSIM-
KiB TOKCHKOJIOT1i Ta MeJUI[MHH 3aJIMIIAETHCS BUBUEHHS 0COBJIMBOCTEN Ta MexaHi3aMiB KOMGiHOBaHOI /il KCeHOGIOTHKIB —
dakTopiB pU3UKy 6araTbox eKoJIOT{UHO 3a/1eXHHUX XBOPOO.

MeTo10 pO60OTH 6YJI0 JOCTIAUTH MapKEPH UTOTOKCUYHOCTI Ta eH0reHHOI iHTOKCHKaLlil 3a YMOB BIJIUBY Ha Op-
raHi3M cTaTeBOHE3Pi/NNX Ta 3Pi/IKX LypiB HATPil0 HITPUTY HA TVIi 15-/1eHHOr0 OTPYEHHS TIOTIOHOBUM JMMOM.

Marepiam Ta MeToAuU. EKClieprMeHTH NPOBe/ieHi Ha CTaTeBOHE3PI/IMX Ta 3piUX LypaX, iki npoTsrom 15 gHiB
niZilaBajJych BIVIMBOBI TIOTIOHOBOTO JUMY. 3a 24 roJ| 10 3aKiHYeHHsl eKCIIepUMeHTy OJjHil rpyni TBapyH BBOJW/IN
HaTpilo HITPUT y A03i 45 Mr/Kr Macu Tina, Apyrid rpyni HaTpi0 HITPUT BBOAW/IM 3a 72 roA Ao eBTaHasii. lllypiB BuBo-
JIAJIY 3 eKCIIEPUMEHTY MiJi TioNeHTaJl0BUM HapKO30M.

Y cupoBaTii KpoBi Ta opraHax TBapyuH BU3HAYaJIM BMICT HITPUT-iOHY, Y KPOBI — BMICT MeTTeMOIJIOGIHY Ta epUTpO-
LUTApHUHU iH/leKC iIHTOKCHKaLlii.

Pe3ysnbTaTu Ta ix 06ropopeHHs. ExciepuMeHTa/bHi JaHi NifTBepAUIIY, 110 YCKIaJHEHHS BILUIUBY TIOTIOHOBOTO
JIMMy BBeJIeHHSIM B OpTraHi3M LIypiB HATPil0 HITPUTY BUKJIMKAE GibII BUPAXKEH] 3MiHU BMiCTY HITPUT-i0OHY, METTeMo-
rJ106iHy Ta NPOHUKHOCTI epUTPOLUTAPHUX MeMOpaH.

BucHOBKHU. BcTaHOBJIEHO, 1110 HAWGIIBII YYTIUBUMH 10 Ail TIOTIOHOBOTO JJUMY Ta HITPUTY HATpilo € cTaTeBO-
He3piJi ypHu.

Kawuoesi cnoea: momioHogutl dum; Himpum Hampito; Wypu; Himpum-ioH; Memaemoz106iH

IL. I. Inxanku#, JI. C. dupa
JKcnepuMeHTaIbHOE H3yYeHHe TOKCMYEeCKOro BJIUAHHUS Ta6ayHOro AbIMa U HUTPATOB

Ha OPraHU3M IIOJIOBOHE3PpeJIbIX U 3peJibIX KPbIC

AKTya/IbHOCTB. B yC/10BHSIX NpOrpeccupoBaHUsl TEXHOTEHHOTO 3arpsi3HEeHUs OKpY»Kalollel cpesibl OJHUM U3 NpHU-
OpPUTETHBIX HANPABJEHUN TOKCUKOJIOTMH U MEJUL[MHBI OCTAETCS U3y4eHHe 0COOEHHOCTEH U MEXaHU3MOB KOMGHUHUPO-
BAaHHOTO JIeHCTBUsI KCEHOGUOTUKOB — PAKTOPOB PUCKAa MHOI'MX 9KOJIOTMYECKH 3aBUCUMBIX G60JIe3HEN.

Llesb10 paGoOTHI GbIIO HCCIIE[OBATh MAapKePhIl IUTOTOKCUYHOCTH U 3H/I0TeHHOW MHTOKCUKALIMU IPYU BO3AEHCTBUU
Ha OpraHMU3M HeloJI0BO3PeJIbIX U 3PEJIbIX KPbIC HATPUSI HUTPUTA HAa poHe 15-AHEBHOTO OTpaB/IeHUsI TAGAYHBIM JAbIMOM.

MaTepHuaJsibl 1 METOAbL. JKCIIEPUMEHThI TPOBe/IeHbl Ha HENOJI0BO3PEJIbIX U 3PEeJIbIX KpbICaxX, KOTOPhIE B TEYeHUE
15 fHel nmogBepraavch BO3JeMCTBUIO TabayHOTro AbIMa. 3a 24 yaca /0 OKOHYaHUS 3KCIIepUMeHTa OJIHOW IpyIIe KU-
BOTHBIX BBOJJUJIM HATPUSI HUTPUT B 103e 45 Mr/Kr Macchl Tejia, BTOPOU IpyIie HATPHUsi HUTPUT BBOAWJIM 32 72 4 /10
3BTaHa3uu. KpbIc BLIBOJUJIM U3 IKCIIEPUMEHTA 0/, TUOIIEHTAJIOBBIM HAPKO30M.

B CbIBOPOTKE KPOBU M OPraHax *KMBOTHBIX OIIpeeJiA/IN CoAePKaHHe HUTPUT-UOHA, B KPOBH — COAEpPKaHHe MeTre-
MOIJIOGHHA ¥ 3PUTPOLUTAPHBIM HHAEKC HHTOKCHUKAL[HH.
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PeSyf[l)Talel U UX chy)l(,qune. 3KCHepI/IMeHTaJIbeIe AaHHbI€ IOATBEPAUJIN, YTO OCJIOXKHEHUE BJIUAHUA Tabay-
HOrO0 AbIMa BBEJ€HHWUEM B OPIraHU3M KPbIC HATPUA HUTPUTA BbI3bIBAET 6oJiee BbIpaXX€HHbIE€ U3MEHEeHHWdA COoOAEepXKaHUuA
HUTPHUT-UOHA, MeTTreMorJIo6uHa U NPOHHULIAEMOCTH 3PUTPOLUTAPHBIX MeM6paH.

BBIBOABI. YCTaHOBJIeHO, 4TO0 HauboJsiee YyBCTBUTEJbHbBIMU K ﬂe]‘;ICTBI/IEO TabavyHOIro AbIMa U HUTPUTA HATPUA AB-

JIAKOTCA HEI0JIOBO3peJible KPbIChI.

Karouegvle ci108a: mabayHbulll OblM; HUMPUM HAMPUSL; KPbICbl; HUMPUM-UOH; MEMaeM02/100UH

INTRODUCTION

The problem of the influence of chemical pollution
on the human body is a priority and is not fully under-
stood. Among pollutants a significant threat represent
heavy metals, nitrate fertilizers, industrial waste, among
which significant place belongs to oxygen nitrogen com-
pounds (NO3), nitrite (NO,), nitric oxide (NO) and its va-
rious forms (N,0, N,0,), nitrogen dioxide (N,0;). In con-
nection with the extensive use of nitrate fertilizers in ag-
riculture and their migration into groundwater and food
products distribution of nitrate poisoning acquired an
epidemic value [1, 2].

Nitradmin compounds are strong oxidizing agents,
show the influence hematological parameters, converting
ferrous iron heme in the ferric and forming a pathologi-
cal form of hemoglobin, methemoglobin or hemeglobin,
which is capable of reversibly up oxygen, causing further
hypoxia, and is a major marker of the severity of intoxi-
cation by nitrogen compounds [3, 4, 5].

At the same time, people in the course of their life
attach to unhealthy habits - smoking, alcohol, abuse of
drugs. All these factors negatively affect the health and
can cause fatal consequences [6, 7].

It is known that the basis of the pathogenic action
of contaminated air by polutants or tobacco smoke lies
the oxidative aggression on the mucosa of the respira-
tory tract reactive oxygen species, the dioxides of nitro-
gen and sulfur, other free radicals, which leads to activa-
tion of free radical oxidation and damage biological memb-
ranes [8]. As a result, the accumulation in tissues of tox-
ic products occurs damaging the structure and disrupt
function of cell membranes [9].

The aim of our work was to investigate the cytotox-
icity and markers of endogenous intoxication in terms
of the effects on the body of immature and mature rats
of sodium nitrite on the background of 15 days toxicity
of tobacco smoke.

MATERIALS AND METHODS

For research there were used white outbred rats-ma-
les, which were kept in standard vivarium ration in Ter-
nopil State Medical University. Rats were divided into two
age categories: the first is immature, weighing 60-80 g,
the second adult with body weight of 180-200 g. Each
age group consisted of two subgroups - intact control (C)
and experimental group (E). Rats of experimental groups
for 15 days were exposed to tobacco smoke. Experienced
animals were divided into 3 groups. One of them for 24
hours before the end of the experiment were administe-
red sodium nitrite in the dose of 45 mg/kg of body weight,

the second sodium nitrite was administered 72 hours be-
fore euthanasia. In the third group, rats were subjected
to the toxic influence of tobacco smoke. The model is ba-
sed on chronic exposure to tobacco smoke created by using
a sealed chamber volume of 30 liters, which allowed fu-
migating animals in free behavior. Tobacco smoke gene-
rated from burning of 6 cigarettes “Prima Sribna (blue)”
(containing 0.6 mg of nicotine and 8 mg of tar), through
the holes in the chamber moved inside it. In the cham-
ber there were 6 animals for 6 minutes. Control animals
were also kept for 6 minutes in a sealed chamber, but
not exposed to tobacco smoke.

In 15 days from the beginning of the lesion of ani-
mals by tobacco smoke they were withdrawn from the
experiment by euthanasia under general thiopental an-
esthesia.

For the study we took blood, blood serum, liver; lungs,
kidneys and myocardium of animals. Research tissues were
prepared 10 % homogenate in physiological solution.

The content of nitrite-ion (NO-, was determined by
the reaction of Gries [10], the content of methemoglobin
(MetHb) was evaluated in reaction with acetonate [5],
cytolysis of erythrocyte membranes was studied accor-
ding to erythrocyte toxicity index (ETI) [9].

When conducting research, we used the General prin-
ciples of animal experiments approved by the National
Congress on Bioethics (Kyiv, Ukraine, 2001) and consis-
tent with the provisions of the European Convention for
the protection of vertebrate animals used for experimen-
tal and other scientific purposes (Strasbourg, France, 1985)
[11]. Statistical processing of obtained data was perfor-
med using the STATISTICA 6.0 program using parametric
Student-t test and nonparametric Wilcoxon test for related
samples. Changes were considered reliable at p < 0.05 [12].

RESULTS AND DISCUSSION

It is known that nitrates are characterized by a wide
range of toxic effects, affecting the body at different bio
levels. The universality of their toxic action is due to free
radicals NO@.

Poisoning of rats with nitrite (NI) on the background
of the 15-day tobacco intoxication (TI) led to accumula-
tion of nitrite-ion in all organs of the affected animals (Tab. 1).

In the serum of immature rats significant changes
(p =< 0.05) content of nitrite-ion was noted at 24-th and
72-nd hour of NI on the background of the 15 day of de-
feat by tobacco smoke (its content was increased on 20 %).
Rats that were influenced only by tobacco smoke, the con-
tent of this index was increased on 11 % and the change
proved to be unreliable. In sexually mature rats, the con-

[13]
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Table 1

THE CONTENT OF NITRITE ION IN THE BLOOD SERUM (NMOL/L) AND TISSUES (NMOL/KG) OF RATS,
AFFECTED BY NITRITE OF SODIUM ON THE BACKGROUND OF POISONING
BY TOBACCO SMOKE (M = m; n = 48)

Immature rats Sexually mature rats
Tissues Groups of animals Groups of animals

+ + + +

Intact rats 15 Tl day lef }T(iud:Sle 7125 }T(L?:SYNI Intact rats 15 Tl day 21: }T(il?:sle 7125 :(ij:syNI

Serum 10.00+0.46 | 11.10+0.24 | 12.00+0.24 | 11.90+0.45| 8.20+0.74 | 9.4+0.24 |10.30+0.33 11,20+ 0.51
Liver 7.60+0.22 | 10.2+056 | 14.9+0.57 |17.00+0.77 | 3.20+0.16 | 530+0.23 | 10.30 +0.30 | 13.30 + 0.98
Lungs 130+£0.14 | 290+0.24 | 3.70+0.17 | 4.20+0.21 | 1.00£0.11 | 1.90+0.12 | 2.30+0.18 | 2.40+0.11
Kidneys 850+0.29 | 11.30+0.30 | 14.50+1.30|17.50 + 0.74 | 10.00 + 0.29 | 10.90 + 0.10 | 11.60 + 0.21 | 15.00 + 0.80
Myocardium | 2.20+0.14 | 2.80+0.21 | 3.40+0.15 | 3.80+£0.20 | 1.60+0.16 | 1.90+0.19 | 2.20+0.11 | 2.40+0.17

[14]

tent of nitrite ion significantly increased only in the last
period of the study (the 15-th day of intoxication by smo-
ke and the 72-nd hour of lesion by sodium nitrite) and
on 36 % it exceeded the level of intact control.

In the liver of rats of both age groups there was a
significant increase of this index in all experimental gro-
ups at the end of the study in immature animals it increa-
sed in 2.2 times in sexually mature rats - in 4.2 times.

Similar changes were noted in the lungs of affected
rats. In immature rats the content of nitrite-ion was in-
creased in 3.2 times compared with normal, sexually ma-
ture rats - in 2.4 times by the end of the experiment.

In the kidneys of immature rats at 72-nd hour of
nitrite poisoning on the background of 15-day intoxica-
tion by tobacco smoke, the figure was 2.1 times higher
than normal, sexually mature in 1.5 times.

In the myocardium of young rats there was obser-
ved a significant increase in the content of nitrite-ion in
the groups of rats, which simultaneously affected the two
toxicants, and in the last period of investigation, the con-
tent of nitrite ion exceeded the level of the intact control
in 1.7 times. In sexually mature rats there was a signifi-
cant increase only in 72 hours after contact with sodium
nitrite in the organism of animals toxicomanic smoke and
its content is 50 % larger than the normal level.

The toxic effect of nitrates and products of their re-
covery of nitrite is hypoxia, which develops due to viola-

tion of the transport of blood oxygen, as well as in the
inhibition of activity of enzyme systems involved in tis-
sue respiration. Nitrate toxicity leads to disruption of the
processes of oxidative phosphorylation, due to the action
themselves nitrates and nitrites. The result is a high level
of methemoglobin in the blood [4].

We investigated the content of methemoglobin in the
blood poisoned by the toxic rats. The results are shown
in the Tab. 2.

From immature rats, the content of methemoglobin
was significantly increased in all experimental groups.
The highest value it reached in the animal, against the
background of the 15-day nitrite intoxication that recei-
ved sodium nitrite and studies were carried out in 72 hours
after its ingestion. This index increased in 2.7 times.

In sexually mature rats, a significant increase (p < 0.05)
of this parameter was recorded only in cases of poisoning
by both toxicants. After 72 hours of poisoning with sodi-
um nitrite and 15 days of intoxication by tobacco smoke
the content of methemoglobin in the blood of rats was
increased in 2.1 times.

Given the nature of the toxic effects of nitrite and
the data obtained it can be concluded that the most sen-
sitive to toxicants are rats of first months of life. They
noted a fairly high content of methemoglobin after the
defeat of the sodium nitrite on the background of TI in-
dicating an active development of gemona hypoxia.

Table 2

THE CONTENT OF METHEMOGLOBIN (G/L) AND ERYTHROCYTE INDEX OF INTOXICATION (%)
IN BLOOD OF RATS AFFECTED BY NITRITE OF SODIUM ON THE BACKGROUND OF POISONING
BY TOBACCO SMOKE (M + m; n = 48)

Immature rats Sexually mature rats
Tissues Groups of animals Groups of animals
Intact rats 15 Tl day 212 Eéj;yl\ﬁ 7125 lgfliyl\;l Intact rats 15 Tl day 2145_ }T(I)iiyl\:l 715 }El?fsyl\;]
Blood Methemoglobin
1.53+0.14 | 2.05+0.09 | 3.09+012 | 416+0,28 | 1.50£0.15 | 1.65+0.46 | 2.66+0.11 | 3.09+0.11
Blood Erythrocyte index of intoxication
20.83 +3.09 | 26.25+3.08 | 52.71+2.47 | 59.58+2.36 [ 17.29 + 2.29]33.33 + 2.55 | 47.50 +1.12 | 50.00 £ 2.16
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Obviously, the reason for this can be several factors:
embryonic hemoglobin in newborns is much easier oxi-
dized by nitrate than by hemoglobin [4, 5].

Destruction of rats by sodium nitrite on the background of
tobacco intoxication is accompanied by a pronounced embryo-
toxic effect. We note the percentage increase in the permeabi-
lity of the erythrocyte membrane in animals of both age groups.
In cases of poisoning by tobacco smoke from immature rats EII
increased on only 5.4 %, which was not reliable. In sexually ma-
ture rats, the figure increased on 16 %.

After 24 hours of injection of intoxicated smoke in
young animals of sodium nitrite EIl was increased on 32 %,
in 72 hours - 39 % (p < 0.05). At the same time, studies
in sexually mature rats, this figure was higher than the
level of intact on 30 % and 32 %, respectively.

Thus, in the blood of immature rats the content of
methemoglobin and the percentage of the permeability of

the erythrocyte membrane by poisoning them with both
toxicants were significantly higher.

CONCLUSIONS

It is established that the lesion of immature and se-
xually mature rats by sodium nitrite on the background
of tobacco intoxication leads to a significant increase in
the content of nitrite-ion in blood serum, liver, lungs, kid-
neys and myocardium after poisoning, which, obviously,
causes activation of free radical oxidative processes in
the affected organism. Toxic products, which are formed
by this cause membrane destructive effect on erythro-
cyte membrane and increased levels of methemoglobin
in the blood. More sensitive to these indicators were im-
mature animals.

Conflicts of Interest: authors have no conflict of in-
terest to declare.
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