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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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COBOH HIIEMUH, MOJEIMPOBAHHON JKI'yTOM Ha YPOBHE TOJIEHH,
KOJICHHOT'O CYCTaBa M HIDKHell Tpetu Oenpa. B ¢dacuukynax ce-
JaJIMIIHOTO HEPBA W3MEHEHHUH TIOTHOCTH HEPBHBIX BOJIOKOH Ha
5, 15 1 30 cyTku nociie MOAEeIMPOBaHKs UILIEMUHU HE BBIBICHO,
oJiHaKo OOHapyXeHbI Je(GOopMUpPOBAHHBIE BOJIOKHA C pa3HOM
TOJIIIIUHON MHUETMHOBOM 000104KH. B 00sbiicOepIioBOM HEpBE
Ha 5 1 15 CyTKHM yCTaHOBIICHBI IeMUESITHHU3ALMS U 1e(OpMaLlHs
muenuHa, a Ha 15 u 30 cyTku — aTpodusi HEPBHBIX BOJIOKOH.
B HeﬁpOHeMOLII/ITaX MOBPEKIACHHBIX MHUEJIMHOBBIX HEPBHBIX
BOJIOKOH BBIABJICHBI IIPU3HAKU JJ,I/ICTpO(bPl'-leCKI/IX IpoHECCOB U

ayrogparun. [locie BBeAEHHs B MIIEMHYECKH IOBPEXKICHHbIC
MBILLILIBI Tp0M60uMTapH01‘/'1 IUIa3Mbl, KOHLIEHTpATa KJIETOK acIiu-
para KOCTHOIO MO3ra ¥ 'OMOT€HU3UPOBAHHOHN >KUPOBOM TKaHU
CYLIECTBCHHONW pa3HMLbl B CTCICHU MOBPEXKICHUS HEpBa HE
BbIsABIEHO. ClenaHo 3aKJIOYeHUE, YTO CTPYKTYpHbIE IPU3HA-
KU TIOBPEKICHUS IepuepHIeCcKUX HEPBOB KOHEYHOCTH IOCIIe
HIIEMUU SABJIAKOTCA HeCl’leLlH(l)I/l‘IeCKI/IMI/I 1 B OOJIBIIIMHCTBE Cl1y-
4aeB 3aBUCAT OT YPOBHS IOBPEKACHUA KOHEUHOCTH, YEM OT TC-
ParneBTUYCCKUX MOAXOA0B C MCII0JIb30BAHUEM ayTOJOIMYCCKUX
KJIETOYHBIX TEXHOJIOTHH.
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ENZYMATIC ACTIVITY IN MICROSOMES, LIPID PEROXIDATION
OF MICE HEPATOCYTES UNDER THE SODIUM FLUORIDE

'Kolisnyk I., *Voloshin O., *Savchenko L., 2Yanchevskyi O., *Rashidi B.

!Kharkiv Medical Academy of Postgraduate Education;
’The State Institution “Lugansk State Medical University”, Rubizhne, Ukraine

Fluorine is one of the most widespread and necessary microele-
ments for the body of animals and humans, which is required in a
clearly limited amount [9,10]. The biological role of this microele-
ment is difficult to overestimate, since it is part of the tooth enamel,
bones, participates in the formation of dentin, and also prevents the
development of osteoporosis with age. For many biological pro-
cesses, it serves as a catalyst or inhibitor [7,11,15].

Different concentrations of fluorine can affect the state of lipid
peroxidation, as well as the functional state of the microsomes
of liver hepatocytes. With prolonged ingestion, fluoride can lead
to fluorosis [6,10,13,14].

The question of the physiological role of fluorine on the body
remains open, since an excess of this trace element in the composi-
tion of water is the cause of the destruction of tooth enamel, inhibi-
tion of phosphorus-calcium and carbohydrate metabolism, and the
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activity of a number of enzymes. Due to this, fluorine can lead to
the suppression of some intracellular processes in the body, reduce
the activity of the immune system [5]. Acute fluoride intoxication
leads to a decrease in the intensity of tissue respiration, the forma-
tion of reactive oxygen species by cells increases, lipid peroxidation
processes increase, and the activity of antioxidant defense enzymes
decreases. With the alimentary pathway of sodium fluoride entering
the body, its negative effect affects the structure and function of the
digestive system, primarily the liver [1].

It was found that the effect of sodium fluoride leads to an increase
in all parameters of microsomal oxidation of hepatocytes, with the
exception of cytochrome b5 [2-5,8]. This circumstance allows us to
put forward the idea of stimulating free radical processes leading
to disruption in the structure of hepatocyte membranes, oxidative
destruction of biologically active substances [4].
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Material and methods. The studies were carried out on
sexually mature Wistar rats weighing 180-220 g. The animals
were subjected to oral priming using a probe with an aqueous
solution of sodium fluoride, once a day for 60 days in doses
of 1/10, 1/100 and 1/1000 DL50, which was 20 mg/kg, 2 mg/
kg and 0.2 mg/kg body weight (median lethal dose of active
substance was 200 mg/kg when administered orally). The rats
of the control group received appropriate volumes of drink-
ing water. Each group consisted of 10 animals, the studies of
indicators were carried out on days 10, 20, 30, 50 and 60 after
the start of the experiment. Euthanasia was performed by de-
capitation with a guillotine knife after preliminary anesthesia
with sodium thiopental in an amount of 50 mg/kg.

Confirmation of the induction of free radical processes
by sodium fluoride was carried out using a chemiluminescent
reaction of blood serum in the spectrum range of 400-600 nm.
The amount of diene conjugates in rat liver tissue homog-
enates was assessed spectrophotometrically at 233 nm with
preliminary extraction of a heptane-isopropanol mixture. The
calculations were performed based on the molar extinction
coefficient €=2.2x105 mol™! cm™.

The content of TBA reactants in rat liver tissue homogenates
was determined by the reaction of malonic dialdehyde and thio-
barbituric acid (TBA). The amount was calculated based on the
extinction coefficient &=1.56x105 mol! cm™.

The level of cipher bases, which are products of the interac-
tion of carbonyl compounds with amino acids, amino groups of
proteins, and nucleic acids, was determined in homogenates of
liver tissue using a spectrofluorometer at a wavelength of 430
nm with preliminary extraction with a Folch mixture (chloro-
form-methanol).

Subcellular liver fractions were isolated by differential
centrifugation. To obtain microsomes, the supernatant was
centrifuged for 1 hour at 18000 g, the obtained precipitate
was washed and suspended in the isolation medium (the pro-
tein content in the microsome suspension was 15-20 mg/ml).
The activity of NAD (P) H-cytochrome ¢ reductase in the
suspension of rat liver microsomes was estimated in the pres-
ence of an electron acceptor cytochrome c, using a spectro-
photometer at 30°C and a wavelength of 550 nm. The enzyme
activity was calculated using the coefficient of molar extinc-
tion of cytochrome ¢, which was equal to 18,5x103 cm M.
The content of cytochrome P-450 in the suspension of rat
liver microsomes was determined spectrophotometrically.

Statistical analysis of the results was carried out using the Sta-
tistical0 program.

Results and discussion. Free radical processes in the rat liver
was assessed by the intensity of H202-induced chemilumines-
cence (CL). The enzymatic state of rat liver microsomes was
initially assessed by the activity of NAD (P) H-cytochrome ¢
reductase in the dynamics of observation for 10, 20, 30, 50, 60
days with the introduction of sodium fluoride in doses of 1/10,
1/100 and 1/1000 DL50 (Table 1, 2).

On days 10 and 20 of the experiment (Table 1), a statistically
significant (p<0,001) increase in the level of the indicator under
the influence of sodium fluoride at a dose of 1/10 DL50 was
found, respectively, by 37 and 134%, in relation to the control
group; by 37% of CL intensity in relation to the value in the pre-
vious observation term, in comparison with the control group,
an increase was observed by 66%.

Of interest is the fact that on the 60th day of oral adminis-
tration of sodium fluoride at a dose of 1/10 DL50, a statisti-
cally significant (p<0,001) decrease by 33% in the level of
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CL intensity of the liver of rats is observed in comparison
with the control group. At a dose of 1/100 DL50, a significant
(p<0,002) increase in the intensity of ultra-weak lumines-
cence was observed in all periods of observation and was es-
pecially pronounced on the 30th day, on average it was 85%.
Further, the level of CL intensity in the rat liver gradually
decreased and on the 60th day it was 19%.

The results of the activity of NAD (P) H-cytochrome c re-
ductase in the microsomal fraction of the liver of rats when
exposed to sodium fluoride at subtoxic doses showed that on
days 10 and 20 of oral administration of sodium fluoride at
a dose of 1/10 DL50, statistically significant (p<0,002) was
observed in Compared with the control group, a gradual in-
crease in the activity of NADPH-cytochrome c¢ reductase by
24 and 36%, respectively (Table 2). On the 30th day, there
was a tendency towards a decrease in the enzyme activity,
but in relation to the control group, the activity remained sig-
nificantly (p<0,001) increased by 29%. After this period, a
statistically significant (p<0,001) decrease was observed in
comparison with the control group in the activity of NADPH-
cytochrome c reductase by 20 and 30%, respectively, on days
50 and 60 of the action of sodium fluoride at a dose of 1/10
DL50.

Oral administration of sodium fluoride at a dose of 1/100
DL50 caused a significant (p<0,004) increase in the micro-
somal fraction of hepatocytes in the activity of NADPH-cyto-
chrome c reductase by 6.26 and 32%, respectively, on the 10,
20, 30th day of the experiment. On the 50th day, there was a
significant decrease in the activity of NADPH-cytochrome ¢
reductase (by an average of 40%) in relation to the indicator
on the 30th day, but in comparison with the control group,
there was a slight statistically significant (p <0,001) increase
in the indicator by 19%. On day 60, a dose of 1/100 DL50
resulted in a 20% decrease in the activity of NADPH-cyto-
chrome c reductase.

The effect of sodium fluoride at a dose of 1/1000 DL50 did
not cause a statistically significant effect of NADPH-cyto-
chrome c reductase in relation to the control group on days
10 and 20. However, on days 30, 50, 60, there was a slight
significant (p<0,005) increase in the enzyme activity by an
average of 4-6%.

In microsomes of rat hepatocytes, oral administration of
sodium fluoride at a dose of 1/10 DL50 led to an increase (p
<0,001) in comparison with the control group in the activ-
ity of NADH-cytochrome ¢ reductase by 10.23.31 and 20%,
respectively, by 10, 20, 30. 50 days. On day 60, there was a
statistically significant (p <0,001) decrease in the activity of
NADH-cytochrome ¢ reductase by an average of 39%. The
effect of sodium fluoride at a dose of 1/100 DL50 was ac-
companied by a gradual increase (p<0,038) in the activity of
microsomal NADH-cytochrome ¢ reductase by 5, 11, 2 and
30%, respectively, on days 10, 20, 30, 50 of observation. On
day 60, the value of the indicator decreased in relation to the
preliminary term of the experiment by an average of 38%,
but in relation to the value of the control group increased by
18% (p<0,001). The action of sodium fluoride in 1/1000 DL
50 practically did not cause changes in the activity of micro-
somal NADH-cytochrome c¢ reductase in rats in comparison
with the control group. Only on the 30th and 50th days there
was an insignificant 4-5% (p=0,013 and p=0,045) increase in
enzyme activity.

When analyzing the results obtained, it can be argued about
the violation of the reductase activity of microsomes of hepa-
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tocytes of experimental animals receiving sodium fluoride at a
dose of 1/10, 1/100 DL50 and, as a consequence, the functioning
of electron transport systems. The revealed changes on the
60th and in some cases on the 50th day are associated with
the rearrangement of the lipid environment of microsomal re-
ductases due to the possible initiation of the formation of a
significant amount of reactive oxygen species according to
literature data [16]. An increase in the activity of NAD (P)
H-cytochrome c reductase in rats upon administration of so-
dium fluoride for a month can be considered as a protective-
compensatory reaction and as a reason for a faster flow of
electrons from reduced forms of NAD (P) H to cytochromes

P-450 and b5 and significant formation of reactive oxygen
species.

The dynamics of changes in the intensity of CL in the liver
of rats as a percentage of the control group is shown in figure
1. The dynamics of the activity of NADPH reductase in micro-
somes of rat hepatocytes during toxification with sodium fluo-
ride at doses of 1/10 and 1/100 DL50 is shown in Fig. 2 and 3.

The intensity of lipid peroxidation in the liver of rats, which
were injected for a long time with sodium fluoride in doses of
1/10 and 1/100 DL50, was judged by the amount of its molecu-
lar products - diene conjugates of TBA reactants and chiffon
bases (Table 3).

Table 1. Intensity of H2O2-induced chemiluminescence in rat liver homogenates upon exposure
to sodium fluoride at a subtoxic dose (n = 10; Me [25%; 75%] or M=s)

Chemiluminescence intensity, pulse / s
Day of observation dose, DL50
Control
1/10 1/100
10 294+23.5 403+29,5 p<0,001 398 [320; 418] p=0,002
20 296 [280; 335] 707426,2 p<0,001 428 [415; 440] p<0,001
30 321+14,0 650 [638; 689] p=0,003 598 [575; 607] p<0,001
50 317+18,1 539 [498; 550] p<0,001 445 [432; 487] p<0,001
60 343+14,5 229+19,9 p<0,001 409+19,7 p<0,001

note: p is the level of statistical significance in relation to control

Table 2. Activity of NAD (P) H-cytochrome c reductase in the microsomal fraction
of rat liver under the influence of sodium fluoride at subtoxic doses (n = 10; Me [25%, 75%] or M + s)

Dose Day NADPH-cytochrome c reductase, NADH-cytochrome c reductase,
of observation nM cytochrome ¢/mg protein * min nM cytochrome ¢/mg protein * min
10 234+3,82 p<0,001 1027 [1017; 1030] p<0,001
20 261+4,27 p=0,002 1156+9,45 p<0,001
1/10 DL50 30 241 [240; 245] p<0,001 1233 [1228; 1245] p<0,001
50 149+4,74 p<0,001 1115+11,0 p<0,001
60 127+4,89 p<0,001 590+43,1 p<0,001
10 198 [195; 210] p=0,004 988 [945; 1005] p=0,038
20 241 [238; 244] p<0,001 1036 [1028; 1056] p<0,001
1/100 DL50 30 249+4,83 p=0,003 1148+21,8 p<0,001
50 222+4.40 p<0,001 1210+18,9 p=0,002
60 150+6,08 p<0,001 1129 [1116; 1156] p<0,001
10 191 [188; 200] p=0,307 963 [945; 980] p=0,199
20 196 [192; 204] p=0,076 985 [934; 1005] p=0,096
1/1000 DL30 30 199+8,71 p=0,005 993 [965; 1010] p=0,013
50 192 [188; 200] p=0,03 978 [956; 1005] p=0,045
60 197 [190; 210] p=0,016 980 [964; 1005] p=0,140
10 189+5,31 932 [883; 977]
20 192+5,71 950 [882; 975]
Control 30 188 [185; 190] 944 1922; 970]
50 186+3,43 946 [893; 956]
60 187 [184; 193] 963 [948; 977]
note: p is the level of statistical significance in relation to control
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Fig. 1. Dynamics of changes in the intensity of CL in the liver
of rats during toxification with sodium fluoride in doses of 1/10
and 1/100 DL50
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Fig. 2. Dynamics of changes in the activity of NADPH-reduc-
tase in microsomes of rat hepatocytes during toxification with
sodium fluoride in doses of 1/10 and 1/100 DL50
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Fig. 3. Dynamics of changes in the activity of NADPH reduc-

tase in microsomes of rat hepatocytes during toxification with
sodium fluoride in doses of 1/10 and 1/100 DL50

The results obtained indicated a statistically significant
(p<0,002) increase in DC in relation to the control group in all
periods of observation. In the case of a dose of 1/10 DL50, the
most significant increase in this indicator was observed on the
10th day of the experiment, 265%, and with the introduction of
a dose of 1/100 DL50 on the 20th day by an average of 234%.
The dynamics of these changes is shown in Fig. 4.

An increase in the amount of TBA-reactans was also observed in
the liver of rats of the main group (Table 3). On the 10th day of the
experiment, an insignificant increase in the indicator was observed
in the main group for both doses (p=0,059 and p=0,199). When a
dose of 1/10 DL50 was administered, after 20 days, an increase
(p<0,001) in the level of TBA-reactants in relation to the control
group by 27, 41, 78, 133% was clearly determined. The same dy-
namics was observed when the dose was reduced to 1/100 DL50, at
which the increase in the amount of TBA-reactans was 19, 73, 70,
99%, respectively, on days 20, 30, 50, 60 (Fig. 5).

Table 3. Content of lipid peroxidation products in rat liver tissue homogenates under the influence
of sodium fluoride in subtoxic doses (n = 10; Me [25%, 75%] or M+s)

Dose Day of_obser— Diene conjugat.es nM / mg TBA reactant.s ) Chi.ff bases o
vation protein nM / mg protein mind. units / mg lipids
10 9,09+0,88 p<0,001 0,70+0,07p=0,059 0,37 [0,28; 0,40] p=0,545
20 8,12+0,88 p<0,001 0,91+0,08 p=0,001 0,33 [0,20; 0,47]p=0,290
1/10 DL50 30 7,64+0,60 p<0,001 1,04+0,12 p=0,001 1,08 [0,90; 1,15] p<0,001
50 6,9 [6,2; 7,8] p<0,001 1,45+0,15 p<0,001 1,53+0,16 p<0,001
60 6,2 [5,9; 7,2] p<0,001 1,76+0,16 p<0,001 1,83 [1,50; 1,91] p<0,001
10 7,65 [6,94 8,5] p=0,001 0,66 [0,60; 0,70] p=0,199 0,29+0,07 p=0,791
20 8,75 [8,54 9,8] p<0,001 0,89 [0,75; 0,94] p=0,019 0,24 [0,20; 0,33] p=0,821
]13/]1(5)8 30 7,35 [6,64 8,0] p<0,001 1,28+0,11p=0,002 0,79+0,15 p<0,001
50 6,8 [6,0; 7,2] p<0,001 1,38+0,04 p<0,001 0,90+0,12 p<0,001
60 6,30+0,72 p=0,002 1,49+0,12 p<0,001 0,97+0,09 p<0,001
10 2,49+0,54 0,58 [0,52; 0,69] 0,33 10,19; 0,50]
20 2,51[2,3; 2,8] 0,72+0,13 0,29+0,15
Control 30 2,912,5;3,2] 0,75 10,59; 0,86] 0,39+0,09
50 2,68+0,58 0,81+0,12 0,33+0,10
60 3,15[2,8; 3,5] 0,74 [0,65; 0,88] 0,36+0,07
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Table 4. Content of cytochromes P-450 and b5 in the microsomal fraction

of rat liver under the influence of sodium fluoride in subtoxic doses (n = 10; Me [25%, 75%] or M +s)

Day of observation

Fig. 5. Dynamics of changes in the content of TBA-reactants
in the liver of rats after administration of sodium fluoride at

. Cytochrome P-450, Cytochrome b5,
Dose Day of observation ) .
nM / mg protein nM / mg protein
10 1,25 [1,18; 1,34] p<0,001 0,93 [0,88; 1,05] p<0,001
20 1,69+0,09 p<0,001 1,31£0,07 p<0,001
1/10 DL50 30 1,32[1,22;1,37] p<0,001 1,21 [1,15; 1,28] p=0,002
50 0,48+0,16 p<0,001 1,02 [0,85; 1,10]p=0,001
60 0,40 [0,37; 0,45] p<0,001 0,38 [0,22; 0,49]p<0,001
10 1,15+0,07 p=0,004 0,83+0,14 p<0,001
20 1,36+0,06 p<0,001 1,2140,07 p<0,001
1/100 DL50 30 1,29+0,06 p<0,001 1,36+0,06 p<0,001
50 1,09 [1,03; 1,11] p=0,011 1,09 [1,08; 1,19] p<0,001
60 0,54+0,13 p=0,001 0,43 [0,37; 0,52] p<0,001
10 0,88+0,21 0,59 [0,57; 0,60]
20 0,96 [0,88; 1,12] 0,63 [0,57; 0,68]
Control 30 1,03 [0,95; 1,18] 0,64+0,11
50 0,92+0,14 0,69+0,14
60 0,88+0,19 0,68+0,09

On days 10 and 20, at doses of 1/10 and 1/100 DL50, no sta-
tistically important changes in the amount of lipid peroxidation,
which are chiff bases, were observed. The results gave an idea
of a significant gradual increase (p <0,001) in the level of this
indicator at 30, 50, 60 days by 172, 370 and 380%, respectively.
A similar, but less pronounced picture was revealed for a dose of

note: p is the level of statistical significance of significance in relation to control

1/100 DL50 - by 103, 173, and 169% (Fig. 6).

© GMN

Analysis of cytochrome P-450 on days 10, 20, 30 in rats treat-
ed with sodium fluoride at a dose of 1/10 DL50 showed a statis-
tically significant (p <0,001) increase in the pool by 44, 74, 23%
in comparison with the control group (Table 4).\

In the study of the pool of cytochrome b5 under the influence
of sodium fluoride on hepatocytes, it was found to increase by

60, 113 and 78% at a dose of 1/10 DL50. On days 50 and 60,

173



the level of cytochrome P-450 in microsomes of rat hepatocytes
decreased in comparison with the control group (p <0,001) by
48 and 52%, respectively. The level of cytochrome b5 increased
on the 50th day by 50% and decreased on the 60th day by 47%.

Oral administration of sodium fluoride at a dose of 1/100
DL50 led to an increase (p<0,001) in the amount of cytochrome
P-450 by day 50 of the experiment (the most pronounced result on
day 20 by 40%), as well as cytochrome b5 (maximum on day 30
by 112 %) (Table 4). On the 60th day of observation, the level of
cytochromes in the microsomal fraction of rat hepatocytes with the
introduction of a dose of sodium fluoride 1/100 DL50 decreased in
comparison with the control group (p<0,001) by 35-39%.

The dynamics of changes in the content of microsomal cy-
tochromes as a percentage of the control group of microsomal
cytochromes is shown in Fig. 7,8.

180

wl e O\
. \\ \\_
—

10 20 30 50 60

‘ —4—1/10DL50 == 1/100DL50 +mn(ml| Day of observation

Fig. 7. Dynamics of changes in the total pool of cytochrome

P-450 in microsomes of rat hepatocytes after administration of

sodium fluoride at doses of 1/10 and 1/100 DL50
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Fig. 8. Dynamics of changes in the content of the total pool of

cytochrome b50 in microsomes of rat hepatocytes after admin-
istration of sodium fluoride in doses of 1/10 and 1/100 DL50

Conclusions. Long-term oral administration of sodium fluo-
ride, especially at a dose of 1/10 DL50, can lead to a signifi-
cant disruption of the detoxification function of the microsomal
membrane of rat hepatocytes due to the gradual inhibition of
the activity of its enzymes and a decrease in the rate of bio-
transformation of both xenobiotics and endogenous substrates.
The increase in the indicators of chiffon bases, dienes and TBA-
reactants under the influence of sodium fluoride indicates the
purposefulness of the lipid peroxidation process towards the
formation of toxic end products.
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SUMMARY

ENZYMATIC ACTIVITY IN MICROSOMES, LIPID
PEROXIDATION OF MICE HEPATOCYTES UNDER
THE SODIUM FLUORIDE

"Kolisnyk I., *Voloshin O., *Savchenko 1., *Yanchevskyi O.,
’Rashidi B.

!Kharkiv Medical Academy of Postgraduate Education; *The State
Institution “Lugansk State Medical University”, Rubizhne, Ukraine

Fluorine is one of the most widespread and necessary microele-
ments for the body of animals and humans, which is necessary in
a clearly limited amount. Different concentrations of fluorine can
affect the state of lipid peroxidation, as well as the functional state
of the microsomes of liver hepatocytes. The studies were carried
out on mature Wistar rats weighing 180-220 g. Animals were in-
oculated with an aqueous solution of sodium fluoride once a day
for 60 days at doses of 1/10, 1/100 and 1/1000 DL50, which was 20
mg/kg, 2 mg/kg and 0,2 mg/kg body weight. Control rats received
drinking water. Each group consisted of 10 animals, the studies of
indicators were carried out on days 10, 20, 30, 50 and 60. The in-
duction of free radical processes by sodium fluoride was confirmed
using a chemiluminescent reaction of blood serum, the amount of
diene conjugates in rat liver tissue homogenates was assessed spec-
trophotometrically, the content of TBA reactants in rat liver tissue
homogenates was determined by the reaction of malondialdehyde
and thiobarbituric acid (TBA). The level of chiff bases was deter-
mined with a spectrofluorometer, subcellular fractions of the liver
were isolated by the method of differentiated centrifugation. An
increase in the level of the indicator at a dose of 1/10 and 1/100
DL50 of the intensity of lemiluminescence on the 30th day and its
decrease on the 60th day was established.Increase in the activity of
NAD (P) H-cytochrome c reductase in the microsomal fraction of
the liver at the beginning of the study and a gradual decrease on the
50th and 60th days when using both dosages. The same dynamics
was observed for NADH-cytochrome ¢ reductase. With respect to
diene conjugates of TBA-reactants and chiff bases, a tendency to
increase was observed at all periods of the experiment. Indicators
of cytochrome P-450 cytochrome b5 were increased up to 30 days
and gradually decreased by 60 days. Long-term administration of
sodium fluoride can cause the formation of toxic products and a
decrease in the activity of enzymes of the microsomal membrane
of hepatocytes.

Keywords: sodium fluoride, hepatocytes, toxic effect, micro-
somes, lipid peroxidation.

PE3IOME

®EPMEHTATUBHASI AKTHBHOCTH MHKPOCOM,
MEPEKACHOI'O OKHWCJEHHS JIMIHUAOB T'EIATO-
LIUTOB KPBIC NOJ AEVICTBUEM ®TOPHIA HATPUSI

"Kosecnuk U.JI., *Bosromun A H., 2CaBuenko U.H.,
Inuesckuii A.B., ’Pammau B.P.

! Xapvrosckas meouyunckas axkademusi NOCLEOUNIOMHO20 00-
pazosanus; *I'Y «Jlyeanckuil 20Cy0apcmeentvlii MeOUYUHCKULL
yHUsepcumemy, Pybescrnoe, Ykpauna

q)TOp SABJIACTCA OOAHUM U3 3HAYMMBIX IJIA OpraHu3Ma KUBOT-
HBIX U YEJIOBEKAa MUKPO3JIEMECHTOB, KOTOpBIﬁ H606XOHI/IM B 4CT-

© GMN

KO JIMMHUTHPOBAHHOM KOJIMYECTBE. Pa3iMuHble KOHLIEHTPALMN
(dTopa MOryT BIMATH Ha COCTOSHHE MEPEKHCHOIO OKUCIICHHUS
JUIUIO0B U QYHKINOHAIBHOE COCTOSIHUE MUKPOCOM I'€HaTolH-
TOB TIEUCHU.

HccnenoBanust IpoBeACHBI Ha MTOJIOBO3PEIIBIX KPbICAX JIMHUH
Wistar maccoit 180-220 r. JKMBOTHBIX 4yepe3 30H]] 3aTpaBInBaIH
BOJHBIM pacTBOpoM (Topuaa HaTpHs, pa3 B CYTKH B TeUCHHE
60 nueit B noszax 1/10, 1/100 u 1/1000 AJI,, 4To cocTaBuio
20 mr/kr, 2 Mr/kr u 0,2 Mr/kr maccbl. KpbIChl KOHTPOJIBHOM
rpynnsl (n=10) noxy4yanu nuTheByio Boay. Kpbichkl B 3aBucu-
MOCTH OT J103bI pTOpHIa HATPHS pa3aesieHbl Ha IPymIb, o 10
JKUBOTHBIX B KaXX/10H, OLICHKa TI0Ka3arenel npoBoauiaach Ha 10,
20, 30, 50 u 60 cyTku. [TonTBepxaeHne HHAYLUPOBaHUS (TO-
pPHIOM HATpHsi CBOOOJHOPAJMKAIBHBIX MPOLIECCOB BBIMOJIHS-
JIOCh TIPH IOMOIIN XeMUJIIOMUHECLEHTHON PEAKIIMU CHIBOPOTKH
KPOBH, KOJIMYECTBO JAUCHOBBIX KOHBIOTAT B TOMOTE€HATAaX TKAHU
TIEYCHHM KPBIC OLICHHUBAIIH CIIEKTPO(GOTOMETPHUUECKH, a COepIKa-
nue TBK-peakTaHToB - peakiueld MaJIOHOBOTO JHAJIBIACTHAA U
tHobapouTyposoit kucnotsl (TBK). YpoBeHs mmdoBbix ocHo-
BaHUI OIpeNe/sul CcHeKTpodIIoopoMeTpreii, CyOKIeTOUHbIe
(dpakiuu MeYeHH BBIACTSUINCH METOIoM I depeHInpoBaH-
HOTO LEHTPU(YrHpOBaHHs. YCTAHOBICHO MOBBIIICHHE YPOBHS
noxasarens B go3e 1/10 u 1/100 JIJI,| HHTCHCHBHOCTH JIeMHU-
JmoMuHeceHIMH Ha 30 CyTKH M ero cHiKeHue Ha 60 cyTku;
noBelnienue aktuBHoctn HAJI(®D) H-muroxpom pemykrassl B
MHKPOCOMAJIbHOM (ppakiiy MeYeHH BHAYajle MCCICIOBAHUS U
nocreneHHoe cHwkeHue Ha 50 1 60 CyTKH NpH UCIIOJIb30BaHUU
o0enx n03upoBok. IlonoOHas TuHAMUKa MPOCIEKUBAIACH OT-
HocutenbHo HAJIH-mutoxpom penyxrasel. Uto kacaercs nu-
eHOBbIX KoHbtorat, TBK-peakTaHToB M min(pOBBIX OCHOBAHUI
HaOJroaslach TEHICHLUUS K MX YBEJIMYEHHUIO Ha BCEX CPOKax
skcrniepuMenTa. [lokasarenu muroxpoma P-450, muroxpoma b5
ObulM NOBBIIIEHB! 10 30 CYTOK M IMOCTCIEHHO CHMXKAJIUCh K
60 cyTtkam. J[nutensHoe BBegeHHE (TOpHAA HATPUS CHOCOOHO
BBI3bIBATh 00pa30BaHHE TOKCHYECKUX MPOAYKTOB U CHIDKCHHE
AKTUBHOCTU (PEPMEHTOB MHUKPOCOMAJIbHONH MEMOpaHbI IeraTo-
LIUTOB.
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Trematodes are parasites that have caused severe damage to
human health since antiquity [1]. There are more than 91 species
that infect humans and belong to 46 genera all over the world.
According to their habitat in definitive hosts, they are classified
as blood flukes, liver flukes, lung flukes, throat fluke, pancreatic
fluke, and intestinal flukes [2]. Liver flukes belong to the family
of Opisthorchiidae include 33 genera cause opisthorchiasisin pi-
scivorous mammals, birds, and humans [3]. Human populations
show high levels of infection with the main three liver fluke
species within each of their distributional ranges [2]. Up to 680
million people worldwide are at risk of infection [4]. Recent es-
timates indicate that 45 million people living in Asia and Europe
are infected, with approximately 35 million C. sinensis cases, 10
million O. viverrini cases, and 1.2 million cases of O. felineus
[5-7]. The pathogen M. bilis, which occurs in the same territory
as O. felineus, has attracted particular attention. It is widely reg-
istered in Russia and Kazakhstan, and there are several cases of
mixed infections in humans and animals [8-13].

A variety of methods have been established for the effective
diagnosis of opisthorchiasis infection, which include antigen-
specific enzyme-linked immunosorbent assay (ELISA) [14-16]
and various other polymerase chain reaction (PCR) technolo-
gies [17-19]. ELISA kits available on the market are not capable
of the failure of O. felineus and M. bilis species detection in
opisthorchiasis infection what is one of the major deficiencies.
There are no commercially available molecular diagnostic kits
for the simultaneous detection of mixed infections by O. felineus
and M. bilis. Therefore, there is no clear understanding of the
distribution of each of these species, their localization in the de-
finitive host and approaches to treatment. The aim of this study
was, therefore, to establish a multiplex PCR assay for the differ-
ential detection of O. felineus and M. bilis in clinical specimens,
which will be necessary for the epidemiology, diagnoses, and
control of trematodes infections.The advantage of this method
of molecular diagnostics is the high specificity of the reaction,
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the speed of the results obtained, and the possibility of differen-
tial diagnosis of two types of pathogens.

Material and methods. Samples collection and DNA extraction

Samples of adult worms of O. felineus and M. bilis were collect-
ed from the artificially infected Syrian hamsters (Akmola region)
and infected foxes (Karaganda region) in the territory of Kazakh-
stan. Genomic DNAs were extracted from adult parasites using the
BioSilica DNA extraction kit (Novosibirsk, Russia), according to
the manufacturer’s instructions. Duodenal bile and feces samples
of humans suspected of contracting infectious diseases were kindly
provided by Astana Infectious Diseases Hospital, Kazakhstan, in
compliance with patient confidentiality, and stored at —80°C until
DNA extraction. Sample preparation was carried out according to
the method of Duenngai K. et al.: a sample (feces - 500 mg, bile
- 0.5 ml) is mixed with 4 ml of physiological saline and 0.4 ml
of ethyl acetate, centrifuged at 4000 rpm for 10 min, followed by
removal of the supernatant [20]. Genomic DNA was extracted from
bile and feces samples using a method recommended by Duenngai
K. et al. with some modification. The amount and purity of the ex-
tracted DNA could be determined by measuring absorption at 260
nm and 280 nm in the NanoDrop 2000 (Thermo Scientific, USA).
DNA was dissolved in ddH,O and stored at — 70°C.

Standard PCR. Fragments of col gene were amplified using
primer pair (OpiOpe2-colF 5°-TGGGGAGTTGATTTTTT-
GATGTT-3" / COI-uniRv 5°’-AGCAATAACAAATCAAGTAT-
CATG-3") for both opisthorchiids in order to reveal species-spe-
cific nucleotide substitutions. The PCR product was sequenced
and deposited in GenBank (MT325502 - MT325505).

Species-specific primer design. Based on the COX1 sequenc-
es, genome DNA from O. felineus and M. bilis were designed
the multiplex PCR primers by targeting conserved sequences
flanking variable regions with online free available primer pro-
grams PerlPrimer v1.1.21 (http://perlprimer.sourceforge.net)
and Oligo Analyzer 1.2 software (http://www.genelink.com).
Details of primer pairs are presented in Table 1.



