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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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совой ишемии, моделированной жгутом на уровне голени, 
коленного сустава и нижней трети бедра. В фасцикулах се-
далищного нерва изменений плотности нервных волокон на 
5, 15 и 30 сутки после моделирования ишемии не выявлено, 
однако обнаружены деформированные волокна с разной 
толщиной миелиновой оболочки. В большеберцовом нерве 
на 5 и 15 сутки установлены демиелинизация и деформация 
миелина, а на 15 и 30 сутки – атрофия нервных волокон. 
В нейролемоцитах поврежденных миелиновых нервных 
волокон выявлены признаки дистрофических процессов и 

аутофагии. После введения в ишемически поврежденные 
мышцы тромбоцитарной плазмы, концентрата клеток аспи-
рата костного мозга и гомогенизированной жировой ткани 
существенной разницы в степени повреждения нерва не 
выявлено. Сделано заключение, что структурные призна-
ки повреждения периферических нервов конечности после 
ишемии являются неспецифическими и в большинстве слу-
чаев зависят от уровня повреждения конечности, чем от те-
рапевтических подходов с использованием аутологических 
клеточных технологий. 

reziume 

kiduris periferiuli nervebis dazianebani meqanikurad inducirebuli iSemiis dros

1a.pidlisecki, 2s.savosko, 3a.dolgopolovi, 4a.makarenko

1lvovis iu.lipis sax. omis veteranebisa da represirebulebis saolqo hospitali; 
2a.bogomolecis sax. erovnuli samedicino universiteti, histologiisa da embriologiis kaTedra; 

3ukrainis medicinis mecnierebaTa akademiis orTopediisa da travmatologiis instituti, kievi; 
4personalis marTvis regionTaSorisi akademia, kievi, ukraina

statiaSi warmodgenilia kiduris periferiuli 
nervebis cvlilebebis kvlevis Sedegebi meqaniku-
rad inducirebuli iSemiis Semdeg. Sefasebulia 
mieliniani nervuli boWkoebi sajdom da didi 
wvivis nervebSi 6-saaTiani iSemiis Semdeg, rac 
modelirebuli iyo laxtis gadaWeriT wvivis, mux-
lis saxsris da barZayis qveda mesamedis doneze. 
sajdomi nervis fascikulebSi nervuli boWkoebis 
simWidrovis cvlilebebi iSemiis modelirebidan 
me-5, me-15 da 30-e dRes ar gamovlinda, Tumca, aRmoCe-
nilia deformirebuli boWkoebi mielinis garsis 
sxvadasxva sisqiT. didi wvivis nervSi me-5 da me-
15 dRes dadgenilia demielinizacia da mielinis 
deformacia, xolo me-15 da 30-e dRes – nervuli 

boWkoebis atrofia. dazianebuli mieliniani ner-
vuli boWkoebis neirolemocitebSi gamovlinda 
distrofiuli procesebis da autofagiis niSnebi. 
iSemiurad dazianebul kunTebSi Trombocituli 
plazmis, Zvlis tvinis aspiratis ujredebis kon-
centratis da homogenizebuli cximovani qsovilis 
Seyvanis Semdeg arsebiTi gansxvaveba nervis da-
zianebis xarisxSi ar aRiniSna. avtorebi daaskv-
nian, rom kiduris periferiuli nervebis daziane-
bebis niSnebi iSemiis Semdeg araspecifikuria da, 
umetes SemTxvevaSi, metadaa damokidebuli kiduris 
dazianebis xarisxze, vidre Terapiul midgomebze 
autologiuri ujreduli teqnologiebis gamo-
yenebiT.

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

1Kolisnyk I., 2Voloshin O., 2Savchenko I., 2Yanchevskyi O., 2Rashidi B.

1Kharkiv Medical Academy of Postgraduate Education; 
2The 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 

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 ε=2.2×105 mol-1 cm-1.

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 ε=1.56×105 mol-1 cm-1.

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 c 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 30ºC and a wavelength of 550 nm. The enzyme 
activity was calculated using the coefficient of molar extinc-
tion of cytochrome c, which was equal to 18,5×103 cm-1M-1. 
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-
tistica10 program.

Results and discussion. Free radical processes in the rat liver 
was assessed by the intensity of H2O2-induced chemilumines-
cence (CL). The enzymatic state of rat liver microsomes was 
initially assessed by the activity of NAD (P) H-cytochrome c 
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 

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 c 
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 c 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 c 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 c 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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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)

Day of observation
Chemiluminescence intensity, pulse / s

Control
dose, DL50

1/10 1/100
10 294±23,5 403±29,5 р<0,001 398 [320; 418] р=0,002
20 296 [280; 335] 707±26,2 р<0,001 428 [415; 440] р<0,001
30 321±14,0 650 [638; 689] р=0,003 598 [575; 607] р<0,001
50 317±18,1 539 [498; 550] р<0,001 445 [432; 487] р<0,001
60 343±14,5 229±19,9 р<0,001 409±19,7 р<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 
of observation

NADPH-cytochrome c reductase,
nM cytochrome c/mg protein • min

NADH-cytochrome c reductase,
nM cytochrome c/mg protein • min

1/10 DL50

10 234±3,82 р<0,001 1027 [1017; 1030] р<0,001

20 261±4,27 р=0,002 1156±9,45 р<0,001

30 241 [240; 245] р<0,001 1233 [1228; 1245] р<0,001

50 149±4,74 р<0,001 1115±11,0 р<0,001

60 127±4,89 р<0,001 590±43,1 р<0,001

1/100 DL50

10 198 [195; 210] p=0,004 988 [945; 1005] p=0,038

20 241 [238; 244] р<0,001 1036 [1028; 1056] р<0,001

30 249±4,83 р=0,003 1148±21,8 р<0,001

50 222±4,40 р<0,001 1210±18,9 p=0,002

60 150±6,08 р<0,001 1129 [1116; 1156] р<0,001

1/1000 DL50

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

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

Control

10 189±5,31 932 [883; 977]

20 192±5,71 950 [882; 975]

30 188 [185; 190] 944 [922; 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

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).
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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

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

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-
vation

Diene conjugates nM / mg 
protein

 TBA reactants
nM / mg protein

Chiff bases
mind. units / mg lipids

1/10 DL50

10 9,09±0,88 р<0,001 0,70±0,07р=0,059 0,37 [0,28; 0,40] р=0,545

20 8,12±0,88 р<0,001 0,91±0,08 р=0,001 0,33 [0,20; 0,47]p=0,290

30 7,64±0,60 р<0,001 1,04±0,12 р=0,001 1,08 [0,90; 1,15] р<0,001

50 6,9 [6,2; 7,8] р<0,001 1,45±0,15 р<0,001 1,53±0,16 р<0,001

60 6,2 [5,9; 7,2] р<0,001 1,76±0,16 р<0,001 1,83 [1,50; 1,91] р<0,001

1/100 
DL50

10  7,65 [6,94 8,5] р=0,001 0,66 [0,60; 0,70] p=0,199 0,29±0,07 р=0,791

20 8,75 [8,54 9,8] р<0,001 0,89 [0,75; 0,94] р=0,019 0,24 [0,20; 0,33] р=0,821

30 7,35 [6,64 8,0] р<0,001 1,28±0,11р=0,002 0,79±0,15 р<0,001

50 6,8 [6,0; 7,2] р<0,001 1,38±0,04 р<0,001 0,90±0,12 р<0,001

60 6,30±0,72 р=0,002 1,49±0,12 р<0,001 0,97±0,09 р<0,001

Control

10 2,49±0,54  0,58 [0,52; 0,69] 0,33 [0,19; 0,50]

20 2,5 [2,3; 2,8] 0,72±0,13 0,29±0,15

30 2,9 [2,5; 3,2] 0,75 [0,59; 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
note: p is the level of statistical significance of significance in relation to control
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Fig. 4. Dynamics of changes in the content of diene conju-
gates in rat liver after administration of sodium fluoride at a 
dose of 1/10 і 1/100 DL50

Fig. 5. Dynamics of changes in the content of TBA-reactants 
in the liver of rats after administration of sodium fluoride at 
doses of 1/10 and 1/100 DL50

Fig. 6. Dynamics of changes in the content of cipher bases in rat liver 
after administration of sodium fluoride at a dose of 1/10 і 1/100 DL50

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) 

Dose Day of observation
Cytochrome P-450,

nM / mg protein
 Cytochrome b5,
nM / mg protein

1/10 DL50

10 1,25 [1,18; 1,34] р<0,001 0,93 [0,88; 1,05] р<0,001
20 1,69±0,09 р<0,001 1,31±0,07 р<0,001
30 1,32[1,22;1,37] р<0,001 1,21 [1,15; 1,28] р=0,002
50 0,48±0,16 р<0,001 1,02 [0,85; 1,10]р=0,001
60 0,40 [0,37; 0,45] р<0,001 0,38 [0,22; 0,49]р<0,001

1/100 DL50

10 1,15±0,07 р=0,004 0,83±0,14 p<0,001
20 1,36±0,06 р<0,001 1,21±0,07 р<0,001
30 1,29±0,06 р<0,001 1,36±0,06 р<0,001
50 1,09 [1,03; 1,11] р=0,011 1,09 [1,08; 1,19] р<0,001
60 0,54±0,13 р=0,001 0,43 [0,37; 0,52] р<0,001

Control

10 0,88±0,21  0,59 [0,57; 0,60]
20 0,96 [0,88; 1,12] 0,63 [0,57; 0,68]
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

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

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

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, 
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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.

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

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 

1Kolisnyk I., 2Voloshin O., 2Savchenko I., 2Yanchevskyi O., 
2Rashidi B.

1Kharkiv Medical Academy of Postgraduate Education; 2The 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 c 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.

РЕЗЮМЕ

ФЕРМЕНТАТИВНАЯ АКТИВНОСТЬ МИКРОСОМ, 
ПЕРЕКИСНОГО ОКИСЛЕНИЯ ЛИПИДОВ ГЕПАТО-
ЦИТОВ КРЫС ПОД ДЕЙСТВИЕМ ФТОРИДА НАТРИЯ

1Колесник И.Л., 2Волошин А.Н., 2Савченко И.И., 
2Янчевский А.В., 2Рашиди Б.Р.

1Харьковская медицинская академия последипломного об-
разования; 2ГУ «Луганский государственный медицинский 
университет», Рубежное, Украина

Фтор является одним из значимых для организма живот-
ных и человека микроэлементов, который необходим в чет-

ко лимитированном количестве. Различные концентрации 
фтора могут влиять на состояние перекисного окисления 
липидов и функциональное состояние микросом гепатоци-
тов печени. 

Исследования проведены на половозрелых крысах линии 
Wistar массой 180-220 г. Животных через зонд затравливали 
водным раствором фторида натрия, раз в сутки в течение 
60 дней в дозах 1/10, 1/100 и 1/1000 ДЛ50, что составило 
20 мг/кг, 2 мг/кг и 0,2 мг/кг массы. Крысы контрольной 
группы (n=10) получали питьевую воду. Крысы в зависи-
мости от дозы фторида натрия разделены на группы, по 10 
животных в каждой, оценка показателей проводилась на 10, 
20, 30, 50 и 60 сутки. Подтверждение индуцирования фто-
ридом натрия свободнорадикальных процессов выполня-
лось при помощи хемилюминесцентной реакции сыворотки 
крови, количество диеновых коньюгат в гомогенатах ткани 
печени крыс оценивали спектрофотометрически, а содержа-
ние ТБК-реактантов - реакцией малонового диальдегида и 
тиобарбитуровой кислоты (ТБК). Уровень шифовых осно-
ваний определяли спектрофлюорометрией, субклеточные 
фракции печени выделялись методом дифференцирован-
ного центрифугирования. Установлено повышение уровня 
показателя в дозе 1/10 и 1/100 ДЛ50 интенсивности леми-
люминесценции на 30 сутки и его снижение на 60 сутки; 
повышение активности Н�Д(Ф) Н-цитохром редуктазы в 
микросомальной фракции печени вначале исследования и 
постепенное снижение на 50 и 60 сутки при использовании 
обеих дозировок. Подобная динамика прослеживалась от-
носительно Н�ДН-цитохром редуктазы. Что касается ди-
еновых коньюгат, ТБК-реактантов и шифовых оснований 
наблюдалась тенденция к их увеличению на всех сроках 
эксперимента. Показатели цитохрома Р-450, цитохрома b5 
были повышены до 30 суток и постепенно снижались к 
60 суткам. Длительное введение фторида натрия способно 
вызывать образование токсических продуктов и снижение 
активности ферментов микросомальной мембраны гепато-
цитов.

reziume 

mikrosomebis fermentuli aqtivobis da lipi-
debis zeJanguri Jangvis mdgomareoba virTagvebis 
hepatocitebSi natriumis fToridis moqmedebis 
pirobebSi

1i. kolesniki, 2a. voloSini, 2i. savCenko, 
2a. ianCevski, 2b. raSidi

1xarkovis diplomisSemdgomi ganaTlebis samedi-
cino akademia; 2luganskis saxelmwifo samedici-
no universiteti, rubeJnoe, ukraina

fTori adamianisa da cxovelis organizmisaT-
vis warmoadgens erT-erT mniSvnelovan mikro-
elements, romelic mkacrad limitirebuli 
odenobiTaa aucilebeli. fToris sxvadasxva kon-
centraciam SesaZloa imoqmedos lipidebis ze-
Janguri Jangvis mdgomareobasa da mikrosomebis 
funqciur mdgomareobaze virTagvebis hepato-
citebSi.
kvleva Catarda Wistar-is xazis, 180-200 gr masis 

zrdasrul virTagvebze. cxovelebSi zondiT Sei-
yvaneboda natriumis fToridis wyalxsnari, dReSi 
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erTxel 60 dRis ganmavlobaSi dozebiT 1/10, 1/100 
da 1/1000 dl

50
, rac Seadgenda 20 mg/kg, 2 mg/kg da 

0,2 mg/kg masaze. sakontrolo jgufis virTagvebi 
(n=10) iRebdnen sasmel wyals. virTagvebi, natriu-
mis fToridis dozis mixedviT, daiyo jguifebad, 
TiToeulSi – 10 cxoveli; maCveneblebis Sefaseba 
xorcieldeboda me-10, me-20, 30-e, 50-e da me-60 DdRes. 
Tavisufalradikaluri procesebis inducireba 
natriumis fToridiT dasturdeboda sisxlis 
Sratis qemiluminescenturi reaqciiT, dienuri 
koniugatebis raodenoba RviZlis qsovilis homo-
genatebSi Sefasda speqtrofotometrulad, xolo 
TiobarbituratmJavas reaqtantebisa - malonuri 
dialdehidis da TiobarbituratmJavas reaqciiT.
dadgenilia maCveneblis momateba dozis 1/10 da 

1/100 dl
50
 SemTxvevaSi luminescenciis intensivo-

bis 30-e dRes da misi Semcireba me-60 dRes, NAD(P)-is 
Н-cotoqromis da reduqtazas momateba RviZlis 
mikrosomul fraqciaSi kvlevis dasawyisSi da 
TandaTanobTi Semcireba 50-e da me-60 dRes orive 
dozis gamoyenebis SemTxvevaSi. Tiobarbiturat-
mJavas reaqtantebis dienuri koniugatebis Sem-
TxvevaSi eqsperimentis yvela vadaze aRiniSna 
matebis tendencia. citoqrom-Р-450 da citoqrom-
b5 momatebuli iyo 30-e dRemde da Semdeg Tan-
daTanobiT mcirdeboda 60-e dRemde. natriumis 
fToridis xangrZlivma Seyvanam SesaZloa gamoiw-
vios toqsikuri produqtebis warmoqmna da hepa-
tocitebis mikrosomuli membranis fermentuli 
aqtivobis Semcireba.

A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL DETECTION 
OF OPISTHORCHIS FELINEUS AND METORCHIS BILIS

1Smagulova A., 2Katokhin A., 3Mambetpayeva B., 3Kulmaganbetova N., 1Kiyan V.

1Research Platform of Agricultural Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; 
2Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia; 

3Astana Medical University, Nur-Sultan, Kazakhstan

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, 

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 ddH2O and stored at – 70°C.

Standard PCR. Fragments of co1 gene were amplified using 
primer pair (OpiOpe2-co1F 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. 


