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Abstract. Fluorine chemical compounds are quite common and occur in the form of calcium,
sodium, iron, aluminum and others fluoride. In turn, fluorine is highly active and is a non-metallic
element that does not lend itself to biological decomposition and is contained mainly in
groundwater, the prolonged use of which leads to the development of fluorosis. The study was
carried out on mature rats, male Wistar line, weighing from 180 to 220 g. All individuals received
oral priming using a probe with an aqueous solution of sodium fluoride daily for 60 days at doses
of 1/10, 1/100 and 1/1000 DL50, which respectively corresponded to 20 mg / kg, 2 mg / kg and 0.2
mg / kg of body weight (median lethal dose for rats was 200 mg / kg orally). The control group
received drinking water, the study was carried out on days 10, 20, 30, 50 and 60, each group
included 10 animals. The study of the phospholipid composition of hepatocytes was carried out
using the release of lipids with a mixture of chloroform-methanol at a concentration of 1: 2,
followed by evaporation in a stream of dry nitrogen. Separation of individual phospholipids. To
assess the respiratory activity of mitochondria, subcellular fractions were obtained using the
differentiated centrifugation technique. It has been established that the respiratory activity of
mitochondria is able to change significantly under the influence of chemical agents. The efficiency
of the mitochondria depends on the coordination of the enzymes NADH-coenzyme Q-
oxidoreductase and succinate-coenzyme Q-oxidoreductase, it is due to them that the processes of
oxidative phosphorylation and the formation of macroenergetic bonds are provided. The above
enzymes were exposed to specific substrates and inhibitors, they are the I and Il complexes of the
respiratory chain of the inner mitochondrial membrane of the hepatocyte. In the case of using
sodium fluoride at a dose of 1/100 DL50 per 30 bitches, an increase in easily oxidized and
difficultly oxidized phospholipid fractions is determined. On the 60th day of using this dose, the
opposite dynamics is observed, the indicators of easily oxidized fractions decrease with increased
indicators of difficult oxidized phospholipids. Analysis of the respiratory activity of mitochondria of
hepatocytes indicates a violation of the separation of the processes of oxidation and
phosphorylation on substrates of the Il complex of the mitochondrial respiratory chain on the 60th
day of sodium fluoride action both when using a dose of 1/10 and a dose of 1/100 DL50, as a result
of which an energy imbalance develops.
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Fluorine chemical compounds are quite common and occur in the form of
calcium, sodium, iron, aluminum and others fluoride. In turn, fluorine has a high
activity and is a non-metallic element that does not lend itself to biological

degradation and is contained mainly in groundwater, long-term use of which leads to
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the development of fluorosis [1].

The study of sodium fluoride showed its effect on the structure of hepatocyte
membranes, as well as intracellular components, leads to stimulation of lipid
peroxidation, disruption of tissue respiration and the formation of toxic metabolic
products [2-5]. Subsequently, sodium fluoride and the end products of its metabolism
are excreted by the kidneys. The relevance of studying fluoride on the body is due to
its insufficiently studied biological activity. Since this substance is used as a wood
preservative, in the composition of pesticides and various substances for gluing
surfaces. Some studies have shown a decrease in the amount of protein in the liver
and serum of rats exposed to sodium fluoride [5-7].

Excessive activity of lipid peroxidation leads to destabilization of the lipid
bishar of the hepatocyte against the background of a reduced antioxidant reserve.
Toxic products resulting from the metabolism of sodium fluoride by liver cells affect
the structure and function of organelles, primarily the respiratory activity of
mitochondria [8].

Materials and methods.

The study was carried out on sexually mature male Wistar rats, weighing from
180 to 220 g. DL50, which respectively corresponded to 20 mg / kg, 2 mg / kg and
0.2 mg / kg of body weight (the median lethal dose for rats was 200 mg / kg orally).
The control animals received the appropriate amount of drinking water. The study of
the indicators was carried out on days 10, 20, 30, 50 and 60 after the beginning of the
experimental part, each group included 10 animals. The slaughter was carried out by
decapitation with a guillotine knife under anesthesia with sodium thiopental solution
at a dose of 50 mg / kg body weight.

The study of the phospholipid composition of hepatocytes was carried out using
the release of lipids with a mixture of chloroform-methanol at a concentration of 1: 2,
followed by evaporation in a stream of dry nitrogen. Separation of individual
phospholipids. The separation of phospholipids into fractions was carried out using
the technique of microlayer chromatography in a solvent system that included
hexane, diethyl ether, and acetic acid in a ratio of 73: 25: 2 [9]. Phospholipids were
identified using standard solutions and specific reactions. The quantitative content of
total and individual phospholipids in the lipid extract was estimated by the amount of
inorganic phosphorus, which was determined using the mibdenic reagent [10]. The
ratio of phospholipid fractions was calculated as a percentage of phospholipid
phospholipids of each fraction to phosphorus of lipid communities, taken as 100%.

To assess the respiratory activity of mitochondria, subcellular fractions were
obtained using the differentiated centrifugation technique. Isolation of the
microsomal fraction was carried out by centrifuging the supernatant for an hour at
18000 g, the resulting precipitate was washed and suspended in the isolation medium
(the protein content in the microsome suspension was 15-20 mg / ml). using the
polarographic method, the respiratory activity of hepatocyte mitochondria was
assessed. The functional state of complexes I and II of the respiratory chain was
determined in the presence of specific substrates and inhibitors using the parameters:
1) the state of V4 - under the condition of a high content of substrates of complex I in
the incubation medium - 5 mM glutamate, 5 mM malate or substrate II of complex -
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succinatua in the absence of ADP; 2) V3 state - similar conditions as for V4, but in
the presence of 200 uM ADP (in this case, the respiratory chain is the limiting factor
of the reaction rate); 3) Vd state - similar conditions as for the case of V4, but in the
presence of an oxidation and phosphorylation separator of 30 uM 2,4-dinitrophenol.
Mitochondria were isolated by differential centrifugation: liver tissue was
homogenized in a medium with 250 mM sucrose, 3 mM Tris-HCI buffer with 0.5
mM EDTA (pH 7.3), the homogenate was centrifuged at 700 g, the resulting
supernatant was centrifuged in a medium with 250 mM sucrose, 3 mM Tris-HCI
buffer (pH 7.3) at 7000 g.

Statistical calculations were performed using the Statistica 10 software.

Research results.

On the 30th day of oral administration of sodium fluoride at a dose of 1/10
DL50 in relation to easily oxidizable phospholipid fractions, a 36% decrease (p
<0.001) was observed in comparison with the control group in the level of
phosphatidylethanolamine (PEA), at the same time, a 22% decrease ( p = 0.059) of
the content of phosphatidylinositol (PI), the level of phosphatidylserine (PS)
increased by 7% (p = 0.762). With regard to difficultly oxidized fractions of
phospholipids, an increase of 35% (p <0.001) in the level of phosphatidylcholine
(PC) and lysophosphatidylcholine (LPC) by 92% (p <0.001) was observed against the
background of a reduced amount of sphingomyelin (SM) by 41% (p <0.001).

It has been established that the respiratory activity of mitochondria is able to
change significantly under the influence of chemical agents. The efficiency of the
mitochondria depends on the coordination of the enzymes NADH-coenzyme Q-
oxidoreductase and succinate-coenzyme Q-oxidoreductase, it is due to them that the
processes of oxidative phosphorylation and the formation of macroenergetic bonds
are provided. The above enzymes were exposed to specific substrates and inhibitors,
they are the I and II complexes of the respiratory chain of the inner mitochondrial
membrane of the hepatocyte.

Oral administration of sodium fluoride led to the fact that on the 30th day of the
experiment at a dose of 1/10 DL50, an increase in the respiration rate of mitochondria
of hepatocytes in states Vi3 and V4 to the substrates NADH-coenzyme Q-
oxidoreductase was observed by 46 and 26% (p <0.001), respectively , in comparison
with the control group. The effect of sodium fluoride led to a decrease in the
respiratory activity of mitochondria in the V; and V4 states on the substrates of
succinate-coenzyme Q-oxidoreductase by 16 and 36% (p<0.002), respectively. In the
presence of 2.4-dinitrophenol, the dynamics of changes in relation to the control
group of animals was recorded only for the state V4 on succinate, the decrease
reached 25% (p <0.001).

On day 60, the effect of sodium fluoride at a dose of 1/10 DL50 led to a
decrease in the respiratory activity of mitochondria of hepatocytes in states V3 and V4
on the substrate NADH-coenzyme Q-oxidoreductase by 39 and 25% (p <0.001),
respectively, as well as on the substrates succinate-coenzyme Q -oxidoreductase by
38 and 53% (p <0.001). For the state Vd on succinate, the tendency to decrease by
45% persisted.

On the 60th day of the action of sodium fluoride at a dose of 1/10 DL50
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observed a decrease in the hepatocytes of PEA and PI rats by 60 and 57% (p <0.001).
The FS indicator decreased by 19% (p = 0.059). Along with this, the level of LF
increased by 122% and FH by 52% (p <0.001). The SM content under the action of
sodium fluoride at a dose of 1/10 DL50 on day 60 decreased by 62% in comparison
with the control group.

Oral administration of sodium fluoride at a dose of 1/100 DL50 led to a different
change in the phospholipid composition of hepatocytes. On the 30th day, among the
easily oxidized fractions, only the PI increased by 42% (p = 0.004), while the PEA
index increased by 21% (p = 0.104). The PS content did not change during the entire
period of sodium fluoride use. For difficultly oxidized phospholipid fractions, on the
30th day of the experiment, the use of sodium fluoride at a dose of 1/100 DL50 only
showed an increase in LPC by 43% (p <0.001). The indicators of SM and PC did not
change in comparison with the control group.

On the 60th day of the action of sodium fluoride at a dose of 1/100 DL50, the
PEA and PI values decreased by 40-48% (p <0.001). The FS level did not change and
corresponded to the control group. Sodium fluoride at a dose of 1/100 DL50 led to an
increase in the amount of PC and LPC on day 60 by 26 and 47% (p <0.001) against
the background of a decrease in SM by an average of 40% (p <0.001).

On the 30th day of the action of sodium fluoride at a dose of 1/100 DL50, an
increase in the rate of oxygen consumption by mitochondria of rat hepatocytes in
states V3 and V4 was established, both on substrates of NADH-coenzyme Q-
oxidoreductase by 29 and 36% (p <0.001), and on substrates of succinate -coenzyme
Q-oxidoreductase by 27 and 32% (p <0.001). For the Vd state on the substrates of
both enzymes, practically no changes were revealed during this observation period.
On day 60, in 1/100 DL50, sodium fluoride led to an average increase of 23-34%
(p<0.001) in the respiratory activity of mitochondria in states V3 and V4 on
substrates of NADH-coenzyme Q-oxidoreductase against the background of a
decrease on average by 18-33% (p<0.001) on succinate-coenzyme Q-oxidoreductase
substrates. The addition of 2,4-dinitrophenol resulted in a 23% (p <0.001) decrease in
the respiration rate of rat hepatocyte mitochondria in the presence of succinate-
coenzyme Q-oxidoreductase substrates. The respiration rate of rat hepatocyte
mitochondria in the Vd state on glutamate and malate under the action of sodium
fluoride at a dose of 1/100 DL50 did not show significant changes and was equal to
the control group.

The results obtained indicate a decrease in the readily oxidized phospholipid
fractions of rat hepatocytes, primarily PEA and PI, against the background of an
increase in difficultly oxidized PC, LPC upon prolonged administration of sodium
fluoride at a dose of 1/10 DL50. In the case of using sodium fluoride at a dose of
1/100 DL50 per 30 bitches, an increase in easily oxidized (PEA, PI, PS) and
difficultly oxidized (LPC) phospholipid fractions is determined. On the 60th day of
using this dose, the opposite dynamics is observed, the indicators of easily oxidized
fractions (PEA, PI) decrease with increased indicators of difficultly oxidized (PC,
LPC) phospholipids. Such changes may be a consequence of the established increase
in free radical processes and lipid peroxidation during prolonged exposure to sodium
fluoride.
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A significant increase in LPC with prolonged use of sodium fluoride has a
pronounced cytolytic effect. SM is resistant to peroxidation by the phospholipid
fraction, however, the use of a dose of 1/10 DL50 of sodium fluoride led to its
gradual decrease in the hepatocyte membrane, which indicates in favor of the
chronization of the processes of free radical oxidation and lipid peroxidation.

As for the respiratory activity of mitochondria, the results obtained, the results
obtained speak in favor of its violation when using sodium fluoride. On the 30th day
of the experiment, the dose of sodium fluoride 1/10 DL50 led to a decrease in the
activity of succinate-coenzyme Q-oxidoreductase, and on the 60th day the index of
NADH-coenzyme Q-oxidoreductase and succinate-coenzyme Q-oxidoreductase
decreased. Exposure to sodium fluoride at a dose of 1/100 DL50 leads to disruption
of the respiratory activity of mitochondria on the 60th day, as evidenced by a
decrease in the activity of succinate-coenzyme Q-oxidoreductase. The revealed
changes are explained by the initiation of free radical reactions by sodium fluoride
and lipid peroxidation, the products of which are factors of damage to the membrane,
including the mitochondrial membrane, where the respiratory chain is located. An
increase in the activity of mitochondrial NADH-coenzyme Q-oxidoreductase under
the action of sodium fluoride at a dose of 1/100 DL50 is observed, which can be
interpreted as a protective reaction.

Conclusions.

Calculation of the ratio of the ratio of the sum of easily oxidizable phospholipid
fractions, which include - PS, PEA, PI to the sum of difficultly oxidized phospholipid
fractions - CM, PC, LPH under the action of sodium fluoride at a dose of 1/10 DL50
indicates its decrease on day 30 in 1, 4 and 60 days 2.3 times, which reflects the
depletion of the adaptive potential of liver hepatocytes. The use of sodium fluoride at
a dose of 1/100 DL50 led to an increase in the coefficient by 1.2 times on the 30th
day and a decrease by 1.6 times on the 60th day, which testifies to the tension of the
adaptive potential with its subsequent breakdown. Analysis of the respiratory activity
of mitochondria of hepatocytes indicates a violation of the separation of the processes
of oxidation and phosphorylation on substrates of the II complex of the mitochondrial
respiratory chain on the 60th day of sodium fluoride action both when using a dose of
1/10 and a dose of 1/100 DL50, as a result of which an energy imbalance develops.
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Annomayua. Xumuueckue coeOuHenus Gmopa 008016HO pACHPOCMPAHEHbl U 6CMPEUarOmcs
8 8uUOde (hmopuoda Kanvyus, HAaMpus, dHceie3a, alOMUHUY u opyeux. B ceorw ouepedv ¢pmop umeem
BbICOKYIO AKMUBHOCMb U Npeocmasisem coOou HeMemaiiuiecKuti dj1eMenm, KOmopbili He
noooaemcs OUOI02UYECKOM) PAZTIONCEHUIO U COOEPAHCUMCS NPEUMYULECTN8EHHO 8 2PYHMOBOL 800e,
OnumenvHoe ynompeobieHue KOmopou npusooum K pazsumuto @uiooposa. Hccredosanue Oblio
npoBedeHO HA NON0BO3penblx Kpvicax, camyax aunuu Wistar, secom om 180 0o 220 2. Bce ocoou
NOLYYANU NEPOPANbHYIO 3aMPAGKY NPU NOMOWU 30HOA BOOHBIM DACMEOPOM (PmMopuoa HaAmpus
edxceOnesHo 6 meyenue 60 cymok 6 dozax 1/10, 1/100 u 1/1000 [JI150, ymo coomeemcmeeHHO
omgeuano 20 me/xe, 2 me/ke u 0,2 me/ke maccwvl mena (cpeonenemanbras 003d 0Jis KPblC COCIMABULA
200 wme/ke nepoopanvhoco 6sedenus). Kowmponvnas epynna nonyuana numvesylo 800y,
uccredosanue npogoounu Ha 10, 20, 30, 50 u 60 cymku,xazxcoasn epynna exniouana 10 iHusommuoix.
H3yuenue ¢pocporunuonoco cocmasa cenamoyumos npogenu npu NOMOUWU 6blOeNeHUs JTUNUOO08
cmecvio X10pogopm-wemanon 6 kKonyenmpayuu 1:2 ¢ nociedylowum ucnaperuem 6 cmpye cyxo2o
azoma. Pazoenenue unousudyanvuwvix gocgorunudos. /s oyenxu OvixamenbHOU AKMUBHOCMU
MUMOXOHOPULL NOTYYUNU CYOKIEeMOUHble PPAKYUU NPU NOMOWU MEMOOUKU OUPPepeHyupo8aHnoco
yenmpughy2upoganus. YcmaHo8neHo, 4mo OblXxamenbHds aKMUSHOCHb MUMOXOHOPULl CnOCOOHA
3HAYUMENbHO USMEHAMCS No0 Oelucmeuem XUMU4ecKux azenmos. Iggexkmusnocms pabomol
MUMOXOHOpULL  3a8ucum  om  cladxceHHocmu  pabomwvl  hepmenmos  HAJ[H-xosu3umQ-
OKCUOOpeOyKmasvl U  CYKYUHAM-KOIHIUMQD-OKCUOOPEOYKMA3bl,  UMEHHO 3a  Cuem  HUX
obecneuugaromcs.  nNpoyeccvl  OKUCIUMENbHO20  ¢hocgopunuposanus  u  obpazosanue
MakposHepeemuveckux ceaseu. Ha eviweykazannvie Gepmenmsl nposooUnIOCcs 6o30elcmaue
cneyuguueckumu cyocmpamamu u uneubumopamu, umenHo ouu agnsiomea 1 u Il xomniexcamu
ObIXAMENbHOU YENOoYKU GHYMPEHHell MUMOXOHOPUANbHOU MemOpanbl 2cenamoyuma. B cayuae
ucnonvzosanus pmopuoa nampus 6 ooze 1/100 /[J150 na 30 cyku onpedensiemcs nogviuieHue 1e2KOo
OKUCTIAAEMBIX, MAK U CILOACHO OKUCTAEMbIX hocghonunuonsix ppaxyuii. Ha 60 cymku ucnonvzosanus
9MoU 0036l HAONIVOAEeMCs NPOMUBONONIONCHASL OUHAMUKA, CHUNCAIOMCSA NOKA3amenu JiecKo
OKUCTIAAEMbIX (PPAKyuti npu NOBLIUEHHBIX NOKA3AMENAX CLONCHO OKUCIAEMbIX GOochonunuoos.
Ananuz ovixamenbHOU AKMUSHOCMU MUMOXOHOPUL 2eNnamoyumos ceudemenbCcmeayen o0 HapyuleHuu
PazveOuHenus npoyeccos OoKucienus u qocgopunuposanus ua cyocmpamax Il xomniexca
MUMOXOHOPUATILHOU  OblxamenvHou yenu Ha 60 cymku Oeticmsus ¢pmopuoa Hampus Kax npu
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ucnonvzosanuu 003vt  1/10 maxk u oozwt 1/100 JIJI50, ecreocmeue ueeo passusaemcs
9Hepeemuueckull Oucoaianc.
Knrwueevie cnosa: @mopuo wnampus, eenamoyumol, Gochorunuovi, MumoxoHopuu,
OblXamenbHask AKMUSHOCMb.
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