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Summary. The pathogenesis of fluoride intoxication at
the molecular, cellular and functional levels has not been
sufficiently studied. There are very few modern data on
these issues, so they are contradictory, since the effects
of this trace element are multifaceted and cannot be
characterized unambiguously.

The aim of the study — to learn the state of the
monooxygenase system of rat hepatocytes under conditions
of the formation of fluoride intoxication.

Materials and Methods. In the experiment, we used
30 sexually mature rats (N=30) of the Wistar population
weighing 200-210 g for 1.5 months. Sodium fluoride solution
was administered orally at doses of 1/10 DL50, which was
20 mg/kg of animal body weight.

Results. The results of experiments on the study of
oxygen consumption by rat liver microsomes under fluoride
intoxication indicated that the rate of endogenous respiration
of microsomes, the rate of NADPH oxidation, the rate of
NADH oxidation in the presence of EDTA, and the rate of
lipid peroxidation increase under the influence of fluorides.
Sodium fluoride stimulated an increase in all parameters of
microsomal oxidation, except for cytochrome b5. It should
be assumed that in this case there is an increase in the
generation of reactive oxygen species, free radicals, which
stimulate the development of free radical processes in the
body and are, most likely, the leading link in oxidative stress.

Conclusions. These changes indicate a violation
of the bioenergetics of hepatocytes associated with the
mitochondrial apparatus and the development of hypoxic
processes, which lead to a decrease in the activity of redox
reactions occurring at the level of intracellular membranes
and organelles.

Key words: sodium fluoride; microsomes; intoxication;
liver; peroxidation; monooxygenase system.

INTRODUCTION

The medical and biological problem of the effect
of fluoride on biosystems remains open, because
the limited scientific basis of fluoride intoxication at
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AKTUBHICTb CUCTEMU MIKPOCOMaJ/IbHOTO OKUCHEHHA B
neviHui wypiB nig BnAnBom pTopray HaTpilo

I. FO. BarmyT, I. /1. KonicHuk

Xapkiscbka Meodu4yHa akaoemis ric/110un/1I0MHoI ocsimu

Pestome. [NamozeHe3 hmopudHoi iHmOoKcukayii Ha Mo-
JIEKY/IAPHOMY, K/IMUHHOMY ma @OYyHKYIOHA/IbHOMY PIBHSIX
HedocmamHb0o Bus4eHul. Cy4yacHux 0aHux 3 yux numaHb
dyxe Masio, moMy BOHU Cyrepeysiusi, OCKI/IbkU ethekmu
yb020 MikpoesieMeHma 6azamoepaHHi U He MOoxymb 6ymu
00HO3Ha4YHO OXapakmepu30B8aHi.

MeTa gocnifKeHHs — BUB4YUMU CMaH MOHOOKCU2eHa3-

HOI' cucmemu 2ernamoyumis wWypis 8 ymosax iHmokcukayji

¢hmopudom Hampito.

Marepianu i metogu. B ekcriepumeHmi Mu BUKOpUC-
mosysasiu 30 cmameso3spinux wypis (n=30) nonynayji Bi-
cmap macor 200-210 e npomszom 1,5 micsys. Po34yuH
hmopudy Hampito 8B800U/U MepopasibHO y do3ax 1/10
DL50, wjo cmaHosusio 20 ma/k2 Macu misia maapuHu.

Pesynbratu. Pesy/ibimamu ekcriepuMeHmis 3 00C/IiOKeH-
HS1 CrIOXUBaHHST KUCHIO MiKpocoMaMu MeYiHKu wypis npu gpmo-
PUOHIU IHMOKCUKayjii csioyu/Iu, wo WBUOKICMb eHO02eHHO20
ouxaHHs1 MIKpPOCOM, WBUOKOCMI OKUCHeHHs1 HA®H, wsuod-
Kocmi okucHeHHs1 HALH nipu HasisHocmi EATA, wsuokocmi
MEPOKCUOHO20 OKUCHEHHS /1inidis 3pocmaroms 10 Br1/IUBOM
mopudis. dmopud Hampito cMuMy/ioBas 36i/IbWEHHST YCiX
rapamempis MiKPOCOMa/IbHO20 OKUCHEHHS, KPiM LYUIMOXpomy
b5. HeobxioHO BBaxamu, Wo rnpu YyboMy Mae Micye rocusieH-
Hs1 2eHepayil akmusHUX GhOPM KUCHIO, Bi/IbHUX paodukasis, siki
CMUMY/IIOIOMb  PO3BUMOK B8 OpP2aHi3Mi  BI/IbHOPAOUKa/TbHUX
MPOYeECIB i € NPOBIOHOIO /IAHKOK OKCUOAmUBHO20 CIMpeCy.

BucHoBKuW. 3miHU csid4amb Mpo nopyweHHs1 bioeHep-
2emuku 2ernamoyumis, ros’si3aHo20 i3 MIMOXOHOpIa/IbHUM
arnapamom i po38UMKOM 2irOKCUYHUX MPoyecis, siki Be0ymb
00 3HUXXEHHST akmuBHOCMI OKUCHO-BIOHOBHUX peakyill, uo
nepebizatoms Ha PiBHI BHYMPIWHLOK/IIMUHHUX MeMépaH i
opaaHer.

KntouoBi cnosa: dptopug HaTpito; MiKPOCOMMU; IHTOKCUKA-
Lis; nediHka; NepoKcuAHe OKUCHEHHS, MOHOOKCUreHasHa
cucTema.

the molecular, cellular and functional levels with the
definition of the pathophysiological mechanisms of
intoxication under prolonged exposure to low doses
of sodium fluoride [1]. Sodium fluoride has industrial
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synthesis and widespread use in the economic and in-
dustrial activities of society. Modern data on these is-
sues are contradictory, however, the effects of sodium
fluoride are multifaceted and require careful study of
the effect of the chemical on the body. In conditions of
exposure to negative factors of the environment and
work environment to assess its reserve capabilities,
the degree of resistance to adverse effects, the most
appropriate methods for studying the modifying effect
of chemical pollutants at the level of the microsomal
oxidase system with a parallel study of a possible ad-
verse effect at the level of membrane-structured en-
zymes [2].

The liver, lungs, skin, kidneys, spleen, adrenal
glands, cells of the immune system and other organs
are involved in the biotransformation of xenobiotics
in the body. [3] However, the main enzyme systems
involved in the transformation of xenobiotics are lo-
calized in hepatocytes, where, as a result of redox
reactions and conjugation reactions, the chemical is
modified and eliminated by excretory systems. These
enzyme systems are localized in mitochondria, micro-
somes, or hyaloplasm. The detoxification of chemi-
cal compounds can proceed by the type of chemical
oxidation, reduction, hydrolytic transformation, or by
conjugation. The main laboratory carrying out these
processes is the endoplasmic reticulum of liver cells,
the microsomes of which contain a significant amount
of ribonucleic acids, phospholipids and proteins [4].
However, in the existing scientific literature data on
microsomal oxidation under conditions of long-term
intake of fluorine compounds into the body have not
been fully reflected. [5] The question of the bioge-
nic effect of fluoride on the body remains open. The
pathogenesis of fluoride intoxication at the molecular,
cellular and functional levels has not been sufficiently
studied. There are very few modern data on these is-
sues, so they are contradictory, since the effects of
this trace element are multifaceted and cannot be
characterized unambiguously. [6]

The aim of the study was to learn the state of
the monooxygenase system of rat hepatocytes under
conditions of the formation of fluoride intoxication.

MATERIALS AND METHODS

The work was carried out in accordance with the
plan of scientific research of the Kharkiv Medical Acade-
my of Postgraduate Education of the Ministry of Health
of Ukraine and is a fragment of the research work of the
Department of Clinical Pathophysiology, Topographic
Anatomy and Operative Surgery "Pathophysiological
mechanisms of action of radiotoxins on the body and
the principles of early diagnosis and correction" (state
registration number 0117U000589, 2017—2021).

In the experiment, we used 30 sexually mature
rats (N=30) of the Wistar population weighing 200—
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210 g for 1.5 months. Sodium fluoride solution was
administered orally at doses of 1/10 DL50, which was
20 mg/kg of animal body weight. After the end of the
experiment, the animals were decapitated with sub-
sequent isolation of the liver, which was washed with
saline and homogenized. When working with animals,
we were guided by the requirements of the "European
Convention for the Protection of Vertebrate Animals
used in Experiments and Other Scientific Purposes”
(Strasbourg, 1986), Law of Ukraine No. 3447-IV of
February 21, 2006 "On the Protection of Animals from
Cruelty." Homogenates were prepared in 100 Mm
Tris-HCI buffer, pH = 7.4.

The state of microsomal oxidation was assessed
by respiratory and enzymatic activity, the content of
cytochromes P-450 and b5. Microsomes of the en-
doplasmic reticulum of hepatocytes were isolated
by the method of Komoth S. A., Narayan K. A. The
protein content in the suspension was determined by
the modified Lowry method. Oxygen consumption by
the suspension of microsomes was recorded using a
closed platinum oxygen Clarke electrode on a PA-3
polarograph. Measurements of NADPH-cytochrome
C-reductase and NADP-cytochrome C-reductase
activity were recorded on a two-beam spectropho-
tometer "Specord" at a wavelength of A = 550 nm by
the method of Emster L. et al. The determination of
cytochromes P-450 and b5 was carried out in a sus-
pension of hepatocyte microsomes according to the
method of Omura T., Sato R. In this case, the mea-
surement of cytochromes b5 was based on determin-
ing the difference in the absorption of oxidized and
reduced the established forms of hemoprotein, and
cytochrome P-450 — by measuring the absorption of
the complex, reduced cytochrome P-450 with carbon
monoxide. The content of cytochromes was deter-
mined using an SF-46 spectrophotometer.

To determine the rate of the oxidized demethyl-
ation reaction, the microsomal suspension was added
to the incubation medium, initiating it by adding
NADPH. The reaction was terminated with TCA acid,
treated with alkali, the protein was precipitated by
centrifugation, and the presence of p-nitrophenol was
determined spectrophotometrically at a wavelength
of A = 436 nm on an SF-46 spectrophotometer. The
resulting digital material was processed by statistical
methods.

RESULTS

The study of the activity of O-demethylase,
NADPH-cytochrome C-reductase and NADH-cyto-
chrome C-reductase showed that with fluoride intoxi-
cation there is a significant increase in these para-
meters (Table 1).

The results of experiments on the study of
oxygen consumption by rat liver microsomes under
fluoride intoxication (Table 2) indicated that the rate
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Table 1. O-demethylase activity (hmol P-nitrophenol/min/mg protein) and NADH-NADPH-cytochrome C-reductase (nmol

cytochrome C/min/mg protein) liver microsome activity

Groups of animals, number (M + m)

Indicators Control Fluoride intoxication at doses of 1/10
DL50
n=14 n=13
O-demethylase 6.80+0.64 14.5+1.21
P<0.05
NADPH cytochrome C reductase 190.8+21.60 270.20+40.61
P<0.05
NADH cytochrome C reductase 940.6+35.8 1480.7+90.21
P<0.05

Table 2. Oxygen consumption by rat liver microsomes during fluoride intoxication (nmol O,)

Groups of animals, number (M £ n)

Indicators Control Fluoride intoxication at doses of 1/10
DL50
n=14 n=14
Endogenous rate 1,50+0,27 3.25+0.271
respiration of microsomes P<0.05
Oxidation rate of NADPH 3.20+0.41 6.80+0.431
P<0.05
Oxidation rate 2.80+0.36 7.40+0.351
NADPH in the presence of EDTA P<0.05
Peroxide rate 0.44+0.12 3.10+0.181
lipid oxidation P<0.05

of endogenous respiration of microsomes, the rate of
NADPH oxidation, the rate of NADH oxidation in the
presence of EDTA, and the rate of lipid peroxidation
increase under the influence of fluorides. Moreover, the
latter have a more significant impact on all indicators.
Attention is drawn to a significant acceleration of lipid
peroxidation in comparison with the control by 7.0
times (fluoride intoxication).

The results of experiments on the study of the
content of cytochrome monooxygenase system
showed no differences with the control of the content
of cytochrome bs in fluoride intoxication. There was a
noticeable 1.95-fold increase in the concentration of
cytochrome P-450 compared to the control. It should
be noted that in this case, the presence of a specific
effect of fluorides can be assumed.
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CONCLUSIONS

Thus, the studies performed indicate that during
these changes induced by fluorides, most parameters
of microsomal oxidation increased quantitatively. So-
dium fluoride at doses of 1/10 DL50 stimulated an
increase in all parameters of microsomal oxidation,
except for cytochrome b5. It should be assumed that
in this case there is an increase in the generation of
reactive oxygen species, free radicals, which stimu-
late the development of free radical processes in the
body and are, most likely, the leading link in oxidative
stress [7, 8]. Attention is also drawn to the fact of the
specific effect of fluorides on long-term indicators of
microsomal oxidation. These changes indicate a vio-
lation of the bioenergetics of hepatocytes associated
with the mitochondrial apparatus and the develop-
ment of hypoxic processes, which lead to a decrease
in the activity of redox reactions occurring at the level
of intracellular membranes and organelles [9].
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