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We studied the effect of small doses of sub-toxic sodium fluoride on the activity of microsomal hepatocytes in 40 Wistar
rats populations in the subacute experiment. Analysis of results suggests the disruption of reductase activity of hepato-
cyte microsomes in experimental animals subjected to seeding with aqueous solutions of sodium fluoride at doses of
1/10 and 1/100 LDs,, and as a result, the functioning of the electron-transport systems. Detected changes, especially on
the 60th and in some cases also on the 50th day of oral administration of sodium fluoride, were associated with the re-
structuring of lipid environment of microsomal reductases as a result of formation of a significant amount of reactive ox-
ygen species (ROS). The observed decrease in the overall pool of cytochrome P-450 on the 50th and especially on the
60th day of administration of sodium fluoride can be observed as an indicator of its inactivation process. The effect of
inhibition of cytochrome P-450 in conditions of prolonged exposure to sodium fluoride is a rather significant fact in terms
of structural integration membranes. The level of cytochrome b5 was characterized by an opposite change — an increase
by 50% on the 50th day and a decrease by 47% on the 60th day of FS action. Increased activity of NAD (P) H-
cytochrome-c-reductase in rats with administered sodium fluoride for one month can be considered on the one hand as
a protective compensatory response, and on the other — as the cause of a more rapid flow of electrons from the reduced
form of NAD (P) H in cytochrome P-450 and b5 and significant formation of ROS.

Keywords: active liver microsomes of hepatocytes, NAD (P) H-cytochrome-c-reductase, cytochrome P-450 and b5, so-
dium fluoride.

Ha 40 wypax nonyasuii Bictap A0CifXeHO B MiArocTpoMy A0C/igl Aito Maamx CyOTOKCMYHUX 03 QTopuAy HaTpito Ha ak-
TUBHICTb MIKPOCOM renatounTiB. AHasI3 OAEPKaHUX pe3ysibTaTiB [O3BOJISIE CTBEPMKYBATY PO MOPYLUEHHS PEAYKTa3HOI
aKTUBHOCTI MIKDOCOM renaToumTiB EKCrIEPUMEHTA/IbHUX TBapWUH, MIABEPHEHUX 3aTpasLi BOAHUMU pO34uHamu @topuay
Hatpito y go3ax 1/10 i 1/100 LDsy, i, K Hac/igoK, @yHKLIOHYBaHHS €/IEKTPOH-TPaHCIOPTHUX CUCTEM. BusiiaeHi 3mity,
0Co6/1MBO Ha 60-Ty Ta y Aeskux Bunagkax v Ha 50-Ty o6y nepopasibHoro BBEAEHHS (pTopuay HATpito, rnoB’a3aHi 3 rne-
PEBYAOBOIO JIiMIAHOrO OTOHYEHHST MIKPOCOMA/IbHUX PEAYKTA3 BHAC/IAOK MOX/IMBOIO, yTBOPEHHS 3HaYHOI Ki/IbKOCTi aKTyB-
Hux ¢popm kucHro (APK). BusiB/IEHE 3HMKEHHS 3arasibHoro rysiy yutoxpomy P-450 Ha 50-Ty Ta ocobnmso Ha 60-Ty 4oby
BBEAEHHSI YTOPUAY HATPIIO MOXHA PO3ITISAATH SK MOKA3HUK MPOLECY Moro iHakTuaLii. BusBreHd epexT iHribyBaHHS
yutoxpomy P-450 3a yMoB TpuBasioi Aii oTopuay HaTpito € AOCUTL CyTTEBUM (PaKTOM 3 TOYKY 30py CTPYKTYPHOI iHTerpaii
MembpaH. [1n4 piBHs unmToxpomy b5 bynia xapakTepHa pi3HOCNpSMOBaHa AnHaMika 3MiH — rigsviyeHHs Ha 50 % Ha 50-Ty
406y i 3HwKeHHS1 Ha 47 % Ha 60-Ty 4006y gii ®H. lNigsuwerHHs aktusHocTi HAZ(®) H-umTtoxpom ¢ peaykTasu y Lypis pu
BBEAEHHI (pTOPUAY HATPItO MPOTArOM MICALSI MOXHAE PO3r/194aTH 3 O4HOro GOKY SIK 3aXVUCHO-KOMIEHCAaTOPHY Peakuito, a 3
HLLIOrO — 8K rpnyYnHY GifIbLL LIBUAKOIO MOTOKY €/IEKTPOHIB BiA BiaHoBeHNX ¢opm HAL(®)H Ha uutoxpomm P-450 i b5 ta
CYTTEBOro yTBopeHHs ADK.

Knto4yoBi cnoBa: akTMBHICTb MiKpOCOM renaTouuTiB neviHku, aktueHocTi HAL(®) H-untoxpom ¢ peaykTasu, piBeHb
uutoxpomis P-450 i b5, wypu nonynauii Bictap, dtopua HaTtpito.

Introduction mation, formation of dentin, enamel, preventing the de-

Fluoride is an essential trace mineral for living organ- velopment of senile osteoporosis. Fluoride is involved in
isms, but obviously in limited quantities. The main biolog- many biochemical processes as enzyme activator and
ical role of fluoride and its compounds are bone for- inhibitor. In addition, high concentrations of fluoride
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stimulate lipid peroxidation and inhibit antioxidant de-
fense system. It belongs to the elements of the first class
of danger — especially hazardous chemicals. Prolonged
excessive intake of fluoride compounds can cause the
pathological condition of fluorosis. Despite the significant
content of fluoride in different tissues of the human body,
its physiological role so far has not been clarified. Exces-
sive fluoride in drinking water and food causes the de-
struction of tooth enamel, inhibits carbohydrate, phospho-
rous-calcium metabolism, the activity of certain enzymes.
As an inhibitor of many enzymes, fluoride can inhibit the
synthesis of intracellular processes that weaken the
body's immune protection and physiological processes
can accelerate aging.

The purpose of this study is the examination of enzy-
matic activity of microsomes of hepatocytes during chron-
ic fluoride intoxication.

Materials and methods

Studies were conducted on mature rats of Wistar line
weighing 180-220 g, which were kept in hospital vivari-
um. Rats were subjected to oral subjected seeding
(n=30) using a probe aqueous solutions of sodium fluo-
ride (FS) once daily for 60 days at doses of 1/10, 1/100
and 1/1000 LDsp, which was under 20 mg/kg, 2 mg/kg
and 0.2 mg/kg body weight (FS average lethal dose for
rats received orally, is 200 mg / kg). The animals in the
control group were injected with appropriate amounts of
drinking water (n=10). Research registered indices on the
10th, 20th, 30th, 50th and 60 days after the beginning of
the experiment. Each group included 10 animals (N=40).
Rats were euthanized by decapitation with guillotine
knife, pre-anesthetic with thiopental sodium 50 mg/kg.
Subcellular fractions of rat liver were isolated by differen-
tial centrifugation. To separate the microsomal fraction,
18.000 g of supernatant were centrifuged for an hour,
thus resulting precipitate was washed and suspended
among the selection (protein in the microsomal suspen-
sion was 15-20 mg/ml).

The activity of NAD (P) H-cytochrome-c-reductase in
the microsomal suspensions of rat liver was assessed in
the presence of electron acceptor cytochrome-c, deter-
mining the change in absorption of electron acceptor in
the transition from the oxidized form on the spectropho-
tometer «Specord UV VIS» at 30°S and wavelength 550
nm [1]. The enzyme activity was calculated using the mo-
lar extinction coefficient of cytochrome-c, equal to
18.5:103 cm-1M-1. The content of cytochrome P-450 in
rat liver microsomal suspension was determined by spec-
trophotometer absorption values of the reduced form of
the complex with carbon monoxide at 450 nm [1].

Results and discussion

The constancy of internal environment under physio-
logical conditions is supported primarily by detoxification
and excretion — the liver and kidneys, and vital functions
are implemented through specific biochemical relation-
ships under the control of central nervous system. In
case of exposure to foreign chemicals, when homeostatic
organs fail to ensure their detoxification and elimination,
normal cytotoxic effects and apathy of the body develop.
The main organ that is exposed to foreign chemicals is
the liver [2, 3]. The study of pathochemical mechanisms
of sodium fluoride (FS) is considered appropriate to begin
assessing the structural and metabolic status of the body.
Enzymatic rat liver microsomes condition was initially
evaluated in terms of the activity of NAD (P) H-
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cytochrome-c-reductase in the dynamics of observation
(the 10th, 20th, 30th, 50th, and 60th days) with adminis-
tered FS to rats at doses of 1/10, 1/100 and 1/1000 LDso.

The results showed that on the 10th and 20th day of
oral dose of FS at 1/10 LDso there was statistically signifi-
cant (r<0.002) gradual increase in activity of NADPH-
cytochrome-c-reductase, when compared to the controls,
by 24 and 36% respectively. On the 30th day of observa-
tion, we detected a tendency to decrease in enzyme ac-
tivity as compared with the previous values, but relatively
to the control activity it remained significantly (p<0.001)
increased by 29%. Since this time, the experiment re-
vealed a statistically significant (p<0.001) reduction when
compared with the control group of animals in the activity
of NADPH-cytochrome-c-reductase by 20 and 30% re-
spectively on the 50th and 60th day of FS action at a
dose of 1/10 LDsq.

FS oral administration at a dose 1/100 LDso caused
significant (r<0.004), as when compared to control, in-
creases in microsomal fraction of rat hepatocytes activity
of NADPH-cytochrome-c-reductase by 6, 26 and 32%,
respectively on the 10th, 20th and 30th day of the exper-
iment. On the 50th day, there was a tendency to a signifi-
cant reduction in enzyme activity (average 40%) as rela-
tive to the value on the 30th day, but as compared with
controls there was a slight but statistically significant
(p<0.001) increase rate by 19%. On the 60th day of ac-
tion FS at 1/100 LDso dose, it was accompanied a de-
creased activity of NADPH-cytochrome-c-reductase by
20% in comparison with the control group of animals.

The impact of UNFPA in 1/1000 LDso dose did not
cause statistically significant changes when compared
with the control effect against NADPH-cytochrome-c-
reductase on the 10th and 20th day of observation, but
on the 30th, 50th and 60th day, there was a slight, but
significant (p<0.005) increase in enzyme activity by an
average of 4-6%. Microsomes in rats hepatocytes with
FS oral administration at a dose of 1/10 LDso also led to
an increase (p<0.001) as compared with the control
group of animals in the activity of NADH-cytochrome-c-
reductase by 10, 23, 31 and 20% respectively at the
10th, 20th, 30th and 50th day of the experiment. On the
60th day, it contributed to a statistically significant
(p<0.001) decrease in enzyme activity by an average of
39%.

Action in FS 1/100 LDso dose was accompanied by a
gradual increase (r<0.038) in the activity of microsomal
NADH-cytochrome-c-reductase by 5, 11, 22 and 30%,
respectively, in the 10th, 20th, 30th and 50th day of ob-
servation. On the 60th day, the indicator decreased rela-
tively to the previous term experiment by an average of
38%, but in relation to the value of control — it remained
increased (p<0.001) by 18%. UNFPA in action 1/1000
LDso practically did not cause changes in the rat micro-
somal activity of NADH-cytochrome-c-reductase when
compared with the control group of animals; only on the
30th and 50th day there was a slight (by 4.5%), but sta-
tistically significant (p=0.013 and p=0.045) increase in
enzyme activity.

Overall analysis of the results suggests the disruption
of reductase activity microsomes of hepatocytes in exper-
imental animals at FS toxification doses 1/10 and 1/100
LDso, and as a result, the functioning of the electron-
transport systems. The detected changes, especially on
the 60th and in some cases also on the 50th day of FS
oral administration are probably associated with the re-
structuring of the lipid environment of microsomal
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reductases, and as a result, according to the literature [4]
initiating the formation of a significant amount of reactive
oxygen species (ROS). Increased activity of NAD (P) H-
cytochrome-c-reductase in rats with administered FS for
a month can be considered on one hand as a protective
compensatory response, and the other — as the cause of
a more rapid flow of electrons from the reduced form of
NAD (P) H in cytochrome P-450 and b5 and significant
formation of ROS.

In connection with dynamic changes in the general
pool of cytochrome P-450 and b5 in the microsomal frac-
tion of hepatocytes, experimental animals were injected
with doses of FS 1/10 and 1/100 LDso (dose 1/1000 LDsg
preliminary results are practically ineffective, allowing it
not to consider) within 60 days. On 10th, 20th and 30th
day of FS toxification of rats at a dose of 1/10 LDso, sta-
tistically significant (p<0.001) changes were observed
relative to controls, increase in the overall pool of cyto-
chrome P-450 respectively by 44, 74 and 23.

A similar but more pronounced dynamic change
characteristic of the general pool of cytochrome b5 under
the action of UNFPA in the doses of 60, 113 and 78% on
the 50th and 60th day of observation was the level of cy-
tochrome P-450 microsomes in rat hepatocytes when
compared with the decreased control (p<0.001), respec-
tively by 48 and 52%.

The level of cytochrome b5 in this observation period
was characterized by an opposite change — an increase
by 50% on the 50th day and a decrease by 47% on the
60th day of FS action.

Oral administration to rats in doses of FS 1/100 LDsg
contributed to a statistically significant (r<0.001) increase
in the content of cytochrome P-450 on the 50th day of the
experiment (most pronounced on the 20th day — 40%)
and cytochrome b5 and (the most pronounced on the
30th day — 112%). On the 60th day of observation in the
level of cytochrome microsomal fraction of rat hepato-
cytes under conditions in steps UNFPA 1/100 LDso dose
was significantly reduced by an average of 35-39%
(p<0.001) when compared with controls.

The observed (mostly within 30 days) increase in the
overall pool of cytochrome hepatocyte microsomes in ex-
perimental animals with administered FS can be seen as
an adaptive response. However, it should be kept in mind
that the oxidation of xenobiotics and endogenous sub-
strates in hepatocytes monooxygenase system is an es-
sential source for the formation of free radicals — lipid pe-
roxidation initiators whose products increases with the
activation system [5]. In turn, the deployment of lipid pe-
roxidation process inevitably leads to the destruction of
membrane endoplasmic reticulum [6], which may be ac-
companied by inactivation of cytochrome P-450 because
of its conversion to an inactive form — cytochrome P-420
[7-12]. With this in mind, a reduction in the overall pool of
cytochrome P-450 on the 50th and especially on the 60th
day administration FN can be seen as an indicator of its
inactivation process.

The effect of inhibition of cytochrome P-450 in condi-
tions of prolonged exposure FS is a rather significant fact
in terms of structural integration membranes. It should be
noted that the activity of microsomal enzymes, including
cytochrome P-450, essentially depends on the mem-
brane conformation and physicochemical properties of
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the lipid bilayer. Identified changes in their activity for
UNFPA action may affect the detoxification capabilities of
hepatocytes, the key role of which belongs to the cyto-
chrome P-450.

Reduction of cytochrome b5 as well, according to the
literature [8-12], is often associated with the initiation of
lipid peroxidation in microsomal membranes of hepato-
cytes as a result of cytotoxic xenobiotics.

Analysis of the results can also assume the occur-
rence of disruption in different layers microsomal mem-
branes due to inhibition of FN (especially on the 60th day
of the experiment) cytochrome P-450, localized mainly in
the hydrophobic zone, and cytochrome b5, localized in
the outer hydrophilic zone [9-12].

Conclusion. In general, long-term oral administration
of FN, especially at a dose of 1/10LD50, leads to disrup-
tion in detoxification function of microsomal membranes
in rats' hepatocytes due to the gradual suppression of
enzymes activity and reduction in biotransformation of
xenobiotics as well as endogenous substrates.
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