Tom 22, N 1-2 2018 p.

EKCNEPUMEHTAJIbHA MEOQULUVHA

© Kolisnyk I.L., Titkova A.V., RezunenkoYu.K., Boiagina O.D.
UDK 616-018+576.3

THE STRUCTURAL AND METABOLIC DISORDERS OF CELLS' MEMBRANES IN
EXPERIMENT*

Kolisnyk I.L., Titkova A.V., RezunenkoYu.K.,* Boiagina O.D.*
Kharkiv Medical Academy of Postgraduate Education (Ukraine)
*Kharkiv National Medical University (Ukraine)

The effect of small subtoxical doses of sodium fluoride on the activity of hepatocytes' microsoms on 30 Wistar rats'
populations was studied in subacute experiments. The results indicate the disorder of mitochondrial respiratory activity
of rats' hepatocytes during prolonged fluoride intoxication. Identified changes can be explained by the initiation of so-
dium fluoride free radical reactions and lipid peroxidation, whose products are the factors damaging membranes, includ-
ing mitochondrial, where localized respiratory chain. Increased activity of the mitochondrial NADH-coenzymeQ-
oxidoreductase action in the case of sodium fluoride at a dose 1/100 LDs,, can probably be seen as a defensive response
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Ha 30 wypax nonyasuii Bictap A0CifXKeHO B MiAroCTpoMy A0C/IAI Ait0 Mamx CyOTOKCMYHUX 03 QTopuAy HaTpito Ha ak-
TUBHICTb MIKpOCOM renatounTiB. OAepKaHi pe3ysibTaTi CBiAYaTh rpo ropyLEeHHS ANXallbHOI aKTUBHOCTI MITOXOHAPIV re-
naTouyunTiB LypIB rpy TPUBA/IiVi QQTOPUAHIV IHTOKCUKALYI. BUSIB/IEHI 3MiHN MOXHA MOSICHUTY IHILtOBaHHSIM (DTOPUAOM Ha-
TPIto BirlbHOpaauKaibHux peakuivi Ta MOJ1, npoayKT skux € (pakTopamu MOLIKOWKEHHS MEMOPaH, y TOMy YUC/Ti ¥ MiTO-
XOHApIanbHuX, A€ JIOKa/I30BaHu AnxasibHmA nanutor. [TiaBULLEHHSI aKTUBHOCTI MITOXOHApiasibHOI HA/H-koeH3umMQ-
OKCMAOPEAYKTa3n y BUNagaKy Aii ropuay Hatpito y A03i 1/100 LDsy, ¥iMOBIPHO, MOXHa pO3r/1SAaTV SIK 3aXUCHY PeaKLito.

Knto4yoBi cnoBa: gnxanbHa akTUBHICTb MITOXOHAPIN, LLYypW.

The study was conducted at the Department of Clinical Pathophysiology, Topographical Anatomy and Operative Surgery at Kharkiv
Medical Academy of Postgraduate Education according to the issue "Radiotoxins' pathochemical mechanisms on the body and methods
of early diagnostics and correction" 0117U000589.

Introduction

Fluoride is involved in many biochemical processes
as enzyme activator and inhibitor. It belongs to the ele-
ments of the first class of danger — especially hazardous
chemicals. Long-term excessive intake of fluoride com-
pounds in the composition of the body can cause patho-
logical state — fluorosis. In addition, high concentrations
of fluoride stimulate lipid peroxidation and inhibit antioxi-
dant defense system. The process of free radical oxida-
tion is an important component of nonspecific metabolic
component of adaptation to the effects of stress factors,
including chemical origin. Evidence of this position is con-
firmed by the nature radicals generative systems, espe-
cially electron transport chain of mitochondria and endo-
plasmic reticulum. In adaptive adjustment of the oxygen
metabolism due to stress, for example, biotransformation
of xenobiotics is usually accompanied by certain shifts in
the mode of formation of free radical intermediates [1].

The aim of the research is to study the mitochondrial
respiratory activity of hepatocytes during the chronic fluo-
ride intoxication.

Materials and methods

The studies were conducted on mature Wistar rats
weighing 180-220 line g, which were held in the hospital
vivarium. Rats were subjected to oral probe using aque-
ous solutions of sodium fluoride (FS) once daily for 60
days at doses of 1/10, 1/100 and 1/1000 LDso, which was
respectively 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 of the control group injected
with the appropriate amounts of drinking water. Research
conducted indicators 10, 20, 30, 50 and 60 days after the
start of the experiment. Each group had 10 animals.
Slaughter was performed by decapitation guillotine knife,
pre-anesthetic thiopental sodium 50 mg/kg.

Rats' liver subcellular fractions were isolated by dif-
ferential centrifugation. To separate the microsomal frac-
tion was centrifuged supernatant hour at 18.000 g, the
resulting precipitate was washed with suspended selec-
tion (protein in the microsomal suspension was 15-20
mg/ml).
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Hepatocytes' mitochondrial respiratory activity was
assessed by polarographic [2]. Functional status | and Il
of the respiratory chain complexes were determined in
the presence of specific substrates and inhibitors of the
parameters:

1) state V4 — high content in the incubation medium
substrates of complex | — 5 mM glutamate, 5 mM malate
or substrate complex Il — succinate in the absence of
ADP;

2) state V3 — similar conditions as in the case of V4,
but in the presence of 200 uM ADP (the factor that limits
the rate of reaction is exactly the respiratory chain);

3) state Vd — similar conditions as in the case of V4,
but in the presence of oxidation and phosphorylation un-
coupler 30 mM 2,4-dinitrophenol.

Mitochondria were isolated by differential centrifuga-
tion [3]: hepatic tissue homogenized in an environment
with 250 mM sucrose, 3 mm Tris-HCI buffer, 0.5 mM
EDTA (pH 7.3), homogenates were centrifuged at 700 g,
the resulting supernatant centrifuged among 250 mM su-
crose, 3 mm tris-HCI buffer (pH 7.3) at 7.000 g.

Statistical analysis of the results was carried out using
a computer application package for the processing of sta-
tistical information STATISTICA 6.1 (StatSoft, Inc., USA).

Results and discussion

A sensitive indicator of respiratory activity of cells are
mitochondria, which can vary by the action of chemical
agents [4-8]. Mitochondria are considered as energy sys-
tem cell functional activity and determined by the work
conjugated enzymes (e.qg., NADH-coenzymeQ-
oxidoreductase and succinate-coenzymeQ-
oxidoreductase) respiratory chain, providing in the proc-
ess of formation of oxidative phosphorizing macroergic
ties.

Respiratory activity of rats' hepatocytes during pro-
longed fluoride toxicity was evaluated using specific sub-
strates  and inhibitors  of  NADH-coenzymeQ-
oxidoreductase and succinate-coenzymeQ-
oxidoreductase (as | and Il of the respiratory chain com-
plexes inner mitochondrial membrane of hepatocytes).

On the 30th day oral administration of FS to experi-
mental animals in a dose of 1/10 LDsg determined signifi-
cantly (p<0.001) when compared to control speed boost
mitochondrial respiration of hepatocytes in the standings
V3 and V4 on substrates of NADH-coenzymeQ-
oxidoreductase 46 and 26% in accordance. FS action at
this time of observation was accompanied by a statisti-
cally significant (r<0.002) decrease in respiratory activity
of mitochondria in V3 and V4 states on the substrate
succinate-coenzymeQ-oxidoreductase respectively 16
and 36%. If 2,4-dinitrophenol was present, the significant
(P<0.001) dynamics of change relative to the control
group of animals were recorded only on condition Vd
succinate — a decline of 25%. On the 60th day of FS ef-
fect at a dose of 1/10 LDso characterized decrease
(p<0.001) respiratory activity of mitochondria in hepato-
cytes states V3 and V4, as the substrates of NADH-
coenzymeQ-oxidoreductase (respectively 39 and 25%),
and so the substrate  succinate-coenzymeQ-
oxidoreductase (respectively 38 and 53%). For the state
to Vd succinate remained in the term fluoride intoxication
in rats downward trend, which was more pronounced
(average 45%).

On the 30th day of action FS 1/100 LDsy dose was
determined statistically significant (p<0.001) relative to
control speed boost oxygen consumption by mitochon-

58

dria in rats' hepatocytes states V3 and V4, as the sub-
strates of NADH-coenzymeQ-oxidoreductase (by 29 and
36%), and so on substrates succinate-coenzymeQ-
oxidoreductase (respectively 27 and 32%). For state Vd
substrates for both enzymes almost virtually no changes
were found in this time of observation. On the 60th day of
action FS 1/100 LDsg dose showed significantly (r<0.001)
when compared to control increase (average 23-24%),
respiratory activity of mitochondria in V3 and V4 states
on substrates of NADH-coenzymeQ-oxidoreductase
against the background of reduction (average 18-33%)
on the substrate succinate-coenzymeQ-oxidoreductase.
Adding 2,4-dinitrophenol resulted in a statistically signifi-
cant (p<0.001) reduction 23% rate of mitochondrial respi-
ration in rats in the presence of substrate succinate-
coenzymeQ-oxidoreductase. Mitochondrial respiration in
rats' hepatocytes Vd able to glutamate and malate when
exposed in FS 1/100 LDso dose virtually unchanged and
equal to the value of control.

The results indicate disorders of mitochondrial respi-
ratory activity of rats' hepatocytes during prolonged fluo-
ride intoxication. On the 30th day of FS action in a dose
of 1/10 LDsp is expressed by decreased activity of succi-
nate-coenzymeQ-oxidoreductase, and on the 60th day
decline as NADH-coenzymeQ-oxidoreductase well and
NADH-coenzymeQ-oxidoreductase. If FS action in a
dose 1/100 LDsy abuse mitochondrial respiratory activity
occurring on the 60th day, as evidenced by decreased
activity of succinate-coenzymeQ-oxidoreductase. |denti-
fied changes can be explained by FS initiation of free
radical reactions and lipid peroxidation, products which
are factors damaging membranes, including mitochon-
drial, where localized respiratory chain. The observed
increased activity of mitochondrial NADH-coenzymeQ-
oxidoreductase action in the case of FS in a dose 1/100
LDso, can probably be seen as a defensive response.
But, according to the literature, for the actions of mito-
chondrial respiratory chain enzyme may be one-electron
reduction of oxygen to form the toxic superoxide anion
radical [5]. Under physiological conditions this reaction
occurs at a very low level through the work of mitochon-
drial antioxidant system. Perhaps with fluoride toxicity in
rats' hepatocytes disrupted electron transport at complex
| of the mitochondrial respiratory chain, which may result
in the formation of a significant amount of superoxide an-
ion radicals.

Conclusion

Analysis of the results indicates the disorder in sepa-
ration of oxidation and phosphorylation of substrates to
mitochondrial complex |l of the respiratory chain on the
60th day of the FS action in a dose of 1/10 and in a dose
1/100 LDso, the result of which can be energetic disbal-
ance.
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