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The mechanism of biological impact of detergents to the organisms of laboratory animals was researched. The detergents have properties of surface active agents and stimulate the reactions of free radical oxidation of lipids. This causes
to the accumulation of peroxides, hydroperoxides and free radicals, diene conjugates, malonic dialdehyde. At the same
time, propionic and acetic aldehyde, acetone, alcohols and other low-molecular-weight metabolites are formed by microsomal oxidation of the detergents. All these products are emitters of radiotoxins. The accumulation of peroxides, hydroperoxides and free radicals, malonic, acetic, propionic aldehydes, acetone, alcohol leads to depletion of the antioxidant system, i.e. the concentrations of SH - group, glutathione, vitamin C, haptoglobin, epinephrine, norepinephrine, microelements Fe2+, Cu2+, Mg2+ are reduced in the organs of the animals. The activity of catalase, peroxidase, glutathione
peroxidase, lactate dehydrogenase, monoamine oxidase, ceruloplasmin, Ca2 +, Mg2 + -ATPase is decreased in organisms
of experimental animals are treated by surface active agents for a long time. Activity of marker enzymes of cytoplasmic
membranes – Na +, K + - ATPase, adenylate cyclase is decreased by disturbance of membrane structure, quantitative
and qualitative changes of characteristics of the phospholipid layer. Radiomimetic action of the detergents such as stimulation of free radical pathology in the organism is a conceptual model of the mechanism of their biological action.
Key words: surfactants, detergents, free radical oxidation processes, radiotoxins.
The surfactants have been widely used in all sectors
of the economy as the synthetic and technical detergents. In particular, they have been demanded in light
and chemical industry, building and agriculture, ferrous
and non-ferrous metallurgy, perfumes, microbiological
and medical industry etc. A human systematic contacts
with surfactants as in manufacture as in household
[1,4,8,10,11,12,20,22]. Numerous data of literature evidence about multidimensional impact of surfactants on
the living organisms [5,8,11,12].

This review of literature describes the structural and
metabolic disorders in different organs and systems of
organs caused by surfactants. This is important for creating a concept of mechanism of biological action of the
surfactants.
The physiological and biochemical system of complicated organization provides homeostasis.
Any prepathological and pathological condition appears as a structural and functional disorganization of the
metabolic systems.
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Проблеми екології та медицини
The main role of biological membrane receptors is
known in the regulation of living processes and their are
disturted by environmental influence [17].
Toxic factors induce several changes in the
cytoskeleton which lead to the synthesis of the second
messenger and via further steps, functional cell
restructuring occurs. According to the concepts about
structure of biological membrane the membrane phospholipids are bound with lipid-dependent enzymes [6].
Disturbance of lipids peroxidation are important as a
reason of the structural and functional disorders of
biological membranes. This process leads to the membrane systems have been broken and several pathological conditions have been developed [3].
The influence of surfactants was found on lipids and
proteins structure of cell membranes. The increase of
speed of lipids peroxidation may be associated with significant elevation of concentration erythrocyte and hepatocyte membrane components such as lysophosphatidylcholine, phosphatidylethanolamine and phosphatidylcholine, which was caused detergents [6,7,8,11].
The body has effective mechanism for inactivating
and then excreting xenobiotics through biotransformation
in liver, lungs, kidneys, skin, spleen, adrenal glands etc.
However, biotransformation mainly take place in liver and
with the help of oxidation-reduction and conjugation reactions foreign substances are modified. Then they are
eliminated by excretory systems. These enzymes of biotransformation are located in mitochondria, microcosms,
endoplasmic reticulum or hyaloplasm [6].
The main biochemical laboratory is the smooth
endoplasmic reticulum of hepatocytes occurs the
detoxification
of
chemical
compounds
by
biotransformation. The smooth endoplasmic reticulum is
rich in membrane bound enzymes, which catalyze partial
reactions in the lipid metabolism as well as biotransformation [4,8].
The influence of detergents on the O-demethylase
activity of microsomes was experimentally researched.
There was observed the activation of demethylation
processes and a dose dependence of them. Activity of
cytochrome c-reductase was increased by all of detergents, so an impact was demonstrated on two microsomal electron transport chains. The speed of endogenous respiration, oxidation of NADPH, NADH was increased by xenobiotics. It has also been shown that activation of processes of demethylation in monooxygenase
system of liver microsomes and two microsomal electron
transport chains may occur under the influence of surfactants. They lead to evaluation of concentration of enzymes cytochrome P450 system, excepting cytochrome
b5. Thus, the research results indicate that surfactants
increase the speed of lipid peroxidation [7, 8, 9].
The mechanism of free radical oxidation is base of
oxidation of surfactants. During the process of oxidation
of surfactants appear a lot of toxic metabolites which
have radiomimetic properties [8,9,12].
The products of biotransformation were substances
such as acetaldehyde, ethyl ether, propionaldehyde,
dimer formaldehyde, methanol, ethyl acetate, methyl
ethyl ketone, ethanol, butyraldehyde, allyl aldehyde, crotonaldehyde, dioxane, diacetone alcohol, isopropyl alcohol [7,8,9]. In opinion of several authors A.M. Kuzin,Y.B.
Kudryashov, V.A. Kopylov these metabolites are emitters
of radiotoxins [13,14,15,16,18,19,25]. The radiomimetics
have membrane-tropic effect, mutagenic, embryotoxic
and gonadotoxic influence. They accelerate lipid peroxi-

dation, suppress humoral and cellular immunity
[8,9,10,12,13,14,18,23,27].
It should be noted, that free radical oxidation occurs
in all of the body’s tissues. The free radical oxidation is
an important part of metabolism. In addition, the low concentration peroxides and hydroperoxides are just necessary for normal living, although in fact, an increase of
concentration of them lead to pathology [2,3].
During intensification of lipid peroxidation occur the
increase in absorption of oxygen by hepatocyte mitochondria, concentration of diene conjugates and
malondialdehyde in blood serum and chemiluminescence
of urine of experimental animals. In the tissues the diene
conjugates and malondialdehyde are appeared and
accumulated by activation of free radicals. It is known
that damage of cell's membranes occur under the influence of peroxides and hydroperoxides [2,3,8,16,18].
A decrease in the amount of red blood cells and
leukocytes of experimental animals after prolonged
administration by different pathways of detergents were
discovered. According to data of researches of E.B. Burlakova the accumulation of free radicals, peroxides and
hydroperoxides lead to a significant decrease in
synthesis of DNA, RNA and protein, a mitotic activity of
bone marrow cells [8]. On the other hand, decrease of
red blood cells may be associated with destruction of
thiol-containing compounds such as cysteine, glutathione, vitamin C, haptoglobin [8,9,10].
A lot of experimental researches of the antioxidant
system showed a decrease the concentration of the
following
enzymes:
creatine
kinase,
2 +,
Mg2 + -ATPase, catalase,
phosphofructokinase, Ca
peroxidase, glutathione peroxidase, lactate dehydrogenase, glucose-6-phosphate dehydrogenase, aldolase,
cholinesterase in tissues of animals. At the same time,
activity of these enzymes were enhanced in blood
plasma.
Due to the low concentration of CO2 (Р<0,05), which
was breathed by experimental animals confirmed the
depletion of the antioxidant system and slowing the
metabolism of experimental animals. Thus, the profound
structural and metabolic restructuring is tightly linked with
a structurally functional condition of biological
membranes which damaged by products of intensive lipid
peroxidation. [8,9,11,12].
V.I. Zhukov et al. have observed that the concentration of copper, sodium, potassium, magnesium, zinc, iron
and calcium was decreased in different animal's organs
while concentration of them was increasing in the blood
serum. Therefore the detergents have a membrane damaging effect which supports the output of micro- and
macro- elements from cells to blood stream [7,8,11,12].
Neurotransmitters are actively involved in the processes of adaptation and play a significant role in the reactions of the sympathetic-adrenal and hypothalamopituitary-adrenal-cortical system. The reaction of the body
was directly changed by radiotoxins and the changes
were tightly correlated with the condition of the cytoplasmic membrane receptors, adenylate cyclase system
and the intracellular mediators. The concentrations of
dopamine, norepinephrine and serotonin were increased
in the brain, at the same time, the concentrations of
noradlenalin, serotonin and tryptophan were enhanced in
the liver of experimental animals. Assessment of the
changes showed significant activation of GABAglutamate system as protective-adaptive reaction of the
organism to the action radiomimetic agents [8,9].
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Therefore, radiotoxins are the products of biotransformation, which have a direct effect on the structure of
the plasma membrane. The results of many authors
show that the membrane is a main part of the pathogenesis of the biological action of detergents. The
profound structural restructuring occurs in the biological
membranes.
Membrane
pathology
leads
the
development of atherogenesis, cardiovascular disease,
diabetes, tumors and many other diseases.
Acknowledging the radiomimetic properties of
surfactants and the fact that detergents are widely used
in our life, it becomes necessary to develop a complex
system of anti-radical protection of the population.
The topic about radiotoxins is an integral part for researching of patho-chemical reactions are influenced by
detergents. The team of authors plans to develop and
improve new diagnostic methods of free radicals oxidation and radioprotective methods.
Implementation of the results opens up opportunities
for a fundamental interpretation of the mechanisms ecologically caused diseases, which are based on membrane
free radical pathology.

11.

12.

13.
14.
15.

16.
17.
18.

References
1.
2.

3.
4.
5.

6.
7.

8.

9.

10.

19.

Abramzon A.A. Poverchnostno-aktivnye veschestva.
Svoystva i primenenie. -L.: Chimiya, 1988. 304 s.
Vladimirov Yu.A., Olenov V.I., Gavrilov V.B. Svo-bodnye
radikaly i chemilyumineszenziya v lipidach biologicheskich
membran // Svobodnoradikal'noe okis-lenie lipidov v
norme i patologii. Moskva. - 1976. - S. 30-31.
Vladimirov Yu.A., Potapenko A.Ya. Fiziko-chimicheskie
osnovy fotobiologicheskich przessov. – Kiev.: Vischa
shkola. 1989. - 196 s.
Voloschenko O.I., Mudryy I.V. Gigienicheskoe znachenie
poverchnostno-aktivnych veschestv. — K.: Zdorov'ya,
1991. 174 s.
Voloschenko O.I., Mudryy I.V., Kuz'mina A.I., Golen-kova
L.G. Gigienicheskaya harakteristika poverchnostnoaktivnych veschestv pri kompleksnom i kombinirovan-nom
ich vozdeystvii na organizm // Vrachebnoe delo. 1988. - №
5. — S. 99-101.
Gubskiy Yu.I. Perekisnoe okislenie membrannych li-pidovi
ego regulyaziya pri chimicheskom porazhenii pe-cheni. –
Kiev: Zdorov'ya. -1989.- S. 93-113.
Dechtyar' A.V., Zhukov V.I., Evtushenko L.G. Vliyanie gruppy novych poverchnostno-aktivnych veschestv na okislitel'no-vosstanovitel'nye prozessy elych krys v eksperimente // Biologicheskoe deystvie faktorov okruzhayuschey sredy. Char'kov. - 1996. - S. 53-56.
Zhukov V.I. Mediko-biologicheskie aspekty problemy ochrany vodnych ob'ektov ot zagryazneniya poverchnostno
aktivnymi veschestvami/ Zhukov V.I., Kratenko R.I., Rezunenko Yu.K. [dr.] // Char'kov, 2000. – 397 s.
Zhukov V.І., Mіtryaєv A.B., Kratenko R.І. Dіya
іonіzuval'nogo vipromіnennya ta 12-kraun-4 na aktivnіst'
antioksidantnoї sistemi y іntensivnіst' perekisnogo okislennya lіpіdіv // Ukraїns'kiy radіologіchniy zhurnal. — 2001. —
№ 1. — S. 37-40.
Zhumabekova, B.K. Biochimicheskie pokazateli v ozenke
funkzional'nogo sostoyaniya pecheni u rabochich rezinotechnicheskogo proizvodstva /B.K. Zhumabekova, A.M.

20.

21.

22.

23.
24.
25.

26.
27.
28.
29.

Baymanova, A.M. Rachmetova //Medizina truda i promekologiya.- 2005.-№2.-S.24-28.
Zayzeva O.V. Vliyanie makroziklicheskich efirov i prostych
poliefirov na fond mikroelementov v orga-nizme belych
krys // Eksperimental'naya i klinicheskaya medizina. 2000.
- № 2. - S. 43-46.
Zolotarevskaya L.A., Zhukov V.I., Zovskiy V.N. Biologicheskaya aktivnost' detergentov v svyazi s problemoy ochrany vodnych ekosistem. Char'kov: RIP Original, 1998.174 s.
Kudryashov, Yu.B. Osnovy radiazionnoy biofiziki / Yu.B.
Kudryashov, B.S. Berenfel'd. M.: Izd-vo MGU, 1982. 302 s.
Kuzin, A.M. Radiotoksiny / A.M. Kuzin, V.A. Kopylov. M.:
Nauka, 1983. -173 s.
Kuzin A.M. Dinamika nakopleniya i vzaimosvyaz' lipidnych radiotoksinov i chinonov / A.M. Kuzin, Yu.B.
Kudryashev, N.E. Lebedeva // Radiotoksiny. - Moskva,
1966.-S. 186-191.
Kuzin, A.M. Strukturno-metabolicheskaya teoriya v radiobiologii / A.M. Kuzin. M.: Nauka, 1986. - 284 s.
Severin S.E. Mechanizmy deystviya i biologicheskaya rol'
ziklaznoy sistemy.- Moskva: Nauka, 1981. – 196s.
Ustinova A.A. Prozessy perekisnogo okisleniya lipi-dov v
usloviyach chronicheskogo deystviya malych doz ra-diazii:
avtoref. dis. na soiskanie uchenoy stepeni kand. biol.
nauk: spez. 03.00.04 «Biochimiya» / A.A. Us-tinova. – Ufa,
1999. – 22s.
Emanuel' Ya.M. Zepnye reakzii. / Ya.M. Emanuel', G.E.
Zaikov, V.A. Krizman M.: Nauka, 1989. 336s.
Evans W.H., David E.J. Biodegradation of mono, di and
triethylene glycols in river waters under controlled
Laborstory conditions // Water Res. 1974. - Vol. 8, № 2. P. 97-100.
Kuna P. Acute toxicity and radioprotective effects of amifostine (WR-2721) or cystamine in single whole body fission neutrons irradiated rats / P. Kuna, M. Dostál, O.
Neruda et al. // J. Appl. Biomed. – 2004. – Vol. 2, № 1. –
P. 43-49.
Lebret E. Indicators of public health and environment quality // The added value of geographical information systems
in public and environment health / M.J.C. de Lepper et al.,
Kluwer academic publishers netherlands. 1995. - P. 25-39.
Mamett L.J. Oxydoradicals and DNA damamge. / L.J.
Mamett // Carcinogenesis. 2000.V. 21, №3. P.361-370.
Marston H.R., Allen S.H. Function of copper in the
metavolism of iron // Nature. -1967.-Vol. 215.-P. 645-647.
Parasassi T. Evidence for an increase in water concentration in bilayers after oxidative damage of phospholipids induced by ionizing radiation / T. Parasassi, A.M. Giusti, E.
Gratton // Int. J. Rad. Biol. — 1994. — № 65. – p. 329 –
334.
Regan H.A. Effect of ceruloplasmin on plasma iron in copper deficien swine // Amer. J. Phisiol. 1969. Vol. 217, №
5.-P. 1320-1323.
Tappel A.A. Lipids and their oxidation. Westport
A.V.J.Publ.Co.Inc., 1962. Schick M.J. Nonionic surfactants. London, 1967. - P. 923-927.
Wilson J. Teratogenic effects of environmental chemicals
// Fed. Proc. — 1977. — Vol. 36, №5.-P. 1698-1703.
Williams F. The formation of free radicals and the consequences of their reactions in vivo // Protochem. And protobiol. 1972. - Vol. 28, № 4-5. - P. 737-797.

Матеріал надійшов до редакції 01.03.2016

16

