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Background. The study is devoted to the assessment of the cytotoxic properties of various surfactants by a
method that is highly sensitive to identification of their negative effect on living mammalian cells.

Objective. The aim of the work is to carry out a comparative assessment of modern surfactants in terms of
the degree of manifestation of cytotoxic properties.

Methods. The study of 10 surfactants was carried out with a new method for assessing the cytotoxic effect of
agents based on surfactants, which is a modification of The RBC Hemolysis Test and Hemoglobin Denatu-
ration Test. This method calculates the integral cytotoxicity index, which takes into account the data
obtained by two tests. The following indicators were determined in the work: the percentage of hemoglobin
denaturation in a 1% surfactant solution (D, %), the concentration of the surfactant solution at which hemo-
lysis of 50% erythrocytes occurs (Hs,,%), and the cytotoxicity coefficient (C,, conv. un.) of surfactants which
is calculated by the formula C, = H,,/D-10000.

Results. According to the integral C, indicator, the studied surfactants can be ranked according to the degree
of toxicity reduction in the following order: sodium lauryl sulfate (0.09) — sodium laurate sulfate (0.13) —
cocamidopropyl betaine (0.27) — sodium salt of polyethoxysulfosuccinate (0.27) — alkyldimethyl betaine (1.07) —
disodium cocoamphodiacetate (1.99) — sodium salt n-palmethylglutamic acid (3.22) — cocoglucoside (27.86).
Diethanolamides of coconut oil fatty acids and polyquaternium 7 in the studied concentration range (up to 1%)
did not show denaturation properties.

Conclusions. Studies have shown that surfactants significantly differ from each other by the level of the
damaging effect, the most aggressive components were anionic and amphoteric surfactants, nonionic surfac-
tants have a significantly lower cytotoxic effect (10 times). The results obtained should be taken into account
when creating soft agents based on surfactants.

Keywords: denaturation of hemoglobin; hemolysis of erythrocytes; anionic surfactants; amphoteric surfactants;

nonionic surfactants; toxicity; damaging action.

Introduction

The active use of various surfactants in the
household chemicals and cosmetics, as well as the
development of new original surfactants with dif-
ferent specific and structure-forming properties,
necessitate a preclinical assessment of their toxico-
logical profile [1, 2]. Most often, when using sur-
factants, the calculation of the risk of toxic mani-
festations is based on the analysis of their chemical
structure and the results of the experimental studies
of their known analogues. Therefore, most of the
available data on the safety of the surfactants are
only predictions that cannot be used to compare
their toxicological characteristics. Recent scientific
publications indicate a prolonged dangerous effect
of well-known surfactants of the detergents. It has
been also experimentally demonstrated that in
multicomponent formulations, these ingredients
manifest the properties of enhancers that easily

overcome the transdermal barrier. They penetrate
through the horny layer into the deeper layers of
the skin, interact with the proteins, changing the
functional cells of the skin, increase the fluidity of
lipid structures [3, 4]. The scientists have estab-
lished that molecules of sodium Ilauryl sulfate
penetrate to the epidermis, take root in its lipids,
disrupt their synthesis and affect keratinocytes and
corneocytes, resulting in increased transdermal water
loss and perfusion of the epidermis, changed hyd-
ration of the horny layer and blood flow that cause
the disorders of the skin barrier function [3—3].
That is, the surfactants are aggressive components
of the detergents, and a degree of the manifestation
of their damaging effects may be different. There-
fore, it is relevant to conduct a comparative analy-
sis of the cytotoxic properties of various surfactants
by the methods that are the most sensitive ones to
the detection of their negative effect on live mam-
malian cells.
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The goal of our work was to conduct a com-
parative assessment of modern surfactants by the
degree of the manifestation of their toxic properties
by the Method for the Assessment of Cytotoxic
Effect of the Agents Based on Surfactants.

Materials and methods

Materials. Anionic surfactants: sodium lauryl
sulfate, sodium laurate sulfate, sodium salt of poly-
ethoxysulfosuccinate; amphoteric surfactants: diso-
dium cocoamphodiacetate, alkyldimethylbetaine,
cocamidopropylbetaine, sodium salt of n-palmethyl-
glutamic acid; nonionic surfactants: cocoglucoside,
diethanol amides of fatty acids of coconut oil.

Subjects. The short-term culture of guinea
pig erythrocyte cells was prepared by technique [6].

Methods. The study was conducted according
to our Method for the Assessment of the Cytotoxic
Effect of the Agents Based on Surfactants, described
in patent No. 28727 and scientific paper [6, 7].
This method is a modification of the RBC Haemo-
lysis Test and Haemoglobin Denaturation Test [6].
The authors of the method, applied in the re-
search, propose to use a culture of short-term
erythrocyte suspension as an in vitro test system for
toxicity. This methodological approach includes
the assessment of the hemolytic effect of the agent
and the percentage of denaturation of oxyhemo-
globin in the mammalian erythrocyte culture, i.e.
makes possible to evaluate the effect of the surfac-
tants on the integrity of the erythrocyte cytoplas-
mic membrane (by the percentage of hemolysis of
erythrocytes) and cellular proteins (by the percent-
age of denaturation of oxyhemoglobin) in the ex-
perimental solution. Hemolysis and denaturation
characterize different processes of the manifesta-
tion of irritating effect of the agents that can com-
plement each other. Therefore, the two methods’
study is performed in parallel and, when calculat-
ing the potential of cytotoxic action, takes into ac-
count the coefficient of cytotoxicity (C,).

Evaluation of the effect of the surfactants on
the integrity of hemoglobin (percentage of hemoglo-
bin denaturation) was performed in several steps.

The first step: performance of 3 experiments
in parallel: I experiment — cultivation of erythro-
cytes with the studied surfactant; II experiment —
cultivation of the erythrocytes with a substance
with proven toxicity (positive control); III experi-
ment — cultivation of the erythrocytes with water
(negative control), followed by the determination
of the fugat optical density of their culture fluid at
the wavelengths of 540 and 575 nm. The second
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step is to calculate the hemoglobin D denaturation
coefficient according to the recommendations [6, 7].

The study of hemolytic properties of the surfa-
ctants was performed according to the method [6, 7].

Then we calculated the integral index — the
cytotoxicity coefficient (C,), which took into ac-
count the results of the experiments conducted by
two methods. This integral index of cytotoxicity C,
is calculated by the formula C, = H,,/D-10000
where C, is the index of cytotoxicity (conventional
unit); Hy, is the index of erythrocytes' hemolysis (%);
D is the percentage of hemoglobin denaturation (%)
[6, 7].

The studies carried out by this method have
some limitations: they can not be used in the
evaluation of dyed substances, insoluble ingredi-
ents, strong acids [7, 8]. If necessary, the proposed
method can be used as an alternative one to the
traditional methods for the determination of the
skin irritation and effect on the mucous membrane
of the eye, and as a method for the assessment of
damaging effect level in the study of toxicity of the
surfactants and agents based on them.

The obtained results were processed with the
help of the traditional methods of variable statistics
using the licensed computer programs Microsoft
Excel and Statistica 10 [9].

Results and discussion

A surfactant is a multifunctional ingredient that
provides, first of all, the effective action of syn-
thetic detergents, dishwashing detergents, shampoos,
shower gels, bath foams, liquid soaps, etc. In addi-
tion, the surfactants perform the structure-forming,
emulsifying and thickening functions in the com-
position of household chemicals and cosmetics and
are the enhancers for the biologically active addi-
tives. That is, the surfactants are practically an in-
dispensable component for many cosmetic prod-
ucts and household chemicals, so the determina-
tion of the level of their toxicity is important for
the creation of the formulations with a predicted
lower level of damaging effect. Thus, a toxic effect
of the surfactants on live cells is a prior indicator
in the research program of the surfactant profiles.

For the comparative studies of cytotoxic effect,
the surfactants were selected from the groups diffe-
rent by chemical structure and functional purpose.
All of them are sold on the market in the form of
stabilized aqueous solutions, their full composition
and functional purpose are presented in Table 1.

The results of the study of hemoglobin dena-
turation process are presented in Table 2.
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Table 1: Composition and functional purpose of stabilized solutions of surfactants chosen for study

Surfactant

Composition of stabilized solutions
of surfactants

Functional purpose
of surfuctants [10]

Sodium n-dodecyl sulfate

Sodium laurate sulfate

Sodium polyethoxysulfosuccinate
sodium

Cocoamidopropylbetaine

100% sodium lauryl sulfate

68—70% aqueous solution of sodium
laurate sulfate

39—41% aqueous solution of sodium
salt of polyethoxysulfosuccinate

30% cocamidopropylbetaine

Main cleansing component, foaming
agent

Main cleansing component, foaming
agent

Main cleansing component, foaming
agent

Main and auxiliary cleansing
component, foaming agent

37.5—39.5% aqueous solution
of disodium cocoamphodyacetate,
11—12% sodium chloride

30% aqueous solution
of alkyldimethylbetaine

25— 30.5% sodium salt
of n-palmityl glutamic acid,

Disodium cocoamphodyacetate

Alkyldimethylbetaine

Sodium salt of n-palmityl glutamic

Main and auxiliary cleansing
component, foaming agent

Main and auxiliary cleansing
component, foaming and thickening
agent

Main and auxiliary cleansing

acid 4—6% sodium chloride component, foaming agent

Cocoglucoside 51—-53% aqueous solution Cleansing component, foaming
of cocoglucoside agent

Diethanol amides of fatty acids 100% diethanolamides Viscosity modifier and foaming

of coconut oil of fatty acids of coconut oil agent

Polyquaternium 7

40% aqueous solution
of polyquaternium 7

Conditioning additive

Table 2: Percentage of hemoglobin denaturation in erythrocyte culture in vitro under the influence of surfactants

Surfactant

Percentage of hemoglobin denaturation D (%)

Anionic surfactants

Sodium lauryl sulfate 100.00 = 0.50

Sodium salt of polyethoxysulfosuccinnate 94.25 + 0.58

Sodium laurate sulfate 93.00 *+ 0.88
Amphoteric surfactant

Sodium salt of n-palmityl glutamic acid 73.81 £ 0.37

Cocamidopropylbetaine 37.00 = 0.29

Alkyldimethylbetaine 28.00 = 0.35

Disodium cocoamphodyacetate 11.9 £ 0.18
Nonionic surfactants

Cocoglucoside

Diethanol amides of fatty acids of coconut oil

238 £0.29

Cationic surfactants

Polyquaternium 7

The data above show that studied surfactants
demonstrated a different ability to hemoglobin de-
naturation (D) at a preset standard concentration
of the solution. Thus, by the reduction of the de-
gree of destructive power of the surfactants per
hemoglobin molecule (percentage of hemoglobin
denaturation), they can be placed in the following
order: sodium lauryl sulfate (positive control) —
sodium salt of polyethoxysulfosuccinate — sodium
laurate sulfate — sodium salt of n-palmitic glutamic
acid — cocamidopropylbetaine — alkyldimethylbe-
taine — disodium cocoamphodiacetate — cocoglu-
coside. Others (diethanol amides of coconut oil

fatty acids, polyquaternium 7) did not show their
protein-destroying properties in the standard con-
centration chosen for the study. That is, according
to this method, the most aggressive surfactants are
anionic ones, because all studied anionic surfac-
tants (sodium lauryl sulfate, sodium laurate sulfate,
sodium salt of polyethoxysulfosuccinate) demon-
strated a high denaturation ability from 93 to 100%;
amphoteric surfactants were less toxic ones — from
11.9 to 73.81%; nonionic surfactants were "the
softest” ones — without effect or up to 2.38%; and
cationic surfactants — polyquaternium 7 — without
effect.
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Table 3: Concentrations of surfactant solution when hemolysis of in vifro erythrocyte culture takes place under the influence

of surfactants

Surfactant

Concentrations of surfactant solution when hemolysis of
50% of erythrocytes, Hy, (%), takes place

Anionic surfactants

Sodium lauryl sulfate
Sodium laurate sulfate
Sodium salt of polyethoxysulfosuccinate

0.00863 = 0.0000049
0.001123 + 0.0000009
0.007343 + 0.0000123

Amphoteric surfactant

Cocamidopropilbetaine

Disodium cocoamphodiacetate

Alkyl dimethylbetaine

Sodium salt of n-palmityl glutamic acid

0.000996 + 0.0000006
0.002372 + 0.0000009
0.002989 + 0.0000024
0.023770 + 0.0000058

Nonionic surfactants

Cocoglucoside
Diethanol amides of fatty acids of coconut oil

0.006631 + 0.0000027
0.058888 + 0.0000012

Cationic surfactants

Polyquaternium 7

The study of hemolytic properties of the sur-
factants by means of the detection of the concen-
tration of their solutions, when hemolysis of 50%
of erythrocytes took place, (hemolysis of erythro-
cytes — Hsy), was performed in the range of con-
centrations from 0 to 0.1% that was limited by the
method of determination. The obtained results are
presented in Table 3.

The data presented in Table 3 show that the
only polyquaternium did not have hemolytic activ-
ity in a given range of concentrations and it did
not show a denaturation ability when adding into
the culture of erythrocytes. Others can be placed by
the degree of Hy, increase, i.e. by the reduction of
the toxicity, in such a way: sodium lauryl sulfate —
cocamidopropylbetaine — sodium laurate sulfate —
disodium cocoamphodiacetate — alkyldimethylbe-
taine — cocoglucoside — sodium salt of polyethoxy-
sulfosuccinate — sodium salt of n-palmatylglutamic
acid — diethanol amides of fatty acids of coconut oil.

The obtained data of the studies of cytotoxic
effect of the surfactants by two methods differ
slightly in the degree of toxicity. Thus, high hemo-
Iytic activity was demonstrated by both anionic
surfactants (sodium lauryl sulfate, sodium laurate
sulfate) and amphoteric surfactants (cocamidopro-
pylbetaine and disodium cocoamphodiacetate, alkyl-
dimethylbetaine), and when assessing the denatura-
tion ability, the denaturation coefficient of cocami-
dopropylbetaine (D — 37%), alkyldimethylbetaine
(D — 28%) and disodium cocoamphodiacetate (D —
11.9%) was significantly smaller than of sodium
salt of polyethoxysuccinate (D — 94.25 % ) and
sodium salt of n-palmitylglutamic acid (D -—
73.81%). At the same time, by the hemolytic acti-

vity, the sodium salt of polyethoxysulfosuccinate
(0.007343%) and the sodium salt of n-palmityl-
glutamic acid (0.023770 %) were "softer” than diso-
dium cocoamphodiacetate (H;, — 0.002372%), al-
kyldimethylbetaine (Hs, — 0.002989%), cocamido-
propylbetaine (Hs, — 0.000996%) and cocogluco-
side (Hs, — 0.006631%).

The analysis of study results shows that there
is no always clear inverse relationship between the
hemolysis rate of erythrocytes and the rate of de-
naturation ability (higher hemolysis rate — lower
denaturation rate), it means that the effect on pro-
tein structures and cell membrane in different sur-
factants may take place by different mechanisms of
the effect depending on the chemical structure of
substances [7, §].

Therefore, the integrated cytotoxicity index
C,, which determines the degree of cytotoxic effect
of surfactants, takes into account the results of two
experiments.

At the absence of the process of hemoglobin
denaturation in a preset surfactant solution, the
coefficient C, is not calculated and only the hemo-
Iytic activity of the agents is evaluated. The find-
ings, calculated by the formula above, are pre-
sented in Table 4.

According to the integral index C,, the exam-
ined surfactants can be placed by the degree of re-
duction of toxicity in the following order: sodium
lauryl sulfate — sodium laurate sulfate — cocami-
dopropylbetaine — sodium salt of polyethoxysulfo-
succinate — alkyldimethyl betaine — disodium co-
coamphodiacetate — sodium salt of n-palmityl-
glutamic acid — cocoglucoside — diethanolamides
of fatty acids of coconut oil — polyquaternium 7.
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Surfactant

Integral index of surfactant cytotoxicity C, (conv. un.)

Anionic surfactants

Sodium lauryl sulfate 0.09 £ 0.0006

Sodium laurate sulfate 0.13 = 0.0009

Sodium salt of polyethoxysulfosuccinnate 0.78 £ 0.0012
Amphoteric surfactant

Cocamidopropylbetaine 0.27 £ 0.0015

Disodium cocoamphodiacetate 1.99 £+ 0.0019

Alkyldimethylbetaine 1.07 £+ 0.0023

Sodium salt of n-palmitylglutamic acid 3.22 + 0.0002
Nonionic surfactants

Cocoglucoside 27.6 £ 0.0012

Diethanol amides of fatty acids of coconut oil

Cationic surfactants

Polyquaternium 7

Conclusions

Analysis and generalization of study results,
conducted by the Method of the Assessment of the
Cytotoxic Effect of the Agents Based on the Sur-
factants, show that this method makes it possible
to detect the degree of cytotoxic effect of the sur-
factants. The anionic and amphoteric surfactants
were the most aggressive components and nonionic
surfactants had a much lower cytotoxic effect
(10 times less).

Taking into account a different degree of cy-
toxicity of studied substances, the manufacturers of
cleansings that seek to create the "soft" special-
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O.1. AnoeHko, O.B. Paeubka, O.M. lNoniyeHkos, B.I. Jlawexko, O.M. [dyraH

CYCMEH3IAHA KYNIbTYPA EPUTPOLIUTIB Y OLIHLI CTYNEHSA TOKCUYHOCTI
®YHKUIOHANbHMX KOMNOHEHTIB MMUMHUX TA OYUCHUX 3ACOBGIB

Mpo6nemaTtuka. [JocnigkeHHs NPUCBAYEHO OLHL LMTOTOKCUYHUX BNACTUBOCTEWN Pi3HMX NMOBEPXHEBO-aKTMBHUX peyvoBuH (IMAP) meTo-
O0M, SIKU € BUCOKOYYTNIMBUM A0 BUSIBMEHHS iX HEraTUBHWUIA BMSIMBY Ha XMBI KMiITUHM CCaBLIB.

Mera. MNpoBecTn NOpiBHANBHY OUIHKY cy4acHuX MAP 3a cTyneHem BUABNEHOCTI LMTOTOKCUYHNX BNACTUBOCTEN.

MeTtoauka peanisauii. JocnimpkeHHs 10 NAP npoBogmnu HOBUM CNocOBOM OLHKM LIMTOTOKCUYHOI Aii 3acobiB Ha OCHOBI MOBEPXHEBO-
aKTUBHMX PEYOBUH, sikuii € moandikauieto The RBC Hemolysis Test i Hemoglobin Denaturation Test. 3a uum cnoco6omM o64ncnoeTbCst
iHTerpanbHU NOKa3HMK LMTOTOKCUYHOCTI (K), AKMIN BpaxoBye AaHi, OTpMMaHi ABoMa Tectamu. B poboTi BU3Ha4eHO 3 MOKa3HUKM:
BiJCOTOK AeHaTypauii remornobiHy B 1 %-HomMy po3uumHi AP (D, %), koHueHTpauito po3uuHy MNAP, 3a akoi HacTae remonia 50 % epuT-
pouuTiB (Hso, %), i koedilieHT uuToTokcuHocTi MAP (K;, yMOB. 04.), sikuii obumcnioeTbes 3a hopmynoto K, = Hse/D-10000.
PesynbTath. 3rigHo 3 iHTerpanbHnM nokasHukom K. gocnigkeHi MAP MoxHa po3miCTUTU 3a CTyNEeHeM 3MEHLLEHHS TOKCUYHOCTi B TakoMy
nopsaky: naypwncynedat Hatpito (0,09) — naypetcynbdat HaTtpito (0,13) — kokamigonponinbetaiH (0,27) — HaTpieBa cinb nonieTokcu-
cynbgocykuuHaty (0,27) — ankingumetunbetain (1,07) — guHaTpin kokoamdogiaueTtat (1,99) — HaTpieBa cinb n-nanbMeTun rnTamMiHo-
BOI kucnotu (3,22) — kokornokosug (27,86). [lietaHonamign XXUpHMUX KACNOT KOKOCOBOI Ofii Ta nonikBaTepHiym 7 y gocnimxeHomy Aiana-
30Hi KOHLeHTpaLin (8o 1 %) He BUABUMM AeHaTypauiiHnx BNacTMBOCTEN.

BucHoBku. MNpoBeaeHi gocnifXeHHs nokasanu, Lo 3a piBHEM MOLUKOAXYHUOI Aii cypdakTaHTu 3Ha4YHO Pi3HATLCA Mix coboto, Haii-
6inbLU arpecnBHUMN KOMMOHEHTaMWN BUSBUINCL aHIOHHI 1 amdoTepHi MAP, i 3Ha4HO MeHLLYy LMTOTOKCUYHY Aito (B 10 pasis) maloTb He-
ioHHi MAP. BpaxoByBaTu oTpuMaHi pe3ynbTaTi HeobXiaHO Npy CTBOPEHHI M’AKkunx 3acobiB Ha ocHoBi MNAP.

KnroyoBi cnoBa: geHaTypauisi remornobiHy; remonis epuTpouuTiB; aHiOHHI NOBEPXHEBO-aKTUBHI Pe4OBUHU; aMdOTEPHI MOBEPXHEBO-
aKTMBHi PEYOBUHW; HEIOHHI MOBEPXHEBO-AKTUBHI PEYOBUHM; TOKCUYHICTb; MOLLKOKYOYa gist.

E.N. AnoseHko, E.B. Paeukas, A.M. l'onuyeHkos, B.W. NaweHko, A.M. OyraH

CYCMNEH3NOHHAA KYJIbTYPA 3PUTPOLUTOB B OLIEHKE CTENMEHN TOKCUYHOCTH
®YHKUMOHAIBbHbIX KOMIMOHEHTOB MOIOLWWMX U OYULLAIOLLUX CPEACTB

Mpo6nemartuka. ViccnegoBaHue nocBsiLLEHO OLEHKE LUTOTOKCUYECKUX CBOMCTB pPa3HbiX NOBEPXHOCTHO-aKkTUBHbIX BewecTs ([MAB)
METOAOM, KOTOPbIV SBMAETCA BbICOKOYYBCTBUTENBHBIM K BbIABIIEHWNIO X HEFATUBHOMO BIIMSHWS HA XUBbIE KIIETKN MITEKOMUTAOLLMX.
Llenb. MNpoBecTy cpaBHUTENBHYIO OLEHKY coBpeMeHHbIX [MAB no cteneHn NposiBNeHNs LMTOTOKCUYECKUX CBOWCTB.

MeTtoauka peanusauuu. Viccrniegosanue 10 MAB npoBoaMnu HOBbIM CMOCOGOM OLIEHKM LIMTOTOKCUMYECKOro AENCTBUS CPEACTB Ha OCHO-
BE MOBEPXHOCTHO-aKTUBHbIX BELLECTB, KOTOpbI aBnsaeTcs moandukaumen The RBC Hemolysis Test u Hemoglobin Denaturation Test.
Mo atomy cnocoby paccunTbiBaETCA MHTErpanbHbI NokasaTernb LIMTOTOKCUYHOCTM, KOTOPbIA YYUTBIBAET AaHHbIe, MONyYeHHbIe ABYMS
Tectamn. B paboTe onpeaeneHsl nokasatenu: NPoLEHT AeHaTypauun remornobuHa B 1 %-Hom pacteope MAB (D, %), KoHUeHTpauums
pacteopa NAB, npu koTopon Hactynaet remonm3 50 % eputpoumntoB (Hso, %), 1 KO3dDULMEHT UUTOTOKCUYHOCTM (K, yen. ea.) MAB,
KOTOpbIN Bbliuucnsietcsa no popmyne K; = Hso/D-10000.

Pe3ynbTaTtbl. CornacHo nHTerpanbHoMy nokasatento K. nccnegosaHHble NAB MOXHO pasmMecTuTb MO CTENEeHN YMEeHbLUEHUS TOKCUY-
HOCTM B crneaytolem nopsagke: naypuncynbdat Hatpus (0,09) — naypetcynbdat Hatpus (0,13) — kokammponponunbetanH (0,27) —
HaTpueBas conb nonuetokcucynbdocykumHata (0,27) — ankungumetunbetauH (1,07) — guHatpuin kokoamdoamauetart (1,99) —
HaTpueBasi conb N-NarnbMeTUNrNTaMUHOBOW KUcnoThl (3,22) — kokornioko3ug (27,86). dueTaHonamuapl XXUPHbBIX KUCNOT KOKOCOBOIO
Macna v nonukeaTepHuyMm 7 B UCCreAoBaHHOM Anana3oHe KOHUeHTpaumi (8o 1 %) He NposBunmn AeHaTypauMOHHbIX CBOWCTB.
BbiBopbl. [poBeaeHHbIE UCCNeA0BaHUS NoKa3anu, YTo No YPOBHIO noBpexaatowero Aencteus MNMAB 3HauMTenbHO oTnmyalTcs Mexay
coboli, Hanbonee arpeccnBHbIMM KOMMOHEHTaMK OKa3anucb aHNOHHbIe 1 amdoTepHble MMAB, 3HaUUTENBHO MeHbLLee LIUTOTOKCMYEeCcKoe
pevicteue (B 10 pas) nmetoT HemoHHble AB. YuynTbiBaTh nony4yeHHble pe3ynbTaTbl HEO6XOAUMO NPU CO3AaHUN MATKUX CPEACTB
Ha ocHose [1AB.

KnioyeBble cnoBa: feHaTypaumsi reMornobmHa; reMonm3 3puTpoLIMTOB; aHWOHHbIE NMOBEPXHOCTHO-aKTUBHbBIE BELLECTBA; aMOTEPHbIE
NOBEPXHOCTHO-AaKTUBHbIE BELLECTBA; HEMOHHbLIE NOBEPXHOCTHO-aKTMBHbIE BELLECTBA; TOKCUYHOCTbL; NOBpeXaatoLLee AeicTBre.



