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ABSTRACT

The kinetics and mechanisms of the action of some pesticides, such as pentachloronitrobenzene, trichloracetic acid, rogor, sodium
pentachlorphenol, chlorophos, heptachlor and photodynamic herbicides on acetylcholinesterase activity and mechanical stability of red blood
cells under ultrasound action was studied. The degree of change in the resistance of erythrocytes treated with the pesticides to ultrasound
action was determined. The data on the altering of structure-function characteristics correlate well with the results of toxic action of these
compounds on different biological objects. These results may be used for selective search of the preparations with lower toxicity and higher
economical efficiency.

AHHOTaALA

VIsyyeHa KMHETMKA M MEXaHU3Mbl BIVSHMA HEKOTOPBIX NMECTUIIVIOB: NMeHTaxMopHUTpobensona-IIXHB, tpuxmopykcycnoit kucnorsl (TXY),
poropa, nenrtaxnopdenonara Harpusa (IIX®P-Na), xnopodoca, rentaxnopa 1 GOTOAMHAMUYECKUX TepOUILINIOB HA MeMOPaHHYI0 aKTMBHOCTD
aLIeTVIXO/MMHACTEPA3bl I MEXaHMYECKYI0 CTabMIbHOCTb 3PUTPOLMTOB IIOJ BO3JENCTBUEM YNbTpasByka. OIpefie/ieHa CTelleHb M3MEHEHN
PEe3MCTEHTHOCTM 0OPAGOTAHHBIX IIECTUIMIAMM SPUTPOLMTOB K ynbTpasByKy (¥Y3). JlaHHBIe O HApyIIEHMN CTPYKTYPHO-(QYHKIMOHATbHbBIX
CBOJICTB 3PUTPOLIUTOB KOPPENMPYIOT C Pe3y/IbTaTaMI TOKCUYECKOTO BO3LENCTBIS ITUX IPEIApaTOB Ha PasiuyHble OMOMIOTrIecKye 00 beKThL.
ITonydeHHbIe JAHHBIE MOTYT OBITH VICIIONb30OBAHBI /IS CEJIEKTMBHOTO MOMCKA MPeNapaToB C HaMMEHbIIIell TOKCUYHOCTBIO M 9KOHOMIYECKOII
3¢ PeKTHBHOCTHIO
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new resistant species, useful inhabitants of the biosphere

1. Introduction suffer greatly, as well as the health of human population [1].
Finally, it leads to the violation of natural biosynthesis in the

Pesticides are chemical compounds used for the struggle biosphere. Many authors confirm that high level of
against pathogenic organisms. World assortment of these morbidity of different etiologies may be caused by the
preparations is more than 10000 names based on more than influence of technogenic pollution of the environment on
600 chemical compounds of different classes. However, the human health [4]. Humans are under the influence of a
despite of advantages of the chemical method of plant huge number of various chemical substances during their
protection there are some disadvantages too. First of all, life. They enter the body in different ways. Due to the
preparations accumulate in the environment; stable connection with the development of technogenic factors the
populations of harmful organisms are formed that turn into population of large cities is strongly affected by heavy
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metals like lead, chromium, copper and cadmium and also
by aromatic hydrocarbons and pesticides. Compounds of
these substances have an adverse effect on the functional
state of the digestive system, pancreatic cells, and also cause
irritation of the mucous membrane of the small intestine It
is confirmed that the increase of chromosomal aberration
rate in the lymphocytes of peripheral blood of the persons
with chronic lead intoxication is the result of industrial
contact with pesticides [1,2]. Presence of induced
chromosomal aberrations may be the evidence of the
mutagenic action of industrial factors on human population.
Thus, the increased rate of mutations in cells of persons and
animals contacted with heavy metals has been proved . This
process may be the reason of aborts, congenital
malformations, hereditary diseases and other pathologies
[2]. So, it is necessary to predict the mutagenic danger of
substances with which persons may get in contact. Large
work is being done in many countries to overcome these
disadvantages. Toxic pesticides are replaced by substances
with decreased toxicity that are not capable to accumulate in
the environment and living organisms. Replacement of DDT
(Dichlorodiphenyltrichloroethane) by methyl chloride,
dichlor and other insecticides is a very actual point. Such
chemical substances promote the changes of blood content
and it results in abnormal protein levels in plasma [4,6]. It
needs the constant medical check-up. The research of
scientists of National Cancer Institute /USA/ on donors
showed that pesticides action on organism twice increases
the risk of multiple myeloma-malignant cancers of the bone
marrow development in the age interval from 30 till 94 .
Agricultural employers have been shown to have increased
risk of hematological diseases development with a lethal
outcome compared to the total human population [6].

The development of effective methods of physical and
chemical characteristics of RBC in different pathologies and
under the influence of negative factors of environment is
one of the important biomedical problems. Fundamental
similarity of structural and functional organization of all cell
membranes and established total mechanisms of their
responses to some pathological conditions make possible to
use RBC as a model. That’s why it is important to develop
the method to study the changes in RBC membranes under
various stresses that model certain pathological processes.
Application of ultrasound that is used widely for direct and
selective effect on cells may give information about
mechanical resistance of RBC, since ultrasound can cause a
hemolytic effect. Since it is known that pesticides have a
damaging effect on cell membranes, one can study the
regularities of effects of chlorine-containing pesticides in the
model system of RBC suspension. Study of ultrasonic
hemolytic resistance of RBC is relevant because pesticides
are widely used. The changes of mechanic resistance of RBC
treated with pesticides may be used a characteristic of their
damaging action on a quantitative level [2].

Getting into the body, drugs may function as powerful
blockers of ACE. Apparently, drugs dissolving in the

hydrophobic region of erythrocyte membranes, may later
form a complex with cytochrome, and leading to the change
in membrane stability both directly and indirectly. So, it
became necessary to analyze the mechanism of action of
ultrasound (US) on RBC membranes, as it has been reflected
in our published works [2,3].

There are several mechanisms of the effect of ultrasound
on cells and cell suspension listed below:

- the heating (temperature factor);

- chemical damage caused by the action of free radicals;

- mechanical damage caused by shock waves and acoustic
flows (mechanic factor).

The purpose of this work was to study kinetics of
membrane-bound ACE in presence of chlorine-containing
pesticides, as well as to obtain quantitative criteria for
comparative evaluation of the action of pesticides.

The dependence of hemolytic activity of some pesticides
and herbicides on the level of initial activity of cellular
enzymes, on the ability of the drug to reduce membrane
fluidity has been studied in a number of works [2,3,5].
However, the kinetic characteristics of the action of
chlorinated pesticides on RBC hemolysis and the resistance
of RBC to mechanical factors, as well as investigation of
certain patterns of physiological activity of these compounds
have not been studied yet.

Previously, it was shown that the damaging effect of
insecticides in biological systems is directly related to their
effect on the lipid phase of biological membranes [3].
However, quantitative criteria for their effect on RBC have
not been investigated yet. Research on quantitative
regularities of the damaging action of physiologically active
compounds (PAC) would be actual.

The aim of this work is to study the kinetics of the action
of chlorine-containing pesticides on the activity of
membrane-bound ACE-ase, as well as the obtained
quantitative criteria for comparative analysis.

2. Material and Methods

As the material we used the suspension of red blood cells
isolated from donor blood. The specific activity of ACE was
determined by the potentiometric method with automatic
registration process. Kinetics of RBC hemolysis in the
isotonic medium under the action of pesticides was studied
by the photocalorimetric method in suspension (107-108
cells per 1 ml). We used sodium salt of trichloroacetic acid
(herbicide), sodium  pentachlorophenol (herbicide),
trichlorfon (insecticide), pentachloronitrobenzene
(fungicide) and rogor (pesticide).

RBC suspension extracted by precipitation from 3 ml of
donor fresh blood treated by heparin or citrate ( 0,5 ml of
citrate + 2,5 ml of whole blood ) and twice washed from
plasma by 0,9% NaCl isotonic solution was used.
Centrifugation was performed at 6000 rpm for 10 min (3
times). The washed cells were suspended in 8 ml of saline
solution. The suspension of RBC diluted with saline solution
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in a ratio of 0,5 ml over 23,5 ml of saline solution (50 times)
has been prepared for the research of US hemolysis. Cell
concentration of suspension is 30-106 cell/ml. We also
carried out a spectrophotometric assessment of mechanical
and physical factors (including US fields) kinetics of action
on biological membranes. This method allows to investigate
the hidden damages of RBC membranes. Resistance of RBC
was studied on the basis of method of photometric
automatic registration of process of hemolysis of RBC under
the influence of continuous ultrasound at the frequency 0,88
MH?z in frames of intensity 0,1-1,0 v/sm2 at the constant
temperature.

Activity of membrane-associated ACE was determined by
the potentiometric method. The substrate was acetylcholine
chloride (AC) with initial concentration of 2.5 mM in a
measuring cell. To study the kinetics of enzymatic
hydrolysis, an incubation mixture was used consisting of a
0.9% NaCl solution containing 2.5 mM Tris-HCl, a
suspension of RBC (5-8-10* cell / ml), ethanol (no more than
2 % by volume). The speed of reaction in the process of
enzymatic hydrolysis of AC has been calculated from
experimental kinetic curves at the change of pH of the
incubated mixture in control and after the treatment by AC.
Incubation time of RBC with preparations was equal to 2
min. Kinetic analysis of the results of the determination of
ACE activity of RBC before and after treatment of
preparations assessed by estimation of enzyme activity
through the change of relative activity (A) (by the tangent of
the slope of the kinetic curve) at the action of preparation.

Determination of ACE activity in the suspension of RBC
was carried out also by the measurement of the kinetics of
the damage of RBC in the process of ultrasound hemolysis
(f=0.88 MHz and 1=0.3 V/ cm?). We used the method of US
hemolysis that was developed before [2,9]. The speeds of cell
mechanical disruption in the sonification was determined by
kinetic curves of ultrasonic disintegration before and after
treatment by preparations (V, and V). These indices are the
characteristics of mechanic resistance of RBC membranes.

3. Results

In Table 1 one can see structural formulas of substances
tested in the current study.

Detected inactivation of the external ACE enzyme
indicates that the inhibitory effect of chlorine-containing
pesticides is caused by the damage of the membranes of
erythrocytes, with which ACE is associated.

As a criterion for assessing the effect of the studied
pesticides on the activity of erythrocytes, the concentration
of the drug causing enzyme inactivation by 50% (CAs,) was
used. It was found that in the studied concentrations, these
pesticides have certain antibacterial activity (Table 1). Table
1 shows that the studied compounds are not specific
acetylcholinesterase inhibitors, as they reduce enzyme
activity at significantly higher concentrations (CAs, - 120
and 10! - 10* mM) than known anti-toxic agents such as

phosphine, amiton, etc. (CAs, ~ 106-108 mM) [6].

The detected inactivation of the external enzyme (i.e.
acetylcholinesterase) suggests that the inhibitory effect of
chlorine-containing pesticides is due to the damage of RBC
membranes, which are associated with the enzymatic action
of ACE [3].

These changes are caused either by the adsorption of the
studied pesticides on RBC membranes, or by the inclusion of
those substances into the lipoprotein structure of the RBC
membrane [7].

One of the extreme manifestations of the modifying effect
of chemical compounds on erythrocyte membranes, leading
to disruption of cell integrity, is hemolysis. It was found that
PCP-Na, chlorophos and rogor possess their own hemolytic
activity in isotonic medium, and a treatment of red blood
cells by THA-acid and PCNB does not lead to their
hemolysis.

From fig 1 and table 2 it can be seen that the hemolytic
effect naturally depends on the concentration of the
pesticide: with an increase in concentration of the drug in
the incubation medium, the hemolysis time t and half-life
t50 decreases, and the rate of hemolysis (V) increases
accordingly. The method of studying the quantitative

Table 1 | The effect of pesticides on the hemolytic activity of
erythrocytes. ¢pdeKTMBHOCTD IECTULIMIOB HA TeMONTUTNIECKYIO
aKTMBHOCTb 9PUTPOLIUTOB.
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characteristics of hemolysis of red blood cells in the field of
ultrasound allows to determine the lowest concentration of
the drug that has hemolytic activity in each case.

It can be seen in figure 1 that the kinetic curves are S-
shaped with a certain period of induction, and accordingly
the rate of hemolysis depends on the concentration of the
drug. With the increase in concentration of the pesticide in
the incubation medium, the rate of hemolysis increases, and
the induction period decreases. The obtained data indicate a
strong modifying effect of PCP-Na and chlorophos on the
membrane structure of red blood cells, leading to hemolysis
of red blood cells.

The resistance of pesticide-treated erythrocytes to
mechanical hemolysis under ultrasound was also studied
using automatic registration of erythrocyte destruction
kinetics in a spectrophotometer cell [2]. In control
experiments, it was found that ethanol, used as a solvent for
pesticides at a concentration of <0.1% by volume, does not
have a noticeable hemolytic effect on erythrocyte cells.

For some pesticides and bactericides that cause hemolysis
of erythrocytes in isotonic medium, it has also been shown
that along with this, they stabilize erythrocyte membranes to
hemolysis in hypotonic medium in certain concentrations (9
pum - 150 um) [2,5]. It can be assumed that the modifying
effect of pesticides on erythrocyte membranes also leads to
change in their mechanical resistance to ultrasound. This is
consistent with the data on the effect of surfactants on the
mechanical stability of erythrocytes [3]. Table 2 presents
quantitative indicators characterizing changes in the
resistance of erythrocytes to ultrasound exposure under the
influence of different concentrations of pesticides, indicating
a change in the mechanical stability of cells in the presence
of these chemical compounds.

It is also known that pesticides can affect the structure and
biological activity of red blood cells. Erythrocytes are
convenient model for studies on the damaging effect of
various factors, including pesticides, on cell membranes, as
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Figure 1 | The Hemolysis of red blood cells under the action of chlo-
rine-containing pesticides, where curve 1is for TCl acid , curve 2 is
for chlorophos, curve 3 is for PCP-Na, curve 4 is for rogor. On the
abscissa axis there is hemolysis time (resistance) in minutes, on the

ordinate axis there is light transmission in %.

Table 2 | The effect of pesticides of different concentration on the
parameters of the ultrasound hemolysis and acetylcholinesterase
activity in the estimated suspension of erythrocytes (the volume
mode continuous, I = 0.4W / cm2, V=0.88 Mgs). VIsydeHne BIuAHUA
IeCTULIIOB PA3/IMYHOI KOHLIEHTPAL[UN Ha [TapaMeTpsl Y3 reMonusa
M aKTMBHOCTh AX3J-ashl B MCCIIEAYeMBIX CYCIIEHSVAX SPUTPOLMTOB
(pexxum BospeiicTBus Y3 HempepbiBHbIiL, I = 0,4 Br / cm2, V=0,88
MTm).

Contentration V hem Caso
Samples M] them, ¢ o (mM)
Testing 0 500 + 10 1,09 £ 0,03
10 700 + 22 0,60 = 0,02
) , 102
PCNB 103 1200 + 150 0,3+0,1 210
(3-6)-10-3 420+ 17 1,12 £ 0,04
Tcla (2-3)-10-2 360 £ 19 1,3+0,1 120
10¢-10° 450 + 27 1,2+0,1
PCP Na 104-10 415 + 46 1,3+ 0,1 5-10!
102 200+ 3 4,0+0,1
10-° 565 + 47 0,97 + 0,04
Heptachlor 104 83043 04% 0,1
103 1550 + 120 0,2+0,2
Chlorophos 5-10° 700 + 80 0,6 £0,1 5.10
102 250 + 27 1,3+0,1

well as changes in other membranes [5]. ACE is an enzyme
of the outer surface of erythrocyte membranes, brain cells,
nerve tissue, etc. and it plays significant role in signal
transmission through synapses since it catalyzes the
hydrolysis of acetylcholine. ACE activity in blood and its
components can serve as an additional diagnostic criterion
for the analysis of some pathological conditions caused by
toxic compounds. A number of studies have shown the
dependence of hemolytic activity of some pesticides on the
level of initial activity of cellular enzymes and the ability of
the drug to reduce membrane fluidity [6, 7]. However, the
kinetic characteristics of the action of a number of pesticides
on erythrocyte hemolysis and their resistance to mechanical
factors that characterize certain patterns of physiological
activity of these compounds, have been previously studied,
but insufficiently [8,9]. We have studied the kinetics and
mechanisms of the influence of pesticides on ACE activity of
red blood cells, namely, the change of erythrocyte resistance
to ultrasound exposure in the presence of different
concentrations of pesticides.

4. Concluding Remarks

Quantitative characteristics of the effect of chlorine-
containing pesticides on the structural and functional
activity of red blood cells were obtained. From the results
presented in the table, it can be seen that the studied
chlorine-containing ~ drugs reduce the functional
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(membrane) activity of red blood cells and change their
mechanical hemolytic resistance to drugs and ultrasound,
both individually and in combined action(see table 2.

The data obtained indicate that PCP Na, PCNB,
heptachlor and Rohor are relatively weak inhibitors of the
enzymatic activity of ACE in erythrocyte membranes, but
have a pronounced structural-determinant effect, namely,
they can cause hemolysis in an isotonic medium (Na PCP,
Rohor, trichlorophon) and accelerate (Na PCP, THC,
trichlorophon) or slow down (PCNB, heptachlor) the rate of
hemolysis (see table 2). Therefore, quantitative indicators
that characterize the ULTRASONIC hemolysis of red blood
cels can be wused as criteria for evaluating the
membranotropic action of pesticides. At the same time,
when pesticides and ultrasound are combined, their
adsorption on the surface of the erythrocyte membrane is
observed, which in turn leads to a slowdown in the
hemolytic effect and, in turn, to a change in the qualitative
and quantitative composition of membrane lipids [10]. The
kinetic analysis method is the most effective for determining
the mechanism of action of drugs on red blood cell
membranes. This creates prerequisites for the search for new
medicines for the human body and animals and the offer of
new, more effective drugs for their use in agriculture and
medicine.

3aknroyeHne

CreneHb reMonM3a ¥ 3alUTHOE HeJICTBME HEKOTOPBIX
HOBepXHOCTHO-aKTUBHBIX ~ BEIIECTB  KOPPEIUPYIT  C
cocraBoM ¢Gochommnuaos B MeMOpaHe SPUTPOLNTOB; TU
M3MEHEeHNsA  MOTyT  TaKKe  OTpaXkaTb  HapylIeHNA
YIBTPACTPYKTYPbI KOMIIOHEHTOB PUTPOLIUTOB,
COfepoKAIVX TUPOIUTIYecKe (epMeHTBL.

[TomydeHbl KOMMYECTBEHHBIE XAPAKTEPUCTUKM BIIVAHMA
XI0pCOfiepKalnX HeCTULUIOB Ha CTPYKTYpPHO-
(YHKIMOHA/IBPHYIO  aKTMBHOCTb  SpUTpOLMTOB. VI3
IPefCTaB/IeHHbIX pe3yJIbTaTOB BUIHO, YTO MCCIefyeMble
XI0pcofiep Kalliye IpenapaThl CHIDKAIT (QYHKIMOHAILHYIO
(MeMOpaHHYI0) aKTMBHOCTb SPUTPOLMTOB ¥ M3MEHAIT KX
MEXaHNYeCKyl0  IeMOJUTUYECKYK  Pe3UCTEeHTHOCTb K
JIEKapCTBEHHBIM  IIpemapataM M YIbTpasBy,  Kak
MHAVBUAYA/IbHO, TAK X B KOMOVMHAIINIL.

ITony4yenHble JaHHBIE CBUNETENLCTBYIOT O TOM, 4TO IIXD
Na, IIXHDb, rentaxmop n Porop ABIAITCA OTHOCUTENTBHO
cmabbiMy  MHTMOMTOpaMy  (epMEHTATUBHON aKTUBHOCTU
ATI® mem6paH 3pUTPOLUTOB, HO 00/1afal0T BBHIPa>KEHHBIM
CTPYKTYPHO-IeTepPMIHAHTHBIM JIe/ICTBIEM, 2 IMEHHO MOTYT
BBI3BIBATh TIeMOMN3 B M30TOHMYeckoi cpeme (Na IIX®,
porop, tpuxnopodon) u yckopars (NaCl IIXDNa, TXY-
KNUCIOTa, TpuxiaopodoH) wm  3amemiars  (IIXHD,
TeNITaxjIop) CKOpOCTb remonmsa(cM. Tabmmuy 2). ITostomy
KO/IMYeCTBEeHHbIe  IIOKa3aTe/ly, XapakTepusyoomue Y3
TeMO/IM3 JSPUTPOLUTOB, MOTYT OBITb MCIIO/Ib30BAaHBI B
KauecTBe KpUTepyeB OLIEHKM MeMOPaHOTPOIIHOTO [eIICTBIA
necTunuaoB.B TO >ke BpeMs IpM COBMECTHOM [eVCTBUM

HeCTULUOB U YIbTPasByKa HaOMOgaeTcsA UX afcopOuusa Ha
HOBEPXHOCTY MeMOpPaHbI SPUTPOLNUTOB, YTO B CBOIO OUepefb
IOPUBOAMT K 3aMeJIEHNI0 TeMONMMUTIYecKoro s¢dexra 1 K
M3MEHEHNI0 KavYeCTBEHHOTO ¥ KOMMYECTBEHHOTO COCTaBa
MeMOpaHHbIX IUINAoB[10]. MeTox KMHETHYeCKOTo aHamm3a
sBisercss Haubomee 9PQEKTUBHBIM [ ONpefesieHNs
MeXaHNM3Ma JIeMiCTBUS ~ JIGKAPCTBEHHBIX  CPENCTB  Ha
MeMOpaHbl SPUTPOLUTOB. ITO CO3[AET IPENTOCHUIKA s
IIOMCKA HOBBIX JIEKAPCTBEHHBIX CPENCTB JyI OpraHu3Ma
Ye/ll0BeKa M JKMBOTHBIX 1 IIPENIOKeHMsI HOBBIX, Oosee
3¢ GEeKTUBHBIX IIPENapaToOB IS X IPUMEHEHNUS B CENIbCKOM
XO35ICTBe U MeIUIMHE.
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