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We studied the effects of acute chlorpyrifos intoxication on the erythrocytes resistance
to acid hemolysis and certain hematological parameters (number of erythrocytes, leucocytes,
monocytes, lymphocytes, granulocytes, and trombocytes, hemoglobin content, hematocrit,
trombocrit, and platelet indices).

Acute exposure to 50 mg/kg CPF leads to a decrease in the resistance of main
erythrocytes pool to acid hemolysis at 15 minutes after exposure. The number of leucocytes
increased by 21,9%, of erythrocytes — by 9,0%, hemoglobin content — by 6,3%, compared to
controls, at 15 minutes after exposure. The number of trombocytes decreased by 21,6% at 15
min, by 26,2% at 30 min, by 53,3% at 45 min, and by 56,0% at 60 min after exposure,
compared to control means.
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e-mail: ros.volodymyr@gmail.com

®ocdopopranivni cnoayku (POC) y AKOCTI OCHOBHUX AiIOUMX areHTiB BXOAATb A0
CKJAaly BeAUKOI KiABKOCTI IlecTunmAiB, 3acobiB moOyTOBOI XiMil, BUKOPUCTOBYIOTBCI Y
XiMi4Hilf TPOMMCAOBOCTI, MeAUIIHI (€ KOMIIOHeHTaMM IIpellapariB 110 3aCTOCOBYIOThCS 445
xiMmioTeparii TyOepKyabpo3y i paxy, MiacTeHii, aTOHII KMIIOK, AiKyBaHH:A IAayKomu). Bucoka
ToKcHuHicTh Ta mnommpenicte ®POC 3yMOBAIO€ 3HauHy HeOe3NeKy iHTOKCHUKAIi I[MMU
pevosuHamu. Xaopmipudoc (XI1O) € oganm 3 HatnommpeHimmx i HaliHeOe3IeUHIIIIX 445
340pOB’sl AIOAMHM IpeACTaBHMKOM IIboro Kaacy crmoayk. XII® (O,0-Auerna-O-3,5,6-
Tpuxaop-2-mpuanadocdopotioar (CoHuClsNOsPS)), BigoMuil ro10BHMM YMHOM, 5K Ail0oda
peuoBnHa OaraTbOX POBIOBCIOAXKEHUX IHCeKTULMAIB IIMPOKOIO CIeKTpy 4il. OcHOBHMI
MexaHisM TOKcnuHOI Ail XIIP moasrae B ToMy, IO BiH iHTiOye XoAiHecTepasHi eH3UMI,
CIPUYMHAIOYYM, TUM CAMUM HOPYILIEHH: CUHAIITUYHOIL Ilepeadi.

Aocaiaxennst Oyam mposegeni Ha 40 craTeBo3piamx camipix 06iamx aabGopaToOpHMX
mrypis ainii Bicrap macoro tiaa 200-220 1, byao copmosano BiciM Ipyn TBapuH — 9OTUPU
konTpoabpHnx (K1, K2, K3, K4) i wotupu aocaigni (41, A2, A3, A4) 1o 5 urypis y KOXKHiIA.
AJexarirtaniio Iypis 3a asecresii edipom Ta BiagOip nepudepmyHOi KpoBi y TBapMH
nposoauan uepes 15 (K1, A1), 30 (K2, A2), 45 (K3, A43), 60 (K4, A4) xB. micas BBeJeHH: B ix
opranism xaopmipudocy. Bigidopany xpos poszaiasam Ha 2 dacTuHM. /A5 BU3HaYeHH:
reMaToAOrYHIX ITapaMeTpiB 3pa3ku Kposi BHOocman y mpoOipku (Terumo Europe N.V.
(beapris)), sAxi mictman antukoaryasut EATA-K2. He misHine HixX yepes 2 rog. IicAs B3sTTS
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KpOB aHali3yBaAM Ha aBTOMaTMYHOMY IeMaTroAoridyHoMy aHasizatopi (Orphee Mythic 18,
IIseiiiapisi) 3a HACTyIHMMM IIOKa3HMKaMM: KiABKICTb epUTPOLIUTIB, AEMKOLIUTIB,

AiMQONNTIB, MOHOIIUTIB, I'PaHyAOLMTiB, TPOMOOIIMTIiB, BMICT IeMOra00iHy, reMaTOKpUT,
TpOMOOKPUT, cepeHilt TpoMOouTapHNiT 00’€M i TOKa3HMK TeTepOreHHOCTi TPOMOOIIUTIB 3a
06'emoM. JocAigKeHHsI pe3UICTEHTHOCTI epUTPOLUTIB 40 KMCAOTHOTO T€MOAi3y IPOBOAVAN
Ha epUTPOLUTaX BiAMUTUX 3araAbHONPUIHATUM MeTOoAoM. CTiliKicThb epUTPOLUTIB A0
KMC/AOTHOTO TeM0Ai3y B3HadaAu 3a MeTogoM Tepckosa i I'iTean3ona.

BcraHoBaeHo, mo rocrpa inrokcukaris mypis XII® y 403i 50 Mr/kr BIpogoBK IepIiol
TOAVHM TIiCASL BBeJEHHs CIPUYMHAE: 3POCTaHHSA KiABKOCTI AEMKOLIUTIB Ha 29,1%,
epUTpOLUTiB — Ha 9%, BMICTy reMOra00iHy — Ha 6,3% , IIOPIBHIHO 40 KOHTPOAIO yepe3 15 xB
micAst iHTOKCMKaIlii.3MeHITIeHHsT KiAbKoCTi TpoMOoLuTiB yepes 15 xB- Ha 21,6%, uepes 30 xB—
Ha 26,2%, gepes 45 xB — Ha 53,3% i uepe3 60 xB — Ha 56,0% IOPIBHAHO 3 KOHTPOABHUMU
3HAUEHHSAMI;3HVDKEHHSI Pe3UCTeHTHOCTI OCHOBHOTO IyAy €pPUTPOIIUTIB A0 KICAOTHOTO
reMoAisy y rpymi E1.

Katrouosi caosa: zemamonroziuii noKasHuKu, XAOpnipugoc, wiypi, iHmoxcuxkayis.

B. I1. Pocaaosckuii.
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br110 IpoBeAeHO MccaeAOBaHNe BAUSHUS OCTPON MHTOKCUKAIMY XA0pIMpudocoM Ha
PEe3UCTEeHTHOCTL HPUTPOLMTOB K KMCAOTHOMY I'€MOAM3y U HEKOTOpble IeMaTOAOTMdYecKue
IoKazaTean (KOAMYECTBO OPUTPOLUTOB, AEVKOIUTOB, MOHOIINTOB, AWM OINTOB,
[paHyAOLUTOB, TPOMOOLMTOB, COJep>KaHMe TeMOrA100MHa, TeMaTOKPUT, TPOMOOKPUT U
TpoMOoLUTapHble MHAEKCEI).

Octpas naToKcuKauys Kpeic XI1® B 403e 50 MI/KT BEI3BaAa CHUKEHIE PE3MCTEHTHOCTI
OCHOBHOTO IIyJa DPUTPOIINTOB K KICAOTHOMY IeMOAM3y 4depe3 15 MUHYT mocae BBeJeHIN.
bria 3adukcupoBaH poOCT KoAmndecTBa AerkonmTtos Ha 29,1%, spurpormros - Ha 9,0%,
coZep>KaHMS TeMOrA00muHa - Ha 6,3%, IO CpaBHEHMIO C KOHTpoJAeM, depe3 15 MmH mocae
nuarokcukarum. Koandecrso tpomGonuTos cHusmaace Ha 21,6% depes 15 mmH, Ha 26,2%
gepes 30 mMuH, Ha 53,3% uepes 45 mMmuH u Ha 56,0% uyepes 60 MUH IIOCAe BBeAeHN:A, IIO
CpaBHEHMIO C KOHTPOABHBIMU 3HAYEHUSIMIA.

Katrouesvie caosa: zemamorozuveckue noKa3ameAu, XAOpnupuPoc, Kpuict, UHMOKCUKALUL.

INTRODUCTION

Organophosphates (OPs) are the main active substances in many agriculture
pesticides and household chemicals; they are also used in the chemical industry,
medicine (tuberculosis and cancer chemotherapy preparations, drugs against
myasthenia gravis, gastrointestinal atony, and glaucoma). Chlorpyrifos (CPF) is one
of the most common and most dangerous of these compounds. CPF (O,O-diethyl O-
3,5,6-trichloropyridin-2-yl phosphorothioate (CoH11ClsNOsPS)) is known as the active
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ingredient of many common broad-spectrum insecticides used in agriculture to
protect vineyards, vegetables, citrus fruits and cereals from pests, and, that is
particularly dangerous, to control insects in homes (Needham, 2005, Salyha, 2010a).

The main mechanism of CPF toxicity is inhibition of cholinesterase enzymes,
causing disruption of synaptic transmission. Till recently, this was considered as a
key and almost only toxicity mechanism of CPF, and all OPs in general, but the latest
studies have convincingly shown that the toxic effect of OPs is more complex and is
not limited to anticholinergic action. Besides cholinesterases, other potential
molecular targets of OPs were found (Eaton, 2008; Salyha, 2010a; Salyha, 2010b;
Abmali, 2011; Salyha, 2013). The free radical oxidation, a universal
pathophysiological phenomenon in many pathological conditions, also plays a
significant role in reaction to the toxic effects of various xenobiotics, including OPs
and CPF in particular (Salyha, 2010b; Elsharkawy, 2013). Undoubtedly, in case of
intoxication, blood is affected as well as other tissues, as haematological parameters
are important markers of physiologic conditions of the body. Blood is a key
homeostatic system of the organism (Savithri, 2010; Khaybullina, 2012; Salyha, 2013).
Study of the blood system in context of homeostatic adaptive reactions to the toxic
exposures is essential for understanding the pathologic mechanisms at cellular and
tissue levels.

Under the effect of different compounds, particularly poisons, the nonspecific
signs of alterations in peripheral blood mainly include changes in the total white
blood cells number (mild leukocytosis) and leukocyte formula (Ilymphopenia,
neutrophilia, sometimes with a left shift, eosinopenia or eosinophilia). In their turn,
alterations in red blood are less prominent and are manifested mainly by a slight
decrease in hemoglobin and erythrocytes number. Chronic exposure may lead to
erythrocytosis with normal hemoglobin, leucopenia with left shift of the leucocytes
formula, toxic granularity of neutrophils, and reduction of erythrocyte
sedimentation rate (Khaybullina, 2012). Nevertheless, there is a relatively high
variability of quantitative hemato-cytological parameters, depending on
physicochemical features of the toxic factor, duration of its action, dose, intake route
and so forth (Eaton, 2008; Savithri, 2010).

It is important that CPF poisoning (especially acute), besides other effects, can
cause hypoxia (Salyha, 2010a). The performance stability of erythrocytes is often
used in experimental medicine as a way to assess their functional state (Sybirna,
2010; Ambali, 2010). Unfortunately, the few available literature data on
haematological parameters of animals under CPF action are often incomplete and
even contradictory (Savithri, 2010). Therefore, the aim of this study was to
investigate changes in basic hematological parameters and hemolysis resistance of
the erythrocyte membrane at 15, 30, 45, and 60 min after CPF exposure to rats.

ISSN 2225-5486 (Print), ISSN 2226-9010 (Online). Fioroziunuii gicnux MAITY. 2015. Nel




126 Biosoriyauii BiCHUK FB\

)

MATERIALS AND METHODS

Forty adult male white Wistar rats weighing between 200 and 220g served as
subjects for this study. Rats were housed under standardized laboratory conditions,
with 12h dark/light cycle and free access to food and tab water ad libitum. All
procedures were conducted according to the European Convention for the
Protection of Vertebrate Animals used for Experimental and Other Scientific
Purposes (Strasbourg, 1986) and General Ethical Principles of Experiments using
Animals (First National Congress of Bioethics, Kyiv, 2001).

The animals were randomly divided into eight groups: four control (C1, C2, C3,
C4) and four experimental (E1, E2, E3, E4) groups, each comprising of five animals.
All treatments were administered at a dose of 50 mg/kg. Administration of CPF was
perfomed via oral gavage. Chlorpyrifos was diluted in sunflower oil. The control
groups received the equivalent volume of pure oil.

At the end of the test period, the rats were sacrificed by decapitation after light
ether anesthesia (at 15 min (groups C1 and E1), 30 min (C2 and E2), 45 min (C3 and
E3), and 60 (C4 and E4) min after dosing, to obtain samples of peripheral blood.

The blood samples were collected into test tubes (Terumo Europe N.V., Belgium)
with anticoagulant, K2-EDTA. Not later than 2 hours after sampling, blood was
analyzed with the automatic hematological analyzer (Orphée Mythic 18, Switzerland)
to examine for total red blood cells (RBC), white blood cells (WBC), lymphocytes,
monocytes, granulocytes, platelets, haemoglobin (Hb) concentration, hematocrit,
plateletcrit, mean platelet volume and platelet volume heterogeneity index.

Erythrocytes resistance to acid hemolysis was assessed by Terskov-Hitelson
(Gitel'zon, 1959): photometric measurement of the decrease in the red blood cells
number caused by adding 0.002N HCL in saline. The red blood cells were counted at
regular intervals (30 sec).

The experimental data were processed by using the OriginPro 8 software. To
compare between the data of the control and those of treatments, Student t-test was
used. Values obtained were expressed as Mean+SD, Values of P<0.05 were
considered significant.

RESULTS AND DISCUSSION

Analyzing the hematological parameters of rat peripheral blood during the first
hour after exposure to CPF, we found significant changes in the number of blood
particles and in the acid hemolysis resistance of red blood cells. Below we present
the CPF effects on parameters of blood particles number .

After the exposure, significant changes occurred in the total number of white
blood cells. So, in the blood of group El, i.e. at 15 min after CPF exposure, was
observed a significant increase (by approximately 29,1%) in the number of white
blood cells (p<0,05), compared with controls (Table 1).
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On the other hand, at other studied time points, leukocyte count showed
reversal dynamics: it tended to decrease by 10.37% in E2, and in the E3 and E4
groups it decreased significantly by 21,9% and 28,9% (p <0,05), respectively,
compared to control values. Moreover, E1 group showed a significant increase in the
number of granulocytes by 67,4% (p<0,05), compared with controls. No significant
change in the number of monocytes, lymphocytes and granulocytes in groups E2, E3,
E4 was observed. Increase of white blood cells in E1 may be related to their release
from lymphoid-myeloid complex into blood to neutralize CPF-induced damage. The
gradual decrease in E2, E3, and E4 may be related to the decrease in the oxidative
stress-caused damage and completion of the disposal of damaged blood cellular
components. These changes in characteristics of the white blood resonate with
studies of other authors (Hissin, 1976), claiming that the number of white blood cells
can change under the influence of organophosphorous pesticides. It is also reported
that changes in the leukocyte number can be caused by CPF poisoning and depend
on the severity of caused damage (Elsharkawy, 2013).

The number of platelets decreased significantly in all experimental groups,
compared with intact animals. The intensity of these changes increased with time:
the total platelet count decreased by 21.6% in group E1, by 26.2% in E2, by 53.3% in
E3, and by 56.0% in E4, compared with control values. However, the rate of platelet
volume distribution and average volume of platelets did not show any significant
changes. The decrease in the number of thrombocytes can be caused by the
formation of antigen-antibody complexes with platelet surface antigens, or by the
changes in platelet membrane permeability, caused by oxidative stress (see, for
instance, Sybirna, 2010; Ambali, 2011; Elsharkawy, 2013). It is known that changes in
the platelet number can serve as an early sign of various intoxications.

Significant increase in number of red blood cells (by almost 9%, compared to the
control group) was found only in group E1, i.e. 15 min after intoxication. We also
observed here a significant increase in hemoglobin by 11% (p<0,05), hematocrit by
6,3% (p<0,05), compared to control. Such changes could be caused by hypoxia that
occurs in the first few minutes after acute CPF poisoning, a powerful initiator of
erythropoietin’s synthesis and increased release of erythrocytes to the bloodstream
from the depot, that initiate increasing hemoglobin content.. Within the same time
intervals, erythrocyte count, total hemoglobin, the average volume of red blood cells
showed no significant changes, compared to control.

Toxic substances affect the blood system and hematopoiesis in many ways:
besides the bone marrow damage and abnormal hemoglobin transformation, they
can also alter the degree of hemolysis of red blood cells. Violation of the erythrocyte
membrane integrity, changes in surface properties of the lipid bilayer and protein
conformation under the influence of toxic substances change the functional ability of
erythrocytes to bind different compounds (Dudok, 2009; Ferents, 2014). Acid
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erythrograms (Fig. 1) show the negative impact of CPF on the stability of erythrocyte
membranes.
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Fig. 1. Erythrograms of acid hemolysis and parameters of erythrograms of intact
and exposed animals (1h after chlorpyrifos dosing)

In group E1, 15 min after CPF exposure, we observed decreased resistance to
acid hemolytic of the main pool of red blood cells, showed by a significant increase
in the ratio of hemolyzed red blood cells. In this group, total erythrocyte hemolysis
occurred faster than in controls. At 30 min after intoxication (group E2), maximum
red blood cells hemolysis percentage slightly decreased, compared with group El,
and a total destruction of red blood cells left unaltered. In Group E3 (45 minutes
after experiment beginning) the percentage of damaged red blood cells significantly
decreased up to 33.5%, compared to control (p<0,05). However, the increased area
under the hemolysis curve of both right and left inflexions indicates the emergence
of erythrocytes fraction with increased resistance to acid hemolytic (Fig. 1). After 60
min after CPF exposure, in group E4 the number of red blood cels destroyed by
hemolytic approached the control values. In the peripheral blood of rats, the
appearance of erythrocytes that are more resistant to acid hemolytic can be
explained by substitution of the pool of destroyed erythrocytes with cells that are
more resistant to hemolysis.
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Acid erythrogram method helps to assess the condition of hydrophobic and
protein components of erythrocyte membranes and to form morphologically
homogeneous groups of erythrocytes by their age. The most resistant to hemolytic
are the young red blood cells that are situated on the right side of the erythrogram.
Aging of the erythrocytes is accompanied by a gradual decrease in their resistance,
manifested in shifting the curve to the left.

CONCLUSIONS

An acute exposure to chlorpyrifos (50 mg/kg), 15 min after dosing) caused the
increase in the white blood cells number by 29.1 percent, increase in red blood cells
number by 9 percent, and increase in haemoglobin by 6.3 percent compared with

control.

We also registered a decrease in the platelet number by 21.6 percent (15 min
after dosing, group E1), by 26.2 percent (after 30 min, E2), by 53.3 percent (after 45
min, E3), and by 56.0 percent (after 60 minutes, E4), compared with control values.
We registered decreased acid hemolysis resistance of the main pool of red blood cells
in group E1 15 min after intoxication);

In conclusion, significant adverse changes in hematological parameters are
reported to be associated with exposure to CPF, in this present study. This therefore
suggest that exposure to CPF may be considered to be among the risk factors for the
development of anaemic condition. Hence, exposure to this drug should be
minimized.
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