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EFFE C TS O F SOM E O R G A N O PH O SPH O R U S IN SEC TIC ID ES 
O N  C A LC IU M , POTA SSIUM  

A N D  C H L O R ID E  E FFL U X  FRO M  ISO LA TED  PIG  LY M PH O CY TES

U sing an isotope labeling technique, we investigated the release o f po tassium , 
calcium , and  chloride  ions from  pig lymphocytes in vitro under influence o f some 
o rganop hosphorus com pounds used as insecticides. T w o o f used agents, viz. methyl 
p ara th io n  and  m elhyl-brom phenvinphos produced  sign ifican t (o ften exceeding 2 0 % ) 
changes in the  qu antity  o f  the efflux o f all tested ions, while the remaining  two: 
m alath ion  and  d ichlorvos changed  the efflux in lesser degree. T he phenom enological 
cha ra cter o f experiment did  not allow to  draw  conclusion  concern ing  the mechanism  of 
observed  changes. T h e ob ta ined  results ex tend  on  some ions, ou r p rev ious finding 
concern ing  changes in trans po rt o f  nucleic acids and D N A /R N A  m odifying enzymes 
th rough  lymphocytes m em brane caused  by org anoph osp hate  insecticides.

1. IN T R O D U C T IO N

O rganophosphorus insecticide are widely used in agricultural production. 
Due to their low w ater solubility they can interact with structures which are 
rich in lipids, such as biological membranes. It was confirmed by the results of 
experiments in which there were observed changes in activity o f membrane 
bound enzymes [5, 9, 13, 14, 18], quantitative changes in lipid fraction [7, 10,
12], changes in fluidity and membrane charge [4, 9, 11], changes in per-
meability for electrolytes [2, 3] and nonelectrolytes [1, 2] under the influence of 
organophosphorus insecticides.

Previously we showed that the lymphocytes released an increased am ount 
o f nucleic acids and D N A /R N A  modifying enzymes into the extracellular 
environment, following incubation with insecticide malathion. The observed 
changes were associated with depolimerization o f nuclear D N A  and variation 
o f am ount of D N A  in subcellular fractions [21, 22], The mechanism underlying 
these phenom ena is unknow n yet, but the results o f research on influence of



insecticides on biological membranes suggest tha t the changes may be 
associated with disturbances o f membrane transport processes.

In this work we try to check w hether o rganophosphorus insecticide can 
affect also transport o f potassium, calcium and chloride ions through the 
lymphocyte mem brane.

2. M A T E R IA L S A N D  M E T H O D S

Porcine blood was obtained from a local slaughtery. Peripheral blood 
lymphocytes were isolated according to the m ethod o f Parkes and Bradley [20], 
The lymphocytes were suspended at a concentration of l()x cells per ml in 
a phosphate saline buffer (PBS) a t pH 7.4. Cell viability was estimated by the 
ability o f the cell populations to exclude Trypan Blue and was never less than 
95%.

Using isotope labeling technique we investigated the efflux o f potassium 
(86R b + ), calcium (45C a2 + ), and chloride (36C1 ) from the isolated lymphocytes 
in the presence o f various organophosphorus insecticides: methyl-brom phen- 
vinphos (2-bromo-l-(dichlorophenyl)vinyl dimethyl phosphate), dichlorvos 
(2,2-dichlorovinyl dimethyl phosphate), m alathion (S-1,2-bis-(ethoxycarbo- 
nyl)ethyl O-O -dimethyl phosphorothioate, and methyl para thion (0 ,0 -dimet- 
hyl O -p-nithrophenyl phosphorothioate). Investigations were carried out at 
three final concentra tions o f each insecticide: 10 5, 10 4 and 10 3 M. The 
insecticides were derived from concentrated (50 mM ) solutions in ethanol. The 
control group received only ethanol at a concentration appropria te  for the 
maximal concentration o f the particular insecticide (never more than 0.92%). 
One group got neither any insecticide nor ethanol.

Each isotope was added to the cells suspended in PBS at a concentration of 
108 per ml in such am ount that the final specific activity was 2 /¿Ci/ml for 86Rb 
and 45Ca and 1 nCi/ml for 36C1. The lymphocytes were irçcubated for 1 h at 
37°C in the presence o f a particular isotope, cooled to 0°C and washed four 
times in ice-cooled PBS; each washing was followed by 10 s centrifugation at 
10,000 g. 0.3 ml aliquot o f the lymphocyte suspension was collected in small 
tubes, each containing 1 ml PBS and an insecticide a t a desired concentration. 
A fter 1 h releasing an isotope a t room temperature, the samples were 
centrifuged a t 10,000 g for 30 s, 0.5 ml aliquot o f supernatant was taken, mixed 
with 3 ml o f scintillation cocktail and counted in a scintillator counter (LK B 
W allac R ackBeta 1209) to estim ate the am ount o f radioactive isotope released 
by the lymphocytes. Ten thousand counts were collected for each probe to 
ensure a standard deviation o f ±  100 counts or 1%. The scintillator counter 
autom atically converted the counts, with a correction for dead time, to counts 
per m inute (cpm).



Each experim ent was performed in 10 replications. The average radioac-
tivity in the group which received neither any insecticide no r ethanol was used 
to normalize the radioactivity  in the remaining groups. A quantity  obtained in 
this way was further called „efflux” . One-way analysis o f variance was used to 
test for effects o f insecticides.

3. R E SU L T S A N D  D ISC U SSIO N

Table 1 gives the results o f efflux o f S6R b + ions from the lymphocytes. At 
all tested concentrations o f methyl-bromphenvinphos a statistically significant 
enhanced efflux o f 86R b + was observed. The enhancement ranged from 20% 
(10 5 M) to  nearly 30% (10 3 M). An enhancement o f efflux caused by 
dichlorvos was independent o f its concentration and averaged 6 % . M alathion 
had no statistically significant effect on the release o f WlR b + . M ethyl 
parathion produced a decrease in the releasing o f 8fiR b + at all tested 
concentrations. The decrease ranged from 21% (10 5 M) to  16% (10 3 M).

T a b l e  1

Efflux o f  86R b + from lymphocytes under influence o f o rganop hosp ho rus insecticides (mean 
±  SD , n =  10, all exps.). Fo r the  explanation  o f  the term  „efflux” see M ateria l and  M ethods

Insecticide C oncentra-
tion  [M]

Efflux P*

M ethyl-brom phenvinphos

0

I0 5 

10 4 

10 3

1.0007 ±  0.0529 
1.2041 ±  0.2023 
1.2738 ±  0.1516 
1.2997 ±  0.1296

< 0.01

< 0.00 1

< 0.00 1

0 0.9666 ±  0.0209
10 5 1.0261 +  0.0326 < 0.00 1

D ichlorvos
1 0 4 1.0193 ±  0.0441 < 0.005
10  3 1.0318 ±  0.0405 < 0.00 1

0 0.9629 ±  0.0361
10 5 0.9812 +  0.0160 > 0.1

M alath ion
1 0 4 0.9540 ±  0.0202 > 0.5

10 3 0.9768 ±  0.0209 > 0 .2

0 1.0213 ±  0.0665
10 5 0.8055 +  0.0397 < 0.00 1

M ethyl pa ra th io n
10 4 0.8272 ±  0.0323 < 0.00 1

10  3 0.8594 ±  0.0704 < 0.0 01

* Scheffe’s m ultiple  com parison  method .



The exposure o f the lymphocytes to m ethyl-bromphenvinphos at concent-
rations 10 4 and 10 3 M produced a significant reduction o f calcium efflux (9 
and 12% respectively) -  see Table 2. D ichlorvos did not cause any statistically 
significant changes but m alathion did a 10% enhancement at 10 3 M. Methyl 
para th ion produced an enhancem ent in the releasing o f calcium at concent-
rations 10 4 M (30% ) and 10"3 M (28%).

T a b l e  2

El'll ux o f 45C a 2+ from  lym phocytes under influence o f o rg anoph osphorus insecticides (mean 
±  SD , n =  10, all exps.). F or the  explanation  o f the  term  „efflux" see M aterial and  M ethods

Insecticide
C once ntra-

tion  [M]
Efflux P*

0 0.9822 ± 0.0462

M ethyl-brom phenvinphos
10 5 

10 4

0.9520
0.8977

±
±

0.0633
0.0305

> 0 .2

< 0.00 1

10 3 0.8617 ± 0.0451 < 0.00 1

0 1.0070 ± 0.0615

Dichlorvos
10 5 0.9646 ± 0.1003 > 0 .2

10 4 1.0456 + 0.0719 > 0 .2

10 3 0.9859 ± 0.0713 > 0 .5

0 0.9804 + 0.0689

M alath ion
10 5 0.9775 ± 0.0926 > 0 .5
10 4 1.0175 ± 0.1489 > 0 .2

10 3 1.1641 ± 0.1434 < 0 .0 0 2

0 0.9901 + 0.1108

M ethyl pa ra th io n
10 5 

10 4

1.0454
1.2910

±
+

0.1691
0.1777

> 0 .2

< 0.0 01

10  3 1.2688 ± 0.1833 < 0.0 01

* Scheffe’s m ultip le com parison  m ethod .

The exposure o f the lymphocytes to  m ethyl-bromphenvinphos resulted in 
diminishing o f efflux o f chloride at concentrations 10 4 M (8 % ) and 10 3 
M (10% ) -  see Table 3. D ichlorvos did not affect the efflux at all tested 
concentrations. M alathion caused enhanced efflux a t 10 4 M (11% ) and 10 5 
M (13%). M ethyl para thion produced a significant decrease in the efflux a t all 
concentrations ranging from 12% at 10 3 to 24% at 10~5 M.

The obtained results testify to changes in transport o f potassium, calcium 
and chloride ions caused by some organophosphorus com pounds used as 
insecticides. The nature o f the perform ed study does no t allow to draw 
conclusions on the mechanism(s) which may underlie the observed changes.



There are a num ber o f conflicting results o f investigations dealing with 
insecticides and transpo rt o f ions. The organophosphorus insecticides para- 
thion, azinphos and m alathion proved to be activators o f rabbit sarcoplasmic 
reticulum  (C a2+ +  Mg2+ )-ATPase and increased the ratio  o f translocated 
C a2+ to hydrolyzed A TP [3], On the other hand m alathion was shown to be 
an inhibitor both o f (C a2+ +  M g2+)-A TPase activity and A TP-dependent 
calcium transport in brain synaptosome m em brane vesicles [17]. It was also 
shown that some organophosphates had an inhibitory effect on the activity of 
(N a+ , K + )-A TPase and (C a2+ +  M g2 + )-ATPase o f ra t heart [8] and (N a + , 
K + )-ATPase o f erythrocyte membrane [15].

T a b l e  3

Efflux o f  36C1 from  lymphocytes under influence o f o rg anoph osphorus insecticides (m ean  ±  SD, 
n =  10, all exps.). F o r the explanation  o f the term  „efflux" see M ateria l and  M ethods

Insecticide
C onc entra-

tion  [M]
Efflux P*

M ethyl-brom phenvinphos

0 

10 5 

10 4 

10 3

0.9408 ±  0.0834 
0.9343 ±  0.0863 
0.8673 ±  0.0613 
0.8492 ±  0.0787

> 0 .5
< 0.05
< 0 .05

0 0.9432 ±  0.1125
10 5 0.9404 +  0.1099 > 0 .5

D ich lorvos
10 4 0.9302 +  0.1274 > 0 .5
10 3 0.8492 ±  0.8883 > 0 .2

0 1.0032 ±  0.0799
10 5 1.0434 +  0.0526 > 0 .2

M alath ion
10 4 1.1155 ±  0.0683 < 0.0 05

10  3 1.1312 ±  0.1030 < 0.01

0 1.0254 ±  0.1111
io -5 0.7755 +  0.0566 < 0.0 01

M ethyl para th io n
10 4 0.8596 ±  0.0915 < 0 .0 0 2

10*3 0.9056 ±  0.1318 < 0.05

* Scheffe's m ultip le  com parison  method.

The insecticides m ala thion and parathion exert significant effects on the 
ionophore -  induced permeability o f liposome membranes for K r and Ca~ + 
ions as a consequence o f changes in the fluidity o f m em brane lipids [2], 

The base o f biological activity o f insecticides should be considered on the 
molecular level. The structure o f atom s P-O-C which is typical of organophos-
phates seems to be fundamental as far as the biological action o f these 
com pounds is considered. This structure is mainly responsible for interaction



o f organophosphate  with nucleophiles of the cell. Nucleic acids and proteins 
have the largest am ount o f nucleophilic sites o f the cell. A nucleophile can 
preferably attack a phosphorus atom  causing the break o f the -P-C- bond and, 
in turn, phosphorylation, or breaks -C-O- bond causing m éthylation. An 
inhibition o f the active site o f acetylcholinoesterase is the best known 
méthylation reaction caused by insecticides [6 , 16, 23]. O rganophosphates can 
cause m éthylation o f proteins [23] followed by inhibition o f N a + /C a2 f  
exchange, being a com ponent of the calcium transpo rt system of biological 
membranes.

Due to the great im portance o f ion transpo rt processes in the cell and lack 
o f agreement in assessing the influence o f organophosphorus agents on these 
processes the undertaken investigations need further study.

Acknowledgements

This work was supported by the M inistry of N ational Education Research 
P rogram  PR II 11.4.11.

4. R E F E R E N C E S

[1] A n t u n e s - M a d e i r a  M.  C. ,  C a r v a l h o  A.  P., M a d e i r a  V. M. C. (1981), Pestic. 
Biochem. Physiol., 15, 79.

[2] A n t u n e s  - M a d e i r a  M. C., M a d e i r a  V. M. C. (1979), Biochim . Biophys. A cta, 550, 
384.

[3] A n t u n e s - M a d e i r a  M.  C. ,  M a d e i r a  V. M . C. (1982), Pestic. Biochem. Physiol., 17, 
185.

[4] A  n t u n e s - M a d e i r a  M.  C. ,  M a d e i r a  V. M. C. (1989), Biochim . Biophys. A cta , 982, 
161.

[5] B i n d e r  N. ,  L o n d o n  E. J., W e c k e r  L. , D e t t b a r n  W .-D . (1976), Biochem. Ph ar-
m acol., 25, 835.

[6] C  o  r b e 11 J. R. (1974), The Biochemical M ode o f  Action o f  Pesticides, Academic Press. New 
Y ork , 150-161.

[7] D e  P o t  a s  G . M., D e D ’ A n g e l o  A. M. P. (1987), Bull. E nviron . C ontam . T oxicol., 39, 
802.

[8 ] D i e r k e s - T i z e k  U. ,  G l a s e r  U „  O l d i g e s  H. ,  H e t t w e r  H. (1984), D rug . Res., 34,
671.

[9] De D o  m e n e c  h C. E., D e  D o m e n e c  h E. E. M. ,  B a l e  g n o H.  F.,  De M e n d  o y a D. ,  
F a r i a s  R. N . (1977), FE BS L ett., 74, 243.

[10] G e r i c k e  C. ,  H e t t w e r  H. ,  S t a u b  W. (1976), Biochem. Exptl. Biol., 12.
[11] G o o r m a t i a g  E.  L.,  C a s p e r s  J. , R u y s s c h a e r t  J. M. (1981), C ollo id  In terface  Sei., 

80, 163.
[12] H e t t w e r  H. ,  G e r i c k e  C. (1977), Arch. Toxicol., 38, 251.
[13] H u d  d a r t  H. (1977), C om p. Biochem. Physiol., 58c, 91.
[14] H u d d a r t  H. ,  G r e e n w o o d  M. ,  W i l l i a m s  A. J. (1974), J. C om p. Physiol., 93, 139.
[15] I m a m u r a  T. ,  H a s e g a w a  L. (1984), Pestic. Biochem. Physiol., 22, 312.



[16] K o b a y a s h i  H. ,  Y u y a m a  A. ,  C h i b a  K. J. (1986), Toxico l. Appl. Pharm acol,, 82, 32.
[17] L u o  M ., B o d n a r y k  R. P. (1988), Pestic. Biochem. Physiol., 30, 155.
[18] M e t c a l f  R. L. (1982), N euro tox icol., 3, 269.
[19] P a n g i a V . ,  M a k i n o M . ,  G a n g u l y  P. K. ,  D h a l l a N .  S. (1987), Eur. J. Biochem., 166, 

597.
[20] P a r k e s  A.  B., B r a d l e y  D. M (1974), Biochim. Biophys. Acta, 362, 527.
[21] W a l t e r  Z.,  M a l i n o w s k a  A. (1987), Folia Med. C racov ., 28, 177.
[22] W a l t e r  Z.,  S c i a n o w s k i  J. (1989), Bull. Soc. Sci. Lett., 39, 20.
[23] W a n g  C. ,  M u r p h y  S. D. (1982), Toxicol. Appl. Pharm acol., 6 6 , 409.

C am e in ed ito ria l office D ep artm en t o f M olecu lar G enetics
„ Fo lia  b iochim ica et b iophysica”  Institu te  o f  Biochemistry
25.05.1991 U niversity o f  Ł ódź

Janusz Błasiak, Zo fia  Waller. M aria Gawrońska

W PŁ YW  IN S E K T Y C Y D Ó W  F O S FO R O O R G A N IC Z N Y C H  NA W Y PŁY W  W A PN IA , 
PO TA SU  I C H L O R U  Z  IZ O L O W A N Y C H  L IM FO C Y T Ó W  ŚW INI .

B adano , stosując technikę znakow ania  izo topowego, uwalnianie jon ów  potasu , w apnia  
i ch loru  z lim focytów świni in vitro pod  wpływem związków fosforoorganicznych  używ anych jak o  
insektycydy. D wa spośród  stosow anych związków, m ianow icie m ety loparation  i m ety lobrom fen- 
winfos pow odow ały  znaczące (często przekraczające 2 0 % ) zmiany w wielkości wypływu, podczas 
gdy pozostałe  dwa: m alation  i d ichlorfos oddziaływ ały na wypływ w mniejszym stopniu . 
Fenom enologiczny c hara k ter p rzeprow adzonego  eksperym entu nie pozw alał na sform ułow anie 
w niosków dotyczących m echanizmów leżących u podstaw  obserwow anych zmian. O trzym ane 
rezu lta ty  stanow ią rozszerzen ie o n iektóre jon y  wcześniejszych stwierdzeń dotyczących zmian 
w transporcie  kw asów nukleinow ych i enzymów nukleo litycznych poprzez  błony lim focytów pod 
wpływem insek tycydów fosforoorganicznych .


