
Laoora lory  o[ ~ o m p a r a t , v e  Y n y s w l o g y ,  u n i v e r s i t y ,  zams 

:he toxicity of the insecticide O,O-diethyl-O-p-nitrc 
, E 6o5) is explained by  the inhibition of acetylcholin 
t was thought that  parathion itself was a strong inh 
fro too, and it was stated that  a concentration of I 
on of rat  brain cholinesterase (DuBolS et al. 1, ALDRII 
true, however, for highly purified samples of para 
.,3 demonstrated tha t  parathion purified by  chroma 
ition of ra t  brain cholinesterase at all in vitro. Norma] 
arathion show a very wide range in inhibitory activi 
?ercentage of O,S-diethyl-O-p-nitrophenyl thiophos 
hion. Using the same material,  ALDRIDGE AND BARb 

GAGE. Independently of the authors me 
aboratory showed that  highly pure parathion did n, 
ity against the acetylcholinesterase of the central nei 
"oach, Periplaneta americana L., whereas cholinestera 
ro in roaches that  died after being poisoned with par 

chromatography ala not snow ai 
Normal  samples of "pure"  or techi 

activity,  owing to the variat ion 
)hosphate, the S-ethyl isomer 

NES 4 could confirm the resul 
mentioned above, STEGWEE ~ 

not have an in vitro inhibito 
nervous system of the Americ; 

;terase activity had been reduc 
)arathion. 

S, MYERS, MENDEL et al. 6 studied, both in vitro and in viz 
cies of parathion, of the S-ethyl isomer and of O,O-dieth~ 
iparaoxon, E 600, the oxygen analogue of parathion). Frc 
raised that  the inhibitory activity of parathion in vivo mt 
;ion to paraoxon in the body. DIGGLE AND GAGE ? show 
~r slices converted parathion into a cholinesterase-inhibiti 
de clear that  the liver cannot be the sole site of this cc 
nts with liver tissue yielded positive results. In a subseque 
~AYTON 6 claimed to have demonstrated by  chromatograpl 
araoxon in the liver of rats poisoned with parathion. 
z of parathion in mammals  can be explained by  an enzyn 
t to a P = O bond in the mammalian body, after this cc 
lolinesterase-inhibitor paraoxon exerts its action. On t 
in our laboratory,  as mentioned above, it seemed proba ~ 
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of DIGGLE AND 
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activit, 
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to zero 

In experiments with ra t s  
the relative inhibitory potencies 
o-p-ni trophenyl  phosphate (t 
their results the authors surmised 
be due largely to a conversion 
that  incubation with rat  hver 
substance. While it was made 
version, so far only experiments wit 
communication GAGE AND PAYTON 6 

analysis the occurrence of pa: 
In this way the toxicity 

oxidation of the P = S bond 
version the strong acetylcholine 
basis of former experiments in 

Re/erences  p.  5x5  . 

? H Y L - O - p - N I T R O P H E N Y L  T~ 

A C E T Y I . C H O L I N E S T E R A S f  

~IE I N S E C T  FAT B O D Y  

t)v 

UY C. K O K  AND J. N. \VALOP 

o P h y s i o l o  Univers i ty ,  A m s t e r d a m  ( N  

INTRODUCTION 

zl-O-p-nitrophenyl t 
dch olinesterases 

inhibitor of 
1.2" IO -6 

ALDRIDGE2). T h  

)arathion. I i  
chromatography 

P H A T E  

"OR 

te (para- 
'. Origin- 
lesterase 
50% in- 
L did not 
3LE AND 

how any 
chni- 

in 
of 

Its 
in 

lhibitory 
l c an  

reduced 

U~VO, 

yl- 
From 
must 

howed 
nhibiting 

con- 
ent 

ahic 

mic 
in- 

the 
)robable 



incubat ion  cholinesterase determinat ions  were carried out  in t 
metric technique similarly as described previously 1°. The med 
flution, sa tura ted  with 5 o//o COn + 95 % Nz; the t empera ture  
•pressed as ba0, represent ing the  a m o u n t  of CO~ in/~1 evolved 
yme present  in ioo mg tissue or blood (when the course of the 
Fhe pa ra th ion  used was supplied and purified by  Mr. H. R, 
al and Inorganic  Chemistry,  to  whom we are very indebted. 
tariffed samples of para th ion,  which did not  have an inhibitoi 
.'ed this  ac t iv i ty  after  some weeks or months .  In  one extr~ 

in a concentra t ion  of o.oi15 % did not  possess any  inhibitc 
Lplete inhibit ion of the cholinesterase-act ivi ty of cow blood ; 
ring in stored pa ra th ion  is unknow n  so far, bu t  will be dis 
cperiments, the  usual  successful method of purification by  re 

a different composi t ion of the technical pa ra th ion  obtaim 
m was tried; even the sample purified in this  way  showed 
ane ta  acetylcholinesterase;  in the concentrat ion used howev~ 
)-7 ml blood, see above) the  cholinesterase act ivi ty  of the bloo 
~ry exper iment  this inhibit ion was determined and accounte( 

In general the results of the short communication of 
:med. Fig. I shows the results of a typical  experimer 
In this experiment two incubations were carried o 
solution was incubated with 3.5 g liver slices and I 
I ml parathion solution incubated with 3.5 g liver s 

J J 

accounted for. 

DIGGLE AND GAGE 7 c o u l d  

)eriment. 
out: a. o . I 4 m l  o.o15% par 

ml heparinized rat blood al 
slices and with 0.8 ml plasn 

minutes at 37 ° C. Afterwards the cholinesterase activi 
nl plasma was determined, together with the activities 
t plasma. As can be calculated from Fig. I, the cholinestc 
decreased by the incubation from a bso = 53 to a ba0 = 
ct ivity decreased from a bs0 = 54 to a b30 ---- 28.5 (55 
,er slices alone or with parathion alone did not  result in 
We observe from the data that the substance into whi~ 
lg the incubation inhibits the red blood cell acetylcholi  
the non-specific rat plasma cholinesterase. 
:erase act ivi ty  of the blood was not IOO % in all experiment 
ms the decrease varied between 20 and 5o%, while it w 
s it seems that in these types  of experiments with rat liv 
factors involved,  which at present are not  yet  controllq 

Experiments with rat liver 

In 
confirmed. 

In 
thion s 
b. o .II  
of the same rat, both for 15 
of 0.2 ml blood and of o.2 ml 
the non-incubated blood and 
ase act ivi ty  of the blood is 
( ioo%), while the plasma-activit  
Incubation of blood with liver 
decreased enzyme  activity.  
parathion is converted durin 
esterase more strongly than 

The decrease in cholinesterase 
In a number of determinations 
lOO% in the other ones. Thus 
there are still one or more factors 
by us. 
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lg the incubation-experiments of 
is hypothesis for the insect body 
his conversion. 
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¢¢ith ra t  liver, blood of a heparinized v 
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sects, Periplaneta americana L. was use 
hion solution (o.oo115% in o.i  % eth 3 
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obical, but in any case vari- 
of the partial oxygen pressure 

.~en wide ranges do not influence 
~sults. 
n some experiments no liver 
were used, but liver tissue, / /  td extensively in a mortar. 

i tissue prepared in this way 
sed for the incubation, an inhi- / , / f f  
1 of enzymic activity was not .,,Z"/2"fS.<~/" 
ved. So it is possible that  intact 
cells are necessary for the con- 
m of parathion during the 
ation. Preliminary 

Fig. I. Two tubes  inc 
contents  were:  a. ra~ 
and b, ra t  p lasma + 
The cholinesterase-a 
(curves 7 and 8) ant  
5 and 6) were deter 
wi th  the activities 

i th parathion and slices of one whole roach ; determii 

experi- 

incubated for 15 minutes  at  37 ° C, t] 
r a t  blood + liver slices + parathic 

liver slices + pa ra th ion  (see rex1 
cholinesterase-act ivi ty of o.2 ml blood from 

and of o.2 ml p lasma  from b (curv 
determined af terwards  and compan  

of non- incubated  blood (curves 
and 2) and p la sma  (3 and 4) as shown. 

determinations of the cholinesteras 
rds showed a decrease in activity, compared with that 
~rathion alone. In later experiments slices of the head d 
ty  of a transformation of parathion into a cholinesteras 
of the abdomen were examined. Of those examined, tl 

"able decrease of the cholinesterase of the blood by inc~ 

was found to be caused by the intestinal contents (possib 
aases) as washed intestines did not show a similar decreas 
Lthion with a Periplaneta fat body seemed to give a slight 
vity. In order to get incontestable results, more than oi 
rly all later experiments were carried out with about 25 n 
amount, fat bodies of fifteen animals were necessary. Fig. 
.1 experiment. 
x~ Fig. 2, that  incubation of blood together with parathi< 

ments, in which ATP was added to 
the ground liver tissue, did not show 
an increased conversion. 

Experiments with Periplaneta 
In the first experiments defibri- 

nated cow blood was incubated at 
37 ° with 
activity of the blood afterwards 
the blood incubated with parathion 
not show any similar capacity 
inhibitor; so several organs 
intestine showed a considerable 
bation with blood and parathion. 

Afterwards this decrease w~ 
due to the presence of proteinases 
Incubation of blood and parathion w 
decreased cholinesterase-activit' 
fat body had to be used. Nearl' 
tissue; in order to reach this 
shows the results of a typical 

I t  can be calculated from 
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2. Three tubes were incubated at 3 7 ° C fo r  15 minu-  vest i~  
the contents were:  a. o. 7 ml  def ibr inated cow blood 
I ml o . o o l i 5  % parath ion,  b. o.7 ml cow blood + 25 o f  t h  
at  bodies, c. o. 7 ml cow blood + o. i  ml o . o o i i 5 %  w e r e ,  
th ion + 25 mg fa t  bodies. Af terwards the chol in- m g  t i  
' ase-ac t iv i ty  of  0.2 ml  of  the non- incubated blood 
~e i)  was compared w i th  tha t  of  0.2 ml blood, succe., 
drawn f rom tubes a (curves 2 and 3), b (curves 4 

~arathion into a cholinester~ 
fibitor was decreased consk 

ti,~ i,,,,~tes Other  insect tissues were also 
vest igated.  Table  I shows the resl 

the exper iments .  All the figu 
ob ta ined  with incubat ion oi 

t issue; in every  experimenl 
successful incubat ion with fat  boc 
was carr ied out  s imultaneously.  

t. The enzyme activities, I t  is evident  t ha t  incubat ion w 
and 3:136 and i34, 4 

5 and 84. The b a 0  of I is muscles or cuticle has no effect 
has not been diluted by parathion.  There  is a ra ther  w 
solution. 

var ia t ion  in the resul ts  of incubat  
)ighian tubes,  so t ha t  is difficult to draw any  conclusi( 

Fig. 
tes; 
~-0 . I  
mg fat  bodies 
pa ra th ion  
esten 
(curve 
wi thdr  
and 5) and c (curves 6 and 7). 
expressed in b30 are: i :  148 , 2 
and 5:141 and i4o, 6 and 7:8  
highest,  because here the blood 

o.i  ml pa ra th ion  

with nervous  tissue or ma lp ig  
wi th  regard  to these tissues. 

Number of 
experiments 

14 
3 
3 
4 
4 
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nown. ALDRIDGE AND BARNES 4 describe a different s 
)th male and female rats. I t  is possible that this diff 
~sults too. 
)IGGLE AND GAGE mention that either liver slices o 
~w experiments with ground liver were not successful 
rig. I shows that the parathion after incubation wiff 
aolinesterase-activity of rat blood for IOO%, that o: 
t paper, DAVlSON ~2 describes that a paraoxon cono 
rat brain acetylcholinesterase, gives only 50-60% 
lesterase. These data fit nicely with ours, making it 1 
during the incubation has been converted in paraox 

7he experiments with Periplaneta demonstrate in tt 
)arathion is converted into a cholinesterase-inhibitoi 
ify this inhibitor; direct identification would be rathe 
Lts of the fat bodies involved. The hypothesis that 
,~ed to paraoxon, is obvious however. 
~s shown in Fig. 2 the Periplaneta fat body is the m~ 
m of parathion. There may be such a conversion in 
• With muscles and cuticle, however, this conversior 
7he insect fat body mav be considered to possess ce 
brate liver. The fat body is the principal site for gl 
are indications that in the fat body glycogen is sy: 

~e-lnnlOll:or. ±'~o a~empts were maue~ 
rather difficult, owing to the sma 

in insects also parathion 

most active tissue in this co 
malpighian tubes or nervol 

conversion could not be demonstrate 
certain of the functions of tl 
glycogen storage; furthermo 

'nthesized from other dietal 
,able that this organ is the major site for interconversiol 
:bokydratesla. Now we found that the conversion of par 
hibitor is another property which Periplaneta fat body ar 
L common• In mammals the liver is the most active org~ 
roaches it is the tissue of the fat body. 

thyl -O-p-ni t rophenyl  th iophosphate) ,  which does not  possess an 
cholinesterases, acquires this  inhibi tory capaci ty  after  incubati~ 

iplaneta americana L. investigated, the fat  body was the most  acti 

reversion of pa ra th ion  (probably  into O,O-diethyl O-p-ni t rophen 
proper ty ,  which the fat  body  of the insect shares wi th  the mamro 
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m g  au f  Cho l ines te rasen  aus i ib t ,  erhAIt d~ese h e m m e n d e  l.'i~ 
igeweben .  
t. U n t e r  den  u n t e r s u c h t e n  Geweben  yon  Periplaneta americ 
e Akt iv i t i i t  bei dieser U m w a n d l u n g  des  P a r a t h i ons .  
). Die Fi ihigkei t  zur  U m w a n d l u n g  des  P a r a t h i o n s  (wahrsch  
' Iphospha t ,  Pa raoxon)  is t  eine E igenschaf t ,  die der  Fe t tk6rp ,  
t iere  teil t .  
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