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The biological nonitoring of pesticide residues and
nmetabolites is inportant in the surveillance of occupa-
tionally and environnmentally exposed individuals.
Detection of these conpounds in the body indicates that
an exposure has occurred, that the pesticide is bioavail -
abl e, having been absorbed, and that a dose to critica

ti ssues nmay have been incurred (Nauman et al., 1994).

In the case of organophosphorous pesticides there is no
evi dence of prolonged storage in the body. However,
several cases of acute intoxication in which synptons
recurred at intervals, especially associated wth
periods of nobilization from adi pose tissue have been
reported (Ecobichon, 1977). Therefore, in the therapy of
an intoxicated person it must be clear that acetylcho-
linesterase may be inhibited by the pesticide rel eased
from body deposits, long after the bulk of the inhibited
enzyme has aged (WHO, 1986) and it may not be possible

to distinguish between the toxicant still being absorbed
fromskin or intestine fromthat stored very early in
the illness and later nobilized from fat (Svetlicic,
1960) .

Al'though rmethyl-parathion (O Odinethyl-0(4-nitro-

phenyl) phosphorothioic ester) is one of the organo-
phosphorus insecticides nost frequently used in Spanish
agriculture, and sonetinmes has been involved in human
poi soni ng cases (Garcia-Repetto, 1995c) there is not
conplete information in the literature about its dispo-
sition and persistence in the body. Consequently, we
perforned the present study in which we not only studied
its concentration profile in blood but also in tissues
(adi pose tissue, brain, nmuscle and liver) in order to
see If any accumul ation occurs and if any redistribu-
tion process exists.

MATERI ALS AND METHCDS

Met hyl - par at hi on was supplied by Ehrenstorfer's Labora-
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tory (Ausburg, Germany). Male albino Wstar rats (IFA-
CREDO, Lyon, France) were used and kept in animal
housing in accordance with Good Laboratory Practice
Rats' wei ght ranged between 200-250 g at the begi nning of
the experinent.

21 aninmals were grouped in lots of 3. |/3 of the ora
LD, of methyl-parathion (3 ng/Kg) was given by gavage to
each animal, while fasting, using olive oil as vehicle
(solutions of 0.15 ng/nmL of nethyl-parathion were used
the vol umen adiministered was adjusted to the individua
wei ght of each animal, in order to give themthe forenen-
tioned doses). Each lot was sacrificed after anaesthesia
in an atnosphere of ethylether, once a pre-set tine for
each group had el apsed (4, 8,12,16,20 and 30 days). Bl ood
was extracted by intracardiac puncture and collected in
heparini zed tubes to avoid clotting. Adipose tissue,
muscle, brain and liver were also renoved

Sanpl es (bl ood, adipose tissue, nmuscle, brain and |iver
were processed according to the method of Zweig(1972
by neans of honpgenization and cold extraction wth
met hanol, nodified in our |aboratory by the addition of
a step of purification by chronatography through col ums
0 ., (octadecylsiloxane), and elution wth n-hexane-
cethylether (1:1). The extracts were evaporated to
dryness under a stream of N,. Dry residues, once redis-
solved in methanol, were anal ysed by gas chronatography
using a Perkin-El ner nodel 8700 chromatograph with NPD.
The 15m x 530p internal diameter colum had nethy
silicone as stationary phase. The operating conditions
were: injector and detector tenperatures 250 and 300° C
respectively, carrier gas (He) flows 15 nmL/mn, oven
tenmperature 150°C for 2 mnutes, increasing by 10 °C/nmin
to 250°C, renaining at this tenperature for 10 m nutes.
Internal standards were the aliphatic trialkylam nes
(Cn=5, Cn=6, Cn=7) (Watts and Simmiek, 1987).

Once the concentrations of pesticide residues in the
different tissues were calculated, their evolution with
time was observed. PCNONLIN (1985) was the software
program used to nake the toxicokinetics study of nethyl-
parathion. PCNONLIN is supplied with a library of the
nost commonly used pharmacokinetic nodels and also
allows inplementation of original nodels. It is capable
of fitting nodels to data (i.e. finding a mathemati cal
equation and a set of parameters' values such that val ues
pre?icted by the nmodel are close to the observed val -
ues).

To establish the toxicokinetics' profile of nethyl-
parathion simlarities and differences in the behaviour
of the pesticide in each tissue studied were observed
The criteria followed to include the tissues in com
partments were: tinme at which maxi mum concentration was
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reached, half-1life, physiological and netabolic charac-
teristics of each tissue and type of nathenatical
function which best described nethyl-parathion's concen-
tration changes with time (Garcia-Repetto, 1995b). The
mat hemati cal functions defining those conpartnents were
al so cal cul ated by nonlinear regression, using the sanme
software program PCNONLI N.

RESULTS AND DI SCUSSI ON

The detection Iimt of our analytical nethod for the
pesticide studied was calculated as 3 tinmes the chronat-
ogr aphi ¢ noi se | evel (Chamberlain, 1985); being 0.13
pg/ M. The average percent recoveries of nethyl-parathion
(70.66% 82.88% from tissues, which were spiked with a
known quantity, are shown in Table 1, being the coeffi-
cient of variation values between 0.29 and 5.68% which
are considered satisfactory for p.p.m level determna-
tion of organophosphorous pesticides. The nethod pro-
duced linear curves for the spiked sanples (average of six
replicates) in the range 0.1-0.01 pg/nL whose regression
equations (y= 32.28x-0.036) yielded a correlation
coefficient of 0.9997. Table 2 shows the changes in
concentration (ppm with time for nethyl-parathion in
various tissues. Consec1uent|y, we consider our anal yti -
cal nethod sensitive, i near and with good recovery to
perform the toxicokinetic study (DFG 1992).

First of all, wusing these concentration/tine pairs of
data the mathematical functions that best described
concentration evolution with tinme in each tissue were
estimted. The data obtained for all the tissues fitted
the follow ng equation:

— kt Kt
-Cy= Cee-Cje

The calculated half-life (t,,) of nmethyl-parathion from
k' (elimnation constant):

-t,= Ln 2/K

Tabl e 3 shows these equations for each tissue with their
correlation coefficients (r values higher than 0.8 are
acceptable for non linear regression) (Myers, 1990) and
also the half-life (t,,) of methyl-parathion in each
tissue.

Secondl y, based on the described functions tissues were
grouped in conpartnents according to the previously
nmentioned criteria defined by conpartmental equations.

Tissues studied were singled out for the follow ng
reasons:

- Total blood instead of serum or plasna because nethyl -
parathion is a lipophilic substance (Merck, 1989) which
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may be partitioned to red cells.

- Brain because it is the target organ for these kinds of
conpounds and data obtained fromit may be nore closely
associated with adverse effects and thus useful in
estimating health risk

- Adi pose tissue and nmuscle as indicators of whether
net hyl - parat hi on accunul at es.

- Liver because it is the organ where nethyl-parathion's
nmet abol i sm occurs principally (Dauternman, 1971).

Sanpling was programed in order to denonstrate accunul a-
tion and post-distribution processes whenever they
occurred. Sanpling is not as crucial for those pesticides
whi ch are stored in adi pose tissue and are rel eased
slowmy but continously to the blood, as it is for those
pesticides that are rapidly elimnated fromthe bl ood
(Nauman et al., 1994). This experinment, as it was
designed, may increase the existing know edge about
net hyl - parat hi on bi odi sposition and al so be useful in
understanding the conplete clinical picture of the
poi soning, including the duration of the illness.

Cbservation of the results obtained in the study of
nmet hyl - parathion (Table 2) shows that in each tissue it
presented a del ayed peak of concentration (8 and 12 days
respectively). From the maximum the elimnation of the
pesticide is exponential in all tissues. Actually, the
fact of a delayed excretion of an organophosphorus
conmpound is not due to slow netabolismas it happens
with organochlorine pesticides. It is due to storage in
certain tissues which maintain the conpound unavail able
for netabolism (Hayes, 1991).

Ti ssues were grouped in conmpartnents according to the
criteria described above. Blood and liver were included
in one conpartnent due to a simlar concentration
profile, reaching nmaxinun nethyl-parathion's |evel 12
days after oral admnistration with a half-life in both
ti ssues of approximately 15 days. Elimnation is believ-
ed to take place always fromthis conpartnent, which is
called central conpartnent and is represented by the
followi ng equation: C=2.43e"*-49.09e"* whose correl a-
tion coefficient with data is 0.999. This conpartnment is
in accordance with the first pass effect described by
Braecknan et al.(1983) for nethyl-parathion in the dog

Brai n and adi pose tissue nade up two i ndependent com
partnments, in spite of presenting simlar evolution of
concentrations with the maximun at 8 days. It was
i mpossible to find a mathematical function which could
define a joint conpartment properly. \Wien nonli near
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Table 1.

Aver age

from tissues®

recovery percent of

net hyl - par at hi on

Pesticide | Bl ood Adi pose | Muscle | Brain Li ver
Ti ssue
Met hyl - 79.61% | 82.88% 70.66% | 71.91% | 81.33%
Parat hi on | +1.57 9. 04 +0. 39 +2.76 +3.55
1.97% 11.17% 0.55% 3.84% 4.70%

*Table 1 shows

the average

recovery percent,

its

standard devi ati on and the coefficient of variation for

each determination (3 trials).
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Table 2. Methyl-parathion's concentration profile along
with standard deviation and variation coefficients’
Time Blood Adipose | Muscle | Liver Brain
(Days) Tissue
4 N.D. N.D. N.D N.D. N.D.
Hours
4 1.09 0.87 N.D. 0.08 0.32
+0.014 | +0.023 +0.0026 | £0.0051
1.34% 2.64% 3.25% 1.59%
8 1.54 1.53 N.D. 0.145 0.4
+0.018 | +0.085 +0.0021 | £0.014
1.16% 5.55% 1.45% 3.50%
12 2.26 0.47 N.D. 0.18 0.28
+0.072 | 0 +0.0014 | %0
3.18% 0.77%
16 0.59 0.41 N.D. 0.055 0.21
+0.013 | *0.0051 +0.0008 | +0.008
2.20% 1.24% 1.45% 3.81%
20 0.43 0.35 N.D. 0.046 0.13
+0.014 | *0.006 +0.0013 | £0.0048
3.25% 1.71% 2.83% 3.69%
30 N.D. N.D. N.D. N.D. N.D.
*N.D. neans not detected.



Table 3. Regression equations and half-life of methyl-
parathion in each tissue studied

TISSUE REGRESSION EQUATION r t,
(DAYS)
Blood C= 0.47e%B3¢50,73e02% 0.999 | 14.67-
+0.14
Adipose C= 0.27e%M-4,34e"" 0.994 | 13.01
Tissue +0.46
Liver C= 0.04e%3~2 96e02 0.984 | 14.95
+0.65
Brain C= 0.1e%"-0,90e"i* 0.985 | 14.91
+1.06

regression was applied to these concentration/tinme pairs
of data a wong range matrix of partial derivatives was
reached (Myers, 1990). This pesticide was not detected
in muscle at any time during the study (Table 2).

From the obtained results we can conclude that methyl-
parathion is distributed triconpartnmentally. Said nodel
is made up of one central and two peripheral com
partments (G baldi, 1982). In the proposed toxicokinetic
model we accepted that once nethyl-parathion's distribu-
tion to tissues is conpleted, a redistribution process
from tissues to blood begins. This process neans a
rel ease of methyl-parathion nol ecul es which nay interact
with acetyl cholinesterase (WHO 1986) long after the bulk
of the inhibited enzyne has aged and cause new synptons
which are known as an endogenous reintoxication if the
quantity released is sufficiently high.

Concentration | evels of nethyl-parathion in blood are
hi gher than those found in tissues, showing certain
preference for adipose tissue. Although Ilevels of
met hyl -parathion in adi pose tissue were higher than
those of the other tissues, they were too snmall in
conparison to blood levels to conclude that they acted as a
deposit conpartnent where accumnul ation takes place and
thus that the quantity of nethyl-parathion released to
the blood would cause an endogenous reintoxication
(Garcia-Repetto et al., 1995a). In the sane way it seens
i nprobabl e that the |ow quantities of methyl-parathion
mobi lized fromother tissues to the blood nay cause new
synptons. However, on the whole, the results suggest the
need for further study in order to confirmthis hypothe-
si s.
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