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c@g The inhalation toxicity of parathion in the rat decreaged by a
factor of 1.7 followiné subacute mirex ‘administrat:‘lon. The protection
> . -~
. , - __(d 4
afforded could not be explained by alterdtions in several biological
- ‘ . ‘\
parameters having potential to {nfluence parathion toxicity. In vitro.
» é‘ 5 @ ’

parathion conversion to paraoxon by liver microsomes approximately
.doubled following mirex treatment, with no c%\ange in paraoxon detoxifi-
cation. Af:tivit:y of microsomal enzymes involved in’ parathion activa-
tion to paraoxan increased. Parathion _uptak'e 'an’d metabollsm by the
lung was 'unchanged with m:l;rex treatment, as was competition of endoge-

nous substrates with parathion and paz‘aoxon for metabolic enzymes, and
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blood flow through the liver. Parathion and paraoxon st.orage in -the
liver, and activity of plasma and brain cholinesterases were also

unchanged by mirex. Plasmd detoxification of parathior{ and paraoxon

decreased ‘with mirex treatment but this change was in the wrong direc-
tion to e%kplaipn the decrease in parathion toxicity. The possibility of

hepatic,parathioﬁ metabolism in vivo diffe“r:lpg from that measured in

vitro is discussed. " )
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1.0  INTRODUCTION -

1.1 ,General introduction

) The discovery of éynthetic chlorinated hylirocarbon and organo-
. -~ . .
phosphate ingecticides in the 19408 and 1950s began a period of rapid

¢

development of agricultural ‘chemicals used for protecting agricultural

products from pests. In the decades that followed, hundreds of"synfhé-

«

tic chemicals were developed and put into widespread .use to combat

weeds, insects and fungi. Many of these chemicals were less thap ideal

t

as pesticides by virtue of their non-gpecificity for the target organ-

ism, their persistence in the environment or their high toxicity to

)

wildlife and man. ' The: hazard of many materials went unnoticed or was

-

disregarded until serious damage was observed years later, as was the

case with DDT contamination of the environment. An.additfonal unrecog -
~

nized hazard of widespread use of pesticfdés was realized in the 1960s

)

and‘1970§ when it' became evident that the toxieity of one pesticide
could be modified"By pre-expoéure so‘; second pesticide. Research was
initiated to elucidate the mechanisms of interattion and continues

today because prédiction of the effects of combinations of pesticides

is still uncertain. The benefits to be gained from this wbrk include

P
¥

recognition of the fuil’potent;al hazard of present environmental °

contaminants and a confr@bution toe the developmegt of new pesticides

-
<

! . '
through an ability to predict respons?f of target and non-target orgdn-

>

isms.
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1.2 Toxicity and metabolism of: pesticides in mammals

-
L e T PPN

l.&. 1 General review

Organochlorine pesticides generally have low toxiecity to mammals,

however many organophosphate and carbamate insecticides have extremely

high mammalfan toxicity (88). The major hazard incurred to mammals and g}

man from the use of these chemicals arises as a result of accident or

I

improper use since little evidence suggests that pesticides used at

normal dosages are grossly detrimental to wild mammals (88): Acciden-

tal exposure alone has been estimated to account for as many as 100,000 "

poisonings and 150 fatalities a year in the United States (88).
Some measure of protection against the toxicity of many
pesticides is afforded mammals through endogenous detoxification

mechanisms. The mammplian liver 1is the major site of metabolism of
. . N * N
most drugs and chemicals', including pesticides, entering the body

although other tissues such as kidney, lung, plasma, skin, nervous .
, ?

tissue-and gut may play a role in the metabolism of some xenobiotics
(56). The liver is ideally situated anatomically for its. detoxifica-

.tion role™in that ihgeated chemicals must pass first through the liver

e

in portal venous blood before entering general circulation (56, 77).
The essential action of hepatic drug metabolism occurs through a
variety of reactions including oxidation, reduction and hydrolysis

(75). aThe rate of these qeactions is a gdverning factor 1; ;he rate of

- @ R R 4
a - . |

.
. '
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toxicant elimination from the body (56). Oxidative reactions are q;an-
<%

titac;vely‘fhe most important.(56) aﬁd'they are generally catalyzed by

hepatic microsomal.enzymes located on the smooth ehdoplasmic reticulum
L)

(75). Reduction and hydrolysis reactions are catalyzed by -both micro-

somal and non-microsomal enzymes (75). Thequidétive drug metabolizing

enzyme system 1s composed of cytochrome P-450 and‘two NADH or NADPH-

. dependent flavoproteins (44, 75) which togethef act to convert mqglecu-

lar oxygen to an "active” form which can beé incorporated into a lipo-

philib molecule thereby increasing its’ polarity and water sol&bility.

»

The involvement of these components iIin substrate oxidation 1is illustra-
ted in Figure 1. Cytochrome P=450 has been shown to exist in multiple
-

v
0

forms, each having selective but not specific substrate requirements
(56). These various forms‘prpvide the animal with a mixed function
oxidaée (MFO) enzyme system capable of utilizing many substrates which
are lipophilic and capable of penetrating into thé endoplasmic reticu-

lum (75). Since most metabolic intermediates are not MFO substrates by

' Qvi,rtue of being polar compounds unable to penetrate into the endo?las-

mic reticulum (75), the MFO enzyme system is largely held in reserve
‘for exogenous substrétes including pesticides.
1.2.2 Toxiecity and metabolism of paratﬁion : -

Bl

Parathion (0,0-diethyl-O-p-nitrophenyl phospho;othionic acid) fis

an organophosphate pesticide which was widely used in North America for
insect control bf aerial spraying before being banned in the 19703

because of its high toxicity to mammals. Chemicals within the phos-

LIy
-
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phorothionic.acid class of pesticides, including parathion, are excep-
A
tional in that they are relatively non-toxic Iin lﬁ;mselves, but are

metabolized by insect and mammlian /enzyme systems to oxygen aqalogé

which are potent cholinesterase inhibitors (9, 15).

- ’
-

The metabolism of parathion by mammalian hepatic enzyme systems
is complex (Figure 2). Parathion 1s converted to its toxic oxygen

analog, paraoxon, by hepatic microsomal e¢nzymes requiring reduced

>

flavoproteins and 0, (reaction 1) (3, 7, 31). Parathion can also be
metabolized through competing pathways directly to non-toxic products

b} dearylation to diethylphosphoroéhionic acid and p-nigrophenol
(reaction 2), O-deethylation to monoethyl parathion (treaction 3), or .

\,

nitroreduction to aminoparathion (reaction 4) (7, 30, 31). Reactions 2

and 3 are catalyzed by NADH or NADPH-depéndent microsomal fractioms (7,

31)' and reaction 4 by soluble and microsomal enzymes (30, 38). Para-

oxon produced by reaction 1 can also undergo subsequent reactions
resulting in detoxiflication. Paraoxon can undergo dearylation to
diethylphasphoric acid and p-nitrophemol (reaction 5) by a NADPH-

4

independent microsomal esterase (paraoxonase) or NADPH-dependent

oxidases, O-deethylation to monoethyl paraoxon (reaction 6) by microso-

mal enzymes, and nitroreduction to aminoparaoxon (reaction 7) by

‘hepatic soluble fractions (7, 15, 29, 30, 31, 47).
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Although the liver is regarded as the most active organ in toxi-
& . '
fication and detoxification of parathion (9,15), other organs may
participate in its metabolism. Parathion conversion ‘to paraoxon ‘has

been reported in kidnky, 1leum, lung and brain but not in heart muscle,

‘spleen, pancreas, serum, ovaries or skeletal muscle (34). Paraoxomase

ﬁctivity has been found in plasma, but not in brain, kidney or lung
(15, 34, 48) and blood plasma and liver cygéﬁlasmic proteins have been
shown to inactivate low levels of‘p;raoxon by non-enzymatic binding
(29, 46, 54). The full toxicological significance of these extré-
hepatic pathways of metabolism is uncert;ip.

The toxicity of parathion to animals has. been shown to vary with
factors such as age and sex. Young animals are more suscept#@%g to
pa;athion than mature animals since tge affinity of microsomal\detoxi-
fication enzymes for substrates 1s lower in the young than in the
mature aﬁimal (9, 40). Males are less suscepgible to parathion than
females because males hav%/higher levels\of liver microsemal enzymes
catalyzing a higher rate of détpxification (16, 17).

1.3 Alterati;n of -pésticide toxicity and metabolism

)
1.3.1 Induction of the mixed function oxidase gystem

The hepatic mixed function oxidase enzyme system 1s subject to

%nduction by'a variety of chemicals‘including many chlorinated hydro-

»

carbons (75). Enzyme induction has been obqérved following both acute

and chronic exposure to inducers (5) and is believed to be associated

’

with a proliferation of hepatic smooth endoplasmic reticulum (SER)

vy
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(2, 51). Enzyme inducers are lipid soluyble and this property may allow

" them to mimic éndogenous lipophflic substances which normally control

-~

synthesis of SER through specific RNA synthesis (2). All MFO inducers
do not stimulate the same enzyme activities. Some, such as pentobarbi=
tal, are general while othersg, such as the polycylic hydroca?bons, are

more specific (10). Their inducing capacity has\ﬁeen shown to correl-

ate with storage in the body (5), and the degree of halogenation in the

case of hydrocarbons (46) and the duration’ oé induction generally
continues until the inducing agent 18 eliminated from the body (75).
These variables make it- extremely difficult to predict the induction
potential of chemicals and the effect of induction on the metabolism of
pesticides.

1.3.2 Alteration of parathion toxicity and metabolism by MFO inducers

Chlorinated hydrocarbons have thetlargeét potential as MFO
: . n .
inducers among th?/pesticides because of thelr extreme persistence in
the environment and accumulation in wildlife and man (88). Many’

organoctilorines have been found to decrease thg toxicity of parathion

\

from I to 6 fold (9, 13, 46, 48, 51, 54, 64). However, the exact

(S

-mechanism by which inducer protection is afforded is not known (48,

51).
Early work concentrated on alterations in hepatic metabolism as
being the major mechanism of protection. However, a frequent lack of

correlation betweenigmnges in hepatic enzyme activities and toxicity

. were observed (418, 31, 50, 62). cIn'addition) several
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investigators have reported that the rate of paraoxon formation was

ncreased with inducing agents (18, 31, 35, 51, 52, 62), in some cabes’
more than the ratd of parathion and/or paéaoxon detoxification

(31, 525:- In a recent gtﬁdy it has been reported that paraoxon détoxi-
I .

fication in vivo 1s unaltered by 1ndncer§ (48). These findings supgest

L

that alterations in hepatic metabolism may not be the only mechanism by

<

whichiprotection is provided (51). Extra-hepatic'detoxificaéion has
, >
also been implicated in protection against parathion (15, 48, 53):

However, paraoxonase levels in plasma and other tissues is low (48, 51)

and have not been observed to increase following organochlorine treat-

ment (13, 46, 5}). Increased paraoxon binding to plasma proteip,

‘ — ’ : :
resulting in decreased "free” paraoxon available to’inactivate cholin-
esteraées, has been suggestéd as another mechanism of protection

against parathion (51, 53, 5£). However, several investigators have

Lreported that the expected decrease lu paraoxon to§ésity associlated

with increased paraoxon binding was not obsdrved (46, 52).

In light of these conflicting reports,\it may be that protection

afforded by organochlorine inducers is mediated by more than one

mechanism, or that the mechanism of protection varies with the inducer,

given their known specificity in enzyme induction.

N \
1.3.3 Mirex as an MFO inducer

Mirex (dodecachlorooctahydro-1,3,4- aetheno-2H-cyclobuta [c)dj

pentalene) (Figure 3) 1s an organochlorine compound which was widely

used to control fire ant populations in the southern United States and '

)
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as a fire retardant in the- plastic, paper and textile industries. .Its
use in the United States was banned in the 1970s because of its extreme

persistence in the environment and its ability to accumulate in natural

€ At " e 30 e+ s i

fbod chains. Mirex has been the subjéct of recent concefn by environ-
mentalists because of its contamination of the water and aquatic:life
of Lake Ontario (1).

Mirex hAs been described as éhe most potent of the known pesti-
cide inducers (10) poasigly because of its high degree of halogenation.
It d&és not undergo any known biotransformation in mammals and insects
(1, 10) and its half-life in the rat has bgen found to be in excess of
100 days (2). Subacute and chronic mirex admin;stration has beenkéOund
to Iincrease liver size and weight through both stimulation of DNA

synthesis leading to hyperplasia (2) and proliferation of the SER (2,

11). Dose dependent increases in MFO -activity, including cytochrome

P-450 levels, have been observed~after as few as 2 weeks of mirex
treatment (2, 11) and the higher dosage levels induced qualitative as
well as quantitative changes in the cytochrome P-450 species found
(49). The no-effect lgvel for biochemical changes induced by mirex has
been determineqd to be less than 1 ppm in chronic administragion (2).

In terms of‘its interactioﬁ with parathion metabolisp, mirex has been
found to increase de;lkylation of parathion and paraoxon in zigzg_gfter
as few as 14 days dietary admin;stration at a dose level of 1 ppm (49).
However,, the effect of mirex treatment on competing pathways of para-
thion metabolism and on the acute toxicity of parathion have not been

evaluated.

B N N
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In view of the reported alterations in MFO activity and in vitro

»

~parathion and paraoxon detoxification resulting from mirex administra-
tion, it is reasonable to expect that mirex treatment may modify the

acute toxicity of parathion. However, it is not possible to predict
the magnitude of change which may be Incurred nor the mechanisms

v
f i
-

responsible. 4 )
.ej§, ‘ 1.4 Purpose of this atudy
~
jﬁégjl The present study was undertaken to determine the effect of
Gl st N

oo . :

) subacute mirex administration on the acute inhalation toxicity of “
parathion in the male albino rat. The effect of mirex administration
on_piochemiéal, metabolic and physiological parameters capable of

¢ ‘¢ influencing parathion toxicity was investigated in an attempt to
. explafn observed changes in parathion toxicity. Y,
/ ) .
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2.0 MATERIALS AND METHODS ' . ¥
. ¢ '
2.1 Animals e

Young adult male caesarian~derived Sprague-Dawley rats (Rattus
“norvegicus) were purchased from Charles River banada Inc., (Canadian
Breeding Farms and Laboratories Ltd.), St. Constant, Québec. Animals °
were housed individually in st;inless steel mesh-bottomed cages and had
ad libitum access to certified Purina Rodent Chow #5002 and fresh water
via an agtomatic water sipper system. The housing envggonment was
maintained at 22 if2°C, 50 + 207 RH and a 12-hour 1ight)12-hour dark
photoperiod. Al% animals were agclimatized to the laboratory setting
for a minium of one week, and were used for experimentation at approx-

imately 10-12 weeks of age.

‘2.2 Tegt substances

Mirex (dodecachlorooctahydro-l,3,4;metheno-2H-cyclobpta [c,d]‘
pentalene) was provided by Dr. Lawrence Kaminski, New York State
Department of Health, Albany, New York.

Parathion (0,0-die£hylf O-p-nitrophenyl phosphorothionate) was
supplied by the Monsanto Chemical Company, St. Louis, Missouri as-
technical grade (94.07% pufe). High pressure liquid chromatographic

analysis revealed the materifal to be essentially free of paraoxon.

2.3 Reagents

Other' reagents used were purchased from the Sigma Chemical
, . »
Company, St. Louls, Missouri, the Aldrich Chemical Company, Montreal,
Qﬁebec, or Canlab, Montreal,.Quebec, and were of reagent grade quality

or higher. . ' ’
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g.é Mirex tolerance and MFO induction studies

3

2.4.1 Clinical observation, body and liver weights .

Animals were treated by gavage with mirex dissolved  in corn oil ]

\
at dose levels of 7.5, 15, 30, 60 or 120 mg mirex/kg body weight/day ]
‘Mr 4 days, for a total dose of 30, 60, 120, 240 or 480 mg mirex/kg

body weight (dose volume - 5 wL/kg). A separate control group was

e Zalkindi

treated with corn oil at a dose volume of 5 mL/kg bbdy weight/day.

Animals were examined daily for clinical signs of toxicity and body

e ey ks

welght was measured before the first treatment and prior to sacrifice. i

Twentyr four hours after the last treatment, the dnimals were sacrifi-

¥ -

ced by decapitation and the livers removed, weighed and frozen.

2.4.2 Hepatic microsomal enzyme activities .

’

2.4.2.1 Hepatic microsome preparation

Livers from animals in each dose. level were assayed for three
microsomal mixed.function oxidése enzymes and paraoxonase.

Hepatic mi;rosomes were isolated by a modification of the method . \

b - of Cinti (27). Liver was homogenized with ice-cold sucrose (0.25 M, .

’ pH 7.5) (1:4 w/w) in a Polytron homogenizer at half speed for 30

. gseconds. The homogenate’was centrifuged in an IEC Model B20 refrigera- :

l 2 ted centrifuge at 600 g for 5 minutes to remove intact cells and debr}s 3

C%) ’ . ) and the s;pernatant was further centrifuged at 12,000 g for 10 ‘minutes .. i

‘ ’ to sediment mitochondria. 16 mM CaCly, pH 7.5 (1:1 v/v) was added to

the supernatant and the mixture was centrifuged at 27,000 g for 15

minu;és. The pellet, consisting of Caz+-precipigqted microsomes,

. -

WM -
.
4
|
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/ : , .
was washed by resuspending in 20. mL of phosphate buffer (0.067-M
5

KHoPO,, pH 7.7) and resedimented at 27,000 g for 15 mindtes. This

micrésomalapellet was resuspendad in phosphate buffer for use in enzyme

asdays and its protein content ‘was determined by the method of Lowry

(74)..

%

2.4.2.2 Cytochrome P-450 activity

-
o,

Microsomal cytochrome -450 was measured by the method of Omura

and Sato (25). The difference spectra produced by the absorption of
carbqn monoxide-bound reduced cytochrome P-450 relative to non-CO-bound

cytochrome P-450 was determined using a dual beam Unicam Model SP820

N } /
Series 2 spectrophotometer. The-difference in absorption at 450 nm /

v e

(due to cytochrome P-450) relative to 480 iglﬁag measG}ed with sample
ahd reference cells both containing 5 mL of %h?sphate buffer,'l mL of
microsomal preparation and several crystals of sodium dithionite as

fedﬁcing agent but with the sample cell medium saturated with carbon
monoxide. Cytochrome’P-&SO waé expressed as ;hé'Ehange in absorption

(450 nm-480 nm) per milligram of microsomal protéin. *

2.4.2.3 NADPH cytochrome c¢ reductase activity

NABPH cytochrome c reductase was determined by a modification of

the method of Masters (22). The rate of NADPH- dependent cytochrome ¢

v s

. reduction was measured in a+reaction mixture containing 1.5 mL of
> . ’

phosphate buffer, 0.4 mL of 0.36 mM cytochrome c, 6.4 mL of 1 mM NADPH

.

and 0.65 mlL of microsomal preparation. An identical reference mixtuéé

was usged, except thaé NADPH was replaced with phosphate buffer. The

°

b el b
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~
react;.on was ‘initiated by the addition of the NADPH e;nd was followed at
550 nm during the, linear poi-t'ior; of the reaction. NADPH cytochrome ¢
reductase activity.was expressed as units’ per miliigram microsomal
protein per minute where 1 unit '1s a‘-zfined as an absorbance chalnge of
1.0 pet‘ minute at 25°C.

2.4,2.4 NADH Cytochrome C Reductase activity

NADH cytochrome c reductdse was assessed 'similar to” NADPH cyto-

chrome ¢ reductase except that' NADH replaced NADPH in the reaction

mixture, and 0.0l mL of microsomal preparation was used instéad of 0.05
c) .

2

L.

2.4.2.5 Paraoxonase activity -

2]

Microsomal paraoxonase activity was measured spectrophotometri-

N Y
cally by the method of Main (14). Five mL of 0.1 gM paraoxon in

. [ CoFT
phosphate buffer was fncubated at 37°C for 15 minutes with 0.4 ul of

N

microsomal protein from liver. The reaction was stopped by the addi-
4
tion of 4.6 mL of ethanol reagent. The mixture was adjusted to pH 9.2

LN

and the absorbance read at 400 mm against a reference solution contain-

ing buffer in place of substrate. Non-enzymatic h;idrol_ysis of paraoxon

2

I‘was measured in a mixture containing substrate without protein prepara-

tion and was subtracted from enzymatic hydrolysis. p-Nitroéhen’ol

produced was quantified by comparing the absorbance values of t}ga
AVE )

reaction media wi‘t:h values of known concentrations of p-nitrophenol,

and wé’“sy expregssed as umoles per mg protein per'ls ainutes.
A

v

bt} )

.
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_2.5 Parathion LC50 evaluation in control and mirex-treated animals i

One hundred and forty male rats were randomly agsigned to 2
subsets, each consisting of 7 groups of 10 rats per group. Subset % i !
(Groups No. 1, 2,3, 4,5, 6 and 7) was treated by gavage with corn oil
(5 mL/kg/day) daily for 4 days. Subset 2 (Groups no. 10, 20, 30, 40, .-
50, 60 and 70) was treated by gavage with mirex (15 nmg/kg/day) in corn
oll daily for 4 dgys. The start of treatment of successive groups
within each subsget was offset by one day so that }he large‘number of
inhalation exposures scheduled to follow fhe last gavage treatment could
be performed at the correct time relative to thgefend of gavage treat-
ment. Twenty-four hours after the last gavagl/treatment, each group was
exposed to‘an aerosol of parathion via the e-only inhalation route.
0f the 7 groups 1in each subset, only 6 were required to complete the
parathion LC50 evaluations. The remaining group from each subset was
used for other studigs.

2.5.1 Description of inhalation exposure equipment

Several recgangular noseronly rodent exposure chambers (volume
equal to 60 L) were utilizéd (Figure 4). Each chamber was constructed
80 thag up to 32 restraint cones could be inserted into the sides along
the long axls. During treatment, rats were réstrained'individually in
3-inch diameter plexiglas tubes with a tapered, open end through which
the animal's nares protruded into the chamber. Thus, the agimals were
permitted to preath the atmosphere within the chamber without otherwise ' -

4

belng exposed to parathion, such as via the oral or percutaneous routes. ;
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The'che;mber was operated dynamically at an airflow of 35 liters/minute
and under a.slight negative pressure with respect to atmosphere.l
Decontamination of the chamber air was accomplished by paasing the air
through a glass fi'ber filter trap and a charcoal filter.

2.5.2 Generation of the Parathion Atmosphere

- An aerosol of parathion was generated using a TSI Inc. Single-~Jet
Constant Output Atomizer suppl'ied with predried compressed air. Para-
thion was delivered to the atomizer using a Sage syringe pump. The .
a:erosolized parathion was delivered horizontally ‘into one end of the
inhalation chambel: gnd the chamber was exhausted via the opposite end.
The various chamber concentrations of parathion were achieved by
adjusting the rate of parathion delivery to the atomize.r.

2.5.3 Exposure procedure

All groups of rats from subsets 1 and 2 were treated with an
aerosol of parathién for a single period of 4 hours. At the end of

this time, the aerosol generator was turned off and the chamber allowed

" to equilibrate with room air for 15 minutes prior to removal of the

animals. An alr control group from each subsget was restrained and

handled identically to the parathion-treated groups, except that

/ -
uncontaminated room air only was allowed to flow through the chamber.

2.5.4 Measurement of chamber concentration and particle gsize
‘distribution

)

Chamber concentrations of parathion aerosol were determined

-

gravimetrically by collecting chamber air samples on h,ig.h efficiency

glass fiber filters hourly during exposure. The time-welighted average

chamber concentration for each 4hour exposure period was calculated.

.
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‘ J The parathion aerosol particle size distribution was measured 1in
5 Id

preliminary work by withdrawing a sample of chamber atmosphere at a

rate of 28.4 L/min through a 9-stage Andersen cascade impactor. The

the cumulative percent on the ;arious gstages was plotted against the

cutoff diameter (um) of the various stages using log-probability'graph

paper. The mass median particle diameter (um)'was read from the line
g of best fit and its geometric standard deviation was calculated as the

square root of the 847 size divided.by the 16% size.

2.5.5 Observations and calculations ' .

Following inhalation exposure to pa;athion, all animals were
observed daily until symptoms of cholinesterase inhibition ceased.
Percent mortality of the groups within each subset was plotted against
parathion dose level (mg/L) and the LC50 value and. its 95% confidence
{nterval were calculated separately for the corn ofil control and mirex-
treated subsets by the method of Litchfield and Wilcoxon (55).° Only

+

~one O% or 100% mortality dose level was used in the calculations. The *
two dose-mortality ;urves were tested for parallelism and the toxicity
of parathion to mirex-treated animals relative to corn oll controls was
calculated by the method of Litchfield and Wilcozon (55). .All calcula-

tions were performed qging the computer programs of 3hllorida and

Murray (36). ‘ |

[ 3

mass collected on each stage (% of total collected) was calculated and .
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2.6 Microsomal metabolism of parathion and paraoxon

.

Parathion and paraoxon stock solutions (10 mM) were prepared by
dissolving 29.1 mg of parathion or 27.5 mg of paraoxon in 2 oL of
absolute ethanol and diluting with phosphate buffer to a volum\f 10
mL. One mL of this ,10 mM stock solution was diluted to 100 mL with “
phosphate buffer to prepare the 0.1 mM substrates used.

0.6 umoles of pargthion or paraoxon (i.e., 6 mL of 0.1 mM sub-

strate) were incubated at 37°C with 1 mL of microsomal preparation

\ (prepared as described earlier,, except that the liver was homogenized

» with phosphate buffer in place of 0.25 M sucrose) and 0.8 mL of phos-
phate buffer, 0.8 mL of 1 mM NADH or 0.8 mL of 1 oM NADPH. The
reaction was stopped at 15 minutes by the addition of 5 ml of ethanol
reagent (prepared by adding 6.25 mL of 2N NH4OH to 400 mL of 95%
ethanol and diluting to 500 mL with water). The mixture was cooled to
4°C, centrifuged for 10 minutes at 2000 g to sediment precipitated
protein and assayed for parathion, paraoxon and p-nitrophenol content
by high pressure liquid chromatography. A Waters Assoclates High _
Pressure Pump (Model M45), WISP Sample Programmer (Model .710B) and
UV/Visible Variable Wavelength Detector (Model 480) or Perkin Elmer
Model LC75 UV/Visible Detector and a Hewlett Packard Model 3380A
Recording Intégrator were used. Aliquots of the reaction media were

.
injected onto a Waters Cjg Radial Pak A Reverse Phase column,
neluted by pumping an acetonitrile: water mobile phase through the

column at a flow rate of 1 to 2 mL per minute into the detector set at

an analytical wavelength of 274 nm. The proportion of acetonitrile to

S
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water in the mobile phase varled from 40:60 to 60:40 depending on I:he
separation "required for quanti'tation of the components of interest.
Parathion, paraoxon and p-nitrophenol in the reaction media were ident-
1fied andlquantified by comp;at'ing column retention times and peak
areas, respectively, with retention times and peak areas of known
concentrations of parathion, paraoxon anrli p-uitrophenol,

I;arathion metabolism by microsomes was determined by measuring
parathion disappearance from the reaction medium. This metabolism was
attributed to a_ctivat:i\.on to‘ paraoxon (reaction 1 -<Figure 2) and detox-
ifit':ation (reactions 2, 3 and 4 - Figure 2) including non-enzymatic
binding to protein. .Patathion conversion to paraoxén was determined by
measuring paraoxon production in the reaction medium (reaction ! -
Figure 2').. Paraoxon metabolism was determined by measurir;g paraoxon
disappearance‘from the reaction meciium and was attributed to detoxifi-

¢

cation (reactf.ons 5,.6 and 7 - Figure 2) inciuding non-énzymatic bind-
ing to prot;in. -
Background hydrolysis of parathiﬁon and paraoxon under the condi-
tions of assay was measured in blank solutions identical to the
r‘?action media except without the microsomal prot‘ein and these values
were subtracted from microsomal metabolism. The rates of s-ubstrat:e

atilization and product formation by microsomal enzymes were expressged

as umoles per mg microsomal protein per 15 minutes.

\
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2.7 Endogenous substrate competition with parathion and paraoxon f<‘>r
metabolic enzymes

Livers from corn oil control and mirex-treated rats were homogen-
ized 1in phosphate‘ buffer (l:4 w/w) and the homogenate centrifuged at
1200 g for 10 minutes. The supernatant (1 mL) was incubated at 37°C

vith 0.6 umoles of parathion or paraoxon (6 mL of 0.1 mM subsgtrate),

and 0.8 nl—of 1 mM NADPH. The reaction was stopped at 15 minutes with

5 mL of ethanol reagent. The mixture was cooled to 4°C, centrifuged to

sediment precipitated protein and assayed for parathion, paraoxon and

~p-nitrophenol by HPLC. Substrate utilization and product formation

were expressed as umoles per ml supernatant per 15 minutes.

2.8 Parathion uptake via the lung

Para'thion uptake via the lung was determined indirectly by mea~-
suring respiratory ‘rate. The respiratory rate of corn oil control and
\mirex-tr'eat'ed rats was measured by whole-body pletheismography. the
restrain't tube used for nose-only expc;sure was modified by inserting a
J-inch circle of rubber dental dam with a l-inch center hole across the
inside of the restraint tube, approximately 2 inches from the nose

opening. A hole was drilled into the tubular gection of the restraint

tube and tapped to accomodate a hose nipple. A rat was placed in the

cone with his head projecting through the center hole in the dental dam-

thereby creating a partial seal around his neck. The open end of the
tube behind the rat was closed with a stopper and the hose nipple con-
nected to a Statham Model P23 AC pressure transducer. Pressure changes

inside the tube with respect to atmosphere caused by expansion and

Z
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contraction of the animal's shorax during respiration were defected by

3

the preséy/e tranaducer, apd amplified and recorded on a Grass

Instruments Model 7 polygraph.

2.9 Lung metabolism of parathion and paraoxon

)
Parathion and paraoxon conversion to p-nitrophenol by soluble and

microgomal fractions of lung and liver tissue were measured spectropho-
1 .

tometrically by the method of Main (14). Lung and liver microsomal

proteins were prepared as described earlier. The superna(tzant remaining -

after the CaZ¥t precipitation of the microsocmal fraction was used as

- the soluble protein fraction.

\

Fiv;z mL of O.1 mM parathion or 0.1 mM paraoxon was incubated at
37°C. for 15 min};tes with (5.2 ol of 1 oM NADPH or 1 mM NADH 4nd (').4 aL i
of soluble or microsomal fraction from lung or liver. The reaction’ was
stopped by the additior; of 4.4 mL of ethanol reagent. The mixture was
adjusted to pH 9.2 and the absorbance read at 400 nm against’a refer--
ence solution containing buffer in place of substrate. an-enzymatic
hydrolysis of parathion and paraoxon was measured in a mixture contain-
ing substrate without protein preparation and was subtractt;d from -
enzymatic hydrolysis. p-Nitr‘ophenol produced was quantified by compar-
ing the absorbance values of the reaction media with values of known
concentrations of p-nitrophenol; Pr;tein content in the soluble and
microsomél fractions was measured by the method of Lowry (7{;).
p-Nitfophenol production was expressed as umoles per mg protein per 15

miputes . .
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2.10 Plasma metabolism of parathion and paraoxon

Blood was collected using heparin as anticoagulent from the

—

abdominal aorta of ethér\mnesthetized control and mirex-tfeated ‘rats
and centrifuéed at 2000 g for 10 minutes to sediment red -blood ceils.
Plasma (0.5 mL) was incubated at®7°C for 15 minutes with 0.1 umole of
parathion or.0.6 umoles of paraoxon (1l mL and 6 mL of 0.1 mM sub-

strates, respectively) and the reaction was gtopped by the addition of

ethanol reagent (volume the same as the substrate volume). The mixture

was cooled to 4°C, centrifuged to sediment precipitatéd protein and -

assayed for parathion, paraoxon and p-nitrophenol content by HPLC as

previousiy described. Substrate utilization and product formation were

expressed asfumoles per mg protein per 15 minutes -

2,11 Liver histopathology

Livers from 6 control and 6 mirex-treated animals were fixed in
neutral -buffered formalin, embedded in paraffin, sectio;1ed, stained
with hematoxylin and eosin and examined microécopically for pathologi-
cal changes.

2.12 Hepatic blood flow

Bromosulfophthalein (BSP - 25 mg/ulL in 0.9% NaCl solution) was
injected into the lateral tail vein of control and mirex-treated rats
‘at a dose volume of 1 mL/kg body weight. Blood samples were collected

in heparin from the abdominal aorta of ether-anesthetized animalsg 10 i

 minutes after injection and assayed for BSP cont:vent. Additional

yntreated animals were injected with BSP and were bled 4, 6 and 10

minutes later to determine the half-1life of BSP in the naive rat. All

T TV
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blood samples wer® processed as follows: Red blood cells were sedimen-
tgd at 2000 g for 10 minutes and 1 oL of plasma was added to A.S‘mL of/
alkaline buffer (prepared by dissolving 12.92 g of Na,HPO,, 3.54 g

of Na3P0; and 6.4 g of sodium p-toluenesulfonate 'in 1 L of water

and ad justing'the pH to 10.6). Absorbance of the resulting purple
colored solution was mea;ured at 580 nm against water: 0.2 mL of 2 M
NaH2P04 vas added to. the solution to convert BSP to the colorless

form, and the absorbance was read again. BSP content of the plasma was
determined by comparing the diff‘et:;e}ce in the ahove-measured absorbance
values with the absorbance values of Known concentrations of BSP in
alkaline solution. BSP wés expressed as 7% retention‘, where 1007 'reten-
tion was equivalent to 1.0 mg BSP/mlL plasma (this’ th&eoretical value 1is
based on 25 mg BSP h;ving Eg.en injected finto a 1 kg rat wi.th a plasma
volume of 25 mL).

2.13  1Inyvivo levels of parathion and paraoxon 1‘n'plasma and 1liver

v

Corn o1l control and mirex-treated animals were exposed by inhal-
*
ation to an aerosol ‘of parathion until clinical signs of toxicity were

observed (all animals were exposed to parathion at a concentration of
appr‘oxcimately 0.15 mg/L for exactly 3 hours). 'AE the end of exposure,
blood samples were collected under -anesthesia and the livers removed.
All samples' were kept at 4°C during processing to preclude enzymatic

conversion of the components of interest. Blood was centrifuged at

1/(500 g to sediment RBCs and 3 mL of plasma was removed and wasiled with
1 ml. of hexane to extract pa?a?:hion and paraoxon: 5.0 g of liver was

homogenized with 10 mL of distilled water and centrifuged at 12,000 g

for' 10 minutes to sediment debris and mitochondria and the supernatant
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was washed with 1 oL of hexane. 200 ulL of each plasmé and liver hexane

extract was evaporated to dryness, redissolved in 200 uL of acetoni-
trile: water (60:40) and assayed for parathion and paraoxon by HPLC.
Tissue content is expressed as uM/mL plasma and uM/g liver.

2.14 Plasma and brain cholinesterases '

Plasma and brair; éholinesterases were measured by the method of
Ellman and Courtney (23). Blood was collected in EDTA from ether-
anesthetized corn oil control and mirex-treated rats and brains were
removed fol%owing exsanguination of the anifdals. Blood was prepared
for assay by centrifugation to sediment RBCs. One gram of brain tissue
was homogenized with 11 ml. of Sorensen phosphate btszer (pH 7.4) 1n a
Polytron homogenizer. Plasma (0.05 wl) or brain homogenate (0.1 al)
was added to 0.1 aL of 0.01 M DINB (5,5’ ~-dithiobis-2-nitrobenzoic
acid), 3.4 uL of Sorensen phosphate buffer and O.4 mL of 0.0l M . '
substrate (proplonylthiocholine 1odide was used as the substrate for
plasma cholinesgterase, and aéetylthio’cﬁoline lodide was uged as the
substrate for brain cholinesterase).t The linear portion of the reac-
tion was followed for 1 minute at 412 nm in a temperature controlled
(37°C) Unicam Model SP820 spectrophotometer against a Blank contalning
the above components and buffer replacing the substrates. The differ-
ence 1n absorbance between the s;tart and stop of the 1 minute time scan
was compared with absorbance values of known concentrations of reduced
glutathione, to determine the amount of substrate reduced. Plasma and
brain cholinesterases were expressed as umoles of substrate reduced per

mg plasma protein per minute and umoles of substrate reduced per gram

brain tissue per minute, resp@ctively.
b4
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3.0 RESULTS

~

3.1 /Mirex tlerance and MFO induction

3.1.1 Clinical c;bservations, bsdz welght and liver weight changes

Rats were treated for 4 days with mirex at dose 'lev;ls of 0,7.5
15, 30, 60 and 126 mg/kg/day as per Materials and Methods (Secti.on
2.4.10) to assess the ra'ts tolerance to mirex.

All animals treated at 120 mg/kg/day and 1 of 3 rats treated at

60 mg/kg/day died. Clinical gigns preceding death consisted of weak- -

\

ness, ataxia and loose feces containing bloody mucus, and gross patho-

logical examination revealed dark, discolored livers with white foci on

¢

- .
all lobes. Slightly loose feces was observed in animals treated with

> 5

30 mg/kg/day and no clinical signs of toxicity were observed at lower

- -

dose levels. J

Slight body weight loss (generally ',1;333 than 1Q0%Z) was obgerv-
ed in some animals of the 15 mg/kg/day and 30 mg/kg/day dose groups and
greater weig#? loss was seen 1n‘ the 60 mg/kg/day‘\ dose group (Table 1).

Absolute and relative liver(Weight; teﬁde& to increase with
dose level (Table 1 and Figure 5) and significaqi‘: 1ncreasés in _both
parameters compared to controls Were seen at the 15, 30; and 60 mg/kg/
day dose levels. (A comparison of each treated group to the control

——

was performed using Student's t-tesat only when an analysis of varlance

-

revealed a significant F value.) = '
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TABLE 1- - EFFECT OF INCREASING” MIREX DOSAGE
v ON LIVER WEIGHTS /
, ) .
; - LT Liver ﬁeiﬁht
Total Animal Body Weight (g) _ Absolute Relative
Mirex Dose No. Initial Presacrifice (g) (g/kg)
S Corn 01l 5001 287 291 10.6 36. 4
. Control 5002 286 284 11.1 39.1
' ¥ 5003, 280 286 9.1 31.8°
- 5017 322 330 Y 13.3 %0.3
5018 222, 229 . 10.9 36.5
: L . Mean 297.4 284.0 °: 11.0 36.8
“ s - h i S-D- ? 36-09 36~03 10'51 3027‘
Mirex, 5016 300 318 15.2 47.8
(. \ 7.5 mg/kg/day \ ' s
M . 4
.« Mean ’ 300 318.0 15.2 47.8
+8.D. 0 .0 0 o -
. N ;
;'a’ 4 » /.,_ - Z . ! X Y N !
- o Mire 5014 317 320 . 20.3 63.4
15 mg/kg/day 5015 310, 287 21.9 76.3
; . . ' gegn " 313.5 303.5 21.1B 69.98
f .+ s.D. "4.95 23.33 1.13 9.12
- > .
. gg X
- B . P <‘.01 - . @ o T
-~ e ' 1 3
'? » - f
[}
” '
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TABLE 1 EFFECT OF INCREASING MIREX DOSAGE
(CONT'D) ON LIVER WEIGHTS ‘
» -
13 - ~
3 Liver Weight
Total Animal Body Weight (g) Abgsolute Relative
. Mirex Dose No. Initial Presacrifice (g) (g/kg)
’ Mirex . 5004 264 241 16.4 "+68.0
30 mg/kg/day 5005 . 312 ~} 290 19.6 ' 67.6
) 5006 292 218 12.4 56.9
» 5013 « - 290 - 300 20.0 66.7.
'Q ) t .
Mean 289.5. 262.3 17.1B 64.8B
+ S.D. 19.69 39.18 3.52 5.29
© .. Mirex = 5007 285 259 21.4 82.6
60 mg/kg/day 5008, =~ 254 ' Died : - -
‘ 5009 277 - 177 ©11.9 67.2
Mean ©272.0 218.0 6.7 ., 74.9B
+ S.D. 16.09 57.98 6.72 10.89
»
Mirex 5010 . 282 °  Died - . -
. 120 mg/kg/day 5011 315 " Died - .-
5012 | 310 . Died - -
B p<.o1 N
‘ CN s
\ \

LT S

-
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FIGURE 5 EFFECT OF INCREASING MIREX DOSAGE
~ ON LIVER WELGHTS ‘
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These findings indicate that mirex is well tolerated by the rat
in a subacgte dosing regime at levels of up‘to 30 mg/kg/day and that
dose levels of 15 mg/kg/day and above induce an increase in liver .
weight. Consequently, a dosing reéime of 15 mg mirex/kg/day for 4 aays
(Li.e., 60 mg total dose) was selected for a more detalled examination
of body and liver weight c?anges (Table 2). Reduced body weight gain
was observed 1n treated animals compare§ to controls by the second day

X .

of treatment and weight loss averaging about 5% was observed by the

fifth day. ‘Absolute'and relative liver weights both increased signifi-

‘cantly compared to controls (p < .0l), and the magnitude of increase

was approximately 30X and 48X, respectively. The larger percentage
increase in relative liver weight was due in part to a body weight loss

in treated animals.

3.1.2 Microsomal enzyme activities

Livers of animals treated with mirex at dose levels of 0, 7.5,

15, 30 and 60 mg/kg/day were assayed for activity of several MFO

P

enzymes according ta Materials and Methods (Sections 2.4.2 t8 2.4.5).

i

3.1.2.1 Cytochrome P-450 activity

| Cytochrome P-450 activity 1ncrgased at all dose levels compared
to controls and significant increases (p < .01) were seen at the 15,
30 and 60 mg/kg/day dose levels (Table 3, Figure é}. The magnitudé of

increase ranged from 82-1231%.

3
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FIGURE 6  EFFECT OF INCREASING MIREX DOSAGE
: ON CYTOCHROME P-450 ACTIVITY .
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\

NADPH cytochrome c reductase activity increased at all dose

3.1.2.2 NADPH cytochrome ¢ reductase activity )

levels compared to controls and significant increases were observed at

the 30 and 60 mg/kg/day dose levels (p < .05, p < .01, respectively)
?

s bt o B IS o, AR O

(Table 3, Figure 7). The magnitude of increase ranged from 49 to 78%.

3.1.2.3 NADH cytochrome c reductase activity . p

NADH cytochrome c reductase activity decreased at all dose levels -

compared to controls and a significant decrease (p <.0l) was observed ,

3

at 15 mg/kg/day dose level (Table 3, Figure 8). The magnitude J¥f '

decrease ranged from 36 to 43%.

3.%;2.4 Paraoxonase activity

»
e L

-Microsomal paraoxonase activity increased slightly with mirex

treatment (Table 3 and Figure 9), however, no significant changes were

P 4

observed compared to controls; possibly because of the small number of

T R A BN £ s st N

agsays performed.

Subsequent studies were performed with animals trgated at a dose .
>
level of 15 mg/kg/day for 4 days (60 mg total dose) because significant - .
chdnges were obseryed in liver‘weight and microsomal enzyme activitiesl

following this dosage regime.

3.2 Parathion LC50 evaluation in control and mirex-treated animals
An inhalation LC50 evaluation waaiperfo?med in control and mirex-
treated animals as previously described (Sectiom 2.5). ’ )
Particle size distribution analysis of the chamber atmosphere

revealed the parathion aerosol to have an aerodynamic equivalent masa

R
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" EFFECT OF INCREASING MIREX DOSAGE
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FIGURE 9 EFFECT OF INCREASING MIREX DOSAGE . .
ON PARAOXONASE ACTIVITY
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~«

median diameter of 1.9 microns with a geometric standard deviation of

'1.73 (Figure 10). This size distribut;on analysis also demonstrated

that greater than 84X of the aerosol mass was smaller than 3.3 microns
in diameter and therefore capable of penetrating /to the secondary
bronchi and lower levels of the lungs (89).

Mortality following parathion exposure geﬁerally increased with
dose level and occurred within 2 days ofvexposuﬂe (Table 4). Two
mortalities were observed in mirex-treated groups at 4 and 5 days gfter
trgatment. These latter deaths were consideredJa delayed effect of
mirex treatment rather than due to parathion exposure because signs of
cholineétggase inhibition in these rats hadfdishppeared by day 2, and .

- , .
symptoms of acute mirex toxicity (i.e., muscular weakness, anemia and
bloody mucus in the fec;s) were observéd immediately before death.
Consequently, these latter deaths were excluded from "the LCSO calQula-
tion. Clinical signs observed in the majority of animals were typical
of cholinesterase inhibition andlinclﬁded salivation, ataxia and muscle ,
tremors. ' Animals surviving the parathion eiposure had generally
refurned to normal by the second day after freatment. Parathion dose-
mortality curves were constructed for the corn oil control and mirex-
treated groups (Figurés 11 and 12). The LC50 values and their 95%
confidence intervals for the control and mirex-treated groups were
calculated to be 0.128 mg/L (0.097, 0.168 mg/L) and 0.213 mg/L (0.201,
0.225 mg/L), respectively. The two dose mortality curves were found to
be parallel (95% confidence) and the relative toxicity of parathion in

was found to be

mirex- treated animals compared to corn oil controls

0.60 (95% confidence).

[} s '

pnid,

LN

B P R WP S
N




== . o
R l
. vy ’
- - s ™
N . ) pa3192YTQ) % .m>mum1§=o - ;
. . v8. . 0§ 9T - . ]
Y 1 1 ;
h 1°0
. K - I'Cl(d"v-x -2 . . ~ r ?
2 . . 3 . . }
i . €L°'T = 20 . , Z'0
. ; un T = 2215 191 , v
- I

uR g°E = B82S Iv8 . . £°0.

- .|n 6T = 92FS 206 . - . b 90 .

. " " S0 ]
. g
[ ) e
..P
0
< v -t
1 . 4
- L]
N ~ 01 m
. X3 \ © m .
| ) 4
. v . "
-
. ' .§J 0°¢ ~
g .

-
IS

-

NOIINEIYISIA FZIS FTOILUVd AOmOMW< NOTHIVMVd

WG e b vE T

[T

et vy

»




-

.0..:5”0.@&@ uotyleaed JurmorTo3l sdep ¢ AN,V AITTRII0W SATIBIAWND 4y

"~

- o

3

*JUBWIEBII] XIATW JO 3D933J° paKe[ap B paiapjsuod AIT[BIION 4

~ '

09 ' 9 st 0 oy
09 . . 9 ¥1¢°0 09 _
01 ¥l -1 , ¢81°0 0§ »
. o . 1’ . [44 &) o¢ !
- 0 ° g §G0°0 oz
. ~ 0 (10a3u0p 1¥V) Q 07 )
| % Amwv\mx\w-_ S1) X3aIR )
™ ’ : - \ ,
< 09 * 9 651°0 9 .
! oL u 1 9 A4 1 £ .
ot t . 01°0 ) b .
- 01 . 1 0010 _ 19 ’ ”
- 0 . $50°0 [4 ,
0 N (Tox3u0) 1TV) .0 ¢ .
w i ! 10a3u0) [T0 uio)
A [CB S y € z 1 (1/3w) “oN dno1p - !
»¥A3TTRIION aansodxy ﬂcﬁso.nﬂom sAieq ] ”  UWOF1BAIUIDUOYH B
. uoyyieaed aaquey) ) .
s DF721I9WTABIYH . .
‘.4 M ° - v o
. : o - ;
. ) JYNS04XA NOTHIVIVA ONIMO'TIOL SdNo¥s . : -
V S JALVIYL-XEUIR ANV 'TOYINOD 110 NY0J NI ALITWI¥ONW 7 ATEVL - T




\\

M e e

¥ £3TTRIIOK

0%
1

91

©

°

) %

e

'

‘k

SIVY QALVIYL XDIIN NV T0MINOD ¥Od SIAUND ALITVINOW-ISO0 NOIHIVEVA

-

~r aae e

N )

10°

S AN

P 0’

Igo

[ oy
0¢°

ma TANO014

L)

(1/%m) uoTaeruadUC) UOTYIBIES IaqUEY)

B

S

P

L SR

4 gt A e

—




f S L

- 45 -,

-

¢ w
- Q‘ R
S - -
'.Q.
)
2]
o N
o
vy
_ " ox
- N . .
~ .
. o4
o o v
T0a3uo)
(266) SIINI'T TVIONQI4 HIIM SISATVNV .M.Hnoum 7T TN914
s \ - . ‘ -
~ “ B T N 23 .« - £ J/ o |r‘l~«£



Jpal e E S

3.3 Hepatic microsomal metabolism of parathion and paraoxon

Hepatic microsomal metabolism of parathion and paraoxon in vitro

\

was determined in control and mirex-treated animals Qs previously
described_(Sgction 2.6). j

Parathion metabolism by microsomal protein (Table 5) was increas-
ed with NADH and to a greater extent with NADPH compared to metabolism
without cofactors in both control and mirex-treated groups. Paraoxon
formation was dependent on NADH and to a greater extent on NADPH in
both control and treated animals. Mirex-treated animals displayed
increased NADH and NADPH-dependent parathion metabollism compared to .
Xontrols, with NADPH-dependent metabolism being elevated by 507
(significant at p < .05). Similarly, NADH ;nd NADPH~-dependent paraoxon
production was elevated by 180% and 117%, respectively 1ﬁ mirex-treated
animals (gignificant at p < .0l1). NADH-dependent conversion of
parathion to paraoxon (éalculated as uM paraoxon produéed/uM parathion
metabolized) increased from 11.3% in controls to 23.5% in mirex-treated
animals and NADPH-dependent conversion increased from 18.5Z to 26.7%.

Paraoxon metabolism by mictosomal‘protein (Table 6) was indepen=-
dent of NADH or NADPH. Some incpease in thﬁ ra%é'of’paraoxon metabo-
1ism was noted with mirexstreatment (6%, L1% and 22% with no cofactqr,

NADH and NADPH, respectively), however, no statistical significance was

obsgerved.
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3.4 The effect of mirex on other biological parameters with

potential to influence parathion toxicity

3.4.1 Endogenous substrate competition with parathion and paraoxon for

metabolic enzymes

Metabolism of parathion and paraoxon by crude liver homogenate
was measured as described in Materials and Methods (Section 2.7).\
Pérathion metabolism increased an average of 19.6% in mirex-tregtedk
4

animals compared to controls (significant at p < .05) and paraoxon /

production increa;;ed 123.8% (significant at p < .0l) (Table 7). The

‘efficiency of parathion conversion to paraoxon increased from 12.1% in

controls to 22.7% in mirex-treated animals. Paraoxon detoxifica/t’;jion by
crude liver homogenate increased 32% with mirex treatment (significant
at p <.05). These trends are consistent with the mirex-induced
changes observed in the microsomal metabolism of parathion and paraoxon
(Tables 5 and 6, respéctively).

3.4.2 Parathion uptake via the lung

Parathion uptake via the lung was det;ermined indirectly by
measuring respiratory rate, and by measuring plasma parathion levels in
céntrol and mirex-treated animals following inhalation exposure as per
Sections 2.8 and 2.13,.respectively.

3.4.2.1 Respiratory rate

Considerable variation was observed in the respiratory rates of
control and mirex-treated groups, however, the mean rates and the range

of values observéd in the two groups were similar (Table 8).
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RESPIRATORY RATE IN CONTROL

TABLE 8
1 AND MIREX-TREATED ANIMALS
i . Animal \ Respiratory Rate
Treatment "No. (Breaths/min)
Corn 0il 101 142
Control . 102 - 84 .
103 318
104 118
v 105 - o o112
106 . ) 230
107 . 226
108 126
. 109 252
110 236
Mean . 184
+ S.D. 77.3
Mirex 1001 270
15 mg/kg/day 1002 124
, 1003 ’ 230
1004 + 216
1005 104
1006 196
1007 66
1008 234
1009 226
\ 1010 216
' \-, [ Mean 188
N + S.D. 66.4

T S U




3.4.2.2 Parathion level in plasma following inhalation exposure

The parathion content of plasma following a 3-hour inhalation

PR

exposure was similar in control and mirex-treated animals and no signi-

ficant difference in the group mean values was observed (Table 9).

3.4.3 Lung tetabolism of parathion and paraoxon
Dearylation of parathion and paraoxon was measured in lung and

liver microsomal and soluble protein fractions as described in Section

2-9n ! ‘}

‘

+ Lung microsomal and soluble fractions did not cdi:alyze dearyla~-

tion of parathion or paraoxon (Table 10). éome dearylation was seen

" with liver soluble proteih having NADH as cofactor, however, the high-
est rate of dearylation of both substrates was observed with liver
microsomal protein.

3.4.4 Plasma metabolism of parathion and paraoxon

Metabolism of parathion and paraoxon by plasma was measured as
described in Section 2.10.
| Parathion was metabolized by pla;ma of control and mirex-treated
animals and paraoxon was not one of the products formed. Parathion
metabolism appeared to decrease in the mirex-treated group, but no
statistical significance was observed (Table 11). Paraoxon metabolism

by plasma was significantly decreased with mirex treatment (p_ < .01)

(Table 12).
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PARATHION AND PARAOXON LEVELS IN PLASMA .

- FOLLOWING, INHALATION EXPOSURE
) X
\ Animal Parat‘hion Level Paraoxon Level
Treatment No. (uM/mlL Plasma) (uM/mL. Plasma)
Corn 0il 1 0.0287 0
Control 2 0.0227 0
3 0.0313 0.0047
4 0.0240 0
5 0.0514 0
Mean 0.0316 0.0009 )
+ 5.D. 0.01159 0.00210 ' .
Mirex 6 0.0240 0"
15 ng/kg/day’ 7 0.0272 , 0
o 8 0.0460 - 0
9 . 0.0207 0
) 10 ‘¢ 0.0374 0
’ '
‘Mean 0.0311
+ 8.D. . 0.01043
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TABLE 10 - ' PARATHION AND PARAOXON CONVERSION
: TO p-NITROPHENOL BY LIVER AND LUNG FRACTIONS

(ug p-Nitrophenol/mg protein/15 minutes) -

s

R
Substrate.
. 'y Parathion Paraoxon
Enzyme Source NADH NADPH NADH NADPH
— '
Liver Microsomal 1.84 2.45 7.35 . 7.96
Liver Supernatant 0.34 0.67 0
Lung Microsomal 0 0 0
. ;%
Lung Supernatant 0 0 - 0

i
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TABLE @1 PARATHION METABOLISM
- BY PLASMA PROTEIN

Animal Parathion Metabolism Paraoxon Produced

Treatment No. , (uM/0.5 mL/15 min) (uM/0.5 mL/15 min)
) Corn 01l 1 0.0118 0
Control 2 0.0083 | , 0
' 3 0.0163 0"
: 4 0.0013 0
5 0.0057 0
Mean . " 0.0087 : o
+ S.D. 0.00573 0
. '. i
’ Mirex _ 6 0.0057 . 0
X 15 mg/kg/day 7 0.0055 0
., 8 0 0
y; 9 0.0085 S0
] 10 - 0 . Q .
; Mean 0.0040 0 e .
1 + S.D. : 0.00379 . 0-
.ﬂ'
\ ~ -
) \
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3.4.5 Liver histopathology

Livers of control and hirexitreated animals were proceésed for
microscopic examination as described in Section 2.11.

Histopathological findings in the livers of mirex-treated rats
consisted of frequent mitotic figures, coarse lipid vacuolization and
possibly some hepatocyte eniaqgement. JThese features were not present
in control livers.

3.4.5.1 Hepatic blood flow

Hepatic blood flow 'was meagsured by BSP retention in the blood as

described in Section 2.10.

!

No significant difference in BSP retention was observed between
. '

[y

the control and mirex-treated groups (Taqye 13).

3.4.5.2 Storage of parathioﬂ and paraoxor in the -liver
Paratﬁion and paraoxon content of Lhe liver following inhalation
exposure to parathion we;e mea;urea ag described i{n Sectfion 2.13.
Levels of parathion and paraoxon iﬂ iiver wvere extremély low and

appeared not to be altered by mirex treatment (Table 14).
- k)

3.4.6 Plasma and brain cholinesterase activit%es i

»

sPlasma and’ brain qholin;st;rase activities were measured as
described in Seétion 2.}4.
Cholinesterase agtivities in plasma and brain were not

- &
significantly altered by treatment with mirex (Tables 15 and 16).

-
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TABLE 13 BSPW
co MIREX-TREATFD ANIMALS
‘( - o
’-"'/— - ! ’
' Animal BSP Retention*
. Treatment No. (X
Corn 041 19 1.07
Control 20 0.72
21 1.07
22 3.29
23 5.15
. 24 0.86
"Mean 2.03
+ S.D. 1.802
Mirex . 13 2.93
4. 15 mg/kg/day - 14 1.43
15 ° 0.86
16 0.93
17 2.57
. 18 1.86
Mean 1.76
X I3 _+_ -SCDI

0.8‘55

*Retention presehted as % of initial plasma BSP remaining 10 minutes

after injection,

.
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TABLE 14 PARATHION AND PARAOXON LEVELS IN THE LIVER
Animal Parathion Level Paraoxon Level
Treatment No. (uM/g) (uM/g)
Corn 0il -1 0 0
Control 2 .0.0184 0
> 3 0.0472 0
4 0.0184 0
5 0.0216 0 "
Mean o - 0.0211 0
+ S.D. ) 0.01682
Mirex 6 0 0
60 mg/kg. 7 0.0576 0.0088
8 0.0184 0
.9 \ 0 0
' 10 . 0 0
{ , -
Mean - 0.0152° 0.0018
j'_ S.D. i 0.02501 . 0.0039411
) .
> ( 2 ‘ J,
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TABLE 15 ) PLASMA CHOLINESTERASE ACTIVITY IN

CONTROL “AND MIREX-TREATED ANIMALS

“*

Animal .
' Treatment No. uM/mg Protein/min
Corn 01il 101 1.06
Control s 102 0.74
: 103 0.87
‘ 104 0.62
105 0.55
106 0.65
107 0.69
108 1.16
109 0.92
110 0.74
Mean Q.BO.
+ S.D. 0.198
. Mirex 1001 , 0.69
15 mg/kg/day 1002 0.71
: : ~ 1003 0.64
1004 0.83
! 1005 1 0.98
1006 0.82
1007 0.77
1008 - 0.49
1009 10.74
1010 0.67
" Mean 0.73
u . "+ S.D. 0.131

ek b i 4
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TABLE 16 BRAIN CHOLINESTERASE ACTIVITY IN
- CONTROL AND MIREXfTREATED ANIMALS
M
mml . - ‘
Treatment " No. uM substrate/min/g
Cqrn 0il 1 81.0
Control 2 79.2
‘ 3 96.0
4 93.6
5 98. 4 ,
11 67.2
4
. Mean 85.9 .
+ §.D. 12.13
. R . .
Mirex - M 88.8 i
15 mg/kg/day : ’ 103.2
i 8 88.8
9 96.0
10 '55.2
12 96.0
Mean 88.0 T
+ 8.D. 16.95

.



4.0 DISCUSSION

4.1 Liver weight and MFO alterations with mirex treatment

Livér weight and cytochrome P-450 activity have been reported to
increase in the rat ‘following a single dose or repeated administration
of mirex (1ll1). This pFesent study confirms these changes and demon-
strates that subacute administration of mirex also significantly

* Increases hepatic microsomal NADPH cytochrome ¢ reductase activity

B
‘
N N R
T e D s Vi, T Bl TR e S et O b Sl w,h-...,‘,;,.‘.m“

_nQiiB,has beén implicated in oxidative metabolism of parathion (3), but
does not increase paraoxon detoxification, via dearylation, at toler=~
able mirex dogse levels. 1In relation to paratgion metabolism, these in
vitro findings point to an increase in hepatic paraoxon production with
no change in paraoxon detoxification and sﬁggest that mirex pretreat-
ment will potentiate the c;xicicy of parathion.

4.2 Parathion LC50 evaluation in control and mirex-treated animals

et ren o ——— o o v L Pl e o

Subacute mirex‘pretreatment decreases the acute inhalation '
toxicity of parathion by a fa;tor of 1.7. The protéction provided by o
mirex 18 consistent with that reported following treatment‘with other ‘
chlorinated h;drécarbon compounds inéluding DDT, DDE, aldrin, chlorcy-
cli;inez and several halogenated benzenes (13, 19, 46, 51, 52). How~
ever, the décrgase in parathién toxicity is inconsistent with she
predicted'tﬁxicity change«based upon mirex-induced alterations in in

zitro microsomal enzyme activities involved in parathion metabolism
_— . o '

' - (Section 4.1).
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4.3 Hepatic microsomal metabolism of parathion and paraoxon

. Hepatic microsomal metabolism of parathion and paraoxon was
examined in control and mirex-treated animals in an attempt to identify
the mechanism of mirex protection against.parathioh toxicity.

Mirex treatment doubled the rate of parathion conversion to
paraoxon without significantly altering the rate of paraoxon detoxifi-
cation. These findings are in agreement with observed changes in
microsomal enzyme activities 1nvoived in parathion metabolism (Sectioﬁ
4.1), but contradict the observed change in parathion toxicity.

A lack of correlation between toxicity change and alterations in
one or more of the pathways influencing paraoxon levels has been repor-
ted following treatment with various enzyme inducers (13, 51, 52).These
discrepencies have led to examination of factors other than hepatic
metabolism (including extra-hepatic metabolism and plasma binding) as
being responsible for the protection observed (15, 48, 51, 53, 54). It
has also been suggested that in vitro measurement may not provide an
accurate representation of parathion metabolism in vivo due to hetero-
genelty of the hepatocyte -population being disrupted in liver prep&ra-
tions used for im vitro assay (65). This latter suggestion is suppor-
ted by the finding that SER proliferation induced by phenobarbital is
not uniform throughout the liver, but occurs first at centrilobular

cells and progresses to other cells following prolonged treatment (83).

-
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4.4  Other biological factors with potential to influence the

inhalation toxicity of parathion

In light of the lack of correlation between changes in parathion
métaboiism and toxicity following mirex treatment, other biological
factors with potential to influence parathion toxicity were examined in
an attempt to explain the protection afforded by mirex.

4.4.1 Endogenous substrate competition with parathion and paraoxon for

metabolic enzymes

.

Endogenous substrate competition with parathion and paraoxon was
examined as a potential mechanism of mirex-induced protection to para-
thion.. The métabolic studies reported in Section 3.3 utilized a micro-
somal fraction free of contamination with endogenous substrates likely - %
to compete in vivo fof metabolic enzymes. Consequently, the parathion
and paraoxon metabolic studies” were repeated using a more crude liver
preparation containing the endogenous water-soluble components of liver
tissue. '

The trends observed in parathion and paraoxon metabolism with
crude liv;r homogenate (Section 3.4.1) are consistent with the mirex-
induced changes observed. in microsomal metabolism (Section 3.3). This
finding suggests that mirex does not alter the quantity of hepatic
water soluble substrates to levels which compete with parathion or
paraoxon for microsomal enzymes.

It has been reported that lipophilic materials are the major
substrates of microsomal enzymes (75). Two endogenous lipophiles,
griglycerides and lipoproteins, are reliant upon hepatic endopla%mic

reticulum for their synthesis and intracellular transport (75, 78),

el
*




-65 -

and the surface of 1lipid vacuoles in hepatocytes is intimately associa-
ted with SER (78). Mirex has been observed to induce lipid accumula-
tion in hépatécytes (Section 3.4.5) and it 1s possible that competition
of these lipophiles with parathion for microsomal enzymes may be a
factor in parathion metabolism in vivo. This competition would likely
not be observed in vitro due to disruption of the association between
the lipid vacuoles and endoplasmic reFiCulum.

4.4.2 Parathion uptake via the lung

Alteration in uptake of toxicants, either from the gut following
oral administration or via the lung following inhalation administra-
tioﬁ, has not been examined as a potential modulator of toxicity
lresulting from inducer treatment. Therefore, the effect of mirex
treatment on uptake of parathion via the lupg was'examined, by measur-
ing crespiration rate and plasma levels of parathion following inhala-
tion exposure. At le;st one report indicates that treatment with an
organochlorine alters the metabolic rate of the rat (62), which may
impact on respiration rate and uptake via the lung.

4.4.2.1 Respiration rate

Uptake of any aerosol via the lung 1s dependent primarily on
aerosol concentration, lung deposition or retention and ventilation
rate of the individual (89). Deposition In the lung 1s gove;ned
primarily by the‘particle size distribution of the aerosol (8%) and was
considered to be constant in the LC50 exposures performed. The third

factor influencing aerosol uptake, ventilation rate, was measured in

control and mirex~treated rats.
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Respiratory rate was not altered by mirex treatment (Section

3.4.2.1) suggesting that parathion uptake via the lung is not different

in control and treated rats. \

ra

4.4.2.2 Plasma parathion levels following inhalation exposure
Parathion levels in plasma immediately following inhalation.
exposure were similar in control and treated groups (Section 3.4.2.2).

This finding suggests that mirex protectiom against parathion is not a

TR e bbbt B0 <R

result of reduced parathion uptake wvia the lung and is in agreement'
with the conclusion of the respiratory rate evaluation.

4.4.3 Lung metabolism of parathion and paraoxon
. , 14

Microsomal metabolism of parathionm to toxic and nontoxic products ————
in rat lung has been reported to occur at about 20% of the rate observ-
ed in rat liver, calculated on the basis of similar protein levels in

the reaction media (34). Considering the relative amount of total

R A )

microsomal protein in these two organs, the total lung metabolism of
parathion 18 probably considerably less than 20% of total liver
metabolism. In spite of the expected low level of parathion detoxifi- _,
cation in lung compared to liver, the rate of detoxification was
investigated because ché lung is the first site of insult and potential ‘
metabolism following inhalation exposure.

Parathion and paraoxon dearylation by lung microsomal and soluble

protein was not observed in control animals (Section 3.4.3). Paraoxon

formation from parathion was not measured, however, it 1is likely to be

R AR o7 Lo ek T

similar to the dearylation ‘rate since it is catalyzed by NADPH-

N
.

dependent microsomal enzymes which catalyze parathion and

t
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‘paraoxon dearylation (7, 31). The effect of mirex on lung metabolism

of parathion and paraoxon was not investigated since it has been
reported that microsomal enzymes of lung are not induced as are liv%?"
enzymes (34). Furthermore, no evidence of enzyme induction, in the
form of increased lung size or weighk, was qbserved in mirex-treated
animals.

Therefore, it is unlikely that mirex protection against parathion
is provided tYrough alte;ed parathion or paraoxon metabolism in the -
lung.

4.4.4 Plasma metabolism of parathion and paraoxon

Theoretically, inducer protection agéinst parathion could be
provided by increasing plasmé detoxification or protein biﬁding of -
parathion before it reaches the liver and is toxified. Similarly,
increased paraoxon detoxification or protein binding in plasma en route
from the iiver to nerve synapses could explain inducer protection
against parathion. Several investigators have suggested this latter .
mechanism to explain prqtection against parathion and paraoxon follow-
ing treatment with some inducers (46, 48, 51, 54).

Parathion detoxification by plasma was slightly'less in mirex-
treated animals than controls (Section 3.4.4). This detoxification may
consist of efther metabolism to nontoxic products or protein binding
and the HPLC analysis utilized did not permit the two to be distin-
guished from one another. However, the essential action of both

mechanisms 1is detoxification, apd it {s this parameter which 1s being

examined in relation to parathion toxicity. The observed decrease in
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parathion detoxification with mirex would likely result in increased
parathion being available for hepatic metabolism, which does not cor-
relate with the observed change in parathion toxicity. Similarly,
decreasged par;oxon detoxification by plasma following mirex treatment
(Section 3.4.4).would likely increﬁse "free” paraoxon avallable to

inactivate cholinesterase, which does not correlate with the parathion

toxicity change observed.

In light of these findings, it 1is unlikely that mirex protection
against parathion 1s provided by increased’ plasma detoxificationm of

parathion:or paraoxon.

-

Hepatocyte hyperplasia and 1lipid vacuolation induced by mirex are
consistent with changes obgerved in the rat following treatment with a
variety of chlorinated hydrocarbons (64, 67, 69, 70). These anatomical
changes have potential to influence parathion toxicity by altering the
flow rate of parathion-containing blood through the liver, or by provid-
ing for increased hepatic storage in lipophilic depots.

y

4.4.5.1 Hepatic blood flow

Reported alterations in hepatic blood flow following chlorinated
hydrocarbon administration in the rat have varied from no change (62)
to increased (84) and decreased (69) flow rates, however, no attempt to

correlate this change with a change in parathion toxicity has been made.

The effect of mirex on liver blood flow was investigated to test the

hypothesis that induced hepatocyte hyperplasia and hypertrophy could
cause a reduction in blood flow through the liver by constricting or .

occluding blood vessels and sinusoids. ' BSP was used for this evaluation
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because it 1s a dye which is removed from plasma predominantly by the

liver and its elimination 1s dependent primarily on blood flow through .

the liver (72, 82).

[
:

No significant change in BSP retention in plaéma was observed
following mirex treatment (Section 3.4.5.1), suggesting that blood flow
tﬁrOugh the liver and parathion delivery to hepatic enzymes dis
unaltered. l ‘

In order to attribute the observed 1.7-fold decrease in parathion
toxicity following mirex to ré%uced parathion supply to hepatic toxifi-
ca?ion enzymes, a 1.7-fold'reduction i hepatic blood fiow would be

necessary. This reduction in blood flow would increase the half-life

of substancés removed by the liver, including BSP, by a similar order

of magnitude (86). Thus, the half-life of BSP would increase from 1.6

minutes in the control rat (Figure 13) to 2.7 minutes in the mirex-
treated rat. 'The number of BSP half-lives elapsed in the 10 minutes
allowed for BSP removal would decrease from 6.3 in the control rat to
3.7 in the‘treated rat, and the quantity of BSP remaining in the plasma
would Increase from 1.5%Z to 9% (Figure 14).:. Differences of this order
of magnitude between control and treated rats were not observed. It is
therefore concluded that mirex-induced protection against parathion was
not provided by reduced blood flow through the liver.

4.4.5.2 Storage of parathion and paraoxon in the liver

Insecticide storage in fat depots of the body can effectively
reduce the concentration of free insecticide in the blood and thus
affect concentration-dependent processes such as their metabolism (28,

75). Parathion and paraoxon are lipid soluble molecules, and as such
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may partition into fat depots. The

animals may be an effective storage
and paraoxon metabolism, the ER, 1s

storage vesicles (78).

Parathion and paraoxon levels

exposure were extremely low and not

treatment (Section 3.4.5.2). These

f
r4
fatty liver of mirex-treated
depot since the site of parathion

closely associated with lipid .

in the liver following inhalation
significantly altered by mirex

findings suggest that the liver is

‘not a major storage depot of parathion and paraoxon and that mirex

protection 18 not afforded by storage of parathion before it can be

activated to paraoxon or by storage of:paraoxon before it can be

released into the blood to be transported to its site of toxic action.

4.4.6 Plasma and brain cholinesterase activities

The toxic action of parathion results from binding of its oxygen

analog, paraoxom, to cholinesterase enzymes at cholinergic nerve end-

ings. The cholinesterase is inactivated by this binding and neuro-h‘

Y

transmitters in the nerve endings accumulate, fes'ulting in overstimula~
' .

tion of the central and peripheral nervous gystems (75). - Increased

levels of cholinesterases could provide some protection against para-

thion by bidding more paraoxon, thereby increasing the amount of para-

oxon production needed to cause mortality.

Plasma and brain cholinesterase activities were not altened by

1 ’

Lirex pretreatment. This suggests that theé protective effect of mirex

against parathion is not mediated through increased fevela of target

enzymes of anticholinesterases.

W

N

R

% el RO Tre Hrha

Srrenf e e vAe e




S AP Gt ¢ Spge s

|
i e A et ARSI N NN PUOHS ISR | S [P

- 73 -

4.5 Final comments

Mirex, like many chlorinated hydrocarbon ingsecticides, provides

some protection to mammals against the toxicity of parathion and possi-

]

bly other anticholinesterases whose metabolism is sinilar. _ The mechan-

ism of protection appears mot to be extra-hepatic in nature and may
involve. altered hepatic metabolism of parathion. Future studies should
attempt to correlate changes in in vivo metabolism and toxicity since

in vitro metabolism and toxicity generall‘y do not correlate and because

in vitro metabolism may not accurately represent what occurs in vivo.

This protection may represent the single positive consequence of

- . environmental contamination with persistant organochlorine compounds.
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. SUMMARY
The rat was afforded some protection against the inhalation
toxicity of parathion by pretreatment with mirex for 4 days at 15
mg/kg/day. Hepatic enzymes involved in parathion activation increased
following mirex treatment and the rate of parathion conversion to

paraoxon by microsomes doubled without a change in the rate of paraoxon

) detoxification. Other biological parameters with potential to influ-

ence parathion toxicity were examined in an attempt to explain the
protective effect of mirex. Parameters unaffected by mirex consisted
of parathion gptake and metabolism by the lung, competition of endogen-~
ous substrates with parathion and paraoxon for metabolic enzymes, blood
flow through the liver, toxicant storage in the liver, and activity ,of‘
.péraoxon target enzymes (cholinesterases). Plasma detoxification of
parathion and paraoxon was reduced by mirexy, however, this change was
in‘ the wrong direction to explain the observed protection against
parathion.

These ;tudies suggest that mirex protection against parathion is
not provided by the extra-hepatic mechanisms examined. It is possible
that the protection is .affordecl through altered hepatic metabolism of

parathion, and that in vitro parathion metabolism does not accurately

reflect in vivo metale:Lsm.
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