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Potentiation Between Cholinesterase Inhibitors.*

(23894)

PrIvre RosENBERG AND J. M. CooN
Department of Pharmacology, Jefferson Medical College

Simultaneous administration of insecticides
EPN (ethyl-p-nitrophenyl thionobenzenephos-
phonate) and malathion (S-(1.2-dicarbe-
thoxyethyl) 0,0-dimethyl dithionophosphate)
to rats and dogs has been reported to result in
potentiation of their toxicities(1). This is
thought(2.3) to be due to inhibition by EPN
of detoxification of malathion by the liver.
Since many other organic phosphate anticho-
linesterases are widely used as insecticides it
is important to determine whether other com-
binations also show potentiation to enable one
to evaluate hazards involved in handling
these agents and in consuming food from crops
sprayed with them. Data are presented here
which show that several combinations of anti-
cholinesterase insecticides exhibit potentiated
toxicities, and the results of cholinesterase
studies are correlated with this phenomenon.

Methods and materials. Young adult male
Swiss-Webster mice fasted 16 to 20 hours
were used in toxicity experiments. The anti-
cholinesterase agents tested were technical
samples of EPN (89%)t malathion (95%).:
chlorothion (p-nitro-m-chlorophenyl dimethyl
thionophosphate)$ BFP (bis-dimethyl-amido
fluorophosphate)¥ and phostex (mixture of
bis- (dialkoxyphosphinothioyl)  disulfides)."
All anticholinesterases were given orally in
corn oil and combinations were administered
simultaneously except where otherwise noted.
Animals were observed at least 48 hrs follow-
ing injections and times of death recorded.
Brain and liver tissue used for cholinesterase
estimations were obtained from Wistar rats
(200-300 g). In liver incubation studies the
general procedure of DuBois, Doull and Coon
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(4) was used. Liver slices (15 to 30 mg dry
wt) were incubated for 1 hr in a Krebs phos-
phate medium with and without added aque-
ous solutions of anticholinesterase. One-tenth
portions (0.3 ml) of these incubates were then
added to flasks containing 2.4 ml of brain
homogenate and allowed to incubate 1 hr.
Cholinesterase determinations were then per-
formed manometrically by the method of Du-
Bois and Mangun(5) with 0.3 ml 0.1 M
acetylcholine chloride as the substrate.
Results.  Potentiated toxicity between 2
compounds was assumed present if non-toxic
doses of each, when combined. produced a
greater mortality than did twice these doses
of either compound alone. Those combina-
tions which showed potentiation by this
definition are recorded in Table I. EPN,
malathion, chlorothion and phostex in all pos~
sible paired combinations showed potentia-
tion. EPN plus malathion showed greatest
potentiation and EPN plus phostex the least.
Potentiation was also seen with these agents
in numerous other combinations of dosages
not recorded in Table I. Tt was also observed
that when EPN and malathion were given 4
hrs apart the potentiation was almost as great

TABLE 1. Combinations of Anticholinesterases
Showing Potentiation in Toxieity.
Chilo- Yo
EPN Malathion rothion Phostex No.of mor-
————— mg/kg ——  mice tality
30 10 10
20 10 0
500 19 21
250 12 0
1000 10 70
500 10 0
2000 9 11
1000 11 0
10 125 11 91
10 60 10 30
10 250 10 40
20 1000 7 43
10 1000 10 20
250 180 10 80
125 500 8 75
250 1000 10 60
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TABLE I1. Inactivation of Malathion, Chlorothion
and Phostex by Rat Liver Sliees.

% brain
cholinesterase inhibition
Inecubated
Anticholin- Molar without witl}
esterase cone, liver slices liver slices
Malathion 1Xx 10 64 23
5 X 10 38 0
Chlorothion 1 X 10~ 57 36
5 X 10— 40 0
Phostex 13X 10-° 95 14
5 X 10-¢ 40 0

as when given simultaneously, and even when
EPN was administered 24 hrs before mala-
thion this pair still showed some potentiation.
This is in accord with the finding that a single
dose of EPN inhibits ability of rat liver to de-
toxify malaoxon (oxygen analog of mala-
thion) for as long as 72 hrs(3). Pairs of
anticholinesterases tested which did not show
definite potentiation were: malathion com-
bined with OMPA (octamethyl pyrophos-
phoramide), with parathion (p-nitrophenyl
diethyl thionophosphate) or with physostig-
mine; EPN plus parathion, EPN plus OMPA,
and OMPA plus parathion. Malathion plus
BFP appeared to be a borderline case.

Since chlorothion and phostex have rela-
tively low toxicities, the possibility was con-
sidered that they, like malathion, might be in-
activated by the liver. As shown in Table II
we confirmed the inactivation of malathion by
liver and also found that chlorothion and
phostex are partially inactivated. The results
recorded are the averages of 2 to 4 determina-
tions. It appears that phostex, the least toxic
of all of the anticholinesterases employed, is
also the most extensively inactivated by the
liver. It was anticipated that EPN would
inhibit inactivation of chlorothion and phos-
tex, as it does in the case of malathion(2,3),
thereby accounting for potentiation observed
with these agents. Since malathion, chloro-
thion and phostex are all inactivated to some
extent by liver a competition for sites of inac-
tivation seems possible when combinations of
these 3 inhibitors are administered to mice.
This competition could explain the observed
potentiation in toxicity. It was first seen, in
confirmation of an earlier report(1), that ad-
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dition of EPN and malathion to brain homo-
genates without prior incubation with liver
slices did not cause a potentiation of cholines-
terase inhibition. In vitro liver incubation
studies were then performed to see whether
potentiation of toxicity by various combina-
tions of cholinesterase inhibitors could be cor-
related with in vitro inhibition of inactivation
of certain of these agents by liver slices. When
anticholinesterases were first incubated with
liver slices, either alone or combined, poten-
tiation of brain cholinesterase inhibition was
observed with several combinations (Table
IIT). The results are averages of 2 deter-
minations. Each combination that exhibited
potentiated inhibition of cholinesterase also
showed potentiated toxicity (Table I). None
of the combinations tested showed as great a
potentiation of enzyme inhibition as did EPN
plus malathion, and this pair also produced
the most marked potentiation of toxicity
(Table I). Preliminary results indicate that
OMPA does not inhibit inactivation of mala-
thion by liver slices since this combination
showed no potentiated inhibition of brain
cholinesterase after incubation with liver
slices. This agrees with the observed lack of
potentiation in toxicity when OMPA and
malathion were combined.

TABLE III. Potentiation of Brain Cholinesterase
Inhibition by Combinations of Anticholinesterases
Previously Incubated with Liver Slices.

% cholinester-

Anticholinesterases Molar cone. ase inhibition

EPN 1 X 10 0

Malathion 1 X 10+ 0

EPN + 13X 103 78
malathion 1 x 10+

EPN + 1X 107 48
malathion ”

EPN 1 X 10-® 0

Chlorothion 5 X 10-° 17

EPN 13X 10° 32
chlorothion 5 X 10

EPN 1x 10 0

Phostex 13X 10 14

EPN + 1 X 10-¢ 45
phostex 13X 10°

Malathion 1X 10 9

Chlorothion 1 X 103 0

Malathion + 1X 10+ 65
chlorothion 1 X 10-°
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Discussion. The data presented demon-
strate that combinations of anticholinesterases
other than EPN and malathion exert poten-
tiated toxic action in mice. In each combina-
tion showing potentiation at least 1 of 2 com-
pounds is inactivated by liver. Inactivation
of malathion, chlorothion and phostex by liver
is undoubtedly the reason for their low tox-
icity since they are fairly strong cholinesterase
inhibitors when added directly to brain homo-
genates. This inactivation of chlorothion by
liver slices is not in accord with the report(2)
that this compound is unaltered by liver
homogenates, a discrepancy which may be
due to differences in methods used. We ob-
served that EPN inhibits inactivation of
chlorothion and phostex by liver as has been
reported for malathion(2,3). Combinations
of malathion and chlorothion showed poten-
tiation in toxicity and cholinesterase inhibi-
tion possibly because they mutually inhibit
their inactivations through competition for
the same enzyme site. Thus in order for po-
tentiation to occur it appears that one or both
compounds must inhibit inactivation of the
other.

It is not yet possible to explain why EPN
inhibits inactivation of malathion whereas
OMPA does not. Purified EPN and OMPA
are oxidized by liver from weak cholinesterase
inhibitors to potent inhibitors(4,6), and one
might expect them to affect inactivation of
malathion similarly. Our technical sample of
EPN differs from purified EPN in that it pos-
sesses some in vitro anticholinesterase activ-
ity, but after incubation with liver slices it is
a more potent inhibitor. OMPA and other
anticholinesterases in high concentrations
may inhibit inactivation of malathion, chloro-
thion or phostex as does EPN, but the concen-
trations required may produce enough cholin-
esterase inhibition as to be themselves toxic,
thereby masking any interference with the in-
activation of malathion. This could account
for the apparent lack of potentiation between
OMPA and malathion.

Evidence indicates that detoxification of
malathion involves hydrolysis of ester link-
ages in the 1,2-dicarbethoxyethyl side chains
(2,7). It has been suggested, therefore, that
EPN may inhibit detoxification of other drugs,
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besides malathion, which contain ester groups
(3). Chlorothion and phostex do not contain
ester groupings but do contain alkoxy groups
which suggests that the inactivation of these
agents may involve dealkylation. The possi-
bility thus arises that EPN also inhibits de-
alkylations in the body.

The observations described here suggest
the necessity of focusing broader attention
upon hazards which may be involved in simul-
taneous exposure to, or ingestion of, through
any source, 2 or more anticholinesterase
agents which are used as insecticides. Exten-
sive manufacture and wide dissemination of a
great variety of these agents has created the
complex and important problem of protecting
workers and the food-consuming public
against the potential dangers of these ma-
terials in their environment.

Summary. Organic phosphate insecticides
EPN, malathion, chlorothion and phostex, in
all possible paired combinations administered
simultaneously to mice showed potentiation
in their oral toxicities. Some potentiation was
observed even when EPN was given 24 hours
before malathion. Malathion plus BFP
showed borderline potentiation, whereas mala-
thion combined with OMPA, parathion or
physostigmine showed no potentiation, nor
did EPN plus parathion, EPN plus OMPA
or OMPA plus parathion. Malathion, chloro-
thion and phostex were partially inactivated
by incubation with rat liver slices. EPN in-
hibited inactivation of malathion, chlorothion
and phostex, producing an in vitro potentia-
tion of cholinesterase inhibition. Potentia-
tion in all cases found so far appears to be
caused by interference by one compound with
inactivation of the other by liver, or by a
mutual interference with inactivation through
a competition for a specific enzyme site.
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Tissue Culture and Circulating Myeloblasts of Avian Leukemia Studied in
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In blood of chickens with virus-induced
myeloblastosis, there occur primitive cells of
myeloid origin(1,2). Recent studies(3) have
shown that such cells can be maintained for
long periods in tissue culture. Under these
conditions virus particles characteristic of the
disease are liberated in large numbers into
the culture fluid, as estimated by direct par-
ticle count in electron microscope and by
measurement of enzymatic activity of the
agent to dephosphorylate adenosine triphos-
phate. The source of the virus was presum-
ably the primitive cells. In this report there
are described the results of studies made by
means of technics of ultrathin sectioning?
with the object of obtaining information
about the cell-virus relationships involved in
the process. The principal materials exam-
ined were myeloblasts taken directly from the
circulation and the cells after various inter-
vals of culture. For purposes of comparison,
there were investigated, also, sections of
spleen, bone marrow and liver.

Material and methods. The materials were
obtained from birds with avian myeloblastosis
produced with virus of the B.A.L, a strain
studied(4) for several years in this labora-
tory. Experimental induction of the disease
was effected by intravenous injection of 0.1-
m] volumes of filtered whole or diluted plasma
from previous passage chickens. Myeloblasts
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were obtained as already described(3) by
centrifugation of heparinized blood. Donor
birds, in advanced stages of the disease, were
selected for high blood content of myeloblasts
(about 1 to 2 million/mm?) as judged from
routine blood smears and high plasma virus
concentration (about 102 particles/ml) de-
termined by enzyme activity (5). Tissue cul-
tures of the myeloblasts were established and
maintained in the usual way(3) in medium
consisting of Gey’s saline solution containing
5 to 20% chicken serum and added glucose
in 0.5% concentration. The cultures were
prepared in 5-ml volumes with about 107
cells/ml in 50-ml flasks and incubated at 37°C
on the gyratory shaker. Fluids were changed
at 2 to 4-day intervals. Two kinds of sam-
ples of cells were taken for thin sectioning;
namely, free floating cells collected by centri-
fugation of culture fluid; and attached cells
scraped from walls of flasks. Samples were
taken from 4 different series of cultures at in-
tervals of O to 77 days. Each sampling was
from 2 or 3 flasks carried in parallel in each
series. All were fixed for 3 hours in the cold
in 2 ml of 1% osmic acid buffered to pH 7.4.
Myeloblasts from centrifuged blood were de-
livered in drops of about 1 mm diameter from
vaselined fine-tipped pipettes directly into the
osmic acid solution. Pieces of spleen, bone
marrow and liver of about 1 mm?® were taken
from 5 diseased birds in late stage of disease.
Studies were made, also, on spleen, liver, bone
marrow and white blood cells from 2 untreated
birds of comparable age. Procedures for
preparation of all specimens for thin section-
ing were essentially those of Palade(6). The
fixed samples were dehydrated with alcohol,
imbedded in methacrylate and sectioned with



