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In workers exposed to propoxur (2-isopropoxyphenyl methylcar-
bamate) and promecarb (3-methyl-5-isopropylphenyl methyl car-
bamate) the duration of plasma cholinesterase inhibition signifi-
cantly differs. The aim of the present work was to find out
whether this is due to differences related to enzyme-inhibitor in-
teraction or to differences in insecticide absorption. Approximate
equitoxic doses of the two carbamates were injected to dogs in-
travenously and intramuscularly. The intensity and quality of
cholinergic symptoms were recorded and plasma cholinesterase
activity measured at given time intervals. While the differences
were found only after intramuscular application, the enzyme ac-
tivity recovery was similar for both carbamates injected intra-
venously. The delayed plasma cholinesterase recovery in the case
of promecarb could be explained by a much slower absorption
after intramuscular injection of the compound.

Anticholinesterases are rather outstanding insecticides and their im-
portance is growing rapidly as the use of more persistent organochlorine
compounds is declining.

There are two groups of anticholinesterases: esters of phosphoric and
carbamic acid. When these compounds react with cholinesterases a more
stable phosphorylated and a less stable carbamylated enzyme is formed.
The mechanism of this inhibitor-enzyme interaction is well understood
(1, 2) and the overall process in both cases involves an essentially iden-
tical pathway (3). However, differences of great practical significance
between the two groups of compounds have been established by in vitro
studies (4, 5) and clearly demonstrated in experimental animals (6, 7)
and exposed humans (8, 9).

This study has been supporied in part by a research grant from the World
Health Organization.
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The experiments in which the LDs : ED;¢ ratios for the two groups of
anticholinesterase insecticides were determined in rats and only preli-
minarily in dogs (6) yielded much higher values for all carbamates test-
ed. Thus, in contrast to organophosphorus compounds, carbamates pos-
sess an important advantage from the point of view of occupational ex-
posure since a very small fraction of the dangerous dose is capable of
producing cholinergic symptoms which would warn exposed man and
prevent the excessive absorption of a pesticide (10).

In the WHO programme for the evaluation and testing of new insecti-
cides, which has been in operation for 13 years, nearly 1400 compounds
were screened (11). Only three compounds, one carbamate and two orga-
nophosphates, proved to be both effective and safe insecticides for resi-
dual indoor application (12).

Among the abandoned compounds there was a very effective and pro-
mising insecticide OMS-716 (3-methyl-5-isopropylphenyl methyl carbama-
te). Although no clinical manifestations of poisoning were observed dur-
ing its application, plasma cholinesterase activity in exposed persons
remained inhibited for several days (13). Another similar carbamate in-
secticide — OMS-33 (o-isopropoxyphenyl methylcarbamate) — however,
has been tested further and eventually released for wide use (14).

These two monomethylcarbamates (Fig. 1) differ in their acute toxicity
to rats, i. v. LDso for OMS-33 being 10.6 and for OMS-716 5.3 mg/kg (7),
as well as in their inhibitory properties against erythrocyte and plasma
cholinesterase.
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Fig. 1 Chemical structure of propoxur (OMS-33) and promecarb (OMS-716)
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The aim of this work was therefore to try to explain a disagreement
between the theoretical principles and actual findings in exposed subjects
by studying further the effects of the two carbamates in dogs.

MATERIAL AND METHODS

The carbamate insecticides OMS-33 (propoxur) and OMS-716 (prome-
carb) were supplied by WHO and were purified before use. The com-
pounds were dissolved in propyleneglycol in suitable concentrations on
the day of application.

A total of 23 healthy cross-bred dogs of both sexes weighing 8— 33 kg
were injected a single intramuscular or intravenous dose of Caljbamate
The injected volume varied from 0.05—1.5 ml/kg body weight depending -
upon the dose. The doses were selected according to the experience ob:-
tained with rats and in preliminary tests on dogs, the lowest producing
hardly noticeable symptoms and the highest causing severe symptoms or
death. The dogs were carefully observed and the onset, duration and
intensity of symptoms were recorded.

Blood samples were collected by venepuncture in dry heparinized
tubes before and at given times after injection. After separating the
plasma by centrifuging for-5 minutes at 2500 r.p.m., cholinesterase activ- -
ity was measured instantly by Ellmans’ spectrophotometric method .(15, -
16) using 50 (1 of plasma for the assay. Cholinesterase activity values
are expressed as percentages of the normal (pretreatment) activity.

RESULTS

The onset, duration and severity of symptoms after intramuscular
injection were as a rule dose dependent as shown in Table 1. The
symptoms recorded after an injection of 60 mg/kg of OMS-716 were
unexpectedly milder than these produced by half of this dose. It should -
be pointed out, however, that the concentration had to be increased
from 50 to 80 mg/ml to enable the injection of the highest dose.

No qualitative difference in symptoms was observed between the two
carbamates. Usually the first symptoms noticed were the tremor of the
head, periodical trembling of auricles and palpebral muscles and occasi-
onal swallowing or dropping of saliva from the mouth. The intensity of
symptoms rapidly increased so when reaching maximum usually a pro-
nounced dyspnoea, tremor, fasciculations and at highest doses convulsi-
ons and staggering gait were recorded.

As shown in Fig. 2 a rapid fall of enzyme activity was found in dogs
injected intramuscularly with either compound and the degree of inhi-
bition was dose dependent. The recovery -of enzyme activity, however,
was much slower in case of OMS-716: at the highest dose it regained
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Fig. 2 Plasma cholinesterase activity in dogs after a single intramuscular
injection of OMS-33 or OMS-716
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Table 1.

Dose-response relationship in dogs treated with a single intramuscular
injection of OMS-33 or OMS-716

Symptoms
Compound Dose
mil Onset Duration (nrs) Intensit
(min.) UERHON Ity
1.25 3 0.5 very slight
1.50 13 15 slight
2.00 5 1.0 very slight
5.00 5 2.5 severe
OMS-33 8.00 7 3.0 severe
8.00 5 2.5 moderate
10.0 8 5.0 very severe
15.0 3 6.0 severe
20.0 5 Died at 42 min. VEry severe
3.75 15 1 hardly
noticeable
75 15 2.5 slight
OMS-716 15.0 8 1 moderate
30.0 8 6 severe
30.0 4 >5<24 very severe
60.0 L 5—7 severe
Table 2.

Dose-response relationship in dogs treated with a single intravenous injection
of OMS-33 or OMS-716

Symptoms
Compound Doie
mg/ke Onset Duration (hrs) Intensit
(min.) y
8;3 g 87; very slight
5 . i/ slight
OMS-33 3.0 3 2 ‘ very severe
3.0 1 1.5 very severe
0.375 7 0.3 hardly
noticeable
OMS-716 0.357 2 1 slight
155 2 2.5 moderate
15 2 2 very severe

normal activity only by the fourth day after injection. This prolonged
inhibition was most likely due to a much slower absorption of OMS-716
from the site of injection than of OMS-33.

In the second series of experiments animals were therefore injected
with OMS-33 or OMS-716 by intravenous route. Again, as shown in Ta-
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Fig. 3. Plasma cholinesterase activity in dogs after a single intravenous
injection of OMS-33 or OMS-716
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ble 2, the onset, duration and intensity of symptoms were dependent
of the dosage applied, the quality of symptoms observed being similar
for both compounds and very much alike to those described after intra-
muscular injection.

The values of plasma cholinesterase activity after intravenous injec-
tion of different dosages of the two carbamates are shown in Fig. 3.
After this route of application no difference in the rate of recovery of
enzyme activity was found between the two compounds. Again, the
higher the dose the more pronounced plasma cholinesterase inhibition
was found. At the highest doses applied OMS-33 and OMS-716 produced
cholinesterase depression down to 25 and 8 percent respectively. The
inhibition was relatively transient and the enzyme regained its pretreat-
ment value within five hours.

DISCUSSION

The carbamates tested produced typical cholinergic symptoms in dogs,
the intensity of which varried according to the dose applied. The onset
of the symptoms was also dose dependent, and it was shorter after in-
travenous than after intramuscular injection of either compound. The
symptoms lasted similarly for both compounds, 6—7 hours after maxim-
al intramuscular dose and about 2 hours after the higher intravenous
dose.

The intravenous toxicity of OMS-716 in rats is twice as high as that
of OMS-33 (7). However, after intraperitoneal application the acute toxi-
cities are similar and orally OMS-716 is even less toxic (7). These data
fit with our observations on dogs. Namely, after intravenous application
the relationship between the doses producing equally intensive symp-
toms was similar to that in rats. However, when using the intramuscular
route we had to apply much higher doses of OMS-716 to produce equally
intensive symptoms. In addition, the dose of 60 mg/kg of OMS-716, which
was three times higher than the lethal dose of OMS-33 (20 mg/kg) was
not only non-fatal, but produced milder symptoms than a dose of 30
mg/kg of OMS-716 which was administered less concentrated. All this
points at differences in absorption between the two compounds tested.

It should be pointed out that no differences in quality were found if
the symptoms observed in rats were compared with those described in
rats (17).

Although plasma cholinesterase activity does not play any known role
in cholinergic mechanisms, this enzyme was followed during the study
because the dog’s erythrocyte cholinesterase is too low to be measured.
It was shown that plasma and brain cholinesterase of rats treated with
OMS-33 are closely related to the symptoms observed (17). However, it
is not known whether any similar correlation exists in dogs. In our ex-
periments a reasonable correlation was found between the intensity of
symptoms and plasma cholinesterase inhibition after treating dogs with
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either compound. The rate of in vitro inhibition of dog’s plasma cholin-
esterase differs significantly for the two compounds. At 37°C k; for
OMS-33 is 8.4X103 M—t min—! and for OMS-716 it is 6.1 X105 M—! min—t
(18). These data are in agreement with our findings concerning the ex-
tent of inhibition after intravenous application of the inhibitors, since
smaller doses of OMS-716 produced more pronounced enzyme inhibition.
It was not so, however, after intramuscular application.

Long lasting plasma cholinesterase inhibition both in spraymen (13)
and in dogs injected intramuscularly is not in agreement with the present
knowledge of the kinetics of carbamylated enzyme. In such a short time,
as in our experiments, it is not likely that any other mechanism except
reactivation was involved in the enzyme recovery. There is no indication
that the type of carbamylation for the two compounds is different and
therefore, the rate of reactivation should not differ either. This was prov-
ed by measuring the rate of reactivation of carbamylated cholinesterases
inhibited in vitro by the two compounds. The constants of reactivation
were identical (18).

Prolonged inhibition after intramuscular application of OMS-716 could
not be attributed to the longer persistence of this inhibitor in blood
since its persistence in rats circulation was shown to be very short (19)
and no such difference was observed after intravenous application.

The only possible explanation for the delayed enzyme recovery would
be a delay in muscular resorption in our experiments and in the gastro-
intestinal and/or skin resorption in case of human occupational expo-
sure.

Our results imply that the toxic effects and biochemical lesions found
after application of chemically similar compounds may vary consider-
ably although this variation may not necessarilly be due to differences
in their mode of action. This may largely depend on distinctive pathway
in absorption, distribution and persistence both in experimental animals
and in humans.
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SaZetak
TOKSICNI UCINCI DVAJU KARBAMATNIH INSEKTICIDA NA PSIMA

U radnika eksponiranih propoksuru (2-izopropoksifenil N-metil karbamat)
i promekarbu (3-metil-5-izopropoksifenil N-metil karbamat) nadene su razlike
u trajanju inhibicije kolinesteraze plazme. Svrha ovog rada bila je utvrditi
da li ova pojava pociva na razlikama u interakciji otrova s enzimom ili pak
na razli¢itim nacinima ulaska otrova u organizam. Pokusi su radeni na psima
kriZancima kojima smo priblizno ekvitoksi¢ne doze istrafivanih spojeva inji-
cirali intravenski odnosno intramuskularno. Pratili smo i registrirali intenzi-
tet i vrstu kolinergi¢nih simptoma i u zadanim vremenima mjerili aktivnost
kolinesteraze plazme. S obzirom da smo razlike nadli samo nakon intra-
muskularne aplikacije, a da je nakon intravenske aplikacije oporavak enzim-
ske aktivnosti bio za oba spoja podjednak, dugotrajna inhibicija kolinesteraze
plazme nakon promekarba moze se tumadciti sporijom resorpcijom ovoga
spoja pri intramuskularnoj aplikaciji.
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