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The Anticholinesterase Hypothermia
in the Rat: its Practical Application in the Study

of the Central Effectiveness of Oximes*
E. MEETER, 0. L. WOLTHUIS & R. M. J. VAN BENTHEM

Cholinesterase inhibitors that can pass the blood-brain barrier produce hypothermia
when injected intravenously in just sublethal doses. From a comparison of the hypothermia-
reducing effects of five cholinesterase-reactivating oximes when injected intraperitoneally
or subarachnoidally into rats pretreated with DFP or soman it was possible to distinguish
central and peripheral actions of the oximes. The comparative efficacy of the five oximes
and the effectiveness of cholinesterase inhibitors in producing hypothermia in other animal
species, including man, are discussed.

The usual cause of death of a victim poisoned with
a cholinesterase inhibitor is respiratory paralysis.
Depending on the type of agent this lethal symptom
may be caused either by a peripheral paralysis owing
to block of neuromuscular transmission, by a dis-
turbance of the function of the respiratory centre in
the medulla oblongata, or by a combination of both
factors. Consequently, the success of therapy may
depend on the peripheral as well as on the central
efficacy of the treatment. In general, it is not difficult
to evaluate the effectiveness of a candidate therapeu-
tic drug on the blocked neuromuscular transmission.
The study of its beneficial effects in the central
nervous system, however, is far less simple. Ideally,
this should be done by recording the respiratory
nerve impulses generated in the brain. This cannot
easily be realized in large numbers of animals. It
therefore would be attractive to have at one's dis-
posal some other central cholinergic parameter that
could be used to estimate the therapeutic efficacy of
a drug, and that could be measured in many animals
(preferably rats or mice) at the same time.
A few years ago it was observed (Meeter &

Wolthuis, 1968) that just sublethal doses of cholin-
esterase inhibitors that can pass the blood-brain
barrier evoke a striking hypothermia in the rat. The
mechanism of this phenomenon was studied in detail
(Meeter & Wolthuis, 1969; Meeter, 1970, 1971a,
1971b). It was concluded that the hypothermia is the

* From the Medical Biological Laboratory TNO, Rijswijk
Z.H., The Netherlands.

result of cholinergic excitation of synapses in the
anterior hypothalamus, which leads to (a) a lowering
of the set-point for heat release of the hypothalamic
thermostat so that heat is lost by vasodilatation,
and (b) a reduced heat production, probably caused
by a decrease of the metabolism in the liver.

In this paper the possibilities and limitations of the
use of the anticholinesterase hypothermia in drug
evaluation are illustrated by results obtained from
the use of cholinesterase-reactivating oximes as anti-
dotes to the cholinesterase inhibitors DFP t and
soman.t

MATERIALS AND METHODS

Adult male small-Wistar (WAG) rats weighing
180-220 g were used. While the investigation was in
progress, a severe infection in the animal house
forced us to discard our rats and proceed with
another strain of the same WAG type. These
animals had been raised separately for 7 years, but
were of the same origin. Notwithstanding the very
close kinship, these new rats differed slightly in
response to the cholinesterase inhibitors. This ex-
plains why the same doses of anticholinesterase
agents were not used in all experiments.
At least 15 h before the beginning of an experiment

the rats were placed in a room whose temperature
was thermostatically controlled at 23°C. The relative

t Names against which this symbol appears are identified
in the Glossary on pages 445-446.
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humidity was maintained at about 55%. The ani-
mals were placed in cages measuring 25 x 25 x 25 cm,

with 4 rats per cage. The body temperature was

measured at hourly intervals with a thermistor
inserted 6 cm into the rectum. All temperatures
presented are averages of measurements in at least
8 rats. The cholinesterase inhibitors were injected
into the jugular vein during a brief hexobarbital
anaesthesia (175 mg/kg, administered intraperitone-
ally). The doses were selected so that 10% or fewer
of the animals died. Oximes were always injected
intraperitoneally in aqueous solution, 1 hour after
the administration of the anticholinesterases. Sub-
arachnoidal injections between the olfactory bulbs
were carried out according to a slight modification of
the method of Lindberg & Ernster (1950). The
oximes were dissolved in saline, the injection volume
being 50 plitres (for further details see Meeter &
Wolthuis, 1968). The hypothermia-reducing (H-R)
effects of the oximes were expressed in terms of
percentages of the hypothermia existing in the
untreated control rats at the same moment. As a

rule, this was measured 2 h after the injection of the
oxime.

The anticholinesterases and the oximes were syn-

thesized by the Chemical Laboratory of the National
Defence Research Organization TNO, Rijswijk, The
Netherlands. The inhibitors used were DFP t and
soman.t The oximes were pralidoxime methane-
sulfonate (2-formyl-1-methylpyridinium methane-
sulfonate oxime), trimedoxime bromide [1,1'-tri-
methylenebis(4-formylpyridinium bromide) dioxime],
obidoxime chloride [1,1'-(oxydirnethylene)bis(4-for-
mylpyridinium chloride) dioxime], pyruvaldehyde
1-oxime (" MINA"), and the less well known
3-diethylaminopropyl oximinoacetate (OA3) deve-
loped by Balasova et al. (1968). The hexobarbital was
"Evipan", manufactured by Bayer A. G., Lever-
kusen, Federal Republic of Germany.

RESULTS

Quaternary oximes

Pralidoxime methanesulfonate. The hypothermia
produced in the rat by DFP t (1.2 mg/kg) is shown
in Fig. IA and that produced by soman t (45 ,ug/kg)
in Fig. 1B. These figures show that the intraperi-
toneal administration of pralidoxime methane-

Fig. 1

Hypothermia-reducing effects of pralidoxime methanesulfonate in rats pretreated with (A) DFP and (B) soman.

The inhibitors were administered intravenously, DFP at a dosage of 1.2 mg/kg and soman at a dosage of 45 ,ug/kg.
The oxime was administered intraperitoneally, at a dosage of 150 mg/kg, at the point marked OX.
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sulfonate at a dosage of 150 mg/kg I h after the
injection of DFP or soman produced slight hypo-
thermia-reducing (H-R) effects. Since soman-
inactivated acetylcholinesterase " ages " by dealkyl-
ation with a half-life of 2-3 min (Fleisher & Harris,
1965), reactivation of the enzyme 1 h after the injec-
tion of soman is impossible. The H-R effect of
pralidoxime methanesulfonate injected 1 h after
soman, therefore, cannot be due to enzyme reactiva-
tion but must be caused by some other mechanism.
If this is so, the same applies to the almost exactly
equal H-R effect of pralidoxime in the DFP-pre-
treated rats. Thus, the small H-R effects of prali-
doxime in Fig. 1 were not caused by enzyme re-
activation, and the question remained whether they
were of peripheral or central origin.

Pralidoxime methanesulfonate was injected sub-
arachnoidally in various doses and its H-R effects
were measured 2 h later-i.e., 3 h after the adminis-
tration of the anticholinesterase, when the hypo-
thermia in the untreated control rats was maximum.

It was noted that doses as high as 12.5 mg/kg could
be given to DFP-treated rats, apparently without
harm, the only effect being an extremely rapid return
of the body temperature to the normal level. On
the other hand, the same dose, even when given
15 min (instead of 1 h) after the injection of soman
(45 jig/kg, i.v.) showed no H-R effect at all. This
proved (1) that even under very favourable condi-
tions pralidoxime methanesulfonate is without effect
against soman, and (2) that the small H-R effects of
pralidoxime seen in Fig. I are of peripheral origin.
Subsequently, experiments were conducted to
determine the dosage level at which pralidoxime
starts to be an effective antidote when applied in the
subarachnoid space. As shown in Fig. 3, a dose of
170 ,tg/kg had no effect but one of 500 ,tg/kg reduced
the hypothermia by 25 %.

Trimedoxime bromide and obidoxime chloride.
Fig. 2 shows the effects of various intraperitoneal
doses of the quatemary oximes trimedoxime bro-

Fig.2
Effects of 3 different dosage levels of (A) trimedoxime bromide and (B) obidoxime
chloride in rats pretreated with DFP. The DFP was administered intravenously at a
dosage of 1.2 mg/kg; the oxime was injected intraperitoneally 1 h later at dosages
of 40, 80, or 150 mg/kg. The lowest curves in A and B are for rats that received DFP
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' Two rats died shortly after the injection of trimedoxime at 150 mg/kg (arrow).
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mide and obidoxime chloride in DFP-pretreated
rats. Both substances appeared to have biphasic
effects. Shortly after injection, low doses produced a
H-R effect that decreased with increasing dose; later,
however, the H-R effect increased with the dose.
During the second phase the action of obidoxime
appeared to be more potent than that of trimed-
oxime.
The effects during the first phase were further

analysed in rats that received the usual hexobarbital
(see Materials and Methods) but no DFP. Obidoxime
was administered intraperitoneally at a dosage of
150 mg/kg; the dosage of trimedoxime had to be
reduced to 100 mg/kg, since at a level of 150 mg/kg
these non-DFP-treated rats died. It was observed
that trimedoxime and obidoxime evoked hypo-
thermias of 3.40±0.10 and 2.60±0.40, respectively,
which reached their maxima in 2 h and waned
within 4 h. However, when these oximes were
injected subarachnoidally in doses that very effective-
ly counteracted the DFP-produced hypothermia
(see Fig. 3), no trace of an initial hypothermic effect
was seen. From these experiments it was concluded
that the first phase of the oxime effect seen in
Fig. 2 was due to a hypothermic action of peripheral
origin.

The H-R effects during the second phase, which
were unmasked when the peripheral hypothermic
actions of these oximes had waned, looked more
promising for obidoxime than for trimedoxime.
Moreover, obidoxime was less toxic than trimed-
oxime. For these reasons, only obidoxime was
studied further. In a series of experiments its anti-
dotal action against soman (that is, in a situation
where enzyme reactivation is impossible) was com-
pared with its action against DFP (that is, when
reactivation might only be hampered by difficulty in
passing the blood-brain barrier). As usual the obi-
doxime was injected intraperitoneally 1 h after the
administration of the anticholinesterase. For each
experiment the percentage H-R was determined 4, 5,
and 6 h after the oxime injection. It was found
that the H-R effects against DFP and soman were
81 %±4% (5 experiments) and 13%,±5% (3 experi-
ments), respectively. Evidently this oxime has a much
stronger action against DFP than against soman,
indicating that it reactivates cholinesterase in the
brain. Like pralidoxime, obidoxime appears to have
a slight H-R action independent of cholinesterase
reactivation.

In Fig. 3 the H-R actions of subarachnoidally
administered pralidoxime, trimedoxime, and obid-

Fig. 3
Hypothermia-reducing effects of obidoxime chloride (0), trimedoxime bromide (T),
and pralidoxime methanesulfonate (P) administered subarachnoidally to rats pretreated
intravenously with DFP (1.2 mg/kg). The percentage hypothermia reduction was

determined 2 h after the oxime injection (i.e., 3 h after administration of DFP).

pg/kg

254



AChE HYPOTHERMLA IN THE STUDY OF THE EFFECTIVENESS OF OXIMES

oxime are shown in terms of percentage reduction
of the DFP-produced hypothermia 2 h after the
oxime administration-i.e., at the time when the
hypothermia was at its maximum in the control rats.
As noted above, no hypothermic effects of the
oximes proper were seen following subarachnoidal
injection. The relative potencies of pralidoxime,
trimedoxime, and obidoxime were found to be 1, 3,
and 8, respectively. In experiments with very high
oxime doses it appeared impossible to restore the
body temperature completely in the 2 hours follow-
ing the injection of the antidote; H-R effects of more
than 70% were never seen.

Non-quaternary oximes

Fig. 4 presents the results obtained from intra-
peritoneal injection of the oximes MINA and OA3.
In order to be able to administer the rather high
doses of MINA without killing the rats by the
cyanide released from this oxime, all animals received
intraperitoneal injections of sodium nitrite (22.5
mg/kg) and sodium thiosulfate (1 g/kg) 10 min
before the MINA injection. Since OA3 is far less
toxic, no special precautions were needed for this

oxime. A smaller dose of DFP was given in the
OA3 experiment since slightly different rats had to
be used (see Materials and Methods). It appeared
that MINA in a dose of 40 mg/kg had a clear-cut
H-R action, which became somewhat stronger with
higher doses. OA3 is less effective than MINA but
still produces a good and immediate H-R effect at
160 mg/kg. The two oximes proved to be completely
ineffective against soman when tested at the highest
dosage level. Both even produced small hypo-
thermia-augmenting effects.

DISCUSSION

The results of the experiments show that anti-
cholinesterase hypothermia in the rat can be used in
the evaluation of the central effectiveness of anti-
dotes. In this study the hypothermia-reducing (H-R)
effects of oximes were determined in rats pretreated
with either DFP or soman 1 hour previously. In that
interval soman-inhibited acetylcholinesterase " ages "
completely by dealkylation (Fleisher & Harris, 1965),
so that H-R effects produced by oximes in soman-
treated rats cannot be caused by enzyme reactivation,

Fig. 4
Effect of 3 doses of MINA (A) and of 2 doses of OA3 (B) on DFP-produced hypothermia.
DFP was administered intravenously at a dosage of 1.2 mg/kg for the MINA experiment
and at a dosage of 1.0 mg/kg for the OA3 experiment. The oximes were administered
intraperitoneally at the point marked OX; the dosages are indicated in mg/kg. Groups

of 8 rats; averages ± SEM
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and in DFP-treated animals only those H-R effects
that exceed those in soman-treated rats can be
attributed to cholinesterase reactivation.

It was found that, of the intraperitoneally injected
quatemary oximes, pralidoxime methanesulfonate
was completely ineffective, obidoxime chloride was
quite active, and trimedoxime bromide showed inter-
mediate activity. This order of efficacy might result
from differences in ability to pass the blood-brain
barrier, differences in reactivating power, or a com-
bination of both factors. Erdmann & Engelhard
(1964) stated that pralidoxime methanesulfonate
cannot penetrate the blood-brain barrier, whereas
obidoxime chloride can. Ellin & Wills (1964), in a
fairly extensive review, concluded that small amounts
of pralidoxime do enter the brain, a statement
recently confirmed by Aarseth & Barstad (1968).
When in the present investigation the three oximes
were given equal chances to operate in the brain-
that is, by administration in the subarachnoid space
-the relative H-R abilities of pralidoxime, tri-
medoxime, and obidoxime were 1, 3, and 8, respec-
tively (or, on a molar basis, 1, 6, and 13, respectively).
Thus, even if pralidoxime and obidoxime had equal
ability to pass the blood-brain barrier, the dose of
the former would have to be 9 times that of the
latter in order to exert the same effect. Such a dose,
however, would be lethal to the rats (the intra-
peritoneal LD50 of pralidoxime methanesulfonate is
325 mg/kg). Evidently the differences in the reactivat-
ing power of the oximes when applied in the brain
are sufficient to explain the differences in efficacy
following intraperitoneal injection. It should be
stressed, however, that these findings do not imply
that all three substances indeed have equal abilities
to pass the blood-brain barrier.
As expected, the two nonquaternary oximes

MINA and OA3 demonstrated immediate and effec-
tive antidotal action in the brain. Although less
toxic than MINA, so that no anticyanide-pretreat-
ment is necessary, OA3 is also less effective. Further
study would be needed, however, before a decision
could be made about the value of OA3. A general
discussion of the relative merits of the five oximes
tested is beyond the scope of this report; it would
be possible only on the basis of details about their
actions as antidotes against many more anticholin-
esterases.
An important consideration is whether the observa-

tion that an antidote is effective in reducing the
deleterious effects of a cholinesterase inhibitor in the
hypothalamic thermoregulatory centre has any bear-

ing on its antidotal action in other parts of the brain.
Rosenberg (1960) reported that in the paraoxon-
poisoned rabbit pralidoxime produces better re-
activation in the medulla oblongata than in other
parts of the brain. Aarseth & Barstad (1968), on the
other hand, working with the paraoxon-poisoned
guinea-pig, found equal reactivation by pralidoxime
methanesulfonate in different parts of the brain. If
pralidoxime moves preferentially into the medulla of
the rat, as it does in the rabbit, the effect of this
oxime on the vital respiratory neurones would be
underestimated when assessed on the basis of its
H-R actions. At present no information is available
concerning this point; probably the only safe way
to study it would be to compare the antidotal actions
of substances on functional criteria relevant for the
activity of different parts of the brain.
From a practical as well as from a theoretical

point of view, it is interesting to know whether other
animal species show the same hypothermic reactions
on administration of high doses of anticholin-
esterases. In earlier experiments (Meeter & Wolthuis,
1968) we tried to evoke this phenomenon in mice,
guinea-pigs, and rabbits with intravenous doses of
soman that almost killed the animals (60, 20, and
12 [4g/kg, respectively). No hypothermia was ob-
served. In the rabbit protected against the periphe-
ral actions of soman by the quaternary compound
atropine methyl nitrate, the dose of soman could be
raised from 12 jug/kg to 60 ,ug/kg without lethal
effect. Even then, no hypothermia occurred. Zetler
(1968), however, injected paraoxon (1 mg/kg) sub-
cutaneously into mice that were peripherally pro-
tected by pralidoxime (50-100 mg/kg, administered
intraperitoneally). These mice showed a hypo-
thermia of about 5°C.

Little is known about the influence of cholin-
esterase inhibitors on the body temperature in man.
When a severely poisoned patient is received in
hospital there are usually other things to worry
about than the temperature. A few clinical descrip-
tions, however, mention unusually low body temper-
atures during the acute phase of the intoxication
(Bostanaru et al., 1966; Krivoglaz, 1965; Willems,
personal communication, 1970). In some cases this
was seen in patients who were so severely poisoned
that they could not be saved. Others, however, went
through a severely hypothermic period (below 35.5°C)
and survived. It would be extremely interesting to
know more about this hypothermia in man, and to
follow its course after the administration of thera-
peutic drugs.
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DISCUSSION

HOBBIGER: Studies carried out in my laboratory on
brain slices have shown that quaternary ammonium
compounds penetrate relatively slowly into the brain.
The action (on temperature) of carbachol, when given
intravenously, is very rapid in onset and therefore its
site of action must be close to the ventricular lining.
With respect to oximes, the possibility cannot be ruled
out that their effect is produced at least in part by a
mechanism other than the reactivation of phosphorylated
acetylcholinesterase-e.g., an action on post-synaptic
acetylcholine receptors. It would therefore be helpful
to know what effect, if any, the oximes have on the
effectiveness of carbachol.

MEETER: We have not performed any studies on the
exact location of the cholinergic synapses but the work
of Lomax & Jenden and of Hulst & De Wied shows

that the cells that are responsible are not situated imme-
diately below the lining of the ventricular wall. In
answer to the second point, the effects of the oximes in
reducing the hypothermia caused by DFP t were always
compared with those obtained in rats pretreated with
soman,t in which reactivation of acetylcholinesterase
is impossible after 1 hour. Only if the effect in the DFP-
treated rats was clearly different from that in the soman-
treated animals was it concluded that acetylcholinesterase
reactivation had been obtained after treatment with DFP.

NAMBA: The body temperature in man at the onset of
poisoning with organophosphorus compounds can best
be described as " labile ". Some patients show hypo-
thermia, but in most cases the temperature rises. Patients
with moderate to severe poisoning usually show a low-
grade fever for about 1 week.


