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COSTA, L G AND S D MURPHY Cholinergic and opiate involvement in the antinociceptive effect of duso-
propylfluorophosphate . PHARMACOL BIOCHEM BEHAV 24(3) 733-736, 1986 —The organophosphate duso-
propylfluorophosphate (DFP, 3 or 6 mg/kg, IP) caused a dose-related antinociception in mice which was antagomzed by the
muscannic antagonist scopolamine The opiate antagonist naloxone antagomzed the antinociceptive effect of the highest
dose of DFP, but did not affect the antinociception caused by 3 mg/kg DFP Twenty-four hours after the administration of
DFP, reaction time 1n animals which received a 3 mg/kg dose did not differ from control However, reaction time was sttll
significantly higher than control 1n mice administered 6 mg/kg DFP twenty-four hours earlier This residual antinociception
was antagomzed by naloxone but not by scopolamine, suggesting that it was opioid in nature These results suggest that
antinociception induced by a low dose of DFP 1s pnmarnly due to a cholinergic mechamism, while higher doses appear to
affect also the opiate system Since we have previously shown that DFP (6 mg/kg) increases met-enkephalin levels in brain,
1t 1s possible that high doses of DFP might interfere with enkephalin metabolizing enzymes This conclusion cannot be
extended to the organophosphate disulfoton, whose antinociception, even at high doses, appears to involve only an
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THE rreversible acetylcholinesterase inhibitor duso-
propylfluorophosphate (DFP) has been shown to exert a
dose-dependent antinociceptive and hypothermic effect in
mice and rats [9, 10, 11, 14] While hypothermia was antag-
onized only by centrally active muscannic antagonists, such
as atropine and scopolamine, antinociception was also
antagonized by the opiate antagomst naloxone [9, 10, 14]
DFP was also shown to increase met-enkephalin levels in
brain [15] These results suggested that the opiate system, in
addition to the cholinergic system, 1s involved in the
antinociceptive effect of DFP In the course of experiments
aimed at further characterizing DFP-antinociception, we
found that the involvement of the opiate system was depend-
ent upon the dose of DFP adminustered The result described
n the present study suggests that DFP-induced antinocicep-
tion 1s due to a cholinergic mechamism at low doses, and to a
cholinergic-opiate mechanism when higher doses are ad-
ministered We also report that another cholinesterase
inhibitor, the organophosphate disulfoton, causes antinoci-
ception which does not appear to involve any interaction
with the opiate system

METHOD

Male Swiss-Webster mice (25-35 g, Tyler Laboratones
Inc , Bellevue, WA) were used throughout this study
Animals were housed five per cage under standard labora-
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tory conditions and had food and water available ad lib Di-
1sopropylfluorophosphate (Sigma Chemical Co , St Louss,
MO) was dissolved 1in corn o1l and mjected IP at doses of 3 0
or 6 0 mg/kg, corresponding to 1/3 and 2/3 of its LD, value,
respectively, as previously determined (Costa, unpublished
result) Disulfoton (0,0-diethyl S-[2-(ethylthio)-ethyl] phos-
phorodithioate, technical grade, 97%, Mobay Chemical
Corp , Kansas City, MO) was injected 1n corn o1l at the dose
of 10 mg/kg, corresponding to 2/3 of its IP LD;, [5] Control
mice were injected with corn o1l only (5 ml/kg) Scopolamine
hydrochloride (Sigma Chemical Co ) and naloxone
hydrochlonde (Research Biochemicals Inc , Wayland, MA)
were dissolved 1n distilled water and administered by IP 1n-
Jection at doses of 1 0 and 2 0 mg/kg, respectively, 20 min
before the antinociception test This short interval was cho-
sen since the effect of naloxone was shown to wear off be-
tween | and 2 hr following administration [10]

Antinociception was assessed by the tail immersion test,
as previously described [6] Bnefly, mice were placed 1n a
plastic restraint cage and their tails immersed, to a constant
depth, in a water bath mamtained constant at 50+0 25°C by a
thermostatically controlled heating block The time (in sec-
onds) between immersion and the animal withdrawing its tail
was recorded The nociceptive end-point was a violent jerk
of the tail An arbitrary 30 sec *‘cut-off’’ time was imposed as
a maximal antinociceptive response The control response
time ranged from 4 to 6 sec

In the hypothermia experiments [6], colonic temperature
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FIG 1 Effect of scopolamine (Sco, 1 0 mg/kg) and naloxone (Nal,
2 0 mg/kg) on the antinociceptive (A) and hypothermic (B) effects of
DFP DFP was dissolved 1n corn o1l and adrmmistered IP at the doses
of 30 or 6 0 mg/kg Reaction time and colonic temperature were
measured 1 hr after DFP Scopolamine and naloxone were adminis-
tered 40 min after DFP Each bar represents the mean (+SEM) of
six mice *Significantly different from control (C), p<0 01

was taken as an index of body temperature and was meas-
ured by a thermistor mounted 1n a rectal probe connected to
a Telethermometer (Yellow Springs Instrument Company,
Yellow Springs, OH) The flexible thermstor probe was 1n-
serted 25 mm deep into the rectum The average of two
measurements taken during an interval of 30 min before
treatment was considered as the imitial temperature at 0 time
Dunng temperature measurements, mice were Kept in a
plastic restrainer and the probe was retamned in the rectum
until a constant temperature reading was obtained

Brain cholinesterase (ChE) activity was measured by the
method of Ellman [8], as modified by Benke et al [1] Mice
were killed by cervical dislocation and the brain rapidly re-
moved on ice, and homogenized 1n sodium phosphate buffer
(01 M, pH 8 at 25°C) An aliquot of tissue homogenate
(equivalent to approximately 0 8 mg tissue), 50 ul of 0 1 M
5,5"-dithiobis (2-mitrobenzoic acid) and 5 ul of 1 0 M acetyl-
thiocholine (both from Sigma Chemical Co ), were added to
an appropriate volume of phosphate buffer to make a final
volume of 5 ml The absorbance (at 412 nm) was read 1m-
mediately after the addiion of the substrate acetyl-
thiocholine and after 30 min incubation at 27°C The mmitial
absorbance, as well as a reagent blank absorbance was sub-
tracted from the final reading
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FIG 2 Colonic temperature and reaction time 1 mice 1 hr or
24 hr after administration of DFP (3 0 or 6 0 mg/kg) Control ammals
were mjected with corn o1l Each bar represents the mean (+SEM)
of six mice *Significantly different from control, p <0 01
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FIG 3 Effect of scopolamine (scop. 10 mg/kg) and naloxone
(nalox, 2 0 mg/kg) on the antinociceptive effect of DFP (6 0 mg/kg).
24 hr after DFP admimistration Reaction time was measured 1 hr or
24 hr after DFP Scopolamine or naloxone were injected 20 min
before the measurement at 24 hr Each bar represents the mean
(+SEM) of six mice *Significantly different from control, p<0 01

Results were analyzed for stauistical sigmificance by
analysis of variance followed by Newman-Keuls test [13]

RESULTS
Administration of DFP (30 or 6 0 mg/kg) caused an
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FIG 4 Effect of scopolamine (sco, 1 0 mg/kg) and naloxone (nal,
2 0 mg/kg) on the antinociceptive effect of disulfoton (DS, 10 mg/kg
IP, corn oi1l) Reaction time was measured 4 hr after disulfoton
Scopolamine and naloxone were njected 20 min before the 4 hr
measurement, 1 ¢ , 220 min after disulfoton Each bar represents the

mean (=SEM) of five mice *Significantly different from control,
p<001

hypothermic and antinociceptive effect in mice (Fig 1)
Hypothermia was antagomized by scopolamine but not by
naloxone Scopolamine also antagonized antinociception 1n-
duced by both doses of DFP, whereas naloxone was effec-
tive only towards the highest dose of the organophosphate
(6 0 mg/kg)

Twenty-four hours after the admimistration of DFP, co-
lonic temperature had returned to control values (Fig 2)
Reaction time 1n mice injected with 3 0 mg/kg DFP was also
not different from control On the other hand, reaction time
was still significantly higher than controls in mice which
were 1njected with 6 0 mg/kg DFP 24 hr earlier (Fig 2) In
order to determine the cholinergic and/or opiate nature of
this residual antinociception, groups of mice mjected with
6 0 mg/kg DFP, were administered scopolamine or naloxone
20 min before the 24 hr time-point Figure 3 shows that
scopolamine caused only a shght reduction in reaction time,
while naloxone completely abolished this residual
antinociception

In order to determine whether this apparent involvement
of the opiate system 1n antinoception was common to other
organophosphates, a series of experiments was performed
with disulfoton This compound had been previously shown
to cause antinociception in mice [7] Antinociception In-
duced by disulfoton (10 mg/kg) was antagonmized by
scopolamine but not by naloxone (Fig 4) Furthermore, re-
action time had returned to control values 24 hr after disulfo-
ton administration (Fig 5)

Although the dose of disulfoton 1s comparable to the
highest dose of DFP, 1n that they are both 2/3 of their LD,
value ([5], Costa, unpublished results), these two or-
ganophosphates might have a different access to the central
nervous system To assess this possibility, we measured
ChE activity 1n brain from mice treated with DFP and disul-
foton, at the times of maximal antinociception and 24 hr after
treatment Results of these expennments, summanzed 1n Fig
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FIG 5 Antinociceptive effect of disulfoton (10 mg/kg IP) 4 hr and 24
hr after administration Control mice were administered corn oil
only Each bar represents the mean (= SEM) of six mice *Signifi-
cantly different from control, p<0 01
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FIG 6 Effect of DFP (6 0 mg/kg) and disulfoton (DS, 10 mg/kg) on
brain cholinesterase activity Cholinesterase activity was measured 1
hr and 24 hr after DFP and 4 hr and 24 hr after disulfoton Each bar
represents the mean (=SEM) of five-six mice Control cholines-
terase activity ranged from 109 to 11 5 umol acetylthiocholine
hydrolized per min per g wet tissue *Significantly different from
control, p<0 01

6, indicated that the extent of brain ChE inhibition was simi-
lar with both organophosphates at all time-points

DISCUSSION

Data obtained in the present study suggest that the
antinociceptive effect of DFP 1s due to a cholinergic-opiate
mechanism or to solely a cholinergic mechanism, depending
on the dose of DFP On the contrary, the hypothermic effect
of DFP appears to be due only to activation of cholinergic
muscarinic  receptors, independent of the dose
Antinociception induced by 3 0 mg/kg DFP was not antago-
nized by naloxone, suggesting a lack of opiate receptor in-
volvement On the other hand, a higher dose of DFP (6 0
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mg/kg) induced a naloxone-sensitive antinociception, as
previously reported [14] Twenty-four hours following ad-
ministration of either dose of DFP, body temperature had
returned to control values Similarly, reaction time did not
differ from control 24 hr following administration of 3 0
mg/kg DFP This recovery had been previously observed
[11.12] and might be due to a short term desensitization of
muscarinic receptors [7], since ChE activity itemains signifi-
cantly inhibited (this study, [11,12])

Reaction time was still significantly higher than control 24
hr after admimstration of 6 0 mg/kg DFP, although 1t had
lowered from that observed at | hr (Fig 3) This residual
antinociception was antagonized by administening naloxone,
but was not affected by scopolamine, suggesting that 1t was
primarily due to an opiate mechanism

Simularly, Clement and Copeman [3] recently observed
that high doses of the organophosphates soman or sarin
produced a long lasting analgesia in mice, as measured by the
hot-plate test Naloxone (10 mg/kg) but not atropine (2 2
mg/kg) reversed this analgesia, 24 hr after administration of
the organophosphates [3] We had previously shown that
DFP (6 0 mg/kg) increase the content of met-enkephalin 1n
brain 1 hr following administration [15] Although the mech-
amsm of this effect has not been investigated, 1t might 1n-
volve inhibition of enkephalin metabolism by DFP For
example, acetylcholinesterase has been shown to act as a
peptidase and to hydrolize enkephalins iz vifro, and this
peptidase activity 1s inhibited by high concentrations of DFP
[2] In addition, DFP has been shown to inhibit, 1n vitro . the
hydrolysis of varous neuropeptides involved in
antinociception (reviewed by Costa, 1985) Although met-
enkephalin levels were not measured 1n this study, it 1s
possible that these or other opioid peptides, like endorphins
[3]. are still elevated 24 hr after administration of DFP (6 0
mg/kg) This would explain the specific sensitivity to
naloxone of this residual antinociception On the other hand,
the lowest dose of DFP (3 mg/kg), which causes a naloxone-
msensitive antinociception, would be expected not to alter
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met-enkephalin levels Further biochemical studies arc
needed 1n order to confirm these hypotheses

We had previously shown that a carbamate cholinesteiase
mhibitor, physostigmine, causes antinociception which 1s not
antagonized by naloxone [14] Furthermore, physostigmine
did not alter brain met-enkephalin levels following 11 1nvo
administration [15]. and did not inhibit the peptidase activity
of acetylcholmesterase 1 vitio [2] Thus, physostigmine-
induced antinociception appears to be due only to choliner-
gic stimulation To assess whether other organophosphates
act similarly to DFP, we investigated the antmociceptive ef-
fect of disulfoton The antinociceptive profile of this com-
pound was similar to that of physostigmine and the lower
dose of DFP, suggesting that 1ts antinociceptive effect 1s
solely due to a cholinergic mechanism

Since DFP interacts with the opiate system only at high
doses, 1t 1s also possible that the dose of disulfoton was not
sufficiently high for such interaction to occur This
possibility, however, seems unlikely The doses of DFP and
disulfoton used (6 0 and 10 mg/kg) correspond to 2/3 of their
LD, ([5]. Costa, unpublished) Furthermore. these two or-
ganophosphates caused a similar inhibition of brain ChE at
the time of maximal antinociception (1 or 4 hr after administra-
tion of DFP and disulfoton, respectively) and at 24 hr (Fig 6)

Thus, DFP antinociception differs from that induced by
the organophosphate disulfoton or the carbamate physo-
stigmine but 1s similar to that induced by Soman and Sarin [3]
It 1s possible that only such potent and irreversible cholines-
terase mhibitors are able to phosphorylate the peptidasic site
of acetylcholiesterase and/or enzymes. thus altering the
metabolism of neuropeptides
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