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COSTA, L G AND S D MURPHY Chohnergtc and opiate involvement m the antmo~lceptl~e effett of dtlso- 
propylfluoropho~phate PHARMACOL BIOCHEM BEHAV 24(3) 733-736, 1986--The organophosphate dHso- 
propylfluorophosphate (DFP, 3 or 6 mg/kg, IP) caused a dose-related antlnOclceptlon in mice which was antagonized by the 
muscanmc antagonist scopolamine The opmte antagonist naloxone antagomzed the antmoclceptlve effect of the highest 
dose of DFP, but did not affect the antlnoc~cept,on caused by 3 mglkg DFP Twenty-four hours after the admln,stratlon of 
DFP, reaction time m animals which rece:ved a 3 mg/kg dose did not differ from control However, reaction time was still 
s~gnlficantly higher than control in mice administered 6 mg/kg DFP twenty-four hours earher This residual antmoclception 
was antagomzed by naloxone but not by scopolamine, suggesting that it was op~old m nature These results suggest that 
antmoclceptlon induced by a low dose of DFP is primarily due to a chohnerglc mechanism, while higher doses appear to 
affect also the opiate system Since we have previously shown that DFP (6 mg/kg) ,ncreases met-enkephahn levels in brain, 
~t ~s possible that Mgh doses of DFP m~ght interfere with enkephahn metabolizing enzymes This conclusion cannot be 
extended to the organophosphate dlsuifoton, whose antlnoc~ceptlon, even at high doses, appears to involve only an 
interaction with the chohnerglc system 

Dnsopropylfluorophosphate Dlsulfoton Organophosphate 
Chohnerglc-oplate interactions Mechanisms of analgesia 

Antmoclceptlon 

THE irreversible acetylchohnesterase inhibitor dnso- 
propylfluorophosphate (DFP) has been shown to exert a 
dose-dependent antlnOclceptlve and hypothermlc effect m 
mice and rats [9, 10, l l ,  14] While hypothermm was antag- 
onized only by centrally active muscannlc antagonists, such 
as atropine and scopolamine, antlnoc~ceptlon was also 
antagonized by the opmte antagomst naloxone [9, 10, 14] 
DFP was also shown to increase met-enkephahn levels m 
brain [15] These results suggested that the opiate system, in 
addition to the chohnerglc system, is revolved in the 
antlnOclceptlve effect of DFP In the course of experiments 
aimed at further characterizing DFP-antlnOclcept~on, we 
found that the involvement of the opiate system was depend- 
ent upon the dose of DFP admlmstered The result described 
in the present study suggests that DFP-mduced antlnOclcep- 
tton ~s due to a chohnerglc mechamsm at low doses, and to a 
chohnerglc-oplate mechanism when higher doses are ad- 
ministered We also report that another chohnesterase 
inhibitor, the organophosphate dlsulfoton, causes antlnOCl- 
ceptlon which does not appear to involve any interaction 
with the opmte system 

METHOD 

Male Swiss-Webster mice (25-35 g, Tyler Laboratories 
I n c ,  Bellevue, WA) were used throughout this study 
Animals were housed five per cage under standard labora- 

tory conditions and had food and water avadable ad lib DI- 
lsopropylfluorophosphate (Sigma Chemical C o ,  St Louis, 
MO) was dissolved m corn oil and Injected IP at doses of 3 0 
or 6 0 mg/kg, corresponding to 1/3 and 2/3 of  its LDs0 value, 
respectively, as previously determined (Costa, unpubhshed 
result) Dlsulfoton (0,0-dlethyl S-[2-(ethylthlo)-ethyl] phos- 
phorodlthloate, technical grade, 97%, Mobay Chemical 
Corp ,  Kansas City, MO) was injected in corn oil at the dose 
of 10 mg/kg, corresponding to 2/3 of its IP LD~0 [5] Control 
mice were injected with corn oil only (5 ml/kg) Scopolamine 
hydrochlorlde (Sigma Chemical C o )  and naloxone 
hydrochionde (Research Blochemlcals Inc , Wayland, MA) 
were dissolved in distilled water and administered by IP in- 
jection at doses of 1 0 and 2 0 mg/kg, respectively, 20 mm 
before the antmoclceptlon test This short interval was cho- 
sen since the effect of naloxone was shown to wear off be- 
tween 1 and 2 hr following admimstratlon [10] 

AntlnOclcept~on was assessed by the tall immersion test, 
as previously described [6] Briefly, mice were placed in a 
plastic restraint cage and their tails immersed, to a constant 
depth, in a water bath maintained constant at 50-+0 25°C by a 
thermostatically controlled heating block The time (in sec- 
onds) between immersion and the animal withdrawing ~ts tall 
was recorded The noclcepttve end-point was a violent jerk 
of the tall An arbitrary 30 sec " c u t - o f f '  time was imposed as 
a maximal ant lnooceptlve response The control response 
time ranged from 4 to 6 sec 

In the hypothermla 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 antinoclceptive (A) and hypothermic (B) effects of 
DFP DFP was dissolved in corn oil and administered IP at the doses 
of 3 0 or 6 0 mg/kg Reaction time and colonic temperature were 
measured 1 hr after DFP Scopolamine and naloxone were adminis- 
tered 40 mm after DFP Each bar represents the mean (+_SEM) of 
six mice *Slgmficantly different from control (C), p<0 01 

was  t aken  as an  index  o f  body  t e m p e r a t u r e  and  was  meas-  
u red  by  a t h e r m i s t o r  m o u n t e d  in a rec ta l  p r o b e  c o n n e c t e d  to 
a T e l e t h e r m o m e t e r  (Yel low Spr ings  I n s t r u m e n t  C o m p a n y ,  
Yel low S p n n g s ,  OH)  The  f lexible  t h e r m i s t o r  p robe  was  in- 
se r ted  25 m m  deep  into the  r e c t u m  T he  ave rage  of  two 
m e a s u r e m e n t s  t a k e n  dur ing  an  in te rva l  of  30 mln  be fo re  
t r e a t m e n t  was  c o n s i d e r e d  as the  lmtial  t e m p e r a t u r e  at  0 t ime 
O u n n g  t e m p e r a t u r e  m e a s u r e m e n t s ,  mice  were  kep t  m a 
p las t ic  r e s t r a ine r  and  the  p r o b e  was  r e t m n e d  m the  r e c t u m  
u n t d  a c o n s t a n t  t e m p e r a t u r e  read ing  was  ob ta ined  

Bra in  c h o h n e s t e r a s e  (ChE)  act=vtty was  m e a s u r e d  by  the  
m e t h o d  of  E l lman  [8], as modif ied  by B e n k e  et al [l]  Mice  
were  killed b y  cerv ica l  d l s loca t ton  and  the  bra in  rapidly  re- 
m o v e d  on  ice,  and  h o m o g e n i z e d  in sod ium p h o s p h a t e  buffer  
(0 l M, p H  8 at  25°C) A n  a l iquot  o f  t t s sue  h o m o g e n a t e  
( equ iva len t  to a p p r o x i m a t e l y  0 8 mg t issue) ,  50 /z l  of  0 1 M 
5 ,5 ' -d i th tob i s  (2 -n i t robenzo lc  acid) and  5 /z l  o f  1 0 M acety l -  
t h l o c h o h n e  (bo th  f rom Sigma Chemica l  Co ), were  added  to 
an  app rop r i a t e  vo lume  of  p h o s p h a t e  buf fe r  to  m a k e  a final 
v o l u m e  of  5 ml The  a b s o r b a n c e  (at  412 rim) was  r ead  im- 
m e d m t e l y  af te r  the  a d d m o n  of  the  subs t r a t e  ace ty l -  
t h iocho l lne  and  a f te r  30 m m  incuba t ion  at 27°C The  lmtlal  
a b s o r b a n c e ,  as well  as a r eagen t  b l ank  a b s o r b a n c e  was  sub- 
t r ac ted  f rom the  f inal  read ing  
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FIG 2 Colonic temperature and reaction time m m~ce I hr or 
24 hr after admmistratmn of DFP (3 0 or 6 0 mg/kg) Control animals 
were ln.lected with corn oil 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, 1 0 mg/kg) and naloxone 
(nalox, 2 0 mg/kg) on the antmociceptive effect of DFP (6 0 mg/kg), 
24 hr after DFP administration Reaction time was measured 1 hr or 
24 hr after DFP Scopolamine or naloxone were injected 20 mln 
before the measurement at 24 hr Each bar represents the mean 
(+SEM) of six mice *Sigmficantly different from control, p < 0  01 

Resul t s  were  ana lyzed  for  s tat is t ical  s lgmficance  by 
analys is  of  va r i ance  fol lowed by N e w m a n - K e u l s  tes t  [l 3] 

RESULTS 

A d m m l s t r a u o n  o f  D F P  (3 0 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 antlnOclcept~ve effect of disulfoton (DS, 10 mg/kg 
IP, corn oil) Reaction time was measured 4 hr after dlsuifoton 
Scopolamine and naloxone were injected 20 mln before the 4 hr 
measurement, i e , 220 mm after disulfoton Each bar represents the 
mean (_+SEM) of five mtce *Significantly different from control, 
p<0 01 

hypothermlc and antinoclceptive effect in mice (Fig 1) 
Hypothermla was antagonized by scopolamine but not by 
naloxone Scopolamine also antagonized antinoclceptlon in- 
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 administration of  DFP, co- 
Ionic temperature had returned to control values (Fig 2) 
Reaction time in mice injected with 3 0 mg/kg DFP was also 
not dtfferent from control On the other hand, reaction time 
w_as still significantly higher than controls in mice which 
were injected with 6 0 mg/kg DFP 24 hr earlier (Fig 2) In 
order to determine the cholinerglc and/or opiate nature of 
this residual antlnociceptlon, groups of mice injected 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 slight reduction in reaction time. 
while naloxone completely abolished this residual 
antlnOclceptlon 

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

Although the dose of  dlsulfoton is comparable to the 
highest dose of DFP, in that they are both 2/3 of their LD~. 
value ([5], Costa, unpublished results), these two or- 
ganophosphates might have a dtfferent access to the central 
nervous system To assess this possibility, we measured 
ChE activity in brain from mice treated with DFP and dIsul- 
foton, at the times of maximal antinociceptlon and 24 hr after 
treatment Results of these experiments, summarized In F ig  
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FIG 5 Antmocicept lve  effect o fd l su l fo ton  (10 mg/kg IP) 4 hr  and 24 
hr after adminis t ra t ion Control  m~ce were adminis tered corn oil 
only Each bar represents the mean (_+SEM) of six mice *Sigmfi- 
cantly different from control, p<0 01 
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FIG 6 Effect of DFP (6 0 mg/kg) and dlsulfoton (DS, 10 mg/kg) on 
brain chohnesterase activity Chohnes terase  activity was measured  l 
hr and 24 hr after DFP  and 4 hr and 24 hr after d~sulfoton Each  bar 
represents the mean (_+SEM) of five-six mtce Control chohnes- 
terase activity ranged from l0 9 to II 5 p.mol acety l th lochohne  
hydrohzed per mm per g wet tissue *Significantly different from 
control, p<0 01 

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

DISCUSSION 

Data obtained in the present study suggest that the 
antinociceptlve effect of DFP is due to a chohnerglc-opiate 
mechanism or to solely a chohnerglc mechanism, depending 
on the dose of DFP On the contrary, the hypothermic effect 
of DFP appears to be due only to activation of  chollnerglc 
muscannlc receptors, independent of the dose 
Antlnoclceptlon 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-sensl t lve  ant lnoclcept lon,  as 
previously  repor ted  [14] Twenty- four  hours fol lowing ad- 
ministrat ion of  ei ther dose of  DFP,  body temperature  had 
returned to control  values  Similarly, react ion time did not 
differ from control 24 hr fol lowing administrat ion of  3 0 
mg/kg D F P  This recovery  had been previously observed  
[11,12] and might be due to a short term desensi t izat ion of  
muscarlnlC receptors  [7], since ChE activity lemalns  signifi- 
cantly inhibited (this study, [11,12]) 

React ion t ime was still significantly higher than control  24 
hr after administrat ion of  6 0 mg/kg DFP,  al though it had 
lowered  from that observed  at 1 hr (Fig 3) This residual 
an tmoclcept lon  was antagonized by admmls tenng  naloxone,  
but was not affected by scopolamine,  suggesting that it was 
primari ly due to an opiate mechamsm 

Stmllarly,  Clement  and Copeman  [3] recent ly observed  
that high doses of  the organophosphates  soman or sarin 
produced a long lasting analgesia in mice,  as measured  by the 
hot-plate test Na loxone  (10 mg/kg) but  not a tropine (2 2 
mg/kg) reversed  this analgesia,  24 hr after admlnlstrat ton of  
the organophosphates  [3] We had previously shown that 
D F P  (6 0 mg/kg) increase the content  of  met -enkepha lm m 
brain 1 hr fol lowing admlmstra t lon [15] Although the mech-  
anism of  this effect has not  been invest igated,  it might in- 
vo lve  inhibition of  enkephahn metabol ism by DFP  For  
example ,  ace ty lchohnes terase  has been shown to act as a 
pept ldase and to hydrohze  enkephahns  m vitro,  and this 
pept ldase act ivi ty is inhibited by high concentra t ions  of  D F P  
[2] In addition, D F P  has been shown to inhibit, m v m o ,  the 
hydrolysis  of  various neuropept ldes  involved in 
ant lnoclcept lon ( reviewed by Costa,  1985) Although met- 
enkephalln levels were not  measured  in this study, it is 
possible that these or o ther  opiold peptldes,  like endorphlns 
[3], are still e levated 24 hr after administrat ion of  D F P  (6 0 
mg/kg) This would explain the specific sensitivity to 
naloxone of  this residual ant lnoclcept lon On the o ther  hand, 
the lowest  dose of  D F P  (3 mg/kg), which causes a naloxone-  
insensi t ive ant lnoclcept lon,  would be expected  not to alter 

met-enkephahn levels Fur ther  biochemical  ~tudles mr. 
needed m order  to confirm these hypotheses  

We had previously  shown that a carbamate  chohnes te lase  
inhibitor, physostlgmme, causes antlnOclceptlon which ~s not 
antagonized b~ naloxone [14] Fur thermore ,  physost lgmme 
did not alter brain met -enkephahn levels following m I tl o 
administrat ion [ 15], and did not inhibit the peptldase activity 
of  ace ty lchohnes terase  m ~ttJo [2] Thus,  physost igmlne- 
induced ant inoclcept lon appears to be due only to chohner-  
glc st imulation To assess whether  o ther  organophosphates  
act similarly to DFP,  we invest igated the antlnOclcept~ve ef- 
fect  of  dlsulfoton The an t lnoc lceptwe profile of  this com- 
pound was similar to that of  physost igmlne and the lower 
dose of  DFP,  suggesting that its ant lnoclcept lve effect is 
solely due to a chohnerglc  mechanism 

Since D F P  interacts with the opiate system onl~ at high 
doses,  It is also possible that the dose of  dlsulfoton was not 
sufficiently high for such interaction to occur  This 
posslbthty,  however ,  seems unlikely The doses of  DFP  and 
dlsulfoton used (6 0 and 10 mg/kg) correspond to 2/3 of  their 
LD~,, ([5]. Costa,  unpubhshed) Fur thermore ,  these two or- 
ganophosphates  caused a similar inhibition of  brain ChE at 
the time of  maximal antlnOclceptlon ( 1 or 4 hr after administra- 
tion of  DFP  and dlsulfoton, respectively) and at 24 hr ( Fig 6) 

Thus,  D F P  ant lnoclcept lon differs from that induced by 
the o rganophospha te  dlsulfoton or  the ca rbamate  physo- 
s t lgmme but is similar to that induced by Soman and Sarm [3] 
It is possible that only such potent  and irreversible chohnes-  
terase lnhlbitors are able to phosphoryla te  the pept~daslc site 
of  ace ty lchohnes terase  and/or enzymes ,  thus a l tenng the 
metabol ism of  neuropept ldes  
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