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MODROW, H E AND J H MeDONOUGH Change m atropine dose effect curve after subacute soman adrmmstratton 
PHARMACOL BIOCHEM BEHAV 24(4) 845-848, 1986 --Thtrty-one adult male rats were trmned on a two component 
(FRI0-extmct~on) operant task After estabhshment of an atropine sulfate dose effect curve (velucle, 1 0, 1 8, 3 2, 5 6 or 10 0 
mg/kg), all rats were rejected SC with 35 0 ~g/kg soman three t~mes per week for four weeks One, twenty-e~ght and 
fifty-six days after the last soman ~njectton, additional atropine tests were g~ven Atrop,ne produced s~gntficant dose related 
decreases m FR10 responding at 3 2, 5.6 and 10.0 rng/kg dunng the m~t~al dose effect curve w~th no effect on extmclaon 
responding. Although four rats d~ed dunng the soman exposure period, the remmnmg rats exlubited neither stgns of 
organophosphate toxicity nor stgmflcant dtsrupttons m FR respondtng However, a stgmficant ~ncrease m extract,on 
component responding was seen on soman injection days The atropine dose effect curve for FRI0 responding showed a 
s~gmficant sh~ft to the left on the day after the last dose of soman However, the dose effect curves at 4 and 8 weeks were 
the same as the tmt~al curve These results provide behavioral evidence that chrome soman exposure results in a supersen- 
sitivity to the ant~muscanmc drug, atropine, posstbly due to a down-regulation m the number of muscanmc receptors 

Atropine sulfate Organophosphate Soman Supersensa~v~ty operant behawor Behavtoral tolerance 

THE organophosphate compound soman (pinacolyl 
methylphosphono-fluondate) ~s a potent ~rreversible 
chohnesterase inhibitor, exerting significant effects on both 
learned and unlearned behaviors [9, 10, 11, 14, 23] Although 
a single injection of  soman produces both dose related re- 
ductions m operant responding [111 and acute reductions in 
chohnesterase (ChE) actlwty [20], repeated organophos- 
phate administrations produce rapid behavioral tolerance 
with a return to pre-injection levels of responding [1, 2, 13, 
15, 16, 17, 18] desptte continued reduced levels of ChE ac- 
tivity. After administration of paraoxon every third day for 
forty days, avoidance performance in rats was reported to be 
w~thin normal hmits despite ChE levels of less than 10% of 
normal [2]. Repeated administration of DFP lowered ChE 
levels to approximately 20% of pre-inject~on levels and 
produced a slight depression m extinction responding [7]. 
After cessation of the DFP administration, ChE levels re- 
turned towards normal and extinction responding increased 
beyond that of  control levels [7]. This m~ght indicate devel- 
opment of  a behavioral tolerance dunng ChE inhibition and 
overcompensation as ChE activity returns to normal. 

Toxicological studies of soman by Stern and colleagues 
[21,22] mn m~ce, rats and gmnea pigs have shown that re- 
peated administration of  0.5 LD50 doses of soman every 24 
hr for 7 to 12 days results m a subpopulatmon of animals that 
are able to survive a total cumulative exposure 4 to 6 t~mes 

the acute LD50. Tlus effect appeared to be species depend- 
ent, guinea pigs being more resistant than either rats or mice. 
These investigators have attributed the observed effect to 
distribution factors since blood plasma pseudocholinesterase 
and aliesterases, both of which bind soman, recover to 70 
and 100% respectively of  thetr normal activity levels within 
24 hr after dosing, thus serving as a sink for the soman during 
repeated exposures Alternatively, it has been recently re- 
ported that subacute administration of  soman produces a 
decrease in the number of muscarinic receptors m the rat 
brain [31. The decrease in receptors was specific to 
chohnerglc nuclei (hippocampus, pyriform cortex, etc.) and 
receptor numbers were found to return to normal levels 
within 24 days after the last soman inJection. Overstreet et 
al [12] previously hypothesized that a decrease in mus- 
canmc receptors may be the basis for behavioral tolerance. 
If an actual decrease mn the number of central muscarinic 
receptors was to occur, a behavioral supersensitivity 
towards an ant~muscanmc drug should be observed as the 
same amount of  drug would act at a higher percentage of  all 
possible receptors thus producing an increased reactton. Al- 
though after repeated exposure to DFP, rats develop a 
supersensitivity to the stereotypic behavior elicited by high 
doses of atropine [19], there have been no reports that re- 
peated exposure to soman results in the development of  be- 
havioral tolerance The reason for this may be that the 

~The experiments reported here were conducted according to The Gutde for the Care and Use of Laboratory Ammals (1978) as prepared by 
the Committee on the Care and Use of Laboratory Amraals, Natsonal Research Councd, NIH Publication No 80-23 
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FIG I The significant dose-related decrease ~n FR responding due 
to rejection of atropine Each rat (n=31) was tested at every dose 
using a Latin Square design The figure shows percent of the prew- 
ous day's response rate -+S E M 

majority of behavioral research has shown that soman exerts 
~ts behavioral effects only at doses >0 5 LD50, leaving only 
a narrow margin between behavioral and toxicological ef- 
fects [10, 11, 14]. 

The purpose of the present study was to determine 
whether subacute exposure of rats to the organophosphate 
compound soman would produce a supersensitivity to ef- 
fects of the anhmuscanntc compound atropine on an operant 
task If supersensitivity due to the decrease ]n muscanmc 
receptors does occur, then it would be predicted that the 
same dose of  an ant]muscarlmc compound, atropine, would 
produce differential effects when given before and im- 
mediately after long term exposure to soman. As the number 
of  muscanmc receptors returned to normal levels after ces- 
satmn of soman exposure, the behavioral effects of  atropine 
would also return to pre-soman levels 

METHOD 

Subjects 

Thirty-one adult male, Sprague-Dawley rats (Charles 
R~ver), weighing between 275 and 350 grams, served as sub- 
jects They were ~nd]vtdually housed m stmnless steel wire 
rack cages with ad hb access to water. Each subJect was 
mamtmned at approximately 85% of its free-feeding body 
weight food, using a restricted feeding schedule The dady 
food ration was given to ammals approximately 2 hr after the 
experimental session each day The ammals were maintained 
on a 12 hr 12 hr hght dark cycle with hght onset at 0600 each 
day ~n a temperature and humidity controlled room 

Apparatus 

The eqmpment used m this study consisted of  four ]dent]- 
cal BRS-LVE operant cond]t]omng chambers. All chambers 

were located within Individual sound attenuating cubicles 
eqmpped w~th a ventdat]on fan Each operant chamber 
(26 7×30 5x24 1 cm) was equipped w~th a house hght, a 
s~ngle response lever and a d~pper mechamsm for dehvery of 
0 01 ml milk reinforcement (Eagle brand sweetened con- 
densed mdk dduted 1 2 v v with water) All response and 
reinforcement parameters were controlled by means of 
sohd-state programming and electromechamcal eqmpment 
located ]n a separate room 

Pro( ~,dllr~' 

Each ammal was mmally trmned by the method of suc- 
cessive approx]matmn to lever press for mdk reinforcement 
on a fixed ratio 1 (FRI) schedule Over the next five to ten 
sessions the response reqmrement was gradually rinsed to 
FRI0 dunng 30 minute dmly sessions At this point, the op- 
erant schedule was changed to a two component operant 
task The first 20 mtn of each session continued to consist of 
the FRI0 schedule for milk reinforcement whde during the 
last 10 mm period, the rats were on an extInction schedule, 
] e , lever presses would not result m dehvery of reinforce- 
ment There were no changes ]n environmental st]muh to 
indicate the onset of the extraction component. All training 
and test sessmns were 30 mm long w~th sessions conducted 
five days per week Following attainment o f a  stabd~ty crite- 
rion (no more than a 10~A deviation from the mean for both 
FR and extraction responses over three consecutive days), a 
dose effect curve for atropine sulfate was obtmned for all 
rats Using a Latin Square design, rats were tested 30 mm 
after IM inJection of vehicle, 7.0, 1 8, 3 2, 5 6, or 10 0 mg/kg 
atropine Test sessions were conducted ~dcnt]cally to trmn- 
mg sessions with the exception that tests were only con- 
ducted on Tuesday through Thursday Addmonally, tests 
were g~ven no more than once per week and ammals were 
reqmred to reattam the stabd]ty criterion prior to each test 

One week after completion of  the atropine dose effect 
curve, each ammal was randomly asstgned to one of four test 
groups All rats then began a series of subacute soman reJec- 
tions Dunng thts series, all ammals were ~njected SC w~th 35 
~g/kg soman 3 times/week (M. W, F) for 4 weeks and given 
training sessions on the two component (FR-extmct]on) task 
Eqmvalent volumes of  sahne were rejected SC twice a week 
(Tu, Th) prior to the training session Operant sessions were 
conducted 30 minutes after all reJections The day after the 
last soman reJection, each animal was rejected IM wIth one 
of  four previously chosen doses of  atropine sulfate (I 8 
mg/kg In=6], 3 2 mg/kg In=7], 5 6 mg/kg In=7]. or l0 0 
mg/kg In=7]) depending upon group assignment Each 
ammal was also tested w~th the same dose of  atropine four 
and eight weeks after the completion of the subacute soman 
dosing schedule Dunng the time between atropine tests, 
post-soman exposure training sessions continued five days 
per week 

Drllg~ 

All drug doses are expressed as salts Atropine sulfate 
(Boehrlnger, Lot No 352) was dissolved to appropriate con- 
centratzons to dehver I ml per kg of body weight Soman 
(97% pure) was prepared ]n sahne to a concentration of 35 
p~g/ml Atropine solutzons were stored under refrigeration 
between tests whde the soman solutions were prepared fresh 
for each inJection day 
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F[~  2 Th~ sz~nzficant dzffcrcncc m cxtmc~zon com~ncnt  respond- 
mg dunn~ som~  mjcczzon days when comp~cd zo s~m~ znjcctzon 0 
days Lmcs mdzcatc S E M There was no szgmficant chan~c m 
rcs~nsc rat~ from the first mjcctzon o(czthcr soman or s~zn~ to the 
last mjcctzon 

RESULTS 

Prior to the repeated soman rejections, atropine sulfate 
produced a s~gnlficant dose dependent decrease m respond- 
ing dunng the FR 10 component,  F(5,150) = 15.44, p <0.01. As 
shown In Fig. 1, doses of 3.2, 5.6 and 10.0 mg/kg atroptne 
lowered responding significantly below that produced by the 
vehmcle mjectmon (Tukey post-hoc analysis, p<0.05)  (Kmrk, 
1968), with 10.0 mg/kg producing a response rate sigmfi- 
cantly less than that observed at any other dose (Tukey, 
p<0.01)  A comparison of responding dunng the first and 
second 10 m~nute portions of the 20 minute FR component 
also revealed a smgmficant difference mn response rates be- 
tween the two tmme periods, F(1,30)= 19 86, p<0.01,  wroth no 
smgmficant interaction found between drug dose and FR 
period. Thus, the conclusmon can be made that atropine does 
not affect the "warmup"  effect seen at the beginning of each 
sess,on. Despmte smgmficant drug effects during the FR com- 
ponent, there was no s~gmficant drug effect dunng the ex- 
traction period, although there was a trend towards elevated 
response rates That ms, although a s~gmficant dose related 
drug effect was seen during the reinforced component,  dur- 
ing the extmctmon period of the same sessmon, no rehable 
dmfferences were seen between any atropine doses. 

Four rats dined during the subacute soman exposure 
period Surprisingly, the remammng ammals exlub~ted no 
smgmficant change mn FR response rate dunng this period. 
Addttmonally, there was no smgnificant dmfference in response 
rate between the soman mject~on days and the sahne m.lec- 
tmon days. The lack of  significant change in response rate was 
found for only the FR component of the schedule. The ex- 
tmnctmon component displayed a significant difference be- 
tween the number of responses shown on soman rejection 
days and the following saline mnjection day, F(I,27)=7.52, 
p<0.05 However,  there was no s~gmficant change from the 
first mnjecuon to the final mnjectmon for emther sahne or soman 
mjectmons (Fig 2). Only when all sahne mnjectmon days were 
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FIG 3 The s~gmficant decrease m FR component response rates on 
the day following the final soman mjectton w~th a return to pre- 
soman levels wtthm 29 days after cessation of soman mject~ons 
Lmes mdtcate S E M Rats were randomly assigned to one of the 
four dose groups (I 8 mg/kg n=6, 3 2 mg/kg n=7, 5 6 mg/kg n=7, 
10 0 mg/kg n=7) 

compared to all soman injectmon days was a smgmficant 
dtfference found. 

When the ammals were graven atropine one day after the 
end of the subacute soman mjectmons, a s~gmficant d~sruptmon 
~n FR responding was seen, F(3,9)=6 16, p<0.01.  The dms- 
ruptmon of FR performance by atropmne was of a greater 
magmtude than that seen either before subacute soman ad- 
mimstratmon or in the tests four and emght weeks after sub- 
acute soman admm~stratton (Tukey post-hoc analysts, 
p<0.05).  These data are presented in F~g. 3. Tests graven four 
and emght weeks later produced responding not smgmficantly 
dmfferent from that produced by the same animals prior to the 
subacute soman (Tukey post-hoc analys~s). Thts figure also 
demonstrates that all tests produced smmilar dose-dependent 
reductmons tn FR responding, F(3,23)=6 06, p < 0  01, the only 
dtfference bemng the sigmficantly greater reduction produced 
by all doses of atropine on the first day after soman. Add~- 
tmonal Tukey post-hoc analyses determined that 5.6 and 10.0 
mg/kg atropine produced lower response rates than the 1 8 
mg/kg dose at all test tmmes. Therefore, although the sub- 
acute adm~mstratton of soman dmd not by mtseif produce a 
smgmficant change mn behavior, when the rats were chal- 
lenged by the muscartmc antagomst atropine sulfate 24 hr 
after the final soman mnjectmon, a s~gmficant change mn behav- 
ior w a s  s e e n  

DISCUSSION 

The effects of  atropmne mjectmons confirm the results of 
previous studies [8]. Atropine produced a stgnificant dose- 
related decrease m responding on a FRIO schedule. Injec- 
tmons of 3.2, 5.6 and 10.0 mg/kg of atropine produced a re- 
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s p o n s e  ra te  s tgnif icant ly  be low cont ro l  levels  dur ing  the  FR 
c o m p o n e n t  This  is no t  surpr i s ing  s ince  a t rop tne  has  previ-  
ous ly  been  s h o w n  to posses s  ra te  dec reas ing  effects  [8] A 
surpr i s ing  resu l t  was  the  lack of  effect  o b s e r v e d  d u n n g  the  
ex t inc t i on  per iod .  H ighe r  doses  o f  a t rop ine  m~ght be ex- 
pec t ed  to p roduce  a d~sinhibt tory effect  on  ex t rac t ion  re- 
sponding .  H o w e v e r ,  no  dose  o f  a t rop ine  s~gmficantly ~n- 
c r ea sed  r e s p o n d t n g  dur ing  the  extmct~on per iod 

S u b a c u t e  admmts t ra t~on  of  s o m a n  dtd not  s igmficant ly  
d t s rup t  p e r f o r m a n c e  d u n n g  the FR c o m p o n e n t .  E v e n  the  
first ~njectton of  s o m a n  d~d not  s~gntficantly d e c r e a s e  the  
m e a n  r e s p o n s e  ra te  dur ing  thts  c o m p o n e n t  O t h e r  ~nves- 
t~gators have  found  a s~gnificant d t s rup t lon  a f te r  a stngle ~n- 
.lect~on o f  an  o r g a n o p h o s p h a t e  [2, 4, 5, 6] Al though  there  
were  no  c h a n g e s  d u n n g  the  FR c o m p o n e n t ,  a s lgntf icant  
d t f fe rence  b e t w e e n  the  s o m a n  and  sal ine days  tn the  n u m b e r  
o f  r e s p o n s e s  d u n n g  the  e x t m c t t o n  c o m p o n e n t  o f  the  task  was 
seen  The  changes  d u n n g  the ex t inc t ion  c o m p o n e n t  resul ts  
d i rec t ly  con f i rm  the  o b s e r v a t i o n s  o f  Glow and  Rose  [7] Two  
h y p o t h e s e s  m a y  expla in  these  effects .  The  first poss~bd~ty ~s 
tha t  an  ove r l ea rned  r e s p o n s e  such  as th~s ~s more  res t s t an t  to 
d~srupt ton by  an o r g a n o p h o s p h a t e  Th~s hypothes~s would  
also s ta te  tha t  p e r f o r m a n c e  on  a p rev tous ly  learned  task  
m~ght be less af fected t han  learn ing  a new task af te r  c h r o m c  
adm~ntstrat~on o f  o r g a n o p h o s p h a t e s  [1] The  o t h e r  

poss~bdtty ~s tha t  the  dose  utd~zed m th~s s tudy was  physi-  
ological ly less po ten t  than  those  u t thzed  ~n p r e v m u s  s tudies  
so tha t  ~t d~d not  p roduce  rap~d dec rea se s  ~n C h E  levels  
Ra ther ,  the  C h E  levels  may  have  been  gradual ly  reduced  
t he r eby  al lowing more  raptd acqms~t~on of  behav io ra l  
to l e rance  

The  mos t  ~mportant  f inding o f  th~s s tudy  was tha t  s o m a n  
a d m m t s t r a t t o n  d~d cause  p r e w o u s l y  tes ted  doses  of  a t rop ine  
to p roduce  s tgnlf icant ly  g rea t e r  d e c r e m e n t s  m re spond ing  
~mmedtately af te r  t e rmina t ion  of  s o m a n  admtmstra t~on.  Rus- 
sell et al [15, 161 also found an  ~ncreased sens~t~vtty to the 
r a t e -dec reas ing  effects  of  a t rop ine  af te r  D F P  ~njecttons 
H o w e v e r ,  the  f inding tha t  the  a t rop ine  dose-effec t  cu rve  re- 
tu rned  to p r e - s o m a n  adm~mstrat~on levels  w~th~n 29 days  
a f te r  t e rmina t ion  of  s o m a n  ~s u m q u e  These  resul t s  suggest  
tha t  the  behav io ra l  t~me cour se  may  be very  s~mdar to the  
t~me cour se  o f  r e c o v e r y  o f  m u s c a n m c  recep to r s  w~th~n the  
cen t ra l  n e r v o u s  sys t em [3] T h e r e f o r e  the  conc lus ion  can  be 
made  that  a l though  behav io ra l  to l e rance  rapidly deve lops  to 
the  r educed  n u m b e r  of  muscarlnlC recep to r s  p roduced  by 
s u b a c u t e  admlmst ra t~on  of  soman ,  the  behav io ra l  to l e rance  
~s a lso a c c o m p a m e d  by a super sens i t iv i ty  to m u s c a n m c  
c o m p o u n d s .  W h e n  the  s o m a n  admmts t ra t~on  ends .  the  de- 
chne  ~n behav io ra l  super sens i t iv i ty  ~s para l le led  by the con-  
comt t an t  inc rease  m m u s c a n m c  recep to r s  [3] 
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