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RAFFAELE, K , D HUGHEY, G WENK, D OLTON, H MODROW AND J McDONOUGH Long-term behaworal 
changes m rats followmg organophosphonate exposure PHARMACOL BIOCHEM BEHAV 27(3)407-412, 1987 - - T h e  
organophosphorus compound soman irreversibly inhibits chohnesterase m both the central and peripheral nervous sys- 
tems High doses of th~s compound produce seizures and death m ammals Survlwng animals exhibit neural lesions and 
behavioral abnormalmes The behaworal effects of a single exposure to soman were evaluated m rats injected wlth 50/zg/kg 
or 85/zg/kg soman or w~th saline Each rat was tested for e~ther act~wty m an open field or performance m a 14 choice point 
multiple T-maze All rats were then tested for reactlwty to tactile st~muh Some rats exposed to soman showed increased 
acnwty m the open field, learnmg deficits in the Stone maze, and increased reacawty to tactile sttmuh, wlule others showed 
behawor similar to that of controls An increase m reactlwty was correlated w~th increased open field activity and w~th poor 
performance m the Stone maze Rats which had received soman and were abnormal m behaworal tests were more hkely to 
have abnormal brain pathology than rats which had received soman and were normal m behaworal tests 

Ammal behavior Soman Learning Activity Reactlwty 

E X P O S U R E  to o r g a n o p h o s p h o r u s  c o m p o u n d s  t ha t  i r rever-  
sibly inhib i t  a c e t y l c h o h n e s t e r a s e  m a y  p r o d u c e  a var ie ty  of  
b e h a v i o r a l  c h a n g e s  Af te r  acc iden ta l  e x p o s u r e ,  h u m a n s  have  
d e m o n s t r a t e d  impa i red  m e m o r y  as well  as r e d u c e d  vigi lance 
and  c o n c e n t r a t i o n ,  they  m ay  b e c o m e  dep re s sed ,  anx ious  and  
t m t a b l e  [6,11] Ra t s  g iven  s o m a n  (1 ,2 ,2 - tnme thy lp ropy l -  
m e t h y l p h o s p h o n o f l u o n d a t e ) ,  a p o t e n t  and  i r revermble  
c h o h n e s t e r a s e  inh ib i to r ,  m ay  suffer  s ignif icant  def ic i ts  in the  
acquis i t ion  o f  o p e r a n t  b e h a v i o r s ,  such  as  are  g e n e r a t e d  on  a 
d i f ferent ia l  r e i n f o r c e m e n t  o f  low ra tes  o f  r e s p o n d i n g  (DRL)  
schedu le  [7], l eve r  p ress  ac t ive  a v o i d a n c e  t a sk  [2] or  two  
l eve r  o p e r a n t  a l t e rna t ion  task  [9] 

The  p r e s e n t  s tudy  was  des igned  to i m p r o v e  our  under -  
s t a n d m g  of  the  long- t e rm b e h a v i o r a l  ef fects  p r o d u c e d  by  a 
single e x p o s u r e  to s o m a n  Ra t s  we re  e x p o s e d  to sa lme,  50 
/zg/kg s o m a n  or  85 /zg /kg  s o m a n  and  t e s t ed  on  th ree  b e h a v -  
ioral  t asks  Because  s o m a n  m ay  p r o d u c e  les ions  in the  hip-  
p o c a m p u s  and  s e p t u m  as well  as in o t h e r  h m b i c  regions  of  
the  b ra in  [5,10], the  t a sks  c h o s e n  were  sens i t ive  to  d i s rup t ion  
by  o ther ,  e x p e n m e n t a l l y - l n d u c e d  types  o f  les ions  in the  
s e p t o - h i p p o c a m p a l  s y s t e m  and,  thus ,  we re  l ikely to de t ec t  
b e h a v i o r a l  changes  p r o d u c e d  by  s o m a n  

METHOD 

Subjects 

Eigh ty  male  Sp rague -Dawley  ra ts  we lghmg 400 to 500 g at  
the  s ta r t  o f  b e h a v i o r a l  t es t ing  were  u sed  in this  s tudy  
T h r o u g h o u t  tes t ing,  the  ra t s  were  m a i n t a i n e d  at  85% of  f ree  
feeding weight ,  wi th  the  add i t ion  o f  5 g o f  b o d y  weigh t  pe r  
week  to a l low for  n o r m a l  g r o w t h  Pr ior  to  and  d u n n g  the  
s tudy,  all ra ts  were  indiv idual ly  h o u s e d  m s ta in less  s teel  r ack  
cages  wi th  ad  lib acces s  to  w a t e r  

Apparatus 

Openfield acnvtty O p e n  field ac t iv i ty  was  m e a s u r e d  m a 
w o o d e n  box  7 7 x 9 5  cm wi th  walls  38 cm h igh  The  walls  were  
u n p a i n t e d  w h e r e a s  the  f loor  was  pa in ted  whi te  and  d iv ided  
in to  16 areas ,  e a c h  18x23  c m  T h e s e  a reas  we re  m a r k e d  by  
b l ack  l ines 

Stone maze A s t ra ight  r u n w a y  and  a smal l  maze  were  
ut i l ized to shape  ra t s  to  r un  t h rough  a m a z e  to ob ta in  food  
r e i n f o r c e m e n t  The  straaght r u n w a y  m e a s u r e d  180x 10 cm 
and  was  m a d e  of  c lea r  Plexlglas  The  smal l  m a z e  was  m a d e  

~The experiments reported here were conducted according to The Grade for the Care and Use of Laboratory Anunals (1978) as prepared by 
the Committee on the Care and Use of Laboratory Ammals, National Research Councd, NIH Pubhcatlon No 80-23 

zrhe opinions or assertions contamed hereto are the private views of the authors and are not to be construed as reflecting the v~ews of the 
Department of the Army of the Department of Defense 
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FIG 1 Dmgram of the floor plan of the Stone maze 

of Plexiglas sheets fastened together and placed m the activ- 
ity apparatus to create a variety of  paths through the box 

The Stone maze [4] consisted of a multiple T-maze con- 
taming 14 choice points, with shdmg panels (doors) located 
at four points within the maze (Fig 1) The individual alleys 
measured 12 cm wide The maze was located m an alcove 
with overhead hghtmg A fan m the corner was used to re- 
move the alcohol vapors after cleaning 

Procedure 

Soman was obtained frozen from the stock solution at 
USAMRICD and diluted in chilled sahne to a concentration 
of 85 /xg/ml All rats were lndlwdually weighed to the 
nearest 0 1 g and randomly divided into three groups Each 
rat was injected SC with saline (1 0 cc/kg) or with an appro- 
priate volume of soman to produce a dose of  either 50 or 85 
/~g/kg Twenty rats were injected w~th sahne, 25 with 50 
~g/kg soman, and 35 with 85/~g/kg soman Survlvmg animals 
were handled and weighed daily for the next three weeks 
Animals demonstrating a weight loss were given a wet mash 
diet every day until recovery of pre-mjectlon weight Those 
animals losing more than 25 g were given daily SC rejections 
of  12 ml Ringers lactate solution untd recovery Three 
animals injected with 50 /zg/kg soman (12% lethality) and 
fourteen rejected with 85 tzg/kg soman (40% lethahty) died 
wlthm the first two weeks after ln lectlon No animals died 
after this penod Surviving animals were placed on the food 
deprivation schedule three weeks after soman exposure One 
week later, at the start of the testing procedure, rats from 
each of  the three groups were randomly divided Ten rats 
from each exposure group were utilized in the locomotor 
activity test Ten of  the remaining rats from each group were 
trained in the Stone maze The remaining two rats injected 
with 50/xg/kg and one rat injected with 85 txg/kg were not 
utilized Following completion of the appropnate test proce- 
dure, each rat was tested for reactivity to tactile stimuli 

Open Field Actzvtty 

Test procedure Each rat was placed in the center of the 
apparatus for a 10 minute test session on two consecutwe 
days Actwlty was recorded as the total number of areas 
entered within each test session A rat was considered to 
have entered a square ff the two front paws were wlthm that 
area All testing was done w~th the experimenter blind to the 
rat 's expenmental  group 

Stone Maze 

Test procedure Each rat was trained for five days to go 
down the straight runway for chocolate milk Milk was ini- 
tially held in front of the rat and gradually moved farther 
down the alley At the end of this phase, all rats ran the 
entire length of the alley to obtam the mdk reinforcement 

After trammg m the alley, each rat was trained m the 
small maze for five days Durmg the first two days, the rats 
were placed m the maze m pairs and allowed to explore for 
10 mmutes, during which time chocolate milk was con- 
tmuously avadable in one corner For the next three days 
rats were individually placed in the maze and removed after 
drinking chocolate milk in the opposite corner 

The rats were then trained m the Stone maze On the first 
day of training, the rat was placed in the goal box and 
allowed to consume 1 0 ml chocolate milk The rat was then 
transferred to the start box and allowed to go through the 
maze for a second reinforcement (1 0 ml chocolate mdk) 
Each of the four doors was closed after the rat had passed 
through it, thus preventing the rat from going back through 
the maze Time was measured, using a stopwatch, from the 
opening of the start door until the animal reached the goal 
box After drmkmg the milk, the rat was removed from the 
apparatus and the floor was cleaned using a 30% ethanol solu- 
tion 

Whde the rat was m the maze, the expenmenter  recorded 
~ts movements on a dmgram of the maze If the rat did not 
reach the goal after 10 minutes in the maze, it was moved to 
the goal, allowed to drink the reinforcement, and removed 
from the maze Each rat was tested one tnal per day, six 
days per week, untd achiewng a cn tenon  of less than ten 
minutes to complete the maze on 40 reals After three 
weeks, any rat not consistently reaching the goal m less than 
ten minutes was given two tnals per day with at least one 
hour between trials Any rat that did not consistently reach 
the goal m less than ten minutes after two weeks of  this 
training was withdrawn from the study 

Performance on the Stone maze was evaluated as follows 
An error was defined as placement of both forepaws more 
than 5 cm into an incorrect alley, one that was not the 
shortest path to the goal For each tnal in which the rat 
finished the maze within the 10 minute t~me limit, two types 
of errors were measured Achotcepotnt  error was defined as 
the first error a rat made at a given choice point on the 
correct path Therefore errors of  this type could range from 0 
to 14 (the total number of choice points) Total errors in- 
cluded not only choice point errors but also all other types of 
errors, such as repeated errors and all entries into either end 
of an incorrect arm The mean number of each type of error 
was determined for each rat for blocks of  five trials for the 40 
complete trials 

Reacttvtty 

Each rat 's reactlvRy to four types of  stimuli was meas- 
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FIG 4 Mean number of total errors in the Stone maze for each 
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ured [1] With the expenmenter  "b l lnd"  to the animal's ex- 
penmental group, the home cage was removed from the col- 
ony room and placed on a flat surface A wire mesh cylinder 
30 cm in diameter and 90 cm lugh was placed around the cage 
to prevent escape and to allow the rat to jump without inJur- 
ing itself The four types of  sttmuh used were a puff of  air to 
the back, a touch on the back with a sack, a touch on the 
nose with a stack and an attempt to p~ck up the rat with a 
gloved hand The magnitude of  reaction to these stimuli was 
rated on a scale of  0 (least intense) to 3 (most intense) Indi- 
vidual scores for all stimuli were added to obtam a total 
reactivity score for each rat (rmnimum score=0,  maximum 
score= 12) Because rats had received dlffenng amounts of  
handling during pnor  tests, the scores were analyzed sepa- 
rately for rats tested m the open field and for those trained on 
the Stone maze 

Histology 

After the completion of  behavioral testing, rats were 

anesthetized with sodium pentobarbltal (Harvey Labora- 
tories, I n c ,  Philadelphia, PA 19140) and perfused 
intracardlally with 0 9% saline and then with 10% formalin- 
saline The braan was removed and fixed in a 30% su- 
crose/10% formalin-saline solution The brain was frozen and 
cut into 20/xm sections, starting at the level of the septum 
and continuing postenorly through the hlppocampus Every 
tenth section was mounted and stained with cresyl violet and 
luxol fast blue The sections were examined microscopically 
for pathology in four regions likely to be affected by soman 
(hlppocampus, amygdala, thalamus, pinform cortex) and 
also for ventncular ddation In a procedure which enables 
companson of  pathology among rats [7], each region was 
rated from 0 to 3 0=no damage (normal tissue), 3=severe  
damage (large amount of  cell loss, spongy tissue, some 
ghosls,  some necrotic cells) Ventncular enlargement was 
also rated from 0 to 3 0=no enlargement, 3=severe 
enlargement Ratings for all brain regions were added to ob- 
tain a pathology score for each rat (mlmmum score=0, 
maximum score = 15) 
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R E S U L T S  

Open Fwld Acttwty 

Control rats slowly increased their level of exploration m 
the open field, first rote adjacent areas and then along the 
adjacent walls Rats m the low dose group began the session 
m a smatlar manner, but began increased exploration more 
rapidly In contrast, in the high dose group five of the ten rats 
lmmedmtely began to move rapidly around the apparatus, 
sometxmes running across the center but more often running 
rapidly around the walls, making complete clrcutts of the 
apparatus Three of  the rats m the high dose group had con- 
vulstons during the testing and faded to move from the area 
m which they were placed The two remaining high dose 
group rats behaved similarly to control rats (Fig 2) 

Statlstacal analyses faded to demonstrate a slgmficant 
difference m actwxty levels between the three groups when 
all rats were mcluded m the companson, F(2,27)=1 18 
However,  when the rats in the high dose group that had 
seizures dunng testing were excluded from the comparison, 
the rats m the h~gh dose groups were more actwe than were 

the rats in both the control (Scheffe's Test, df=2,24, 
p<005 ) ,  and in the low dose groups (Scheffe's Test, 
df=2,24, p <0 05) In ad&tlon, the behavior of  rats recewmg 
the high dose of soman vaned more than the behavior of 
those receiving either sahne, F(7,9)=5 45, p < 0  05, or the 
low dose, F(7,9)=5 22, p < 0  05 

Stone Maze 

Imtlally all rats made errors in the Stone maze At the 
start of tramlng, control rats made errors by entenng one or 
both arms of  a bhnd T, or by returning towards the start and 
entering or re-entenng dead ends which they had already 
passed This type of error became less frequent as traanmg 
progressed By the end of tramlng, control rats had signifi- 
cantly decreased the lnodence of  both cho~ce point errors, 
F(7,3)=59 6, p < 0  005, and total errors, F(7,3)=39 7, 
p < 0  01 AddtUonally, the control rats rarely entered more 
than one arm of a dead-end T 

Two rats recelvmg 85/zg/kg soman were unable to consis- 
tently reach the goal m less than 10 minutes The behavior of 
five of the remaining eight rats was markedly dissimilar from 
that of the control rats After making an incorrect chotce, 
these rats would remain within the arms of  the T maze, alter- 
natmg between the arms As many as 15 errors would be made 
before these anmaals would go back down the stem and return 
to the correct path This type ofbehavior,perseveration, would 
create a large increase m total errors (but count as only one 
choice point error) In ad&tton, rats m the high dose group 
would, on occasion, enter sequentially all dead ends wltlun a 
secUon of the maze and then retrace their path many Umes 
pnor to proceeding to the next section of the maze This 
behawor would increase both types of errors Performance 
of rats m the high dose group was extremely variable How- 
ever as a group, there was no tendency for the high dose 
group to demonstrate a reduction over  t~me m either cho~ce 
pomt errors, F(7,1)=1529, p = 0 2 0 ,  or total errors, 
F(7,1)=4 54, p = 0  35 

Rats receiving the low dose of  soman also demonstrated 
great variability m maze performance Two rats m this group 
showed the same type of repeUtlve behawor displayed by 
rats in the high dose group, whereas seven behaved stmdarly 
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to the control rats Overall, rats receiving the low dose of 
soman showed an improved performance over tame, as 
measured by reductions in both types of errors [choice point 
errors, F(7,3)=18 91, p < 0  05, total errors, F(7,3)=12 13, 
p <0 05] (Figs 3 and 4) 

Although control rats decreased their errors over traming 
and the high dose soman exposure group did not show a 
consistent decrease in errors, these differences were not 
sigmficant for any specific block of trials [choice point errors, 
F(14,38)=1 90, p < 0  01, total errors, F(14,38)=1 15, 
p =0 35] The lack of significant differences was due to the 
great vanabihty of the rats receiving either the low or the 
high dose of soman (Figs 5 and 6) Varlabihty of the total 
error score for both the low and the high dose soman groups 
was significantly greater than that for the sahne-treated con- 
trol group [high dose vs saline group F(7,9)=9 58 ,p<0  05, 
low dose vs saline group F(9,9)=3 79, p < 0  05], and varla- 
bihty of the number of choice point errors was significantly 
greater for the high dose rats than for the salme controls, 
F(7,3)=3 97, p < 0  05 

Reactivity 

Normal rats oriented to the stamuh but did not display 
aggression or struggle when picked up Twelve of the eight- 
een rats tested m the high dose group and four of the twenty 
rats tested in the low dose group demonstrated exaggerated 
reactavity to the test stimuli These animals typically jumped 
several cm in the air, attacked the stick, and reacted aggres- 
sively when the gloved hand attempted to pack them up This 
heightened reactavity continued throughout the entire period 
of testing, in spite of the daffy handling used dunng some of 
the testing procedures (Fig 7) 

The statistical analysis of the dose-response relationship 
of reactivaty revealed that soman dose was related to an 
increase In reactivity for the ammals in the actavlty test, 
F(2,27)=9 89, p < 0  001, as well as m Stone maze procedure, 
F(2,25)=8 86, p < 0  001 Rats receiving the lugh dose of 
soman were significantly more reactive that those receiving 
eather the low dose or saline (Tukey post hoc analysis, actav- 
aty test group, p < 0  05, Stone maze test group, p < 0  05) The 
significant increase m reactawty was highly correlated to the 
increase in open field actiwty shown by the high dose rats m 
the earlier test (r= 80) Reactavity was also significantly cor- 
related to performance on the Stone maze for rats in the high 
dose group (r= 80) 

Histology 

Rats in the high dose group had pathology scores ranging 
from 0 to 15, with a mean score of 9 25---2 62 The scores 
were clearly divided into two non-overlapping groups rats 
wath pathology scores ranging from 0-2 had normal scores m 
reactivity (0-3) and in the Stone maze (mean choice point 
errors in the last block of trials ranged from 1 2-3 0), rats 
with pathology scores ranging from 12-15 had high scores in 
reactavaty (4--9) and m the Stone maze (mean choice point 
errors in the tnal block ranged from 7 4-8 4) 

Rats in the low dose group had pathology scores ranging 
from 0 to 12, with a mean score of 4 5--- 1 67 The association 
between pathology and behavioral abnormahtaes was not as 
clear-cut for the low dose group, but there was a trend 
toward higher pathology scores m rats with abnormal behav- 
ior scores Pathology scores of rats with high Stone maze 
error scores (mean choice pomt error score of 6 0-7 6 in the 
last block of trials) ranged from 4 to 12 Pathology scores of 
rats with low Stone maze error scores (mean choice pomt 

error scores of 0 2-4 8 m the last block of trials) ranged from 
0 t o 5  

DISCUSSION 

A single exposure to soman caused increased actavlty in 
the open field, impaired performance on the Stone maze and 
increased reactivity to various tactale stimuli These behav- 
ioral changes were highly correlated across all tasks That is, 
rats showmg increased reactavity also had lugher levels of 
activaty in the open field Other rats showing increased reac- 
tivaty demonstrated poorer performance in the Stone maze 
This correlation was especmlly pronounced in rats receaving 
85/zg/kg soman 

The behavioral changes measured by these tests remmned 
apparent throughout the testing procedure, which was not 
completed until nearly four months after injection of soman 
Rats with poor performance at the beginning of testing re- 
mained deficient throughout the sequence with no evidence 
of recovery of normal functioning Even after extensave 
handling while being tested in the Stone maze several high 
dose rats continued to react aggressively to tactde stlmuh 
Many soman-injected rats demonstrated exaggerated reac- 
tions to normal handlmg procedures often trying to jump out 
of their cages when the cage was bemg removed from the 
rack and attempting to escape or bite the experimenter when 
being picked up 

Vanabihty of performance among the soman-exposed 
rats was significantly greater than among the control rats 
The behavior of some soman-exposed rats in both the low 
dose and m the high dose groups was indistinguishable from 
that of the saline-injected controls on the tasks used How- 
ever, other rats in both soman-exposed groups were clearly 
abnormal and hyperreactave The proportion of affected rats 
was dose-dependent More surviving rats in the bagh dose 
group (13/18) than in the low dose group (7/20) scored outside 
the normal range on at least one of the three tasks Individual 
differences in behavior were associated with differences m 
brain pathology Those rats with substantial pathology had 
abnormal scores m reactivity and the Stone maze, while 
those wath minimal pathology had normal scores This result 
agrees with that found previously [7] soman-exposed rats 
were tested for DRL acquisition 

Some rats in both soman-exposed groups failed to learn 
the Stone maze The repetitave behawor these animals 
demonstrated, both in the dead-end T's  and in the segments 
of the maze, was continued throughout the entire testing 
procedure Animals with experimentally produced lesions of 
the fimbna-fornix and aged rats also have difficulty learning 
this maze and show increased actavlty m the open field task 
([3], Shapiro, personal commumcatlon) Therefore, the be- 
havaoral changes seen in soman-exposed animals may be at- 
tributable to the soman-tnduced lesions in the hippocampus, 
which were evident In the pathology of rats which demon- 
strated behavioral changes, but not m that of rats which 
behaved lhke controls (cf [9]) 

A smgle subLDso exposure to organophosphorus com- 
pounds may produce neural lesions In exposed animals [8] 
The seventy of the lesions may be a function of dose [9] 
These studies demonstrate concommltant behavioral 
changes, persistang long after the termination of soman ex- 
posure, which also vary as a function of soman dose Al- 
though animals given electrolytic neural lesions in the same 
areas affected by soman may show recovery of function after 
a period of time, animals receiving soman do not show any 
recovery The reasons for the apparent total lack of recovery 
indicate the necessity of future research 
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