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GAUSE, E. M., R. J. HARTMANN, B. Z. LEAL AND 1. GELLER. Neurohehavioral eg~'cts ~/repeated suhh, thal soman 
in primates. PHARMACOL BIOCHEM BEHAV 23(6) 1003-1012, 1985.--Juvenile male baboons were trained to perform 
a match-to-sample discrimination task: effects of repeated sublethal exposure to the organophosphate nerve gas, soman. 
upon task perlbrmance were then explored. Both acute and subchromc exposure schedules were employed, and soman 
potency was verified by assay of soman-induced inhibition of acetylcholinesterase activity in whole blood, plasma, and 
erythrocytes. A characteristic profile of behavioral effects encompassing immediate, persistent, and delayed effects was 
observed. Immediate dose-related effects of soman included: increases in mean session response time, increases in errors, 
and decreases in extra responses. Seizures were also observed at the highest dose of soman employed (5 /zg/kg). l-he 
increase in mean session response time was due to intermittent lapses in responding to stimuli ~attentional deficits). Both 
the attentional deficits and intermittent generalized seizures were also persistent effects, with both occurring randomly 
after acute exposure to 5/zg/kg soman. Preliminary evidence suggests that occurrence of attentional deficits was associated 
with the occurrence of generalized and/or focal seizures; and that these effects may reflect irreversible lesions which become 
more threatening to the animal with increasing time. An additional, delayed effect was a sudden marked increase in the 
incidence of extra inconsequential responses which occurred several weeks after cessation of soman exposures. 
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O R G A N O P H O S P H A T E  c o m p o u n d s  capab le  o f  inhib i t ing  
ace ty l cho l ine s t e r a se  ac t iv i t ies  include var ious  c o m p o u n d s  
e m p l o y e d  as insec t ic ides  as well as the e x t r e m e l y  poten t ,  
i r revers ib le  inhib i tors  classif ied as ne rve  gases .  E x p o s u r e  to 
toxic doses  of  cen t ra l ly -ac t ing  o r g a n o p h o s p h a t e  c o m p o u n d s  
causes  an accumula t i on  of  e n d o g e n o u s  ace ty l cho l ine  at bo th  
musca r in ic  and nicot inic  s i tes  wi th in  the bra in ,  wi th  severe  
biological  c o n s e q u e n c e s .  One  of  the OP ne rve  gases  is so- 
man,  O- 1 ,2 ,2 - t r ime thy lp ropy lme thy lphosphonof luo r ida t e .  
Fol lowing exposu re  to toxic c o n c e n t r a t i o n s  of  soman ,  im- 
med ia te  s y m p t o m s  include sa l ivat ion,  muscle  t r emors ,  pro- 
longed genera l ized  convu l s i ons ,  and resp i ra to ry  fai lure [171. 
The  lethal  m e c h a n i s m  is cons ide red  to be fai lure of the  res- 
p i ra tory  sys t em [131. 

E x t e n s i v e  and i r reparab le  CN S  damage  a t t r ibu tab le  to 
s o m a n  e x p o s u r e  has  been  desc r ibed .  W i d e s p r e a d  axon  de-  
gene ra t ion  was seen in the fo rebra in  and  midbra in  regions  of  
rats :  it was  conc luded  that  ove r t  se izures  and  neurologica l  
signs need  not  be p resen t  for  damage  to o c c u r  [22]. On the  
molecu la r  level ,  acute ,  near - le tha l  doses  of  s o m a n  resu l ted  in 
marked  inc reases  in g lucose  ut i l izat ion in rat  bra in  [17,23]. 
Repea ted  exposu re  to sub le tha l  doses  of  s o m a n  p roduced  
d e c r e a s e d  ligand b inding to musca r in i c  r ecep to r s  in rat  bra in  
{5]. The  t ime course  of  r ecove ry  for  the musca r in ic  r ecep to r s  
was  c o m p a r e d  to the r e c o v e r y  o f  b ra in  cho l ine s t e r a se  act iv-  
ity; r e cove ry  of  the e n z y m e  act iv i ty  slightly p r eceded  the  
r ecove ry  of  r ecep to r  l igand binding,  sugges t ing  tha t  the two 
sy s t ems  are a s soc ia t ed  [5,18]. 

F r o m  the  types  o f  bra in  d a m a g e  p roduced  by soman ,  it 

has  been  hypo the s i zed  tha t  h u m a n s  surv iv ing  s o m a n  expo-  
sure might  have  impa i rmen t s  of  skilled m o v e m e n t s ,  mem-  
ory,  cogni t ion ,  au tonomic  regula t ion and  psych ia t r i c  disor-  
ders  [21,22]. 

H u m a n s  exposed  to less toxic o r g a n o p h o s p h a t e  com-  
pounds  have  shown  pers i s t en t  changes  in menta l  func t ions .  
E leva ted  levels  of  anxie ty  were  repor ted  in men  exposed  
chron ica l ly  to O P  pes t ic ides ,  but  not  in those  exposed  
acute ly  [15]. Metca l f  and  H o l m e s  [20] found  tha t  worke r s  
exposed  occupa t iona l ly  to OP c o m p o u n d s  exh ib i t ed  dis- 
t u rbed  m e m o r y  and difficulty in main ta in ing  a l e r tness  and 
appropr i a t e  focuss ing  of  a t t en t ion .  E l e c t r o e n c e p h a l o g r a p h i c  
m e a s u r e m e n t s  indicated that  9/12 worke r s  compla in ing  of  
le thargy ,  d rows ines s ,  s leep p rob l ems  and  narcolept ic - l ike  
s y m p t o m s  exh ib i t ed  narco lep t ic  s leep records  [20]. Duffy et 
a/. [6] c o n d u c t e d  E E G  m e a s u r e m e n t s  upon  indust r ia l  work-  
ers exposed  acc identa l ly  to sa t in ,  a n o t h e r  O P  ne rve  gas, and 
found  s tat is t ical ly  s ignif icant  changes  in bra in  electr ical  ac- 
t ivity pers i s t ing  more  than  a yea r  a f te r  exposure .  Dif ferences  
inc luded  inc reased  be ta  act iv i ty ,  increased  de l ta  and  the ta  
s lowing,  dec rea sed  a lpha  ac t iv i ty ,  and  increased  a m o u n t s  of  
rapid eye m o v e m e n t  dur ing  sleep.  

Acu te  e x p o s u r e s  of  h u m a n s  to an O P  ne rve  agent  de- 
sc r ibed  as EA-1701 p roduced  psychologica l  e f fec ts  charac-  
te r ized  by difficulty in sus ta in ing  a t t en t ion  and  a s lowing of  
in te l lectual  and  mo to r  p rocesses .  Sub jec t ive  effects  of  these  
same e x p o s u r e s  inc luded feel ings of  be ing  general ly  s lowed 
down,  agi ta ted,  t ense ,  and c o n f u s e d - - c o n d i t i o n s  desc r ibed  
as a s tate  of  a l te red  a w a r e n e s s  [3]. 
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FIG. 1. Effects of 5/xg/kg soman upon trial-by-trial response times of Baboon 705 performing the MTS 
Discrimination Task. (a) day before soman treatment; (b) session initiated within 20 rain after soman 
injection (whole blood AChE inhibited 63%; no overt neurological symptoms): (c) 24 hr after soman: 
(d) 48 hr after soman; (e) 120 hr after soman. 

An investigation of  neurobehavioral effects of  soman ex- 
posure upon primate performance of a complex task which 
requires the integration of CNS functions and measures 
cognitive ability, alterness, memory and focussing of atten- 
tion is in progress by our laboratory. Data presented in this 
paper describe effects of  soman upon performance of a 
match-to-sample discrimination task by baboons; these results 
represent an extension of  findings reported previously [9], as 
well as results of more recent experiments. 

METHOD 

Experimental Animals 

Six male juvenile baboons (Papio cynocephalus) obtained 
from the Southwest Foundation for Biomedical Research 
Breeding Colony were employed. During the experiments 
reported herein, the ages and weights of these animals varied 
from 23-40 months and 6-10 kg. 

Primate Discrimination Task 

The match-to-sample (MTS) discrimination task era- 

ployed, the training of baboons, and the collection and 
analysis of data resulting from the performance of this task 
have been described previously [9]. 

Blood Acetyh'holinesterase Assay 

Acetylcholinesterase (ACHE) activities of whole blood, 
plasma and washed erythrocytes were determined by a 
coupled spectrophotometric assay based on the method of 
Ellman [8]. Acetylthiocholine was employed as substrate, as 
it provides a sensitive assay suitable for the comparison of 
multiple blood samples [4, 24, 26]. Blood was drawn into 
heparinized syringes, chilled, and assayed without delay. 
Percent hematocrit was measured; blood was then diluted 
and an aliquot reserved for RBC count and whole blood 
ACHE. The remainder of the sample was centrifuged at 
1000 g to separate diluted plasma from RBC pellet; plasma 
was subjected to a high-speed spin (3000 g) to remove small 
cells and debris and diluted further before assay for ACHE; 
the RBC pellet was washed 1 time by resuspension in chilled 
saline and resuspended in saline for assay. All fractions were 
assayed at a 1:600 dilution ratio (in duplicate) and RBC 
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FIG. 2. Effects of subchronic soman exposure protocol upon ba- 
boon blood AChE activities. Blood samples were obtained im- 
mediately before the soman or saline injections preceding behavioral 
sessions, and within 20 min after completion of the 2-hr sessions. 
During recovery periods, blood was sampled after completion of the 
behavioral sessions at weekly intervals. Values shown are group 
means and S.E.M. for whole blood (a), plasma (c) and erythrocytes (b) 
expressed as percent control. Control ( 100"/~ ) level taken as value im- 
mediately preceding the initial 3/~g/kg dose of soman for each indi- 
vidual animal. 

counts  were performed on the dilutions assayed.  The assay 
mixture contained 2.0 ml Tris buffer, 0.05 M, pH 7.4; 150 p~l 
substrate,  30/~1 di thiobisni t robenzoic  acid, and 1 ml diluted 
sample.  Initial veloci ty was measured  over  the first 0.5 min 
after addition of  sample.  

Sotn¢lll Exposttres 

Soman was obtained from U S A M R I C D  in dilute solution 
and kept f rozen (Revco,  - 8 0 )  until used. Appropr ia te  dilu- 
tions in saline were  prepared and baboons  were  adminis tered 
int ramuscular  (gastrocnemius muscle)  injections of  soman as 
indicated. Soman was injected 10 rain before initiation of  the 
behavioral  session. Blood samples were  obtained im- 
mediately before each soman injection and within 20 rain 
after complet ion of  the 2-hr behavioral  session,  or  approx- 
imately 150 min after soman.  

Statistical Analysis 

Grouped  data were  compared  statistically by means  of  t 

T A B L E  l 

P R E - S O M A N  L E V E L S  O F  B A B O O N  B L O O D  

A C E T Y L C O H L I N E S T E R A S E  A C T I V I T I E S  

Erythrocytes 
Whole Blood Plasma (/~mol/hr/cell 
(~mol/hr/ml) (#mol/hr/ml) x 10" 

69.6 (13.4) 45.0 (9.9) 6.03 (0.96) 

Mean and S.D. values of 3 determinations for each of 6 baboons 
prior to first subchronic soman exposure. 

and F (Repeated Measures  A N O V A )  tests. Single cages (in- 
dividual baboon) exper imenta l  designs were compared  by a 
one factor  (Exper imental  Phase) randomized A N O V A  pro- 
gram allowing for unequal sample sizes. Calculat ions were 
performed on an Apple IIe mic rocompute r  with software by 
Human  Systems Dynamics  (Stats Plus and A N O V A  II). 

R E S U L T S  

The effects of  acute soman exposures  upon MTS dis- 
cr iminat ion performance ,  and the persis tence of  these effects 
have been descr ibed in an earl ier  publication [9]. Additional 
analyses  of  some data obtained in these acute  exposures  are 
presented herein;  however ,  the bulk of  the information pre- 
sented here is concerned  with the effects of  subsequent  sub- 
chronic  soman exposure  upon baboon discrimination task 
performance  and the pers is tence of  these effects.  

Acute Soman Exposures 

Particular care was taken throughout  all of  these experi-  
ments not to administer  a lethal dose  of  soman.  The LD50 
value for this species,  sex, age, and route of  administrat ion 
has not been repor ted  previously nor de termined in this 
s tudy; however ,  es t imated values for o ther  nonhuman pri- 
mates  indicate that the LD50 for this animal model  is prob- 
ably in the range of  6.5-7.5 /zg/kg [16]. Accordingly ,  the 
highest dose adminis tered to any baboon during the acute 
exposure  exper iments  was 5 /zg/kg; and subsequent  soman 
inject ions were always withheld until blood A C h E  activity of  
each individual animal returned to at least 8(}% of the last 
pre-soman baseline level.  

As reported previously ,  there were no effects of  acute 
soman exposure  upon discrimination task performance  ex- 
cept  at the highest dose levels  employed  (4 and 5 /~g/kg). 
Within 1-24 hr of  administrat ion of  4-5 p.g/kg soman,  in- 
creases  of  mean session response t imes,  decreases  in extra 
inconsequent ia l  responses ,  decreases  in responsiveness  to 
visual stimuli, and increases in errors were observed.  These 
effects  generally lasted only I-2 days.  An additional delayed 
effect ,  a marked increase in extra  responses ,  was consis- 
tently observed  to occur  2-4 weeks  post -soman and gener- 
ally persisted much longer  than the immediate  effects;  in one 
animal the e levated level o f  extra  responses  did not return to 
pre-soman baseline levels  for 10-16 weeks  [9]. 

The reported increase in mean session response time was 
a prominent  effect of  4-5 /~g/kg acute soman [9] and this 
increase generally persisted for one or  more days after so- 
man. Detailed analyses  of  the computer ized  recordings of  
these behavioral  sessions revealed that this increase in mean 
session response time reflected a pattern o f  responses to stimu- 
li in which one or  more trials were missed entirely while the 
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VARIATION IN BABOON 

G A U S E ,  H A R T M A N N ,  L E A L  A N D  G E L L E R  

T A B L E  2 

BLOOD H E M A T O L O G I C A L  VALUES DURING FINAL 3 WEEKS OF SUBCHRONIC SOMAN EXPOSURE AND 
S U B S E Q U E N T  3 WEEKS OF RECOVERY 

Parameter Sample 1 /xg/kg 1 ixg/kg 1 ixg/kg RW I RW 2 RW 3 Reference* 

Erythrocytes Pre- 5.07 (0.56) 5.31 (0.37) 5.31 (0.30) 5.09 (0.36) 4.96 (0.34) 5.15 (0.26) 4.97 (0.28) 
(×10'Tmm a) Post- 5.27 (0.23) 5.39 (0.37) 5.14 (0.22) - -  - -  5.10 (0.36) 

MCV Pre- 82.3 (7.5) 76.4 (3.4) 75.0 (2.3) 77.0 (2.0) 76.6 (3.4) 78.8 (2.0) 80 (5) 
(ix:') Post- 77.3 (1.2) 75.4 (1.7) 75.8 (3.1) - -  - -  77.8 (3.3) 

MCHC Pre- 32.3 (0.6) 32.8 (1.3) 33.2 (0.8) 32.4 (1.1) 32.8 (0.8) 33.8 (1.5) 32 (I) 
(pg) Post- 32.3 (1.2) 32.6 (1.1) 32.8 (1.9) - -  - -  34.2 (0.8) 

Hemoglobin Pre- 12.8 (0.3) 13.2 (0.9) 13.2 (0.6) 12.7 (0.9) 12.6 (0.4) 13.4 (0.7) 12.6 (0.9) 
(g/dl) Post- 13.0 (0.5) 13.2 (0.9) 12.8 (0.2) - -  - -  13.3 (0.9) 

Reticulocytes Pre- 2.9 (I .5) 1.3 (0.5) 1.4 (0.5) 1.6 (0.6) 1.2 (0.6) 1.0 (0.6) 1.2 (0.4) 
(%) Post- 2.5 (0.5) 1.6 (0.4) 1.5 (0.5) - -  - -  0.9 (0.8) 

Leukocytes Pre- 7.57 (1.5) 7.60 (1.15) 7.10 (2.47) 8.44 (2.77) 8.20 (2.41) 7.34 (2.75) 7.6 (2.7) 
(xl0a/mm a) Post- 9.43 (1.76) 9.42 (2.51) 10.96 (4.54) - -  - -  9.00 (3.18) 

Neutrophils Pre- 33.7 (2.5) 38.6 (20.6) 34.0 (9.3) 30.4 (10.4) 25.2 (7.5) 32.4 (7.5) 44 (13) 
(%) Post- 40.7 (11.5) 42.2 (11.4) 44.6 (20.5) - -  - -  31.2 (11.0) 

Lymphocytes Pre- 62.7 (2.9) 58.4 (19.1) 60.4 (ll.1) 65.2 (9.7) 70.4 (5.8) 65.0 (7.0) 53 (13) 
(%) Post- 57.3 (11.0) 53.4 (9.6) 51.4 (19.0) - -  - -  66.0 (10.1) 

Values are means and S.D.; N=5 baboons. 
*Hack, C. A. and C. A. Gleiser, Lab Anirn Sci 32: 502-505, 1982, 

trials to which the animals did respond were  general ly per- 
formed as accurate ly ,  and somet imes  as quickly as normal.  
Operat ional ly,  missed responses  are defined as the failure to 
respond within 20 sec to ei ther  side stimuli, or  within 30 sec 
to cen ter  stimuli. 

Examples  of  this pattern of  disrupted responding are 
shown in Fig. l(a)-(e),  which illustrates the effects  of  5/xg/kg 
soman upon the individual trial response t imes during the 
2-hr behavioral  session, and the return to pre-soman re- 
sponding patterns ove r  a 6-day period for one baboon.  Prior 
to receiving the highest dose  of  soman (5/zg/kg), baboon 705 
exhibi ted a response t ime of  approximate ly  2 sec to most  of  
the 43 trials in the session (Fig. 1 (a)); the mean session 
response time was only slightly greater  than 2 sec, or  2.23 
sec, and for only one trial was the response t ime greater  than 
5 sec (6.8 sec). The trial-by-trial record for the session which 
was initated within 20 min of  receiving 5 / ,g /kg  soman on the 
fol lowing day is shown in Fig. l(b). Af ter  missing the initial 
trial of  this session,  705 responded quickly and correct ly  to 
the next  5 trials (approximately  35 rain t ime span); the next  
trial was missed,  fol lowed by a normal correct  response;  
however ,  after this, 705 let the next  36 trials go by without  
responding (a lapse of  approximate ly  48 min) before making 
a correct  but slow response ;  8 more trials were  missed (ap- 
proximately  24 min) before the animal made  another  correct  
but very slow response.  This animal did not exhibit  any 
neurological  signs such as convuls ions ,  t remors ,  fascicula- 
tions, or  salivation upon administrat ion of  soman.  By the 
following day (24 hr post-soman) ,  baboon 705 appeared to 
exhibit  a significant behavioral  r ecovery  (Fig. l(c)); the first 
response was normal,  the next  3 trials were  not a t tempted,  
fol lowed by a correct ,  but slow response and 2 more missed 
trials before regaining his normal rate of  correc t  responding 
after 20 min. The normal pre-soman baseline pattern of  re- 

sponding was maintained for about  1 hr before the animal 
began to exhibit  a distinct increase in variability of  rate of  
responding.  By the second post -soman day, shown in Fig. 
l(d), 705 appeared to have essentially regained his baseline 
level o f  responding quickly and rapidly except  for one lapse; 
and after a weekend period of  rest, he appeared to have fully 
regained his baseline rate of  responding (Fig. l(e)). This 
animal rece ived  no additional soman for the succeeding 5 
months;  however ,  he intermit tently exhibited similar lapses 
in responding in which 1-5 trials at a t ime were missed on 16 
different widely-spaced behavioral  test days. 

Two other  baboons  exhibited neurological  symptoms 
shortly after receiving the highest dose (5 p,g/kg) of soman. 
Baboon 735 exper ienced a general ized convuls ion within 
minutes after the soman injection: he was immediately 
administered atropine sulfate and appeared to recover .  He 
did not, however ,  respond to any of  the trials during the 2-hr 
session immediate ly  following the seizure. His response pat- 
tern was normal on the fol lowing day,  but on the second day 
after soman,  he missed 6 trials in a row ( approximately  18 
min lapse in responding).  Since this t ime, both lapses in re- 
sponding and documented  seizures have become increas- 
ingly f requent  for this animal in the absence of  soman expo-  
sure. These  general ized se izures /convuls ions  general ly per- 
sist for 30-60 min. 

The o ther  baboon which exhibi ted overt  symptoms  when 
administered 5/~g/kg soman was baboon 573. This animal did 
not immediate ly  appear  to be affected by the soman injec- 
tion; however ,  by the end of  the 2-hr session he was in a 
c rouched  position, holding his midsect ion as if in discom- 
fort. During this session he had a total of  25 rain o f  lapses in 
responding.  In the months al ter  this exposure ,  this animal 
began exhibit ing rather long lapses in responding with in- 
creasing f requency.  During many of these lapses he ap- 
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FIG. 3. Effects of the subchronic soman exposure protocol em- 
ployed upon MTS Discrimination Task parameters. The mean of the 
5 daily sessions during the week for each animal was compared to 
that animal's mean for the baseline week and expressed as percent 
control; these values were then averaged across subjects and the 
mean and S.E.M. values plotted as a function of experimental week. 
Baseline week (100% Control) was the week immediately preceding 
the initial subchronic (3 p~g/kg) dose of soman. Statistical signifi- 
cance was examined by means of a Repeated Measures ANOVA 
comparing Experimental Week with Baseline Week. (a) Percent cor- 
rect responses (F= 1.042; p-0.428); (b) Percentage of trials worked 
(F-1.234; p 0,293); (c) Mean session response time (F=1.584; 
p=0. 137). 

peared to be comatose; however, at other times this animal 
gave no indication of being drowsy during such lapses. Other 
animals exhibiting similar lapses occasionally appeared to be 
dozing or lethargic. 

None of the animals exhibited significant lapses in re- 
sponding until after they had received the 4 or 5/zg/kg dose 
of soman. After receiving this dose, 4 of the 6 baboons began 
exhibiting these abnormal patterns of responding intermit- 
tently; 1 of the 2 remaining animals did not exhibit this type 

of response pattern until much later (after the first sub- 
chronic exposure), when he exhibited lapses in responding 
for 3 days in a row and died overnight after the third day. In 
this case, death occurred 5 days after the animal received the 
initial subchronic exposure of 3 p~g/kg. The veterinarian's 
diagnosis of death was "b loa t ; "  this death therefore cannot 
be definitely attributed to soman treatment. The 6th baboon 
has continued to maintain his normal baseline pattern of re- 
sponding without any lapses to date. The frequency of recur- 
rence of these gaps in responding is different for individual 
animals; however, for all animals, the frequency appears to 
be increasing with time. 

Subchronic Soman Exposures 

After completion of the acute soman exposures, the ba- 
boons were maintained on the behavioral performance 
schedule, but were not administered soman or subjected to 
any invasive technique for 4 months. Prior to initiation of 
subchronic soman experiments, animals were administered 
saline 3 times at weekly intervals. During the subchronic 
exposure experiments, doses of soman were chosen below 
the levels tolerated acutely by all animals; blood AChE was 
also monitored closely. Soman at 3/~Wkg was administered to 
all animals and exactly I week later l/~Wkg soman was given; 
the 1 /~g/kg dose was then repeated at weekly intervals 3 
more times. In other words, the subchronic exposure 
protocol included 5 weekly injections of soman: 3/zg/kg ini- 
tially, followed by l /~g/kg on each of 4 subsequent weeks. 

The effects of the subchronic soman exposure protocol 
employed here upon blood AChE activities are illustrated in 
Fig. 2. Blood samples were obtained before and after each 
injection of soman or saline, or at weekly intervals during the 
recovery period. Figure 2 is a bar graph of the group mean 
and S.E.M. values for whole blood, plasma, and erythrocyte 
AChE activities for each week of treatment or recovery. 
Data are expressed as percent control, with control (100%) 
level taken as the value immediately preceding the initial 3 
/zg/kg dose of soman. The actual values of control AChE 
activities measured for these animals are shown in Table I. 
The subchronic exposure protocol produced and maintained 
some degree of inhibition of both plasma and erythrocyte 
AChE activities throughout the 5 weeks of exposure; this 
can be seen from the weekly pre-soman levels (Fig. 2(a)--(c), 
open bars). It can also be seen that after the initial 3 p.g/kg 
dose of soman, each subsequent 1 /~g/kg dose produced 
some reduction in AChE activities (Fig. 2(a)-(c), shaded 
bars), but these doses were not sufficient to maintain the 
inhibition resulting from the 3 /zg/kg dose. After the last I 
/zWkg soman dose, both RBC and plasma activities appeared 
to be returning to control range within 3-4 weeks; blood 
sampling was therefore discontinued. 

In addition to AChE activities, values of hematocrits and 
RBC counts were monitored throughout the subchronic ex- 
posure phase. Measurements of a range of other hematologi- 
cal parameters were also obtained during the latter part of 
this exposure phase. Over the entire subchronic exposure 
phase, there was little or no change in either hematocrit val- 
ues or RBC numbers accompanying the changes in AChE 
activities (data not shown). 

For the last 3 1 /xg/kg soman exposures, blood samples 
taken before the pre-session soman injection and after com- 
pletion of the behavioral session were submitted to an in- 
house Clinical Chemistry Laboratory for measurement of 
the values shown in Table 2. These values are compared to 
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FIG. 4. Profiles of the occurrence of attentional deficits to the MTS Discrimination Task for 4 individual baboons as a function of 
exposure to soman. Lapses in attention to the task are plotted as weekly means and S.E.M. of lapse duration in minutes. Soman 
treatments are shown as arrows and numbers corresponding to the dose in micrograms/kg above the horizontal axis; "'S" denotes 
saline treatment. The initial 30-40 weeks comprise the acute exposure experiment which includes 6 weeks pre-exposure baseline, 
4-6 acute exposures as indicated, and 6-weeks of no treatment baseline recovery. The subchronic exposure experiment includes 
weeks 45-62 and consists of 3 weeks pre-exposure baseline, 5 weeks of 1 exposure/week as indicated, and 6 weeks of no treatment 
baseline recovery. Baboons 573 and 735 exhibited overt neurological symptoms when administered the 5 microgram/kg dose of 
soman. Another baboon exhibited no attentional deficits throughout the acute exposure experiment or subchronic baseline period; 
however, after the initial subchronic soman exposure he exhibited deficits for 3 days in a row and died overnight in his home cage. 
A sixth baboon has not exhibited any attentional deficits to date. 

re fe rence  values for juveni le  male baboons  f rom the 
same colony publ ished previous ly  by this same laboratory  
[11]. Fo r  all pa ramete r s ,  exper imenta l  animal means  and 
S.D. values for all t ime points  were  within contro l  range 
(Table 2), indicating that  major  changes  in blood cell popula-  
t ions were  not induced by the subchronic  soman  exper imen t .  

Effects  of  this subchronic  soman  exposu re  protocol  upon 
operan t  behavioral  pa ramete r s  e x p r e s s e d  as group (N=5)  
weekly  means  are shown in Fig. 3 (a-c).  For  these  grouped 
compar i sons ,  the week  immedia te ly  preced ing  the initial 

subchronic  (3/~g/kg) dose  of  soman was used as the baseline,  
or  100% control ,  level o f  pe r formance ;  values shown repre-  
sent weekly  means  and S .E .M.  of  all animals.  The accuracy 
of  pe r fo rmance  of  the MTS discr iminat ion task was not af- 
fec ted by this repea ted  soman  exposure ;  all animals main- 
ta ined the p re - soman  90-100% level of  cor rec t  responding  
(Fig. 3a). The percen tage  of  trials worked  was  dec reased  
(non-significantly) by the initial higher (3/~g/kg) dose;  how- 
ever ,  this pa ramete r  re turned  to basel ine range for the re- 
ma inder  o f  the soman exposu re  period (Fig. 3b). Al though 
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T A B L E  3 

OCCURRENCE OF ATTENTIONAL LAPSES (MIN/WEEK) IN 
4 BABOONS EXPOSED TO SOMAN 

ANOVA 

Experi- Statistics 
mental Compari- 

Baboon Phase Mean (S.D.) son F 

573 A 0.86 (1.00) 
B 3.12 (2.02) A x B 5.70 0.0426 
A' 31.57 (6.28) A x A' 157.22 <0.001 
B' 28.44 (9.75) A x B' 48.49 <0.001 
A" 16.60 (9.86) A x A" 15.44 0.003 

735 A 0.20 10.31) 
B 7.98 (13.21 A x B 2.22 0.1725 
A' 8.79 (2.19) A x A' 102 .72  <0.001 
B' 12,54 (4.48) A x B' 46.33 <0.001 
A" 11.70 (2.15) A × A" 171.03 <0.001 

705 A 0.90 (I.14) 
B 6.87 (I 1.8) A x B 1,62 0.2358 
A' 2.67 (3.71) A × A' 1 .28 0.2954 
B' 2.26 12.65) A x B' 1.31 0,2825 
A" 2.36 (2.09) A x A" 2.16 0,1732 

778 A 2.14 (I.81) 
B 7.02 (7.26) A × B 2.62 0.1420 
A' 4.41 (3.05) A x A' 2.06 0.1930 
B' 3.34 (2.60) A × B' 0.81 - -  
A" 2.72 II.961 A x A" 0.26 - -  

Experimental design: ABA' A'B'A". 
A =6 weeks prior to acute soman: B =week of highest acute soman 

dose plus 3 subsequent weeks: A ' - 3  weeks prior to initiation of 
subchronic soman experiment: B'=5 weeks of subchronic soman 
experiment; A"=5 weeks post subchronic soman exposures. 

the accuracy of  responding and the per formance  efficiency 
were not affected by this subchronic soman exposure  
protocol ,  there were more apparent  (non-significant) effects  
upon mean session response  time (Fig. 3c). The initial 3 
/~g/kg dose of  soman produced an increase of  approximate ly  
150% in mean response t ime, and subsequent  1 ~,g/kg doses  
produced increases in variability. 

As descr ibed above ,  the measure  of  mean session re- 
sponse t ime reflects the occur rence  of  lapses in responding,  
or  deficits in at tention to the discr iminat ion task. Depending 
upon the dose of  soman and the individual animal,  these 
subchronic exposure-assoc ia ted  at tention deficits occurred  
on the day of  soman administrat ion and/or 1-2 days follow- 
ing soman.  These  at tention deficits occurred  throughout  the 
subchronic  exposure  phase and appeared to increase in fre- 
quency  with time for most  of  the animals.  H o w e v e r ,  one 
baboon (3835) has not  exhibi ted these at tention lapses to 
date. The individual profiles of  at tentional  deficits for 4 of  
the 6 baboons throughout  both pre-exposure ,  acute expo- 
sure, acute recovery ,  subchronic  exposure ,  and subchronic 
recovery  periods is shown in Fig. 4. These lapses in at tention 
to the MTS task are plotted as weekly  means  (and S .E ,M.)  of  
lapse duration in minutes.  

As can be seen from Fig. 4, the occur rence  of  at tentional  
lapses is essential ly an all-or-nothing response which occurs  
at different t imes and with differing f requencies  of  recur- 

rence  for different animals.  Fo r  this subchronic exper iment ,  
the relationship be tween  soman dose and the extent  of  at- 
tention deficits during the week appears complex ,  perhaps 
reflecting the fact that these are not naive animals.  In 3 of  the 
5 baboons,  the initial 3 gg/kg dose produced increases in 
at tentional  deficits,  while a decrease  was seen in one animal 
and no change in the o ther  (Fig. 4). The succeeding 1 ~tg/kg 
doses  produced both increases and decreases  over  baseline 
levels.  

If  soman exposure  produces  central  lesions, then post- 
soman behavioral  baselines would be expected  to differ from 
pre-soman baselines,  and the exper imental  design employed 
in this study could be considered as: A B A ' - - A ' B ' A " ,  in 
which A is the original pre-soman baseline;  B is the acute 
soman exposure  phase;  A '  is the post-acute soman recovery  
baseline and the pre-subchronic  soman baseline;  B' is the 
subchronic soman exposure  phase; and A" is the post- 
subchronic soman exposure  recovery  baseline phase. The 4 
baboons  exhibiting attentional deficits can be treated as 4 
single cases of  this exper imenta l  design [2,14]. The occur-  
rence of  attentional lapses (rain/week) during each phase for 
these 4 baboons was subjected to an analysis of  var iance and 
the results are summar ized  in Table  3. Baboons 573 and 735, 
the 2 animals which have exhibi ted soman-induced seizures 
and convuls ions ,  demons t ra te  marked increases in the extent  
of  at tentional  deficits per week and significant differences in 
variability be tween  exper imenta l  phases (Table 3). The other  
2 baboons  shown in Table 3 (705 and 778) also exhibi ted 
soman-associa ted  increases (non significant) in attention 
deficits;  778 alone appeared to be approaching his original 
pre-soman baseline after the subchronic exposure  phase (A", 
Table  3). 

For  baboon 735, the onset  of  lapses in operant  responding 
appears  to be associated with the occur rence  of  general ized 
seizures:  and the altered pattern of  responding persists tbr 
several days after a seizure.  The relationship be tween sei- 
zures and attentional deficits is illustrated in Fig. 5. This 
animal was d iscovered  to be recover ing from a seizure early 
one morning in his home cage;  no t reatment  was adminis- 
tered and his regular behavioral  session was initiated approx- 
imately 45 rain later. This seizure occurred 8 days after the 
last subchronic soman exposure  of  1 /.tg/kg (i.e., during Re- 
covery  Week 1). A blood sample obtained the day before this 
seizure yielded RBC and plasma A C h E  assays of  81% and 
9 ( ~  of  initial (Subchronic  Exposure  Baseline) levels,  re- 
spect ively.  Figure 5(a) is the individual trial response time 
pattern of  the day before this seizure;  however ,  it should be 
noted that an earl ier  seizure was recorded 2 days betbre this 
session and residual effects of  this prior seizure are evi- 
denced in a greater  variability in response time than was 
observed  initially prior to soman exposures .  Figure 5(b) is 
the response time pattern of  the session which was initiated 
within 45 rain after the general ized seizure on the next day; 
735 did not respond to the first 5 trials ( 15 rain lapse), he then 
began to respond and maintained fairly good responding until 
the end of the first hr; he again missed a string of  3 trials 
before beginning to respond slowly on several trials. Diffi- 
culty in responding normally was also observed  on the fol- 
lowing day (Fig. 5(c)). 

Baboon 573, the animal which exhibited abdominal  
c ramps  2-3 hr after the 5 ~g/kg soman dose and subse- 
quent ly  had a history of  f requent  attentional lapses,  was ob- 
served to exper ience  a general ized epileptic-type seizure 19 
weeks  after the last subchronic  soman exposure .  Diazepam 
(5 mg IV) and Prednisone (2 mg IM) were administered and 
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FIG. 5, Relationships between the occurrences of generalized 
epileptic-type seizures and of attentional deficits to performance of 
the MTS Discrimination Task (shown as within session trial-by-trial 
response time patterns). During recovery from subchronic soman 
exposures, Baboon 735 was experiencing intermittent seizures to 
which the unusual variability in baseline performance seen in (a) is 
attributed; a seizure was documented 2 days prior to the MTS ses- 
sion shown in (a); blood was taken after this session and plasma and 
RBC AChE levels were 9 ~  and 81% of initial baseline level (prior 
to first subchronic soman treatment). The session shown in (b) was 
initiated within 45 min after occurrence of a generalized seizure on 
the morning of the following day. The response time pattern shown 
in (c) was observed on the next day and presumably reflects residual 
effects of this seizure as no other seizures were documented in the 
24-hr interval between (b) and (c). 

exact ly  2 weeks  later this animal expe r i enced  ano ther  similar 
seizure.  

Fo r  all animals,  a de layed  effect  upon the incidence of  
ex t ra  inconsequent ia l  r e sponses  occur red  several  seeks after  
the comple t ion  of  the subchronic  soman exposu res ,  similar 
to the increase repor ted  previous ly  for the acute soman ex- 
posures  [9]. This marked increase  in ext ra  r e sponses  oc- 
cur red  during different  weeks  of  the recovery  period for dif- 
ferent  animals and these  individual d i f ferences  in timing are 
ref lected in the increased variability of  the group means  (and 
S .E .M. )  seen in Fig. 6. It can also be seen that the first 2 
subchronic  soman exposu res  dep res sed  extra  r e sponses  
below the basel ine lever (Fig. 6), an effect  which is also 
cons i s t en t  with effects  o f  the earl ier  acute exposures .  
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FIG. 6. Effects of subchronic soman exposure upon the incidence of 
extra inconsequential responses during performance of the baboon 
MTS Discrimination Task. ]he  mean of 5 daily sessions during a 
week lbr each animal was expressed as percent of control week 
(week prior to initial subchronic soman dose of 3 micrograms/kg): 
the percent control values were then averaged across animals and 
these means and S.E.M. plotted. Experimental week is indicated as: 
week before baseline week (B-1), baseline (B), dose of soman ad- 
ministered during week (3, 1, 1, I, or 1 microgram/kg), or week of 
recovery (RW1, RW2, RW3, RW4, or RW5). Statistical significance 
was examined by a t-test for significance for each experimental week 
compared to baseline week, and by a Between-Within ANOVA 
comparing Phase (Pre-soman, Soman, and Recovery) and Experi- 
mental Week (Phase: F-8.742, p 0.042: Week:F 1.393,p=0,280: 
Phase × Week: F 0.603). 

DISCUSSION 

Repea ted ,  sublethal soman adminis t ra t ion appears  to 
p roduce  a character is t ic  profile o f  effects  upon baboon  dis- 
cr iminat ion behavior  pe r fo rmance .  This profile e n c o m p a s s e s  
immedia te ,  pers is tent ,  and delayed effects .  

This character is t ic  pat tern  o f  effects  upon discr iminat ion 
pe r fo rmance  has now been obse rved  in 2 different ,  widely- 
separa ted  series of  expe r imen t s .  It should be pointed out,  
however ,  that both  exper imen t s  involved the same 6 ba- 
boons ,  and that validation of  these  findings will require addi- 
tional s tudies  of  more  naive animals.  It is known that  expo-  
sure to sublethal levels o f  soman can produce  to lerance to 
subsequen t  soman [25], and it is possible  that the initial acute 
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exposures could have produced some degree of 
neurobehavioral tolerance in our baboons. 

Consistent features of the profile include immediate 
dose-related effects of: (a) increases in mean session re- 
sponse time, reflecting the occurrence of lapses in respond- 
ing to stimuli; (b) increases in errors; and (c) decreases in the 
incidence of extra inconsequential responses. An important 
dose-related immediate effect is the occurrence of seizures 
alter the highest dose employed in these experiments (5 
p~g/kg). This dose level would appear to be the threshold for 
seizure induction in the juvenile male baboon. One animal 
(735) exhibited generalized convulsions and loss of con- 
sciousness within 10 rain of receiving this dose of soman. 
Another baboon (573) exhibited abdominal cramps (abdomi- 
nal epilepsy'?) within 2-3 hr after this dose. Both of these 
symptoms are characteristic of organophosphate nerve 
agents [3]. Four of the 6 baboons did not exhibit any signs of 
seizures or other neurological signs at the highest soman 
dose level, although 2 of these animals did exhibit immediate 
and recurring attentional deficits. One baboon (3835), how- 
ever, has exhibited no sign of seizure or attentional deficit to 
date. This apparent decreased sensitivity of this animal ap- 
pears to reflect individual differences in susceptibility and 
not any experimental artefact in dosing with soman as a typi- 
cal dose-related inhibition of blood AChE with 5 /J,g/kg 
producing 77% inhibition was measured. 

The lapses in responding, or deficits in attention to per- 
formance of the task, and the intermittent generalized sei- 
zures are also persistent, as well as immediate, effects. Alter 
soman exposure, both these attentional deficits and seizures 
recur on an intermittent, random basis for periods of weeks 
to months in the absence of additional soman exposure. In 
addition, a delayed effect is the sudden, dramatic increase in 
the incidence of extra responses which occurs weeks after 
termination of soman exposures and may persist for a 
number of weeks. 

The persistent and delayed effects of sublethal soman--  
i.e., the residual, intermittent attentional deficits, the recur- 
ring generalized seizures, and the marked transient increases 
in extra responding--are of particular interest. The possible 
implications of the increases in extra responding have been 
discussed previously [9]. 

The soman-associated seizures observed for 2 of the 5 
baboons in the present study appear to differ in significant 
ways from either the spontaneous seizures observed in other 
Papio cym~cephal,s from the SFBR breeding colony, or the 
seizures induced by intermittent light stimulation in P. 
p(lpio. One of the 2 baboons (735) convulsed immediately 
after receiving the highest dose of soman administered (5 
p,g/kg) and was treated with atropine sulfate; additional sei- 
zures occurred in the absence of further soman treatment. 
For this animal, seizures were generally full-blown ton- 
ic/clonic convulsions lasting 30-45 min. The other baboon 
(573) exhibited abdominal cramps within 2-3 hr after the 
same dose of soman, and much later exhibited several sei- 
zures which were not as severe as those seen in 735, but also 
lasted 30-40 min. For both of these animals, generalized sei- 
zures appear to be occurring more frequently with increasing 
time. Spontaneous seizures, which are observed in a small 
percentage of the baboons from the same breeding colony as 
these 2 baboons, appear to be quite different from the gen- 
eralized seizures associated with soman exposure. The spon- 
taneous seizures are generally of 20-30 sec duration, occur 
principally in animals which are born blind, and disappear by 
the time animals reach 2-3 years of age (R. J. Haines, per- 

sonal communication). Seizures induced by intermittent light 
stimulation (ILS) in P. papio have been described as 
paroxysmal responses which generally cease abruptly upon 
termination of  stimulation, except for a small percentage of 
animals which may exhibit tonic/clonic grand mal seizures in 
response to stimulation [121. P. cymmephal,s, however, 
have been reported to be much less susceptible to photic 
seizures than P. papio [1 ]. The recurring soman-associated 
seizures would appear to be similar to the "exceptionally 
long seizures with sustained motor activity" induced by 
bicuculline administration [19]. 

The persistent attentional lapses described here represent 
atypical behavior for baboons performing the MTS task in 
the absence of drug treatment. The MTS discrimination task 
with baboons has been used in our laboratories for many 
years and this type of persistent, recurring failure to respond 
to one or more trials or blocks of trials during a session has 
not been observed previously. The immediate effects of 
soman administration upon trial-by-trial responses and re- 
sponse times resemble in some ways the immediate effects of 
CNS-depressive doses of phenobarbital; however, the 
phenobarbital effects do not recur after clearance of the drug 
within a day, whereas the soman-associated effects recur 
rather frequently on a random basis for at least I yr alter 
soman, suggesting the involvement of CNS lesions. In fact, 
the apparent link between generalized seizures and the onset 
of the MTS attentional deficits in 2 baboons point to the 
possibility that the attentional deficits could be manifesta- 
lions of focal epileptic seizures. 

The persistent attentional deficits observed here could 
represent an operant behavioral analog of the mental confu- 
sion defined as "'lapses in attention" for humans exposed 
occupationally to organophosphorous insecticides [7]; or as 
narcoleptic-like symptoms, or as difficulty in maintaining 
appropriate focussing of attention [201. Durham e t a / .  17] 
concluded that: (I) lapses of attention, due either to "'blank- 
ing out ,"  an "'inappropriate sense of well-being," or other 
causes, are relatively common in persons with extensive ex- 
posure to OPs; and (2) these lapses are recognized only when 
they are sufficiently prolonged and/or occur during critical 
situations (such as the operation of aircraft). It is possible 
that the daily performance of an operant task requiring inte- 
grative CNS functions, such as the MTS discrimination task, 
could provide an uniquely appropriate means of detecting 
the occurrence of such attention lapses. 

It is rather surprising that repeated sublethal soman expo- 
sures sufficient to reach a seizure threshold and to cause 
persistent recurring focal and generalized seizures did not 
produce strong or persistent effects upon discrimination per- 
formance accuracy. There were also no effects upon other 
performance parameters such as mean response time and 
percent trials worked except for the intermittent attentional 
lapses. The lack of strong effect of soman upon discrimina- 
tion pertBrmance contrasts with the pronounced effect of 
prior repeated exposure to soman upon ability to learn an 
operant avoidance task [10]. 

Results of these studies indicate that sublethal soman ex- 
posure may produce CNS lesions which are not seriously 
incapacitating at the time of  exposure, but which may 
worsen and not only impair task performance, but become 
life-threatening at some later time. The persistence of 
neurobehavioral effects in the baboon observed here appears 
to be consistent with the persistent changes in brain electri- 
cal activity related to sarin exposure reported by Duffy eta/ .  
[6]. 
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