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LYNCH, M R., M A RICE AND S E ROBINSON Dtssocmtton of locomotor depression and ChE acnwty after DFP, 
soman and sarm PHARMACOL B1OCHEM BEHAV 24(4)941-947, 1986 --The effect of direct mtrastnatal rejection of 
three organophosphate chohnesterase mh~bttors, DFP (dnsopropylphosphorofluondate), soman (pmacolyl methylphos- 
phonofluondate) and sann (~sopropyl methylphosphonofluondate) has been stud~ed on locomotor activity m the rat. The 
degree of ChE mMbmon has been momtored ~n the stnatum, as well as m surrounding brain areas and blood, m order to 
verify the selectivity of the treatment and rule out effects attributable to actions m these areas and/or the periphery. It has 
been determined that whde enzyme acuv~ty ~s mh~btted m the stnatum by all three compounds, only DFP s~gmficantly 
reduces locomotor actw~ty at doses that produce no other observable behavmral defic~ts, or sigmficant leakage into the 
periphery Behavioral recovery occurs before enzyme activity returns to control levels Posmble contributions of DFP's 
action on other neurotransmttters and on ChE m other brain areas to the mhtbmon of locomotor activity are discussed 

Locomotor activity Stnatum Chohnesterase DFP Soman Sarm 

MANIPULATIONS of brain chohnergic systems typically 
induce changes in locomotor behavior, with ACh and 
chohnomimetics decreasing activity [ 19, 26, 27, 50] and anti- 
chohnergics and cholinergic neurotoxins increasing uncon- 
ditioned behaviors [42, 46, 51, 53, 55, 61, 65]. This latter 
effect has been termed 'dismhib~tion' [45] and may result 
from release of  a tonic inhibitory influence on behavior [9, 
10, 58], possibly through interference with a stnatomgral 
feedback loop [37, 39, 41, 49]. 

Several investigations suggest that cholinerg~c response 
inhibition may be localized to the neostnatum [13, 29, 38, 
46], a basal ganglia structure intimately involved in motor 
function [71] Chohnergic mampulations of  the strlatum may 
interfere with behavioral activity through a direct effect on 
this inhibitory output or indirectly by affecting dopamine 
(DA) functioning [29] For example, the bradykinesia asso- 
ciated with Parkmson's disease can be alleviated with antt- 
chohnergic treatment [45], possibly by increasing strlatal DA 
turnover [ I I] 

In light of th~s role for ACh in behavioral activity, the 
present study has been undertaken to compare locomotor 
changes reduced by intrastnatal infusion of several 

chohnesterase-inhibitors (ChE-Is), which have been shown 
to increase brain ACh levels [7, 21, 57, 60] Although these 
compounds typically reduce locomotor behavior [1, 25, 54], 
only one study has examined behavioral effects of  direct 
infusion into the stnatum (to verify a central site of action) 
w~th regard to motor function [66]. Moreover, only a few 
studies have compared behavioral data across several differ- 
ent ChE-Is [ I, 24, 52, 56], especially for the organophosphate 
compounds [20,70]. Therefore, the present study has exam- 
reed the effects of intrastriatal organophosphate administra- 
tion on locomotor activity in the rat. The degree of  selectiv- 
ity of  tMs treatment for inhibition of ChE in the striatum has 
been determined by measunng ChE activity at sites through- 
out the brain and in the peripheral circulation. 

METHOD 

Subjects 

One hundred twenty-stx male Sprague-Dawley rats 
(Charles Rtver, Wilmington, MA) served as subjects. They 
weighed 105-245 g at the time of surgery and were given food 
and tap water ad lib throughout the experiments with the 
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exception of dunng dosing and behavioral testing Housing 
was on a 12-hr hght/dark cycle (0700-1900 hr), under condi- 
tions of  controlled temperature and humidity 

Drugs 

Soman (p~nacolyi methylphosphonofluondate) and sann 
0sopropyl methylphosphonofluondate) were supphed by the 
U S. Army Med|cal Research and Development Command 
DFP was obtatned from Aldrich (lot No. 0210DK, purity 
>97~) .  DFP and soman were warmed to room temperature 
for injection, whereas sann was kept on ice and syringes 
loaded fresh for each injection 

Apparatus 

Bilateral central drug or vehicle infusion was accom- 
plished w~th two Hamilton syringes, mounted on an electric 
infusion pump (Razel Scientific). Syringes were connected to 
mternal cannulae (28 gauge, Plastic Products, Roanoke, VA) 
by PE-20 tubing. Pump speed was calibrated to dehver solu- 
tions at a rate of ! p.l/l mln for studies involving DFP and at a 
rate of I p.1/2 rain for studies with soman and sarln 

Behavioral activities were measured w~th animals m 
clean, opaque plastic cages, fitted with wire tops Cages 
were placed on Automex capaotance-coupled platforms 
(Columbus Instruments), which measure horizontal and ver- 
tical movement and which were housed ~n darkened wooden 
chambers with white noise provided 

Procedure 

Rats were anesthetized with eqmthestn (0 2 cc/50 g of  
body weight) and stereotaxlcally implanted with 4 0 mm 
stamless steel grade cannulae (22 gauge, Plastic Products, 
Roanoke, VA) aimed at the bilateral stnata (AP +7 9, L _+3 0. 
and DV determined so that internal cannulae would termi- 
nate at - 0  6 when mserted, according to the atlas of Konlg 
and Khppel [30]). After 72 hr of  recovery in the home cage, 
rats were infused simultaneously into the bilateral stnata 
with organophosphate or an equal volume of the appropriate 
vehicle Eight rats per group were tested m each behavioral 
study and s~x per group for each b~ochemical determmat~on 
Infusions were made in unanesthetlzed rats which were 
gently wrapped in a towel to prohibit movement The inter- 
nal cannulae were left in place for one rain after each injec- 
tion The ChE-Is administered were 81 5 nmol DFP/0 5 ~1 
1 9 emulphor (polyoxyethylated vegetable oil, GAF Corp., 
New York, NY) CSF vehicle, 14 85 nmol soman/I 5 ~tl 
sterde saline and 24 2 nmol sann/2 ~tl sterile saline Volumes 
were adjusted so that the spread of ChE inhibition to other 
brain areas was minimized while maximum inhibition of 
stnatal ChE was achieved Doses that inhibited stnatal ChE 
activity by 40% or more were chosen, as earlier studies have 
found that reductions in enzyme activity to 40% of control 
values produce concomitant behavioral changes [4, 22, 59] 
At this level, the enzyme appears to lose control of its sub- 
strate [2], and a sharp drop in neural conduction has been 
reported [67] Previous testing has indicated that larger doses 
produced less selective inhibition of stnatal ChE relative to 
other brain areas (unpubhshed observations) 

For behavioral testing, rats remained housed in groups of 
four until individually tested on the activity platforms. Tests 
were conducted between 1100 and 1600 hr at 20 mm, 1 hr and 
24 hr post-injection, using separate groups of drug and vehi- 
cle rats for each time pomt. Observations were made over 15 
mln, with the number of  activity counts recorded for each 
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FIG I Mean number of activity counts per 5-m~n mterval at 20 mtn. 
I hr and 24 hr post-DFP (81 5 nmoles), -soman (14 85 nmoles), and 
-sirra (24 2 nmoles) where drug ~s • and vehicle • A s~gmficant 
d~fference between vehicle and organophosphate groups was found 
only for DFP at 20 m~n post-~nject~on (p>0 046) A p>0 05 was 
accepted as s~gmficance E~ght subjects were used for each data 
point 

5-man period. After the first 15 mln of the test session, the 
vehicle-infused group had habituated sufficiently so that it 
would not be possible to measure any decreases in activity 
The number of drug and vehicle rats tested on each platform 
was counterbalanced for each study Following this proce- 
dure, all rats were anesthetized and infused with dye through 
the guide cannulae Brains were removed and frozen for vis- 
ual inspection of  cannulae placement through coronal sec- 
tions of the strlatum 

For determination of ChE activity, rats were placed in 
holding cages until decapitation at 20 rain, l hr or 24 hr 
post-Injection Trunk blood was collected in heparlnlZed 
tubes and 10 p.l was immediately diluted to a total volume of 
6 ml in pH 8.0 0 I M phosphate buffer This dilution re- 
mained on ice and was warmed to room temperature just 
prior to the assay of chohnesterase activity Brims were 
rapidly removed and dissected into strlata, parietal cortices, 
hlppocampl, amygdalo~d complexes, hypothalamus and 
medullaJpons The amygdala was removed as a wedge of 
tissue made by placing a 2 mm deep cut 3 mm lateral to the 
hypothalamus, a cut I mm anterior to the posterior aspect of  
the mamlllary bodies and a cut at the level of  the optic 
chrism Th~s piece of t~ssue essentially contained all of the 
amygdalold nuclei as described in the atlas of  Komg and 
Khppel [32] The parietal cortex was taken as the area de- 
scribed by Krleg [34] The complete hlppocamp~ and stnata 
(caudate-putamen) were then removed The cerebellum was 
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Treatment (N) 

Parietal 
Blood Stnatum Medulla/Pons Hypothalamus Cortex 

Acetylth~ochohne hydrolyzed per mm 
p.mol/ml ~mol/g 

H~ppocampus Amygdala 

20-m~n 
Vehtcle (5) 1 4 - + 0 1  3 6 9 _ + 2 2  1 2 7 _ + 0 7  7 6 + _ 0 6  5 0 - + 0 3  8 0 _ + 0 5  1 2 5 _ + 1 1  
DFP (6) I I _ 0 1  142-+20"1 8 8 - + 0 6 t  6 0 - + 0 5  2 7 - + 0 3 t  6 2 _ + 0 4  9 i-+ 1.0 

I-Hr 
Vehtcle (5) 13 _+ 0 I 438-+ 2 2  155 _+ 0 7  103 -+ 0 6  66 -+  0 3  1 0 7 _ + 0 5  163_+ 1.1 
DFP (6) 1 4 _ + 0 1  184-+ 20"t 109_+06"t  7 0 _ + 0 5 ~  39_+03" t  76-+04~"  125-+- 10 

24-hr 
Vehicle {6) 1 8 " - - 0 1  3 7 7 _ + 2 0  1 4 6 - + 0 8  9 9 _ + 0 6  5 4 _ + 0 3  8 9 _ + 0 5  18.5_+ I I 
DFP {6) 09-+  01~ 200  ___ 20~" 107 -+- 06~" 6 8  - 05"~" 3 9 _ + 0 3 *  62--.04"I" 108_+ 10"t 

*p<00002, as compared to control, determined by umvanate ANOVA 
~p<00001, as compared to control, determined by umvanate ANOVA 

T A B L E  2 

CHOLINESTERASE ACTIVITY AT VARIOUS TIMES AF'I'ER BILATERAL INTRASTRIATAL INJECTION OF 14 85 nmol SOMAN 

Treatment (N) 

Parietal 
Blood Stnatum Medulla/Pons Hypothalamus Cortex 

Acetylth~ochohne hydrolyzed per mm 
/~mol/ml /~mol/g 

H~ppocampus Amygdala 

20-ram 
Vehtcle (6) 21 -+ 01 39 I -+ 2 0  153 - 0 6  8 0 " - 0 5  5 5 -  03  91  - 0 4  122-+ 11 
Soman (6) 06_+01:~  134-+ 205 140__.06 9 0 _ _ . 0 6  4 4 _ + 0 3  8 7 _ + 0 4  107_+ 10 

I-hr 
Vehicle (6) 1 7 - - 0 1  3 8 5 - + 2 2  1 1 4 - + 0 7  7 3 - + 0 6  4 2 - + 0 3  7 0 _ + 0 5  5 0 _ + 1 1  
Soman (6) 10-+01~" 1 0 9 - + 2 0 5  9 6 + - 0 6  5 0 - + 0 5 *  2 6 - + 0 3 +  5 5 - + 0 4  5 7 _ + 1 0  

24-hr ~ 
Veh=cle (6) I I -+01 3 6 2 - + 2 0  1 1 3 - + 0 6  8 7 - + 0 5  3 9 - + 0 3  6 9 - + 0 4  109-+ 10 
Soman (6) 0 5 - + 0 1 "  120-+20~: 1 2 3 - + 0 6  6 2 - + 0 5 *  29___03 6 0 - + 0 4  8.2-+ 10 

*p<0 005, as compared to control, determtned by umvanate ANOVA 
,~p<0 0005, as compared to control, determined by umvanate ANOVA 
~p<0 0001, as compared to control, determined by umvarmte ANOVA 

d i sca rded  and  the medu l l a /pons  separa ted  from the r emam-  
de r  o f  the bra in  by a cut  ex tend ing  f rom pos te r io r  to the  
super io r  co lhcuh  d o w n  to the  j unc t i on  o f  the  mldbram and  
pons .  The  h y p o t h a l a m u s  was  r e m o v e d  accord ing  to 
GIowmskl  and  lve r sen  [23] 

Bilateral  par t s  were  pooled  and  all a reas  were weighed  
wet  They  were  then  kept  f rozen at - 7 0 ° C  until  a ssayed ,  at 
wh ich  t ime they were  di lu ted m 19 par ts  pH 8 0 0 I M phos-  
pha te  buffer  (except  for  the  medul laJpons ,  wh ich  was  di luted 
m 39 volumes)  and  h o m o g e n i z e d  A h q u o t s  of  these  homoge-  
ha tes  ( 100 ~tl for  cor tex ,  amygda la  and  h y p o t h a l a m u s ;  50 ~l  
for  s t n a t u m  and  h i p p o c a m p u s ,  75 ~tl for  medul la /pons )  were  
added  to a vo lume o f  pH 8.0 0 I M p h o s p h a t e  buffer  which  

resul ted  in a total  o f  3 ml Af ter  addi t ion  of  100/zl o f  0.01 M 
d t th lomt robenzo i c  acid and  30 /~l o f  0 075 M acetyl-  
th lochohne  iodide, samples  were assayed  wi th  a Beckman  
Model  34 s p e c t r o p h o t o m e t e r  accord ing  to the  m e t h o d  ot 
E l lman  e! al. [15]. The  rate  o f  increase  m a b s o r b a n c e  at 412 
nm was  r eco rded  and  act ivi ty  expres sed  as ~tmol subs t ra t e  
h y d r o l y z e d / m m  pe r  ml of  dilute b lood or  pe r  g wet  weight.  
A l though  this  t e c h n i q u e  does  not  d is t inguish  be tween  
a c e t y l c h o h n e s t e r a s e  and  p s e u d o c h o h n e s t e r a s e ,  It has  been  
d e m o n s t r a t e d  that  the  la t ter  con t r i bu t e s  little to total  e n z y m e  
act ivi ty  when  a c e t y l t h i o c h o h n e  is used as  the  subs t r a t e  [28]. 
In addi t ion ,  pract ical ly  all bra in  c h o h n e s t e r a s e  is acetyl-  
c h o h n e s t e r a s e  [3] In the b lood samples ,  the  possibi l i ty 



944 L Y N C H .  RICE A N D  R O B I N S ( ) N  

T A B L E  3 

CHOLINESTERASE ACTIVITY AT VARIOUS TIMES AFTER BILATERAL INTRASTRIATAI. INJECTION OF 242 nmol SARIN 

Treatment (N) 

Parietal 
Blood Stnatum Medulla/Pons Hypothalamus Cortex 

Acetylthiochohnc hydrolyzed per min 
p-mol/ml /zmol/g 

Hippocampus Amygdala 

20-m~n 
Vehicle (6) 10 ± 0 I 418 _+ 2 0  138 _+ 0 6  7 9  ± 0 5  4 3  _+ 0 3  
Sarm (6) 03-,-01:1: 123_+22¢  1 3 2 _ + 0 7  71 z 0 6  3 4 + _ 0 3  

I-hr 
Vehicle (6) I 0 _+ 0 I 339_+_ 2 0  13 I _+ 0 6  7 6  _+ 0 5  4 2  ± 0 3  

Sann (6) 0 6 _ + 0 1 "  2 0 9 z 2 0 ¢  1 3 0 _ + 0 6  71 -+05  3 4 _ + 0 3  

24-hr 
Vehicle (6) I 2 _ 01 34 I ± 22  I I 8 _~ 0 7  73  _+ 0 6 4 0  _+ 03  
Sann (6) 0 6 ± 0 1 ~  2 3 3 - + 2 0 ¢  1 0 4 _ + 0 6  6 3 _ + 0 5  3 7 - + 0 3  

81 ..-+04 
7 2 _ + 0 5  

8 2 _ + 0 4  
7 4 _ + 0 4  

72_+_05 
7 4 _ + 0 4  

1 2 0 ±  10 
130 + - 12 

7 0 -  + I 0  
1 0 6 2  I 0 

1 1 3 -  + 10 
115 + - I 0  

*p<O 006. as compared to control, determined by umvanate ANOVA 
*p<0 002. as compared to control, determined by umvarmte ANOVA 
Cp<0 0001, as compared to control, determined by umvanate ANOVA 

exis t s  tha t  some of  the inhibi t ion of  a c e t y l t h l o c h o h n e  
hydro lys i s  was  due  to inhib i t ion  of  p s e u d o c h o h n e s t e r a s e  

RESULTS 

G r o s s  inspec t ion  of  bra ins  f rom rats  in the behav io ra l  
s tud ies  r evea led  guide cannu l a  p l a c e m e n t s  at the s p e o f i e d  L 
and  DV c o r r d m a t e s ,  wi th  AP loca t ion  ave rag ing  7470 to 8380 
g o v e r  the nine s tudies  Informal  o b s e r v a t i o n  of  drug-  or  
vehic le - in jec ted  rats  revea led  no no t iceab le  changes  in be- 
hav io r  fol lowing D F P  t r e a t m e n t ,  w h e r e a s  soman- ln j ec t ed  
rats  of ten reared  and  sniffed In the  air,  s o m e t i m e s  displaying 
chewing  m o v e m e n t s  and  mild a tax la  Sa t in - t r ea t ed  rats  also 
s h o w e d  these  first two s y m p t o m s  on occas ion ,  but  there  
were  no  signs of  per iphera l  toxic i ty  for any of  the  th ree  com-  
p o u n d s  (e g , sa l ivat ion,  d i a r rhea )  

The  m e a n  n u m b e r  of  act ivi ty  c o u n t s  for  each  or- 
g a n o p h o s p h a t e  at each  t ime point  are p re sen ted  for  vehic le  
and drug  groups  in Fig 1 Mul t ivar ia te  ana lys i s  of  va r iance  
was  used to s imul t aneous ly  c o m p a r e  the effects  o f  vehic le  
and o r g a n o p h o s p h a t e  t r e a t m e n t  for e ach  g roup  and  t ime 
point  [441 Only  the  ac t iv i ty  c o u n t s  for the 20-mln p o s t - D F P  
in jec t ion were  found to be s ignif icant ly  di f ferent  f rom cont ro l  
(Hote l l lng  T 2, p < 0  046) 

E n z y m e  act iv i t ies  for  e ach  t ime point  are p re sen ted  in 
Table  I for DFP,  Tab le  2 for soman  and  Table  3 for  sat in 
(va lues  are e x p r e s s e d  as m e a n + s t a n d a r d  e r ro r  of  e s t imate )  
Mul t ivar ia te  analys ts  o f  va r i ance  Indicated s tgmficant  e f fec ts  
b e t w e e n  t r e a t m e n t  and  vehic le  s imul t aneous ly  for  all bra in  
a reas  and  b lood (/9<0 0001) Unlva r l a t e  ana lyses  of  C h E  ac- 
t iv i t ies  were  made  c o m p a r i n g  each  drug t r e a t m e n t  to vehic le  
Data  were  exp re s sed  as m ean+- s t anda r d  e r ro r  of  e s t ima te  

Us ing  B o n f e r r o n l ' s  co r rec t ion ,  p < 0  0071 was  requi red  for 
s ta t is t ical  s ignif icance ( B o n f e r r o m ' s  co r rec t ion  requi res  
p < 0  05/7, 7 being the  n u m b e r  of  r e sponse  va r iab les  [44]) As 
~s a p p a r e n t  f rom the  da ta ,  all th ree  o r g a n o p h o s p h a t e s  
p roduced  inhibi t ion of  Strlatal C h E  at all t h ree  t ime poin ts  
s tudied  With  the  excep t ion  o f  DFP,  l n t r a s t na t a i  re ject ion o f  
o r g a n o p h o s p h a t e s  p roduced  a r a t h e r  se lec t ive  inhib i t ion  o f  
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FIG 2 Effecl of organophosphates on chohnesterasc activity ex- 
pressed as mean percent of control acetylthlochohne hydrolysis 
(~mol/g/mm) as a function of time after drug |nfusion • 81 5 nmoles 
DFP, • 14 85 nmoles soman and • 24 2 nmoles sarm 

str la tal  C h E  at 20 mln 1~<38~, while all o t h e r  a reas  r ema ined  
at ~>69~) D F P  reduced  C h E  act iv i ty  m the  parietal  cor tex  to 
5 9 ~  o f  cont ro l  at th is  t ime point  A l though  s t na t a l  e n z y m e  
act iv i ty  seems  to have  r e c o v e r e d  by I and  24 hr  for  D F P  and  
sa t in ,  hav ing  increased  f rom 3 8 ~  to 6 2 ~  of  con t ro l  for  D F P  
and 3 0 ~  to 69% for sat in ,  this  s t ruc tu re  c o n t i n u e d  to be more  
inhib i ted  than  any  o t h e r  area  tes ted ,  and  C h E  rema ined  sig- 
ni f icant ly  less than vehic le  va lues  Al though  s o m a n  and sat in  
appea red  to diffuse less readily into su r round ing  brain  
p a r e n c h y m a ,  as c o m p a r e d  to DFP,  they b o t h  a p p e a r e d  to 
leak into the  pe r iphery  wi th  little difficulty Tha t  is, t runk  
b lood was  Inhibi ted by 41%-73% at all t ime poin ts  for  bo th  of  
these  ChE- l s .  This  is in te res t ing ,  g iven the  lack o f  per iphera l  
signs o f  toxic i ty  In these  g roups ,  indicat ing that  these  com-  
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pounds remained bound in the blood. In fact, the enzyme 
inhibition for sann and soman at 20 mm exceeded inhibition 
produced by DFP in the blood at any time point tested, but 
did appear to recover over successive 1 hr and 24 hr meas- 
ures for these two compounds. It is uncertain whether this 
recovery could represent synthesis of new enzyme at these 
early time points. Changes in synthesis of various isoen- 
zymes of ChE have been reported to occur no earlier than 18 
hr after enzyme inhibition [6] 

The raw values for drug groups were converted to percent 
of vehacle control means and are presented an Fig 2. Sepa- 
rate 3×3 ANOVAs were performed for each brain area in 
order to compare organophosphate effects on ChE actavaty 
and examine the rate of recovery They revealed significant 
mmn effects for the drug variable in the parietal cortex, 
F(2,45)= 12.90, p < 0  001, stnatum, F(2,45)= I I 83, p < 0  001, 
and medulla/pons, F(2,45)= 18 44, p<0.001. Post-hoc tests 
with the Tukey hsd indicated that DFP produced greater 
lnhlbatlon than sann an the parietal cortex (p<0 05) and than 
both soman and sann an the medulla/pons 09<0 01) Soman 
was more potent than sarm in inhibiting stnatal ChE 
(o<0.05) Sigmficant interactaons were noted for the stnatum 
and medulla/pons, F(4,45)=4 65, p<0  05 and F(4,45)=3 06, 
p < 0  05, respectively Post-hoc comparisons wathm drug 
groups over the three time points revealed significant 
enzyme recovery only for sarin in the striatum (20 man less 
than I hr and 24 h r . p < 0  01) and soman an the medullaJpons 
(1 hr less than 24 hr, p < 0  01) 

DISCUSSION 

Prevaous studies have reported either correspondence be- 
tween behavioral deficats produced by ChE-Is and brain ChE 
activity (locomotor behavior [19. 35, 52], conditioned 
avoidance [5, 25, 56, 57], and intracranial self-stimulation 
[14]) or a lack of correlauon [24,36] In the case of con- 
dmoned avoadance, the deficits appear to result from stlmu- 
lataon of chohnergac neurotransmissaon, as (-)hyoscyamlne 
prevents the impairment of responding produced by physo- 
stagmme without affecting reductions an ChE activity [57]. 
Results of the present study support an assocaatlon between 
behavior and enzyme actavaty only for DFP at 20-mm post- 
anjectlon, at whach time stnatal ChE activaty was reduced to 
38% of control, leakage into the periphery was not significant 
Iblood ChE was 85% of control) and there were no observa- 
ble signs of enhanced peripheral cholinergac activity A simi- 
lar relataonship between ChE mhlbmon an the caudate and 
forced carchng has been reported afier local DFP mjectaon an 
the rabbit, as tMs motor effect was manifested when ipsdat- 
eral stnatal enzyme actavity decreased to 37% of control val- 
ues [661 

That locomotor behavior was not slgmficantly different 
from control at 1 hr and 24 hr post-DFP anjectaon parallels 
earher reports of behavaoral recovery preceding enzyme re- 
covery This is true for conditioned avoadance ]5, 25, 35, 56, 
57], slngle-alternauon operant performance I33] and spon- 
taneous motor actwaty wath peripheral administration [30] 
Even with respect to general behavaoral tOXlCaty, symptoms 
are correlated wath enzyme activity for only a short period of 
tame after ChE-I treatment [5,30]. Better correlations exast 
for ACh levels, which can return to normal or near-normal 
levels withan a few hours, possibly reflecting decreased ACh 
turnover [5,401 

That soman and saran produced a similar mhabition of 
ChE in the stnatum at 20 rain post-inJection as dad DFP, but 

no slgmficant change m locomotor behavior, suggests that 
either the observed behavioral depression may not be a re- 
sult of enzyme inhibition per se, or that the change produced 
by DFP results from a greater inhibition in some other brain 
area, such as in the parietal cortex (59% of control, as com- 
pared to 80% and 79% for soman and sann,  respectively) 
Concerning the first of these possiblhties, Wolthms and 
VanWersch [70] also reported different behavioral profiles 
for several ChE-Is, with soman, physostlgmine and pyndo- 
stigmme affecting behavioral activity while satin and TEPP 
(in doses as high as 30% of the LDS0) did not Different 
profiles for neostlgmine and physostigmlne an conditioned 
avoidance procedures [56] have often been attributed to pe- 
ripheral versus central mechanisms of action, respectively 
A slmdar explanation was offered by Wolthuis and Van- 
Wersch for their results; TEPP and sann were noted to have 
a predominantly peripheral mode of action [68], as con- 
trasted with soman which has its predominant action in the 
CNS [69] The discrepancy between these reported effects of 
soman and the lack of effect in the present study may be due 
to differences in behavioral measurement procedures [51] or 
differences in the route of admmlstration. A third possibility 
is that DFP, soman and sann may differentially affect var- 
aous isoenzymes of ChE which may vary in function with 
respect to control of neurotransmlsslon [43]. A final 
possibility is that the rearing behavior produced by soman 
and satin obscured any decrease m locomotor activity. 

Central biochemical differences have been demonstrated 
as well. For example, the tame-course of ChE recovery dif- 
fers wath organophosphates such as DFP and paraoxon [5], 
and even different brain areas have different recovery rates 
after peripheral administration of a single ChE-I [33]. These 
rate differences have been observed in the present study, 
wath recovery in the stnatum and medullaJpons, but only for 
sann and soman, respectively Additionally, differential ef- 
fects on other neurotransmltter systems as well as compen- 
satory receptor alterations produced by acute admimstratlon 
of these different organophosphates must be considered in 
evaluating their behavioral effects These changes could re- 
sult from darect effects of the mhibltors themselves on an 
enzyme other than ChE [47,62] or from compensatory 
changes m response to ACh elevation produced by ChE in- 
hibition Acute treatment with carbamates or organophos- 
phates has been found to affect the neurotransmitters norep- 
mephnne,  dopamme, serotonm, GABA and glutamate in 
several species [16--18, 21, 63] Compensatory changes in 
neurotransmitter systems in response to ChE-Is may also 
take the form of receptor alterations. Binding studies after 
acute organophosphate administration have demonstrated 
changes in either Bmax or KI values for (3H)QNB binding, as 
well as changes in Bmax for GABA and dopamme [ 12,64] In 
summary, eather differential receptor changes or neuro- 
transmitter alterations may underlie the discrepant behav- 
ioral results obtained in the present study The former may 
also be responsible for the behavioral recovery seen with 
DFP, as has been previously suggested [12, 48, 64] 

In conclusion, reductions in locomotor behavior were ob- 
served m the present study, following intrastnatal doses of 
DFP that did not produce observable deficits an gross motor 
behavior or peripheral toxicity. Although a similar selective 
mhibatlon of ChE actavity in the stnatum was produced by 
soman or sann infusion, significant changes in behavioral 
actavaty were not detected in spate of the slight motor dis- 
turbances observed following injection. Further examination 
of the role of the parietal cortex in this behavioral depres- 
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s~on,  (t e , local  C h E - I  i n f u s t o n  in to  t h a t  a r ea ) ,  a n d  i n s p e c -  
t , on  o f  n e u r o t r a n s m t t t e r  l e v e l s ,  t u r n o v e r  r a t e s ,  r e c e p t o r -  

L Y N C H .  R I C E  A N D  R O B I N S O N  

b t n d m g  d a t a ,  e t c .  wdl  be  n e c e s s a r y  in o r d e r  to d e t e r m i n e  t h e  
e x a c t  n a t u r e  o f  t h e s e  d t f f e r e n t t a l  e f f e c t s  
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