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Disturbed function of v a r i o u s organs may be caused by 
compounds i n f l u e n c i n g c h o l i n e r g i c s y n a p t i c t r a n s m i s s i o n . Be
s i d e s of l e t h a l e f f e c t s d i s t u r b a n c e s of memory or p h y s i c a l 
performance, caused by s u b l e t h a l doses of h i g h l y t o x i c Cho
l i n e s t e r a s e (ChE) i n h i b i t o r s , might a l s o r epresent a major 
problem. 

The purpose of t h i s study was t o i n v e s t i g a t e the s u b l e 
t h a l e f f e c t s of soman on memory and p h y s i c a l performance i n 
mice and to a s s e s s the response of these di s t u r b a n c e s t o the 
treatment with atropine and the r e a c t i v a t o r HI 6. 

M a t e r i a l s and Methods 

White male HMRI mice ( L i p p i s c h e V e r s u c h s t i e r z u c h t , E x t e r t a l -
Bösingfeld, FRG), weighing 20-25g, with standard mice chow 
(Aitromin) and tap water ad l i b were used. The animals were 
allowed t o adapt for 10 days and were then t r a i n e d once d a i l y 
for 6 weeks i n a r a d i a l maze for s p a t i a l memory experiments 
or 3 days on a r o t a t i n g mash wire drum f o r p h y s i c a l p e r f o r 
mance assessment. Groups of ten randomly a t t r i b u t e d animals 
were used. 
R a d i a l maze experiments: A 16 arm r a d i a l maze was used 
modified accor-ding t o B a l a s e t a l . (1983) from Olton e t a l . 
(1976* 1977). 8 arms were supplied a l t e r n a t i v e l y w ith food 
p a l l e t s . The repeated e n t e r i n g of an arm (working memory 
e r r o r ) and entering of a non supplied arm ι r e f e r e n c e memory 
e r r o r ) (Olton e t a l 1980) were r e g i s t e r e d -
P h y s i c a l performance: The mice were allowed t o run cm a r o t a 
t i n g (14 rpm) mash wire drum (20 cm diam.K Mean running time 
and the number of animals unable t o run the f u l l running pe
r i o d (60 min) were r e g i s t e r e d . 



Assessment of the behavioral and p h y s i o l o g i c s t a t e of the 
animals: Before the treatment and the e x e r c i s e ( r a d i a l maze/ 
mash wire drum) and a f t e r t h a t a comprehensive ob s e r v a t i o n a l 
assessment of the behavioral and p h y s i o l o g i c s t a t e of each 
animal according to I r w i n (1968) was performed* The d i f f e r e n 
ce of the value ( a r b i t r a r y u n i t s ) before and a f t e r the expe
riment was used. The parameters measured are l i s t e d i n F i g 1 
Cho l i n e s t e r a s e (ChE) a c t i v i t y : The a c t i v i t y was measured i n 
plasma, e r y t h r o c y t e s and i n bra i n homogenates r removed a f t e r 
the experiment from animals anesthetized with ether, accor
ding to Ellman e t a l . (1961). 
S t a t i s t i c s : The r e s u l t s were checked for s i g n i f i c a n t d i f f e 
rences by the a n a l y s i s of va r i a n c e , Scheffe t e s t (a=0,05). 

R e s u l t s and D i s c u s s i o n 

The s p a t i a l memory (working and reference memory e r r o r ) 
i n the r a d i a l maze was not markedly changed by soman, 0-80 
ug/kg s.o. The working memory e r r o r i s shown i n f i g . 1. 

s 
Ε » 

1,9/1« i c > 

F i g . 1: E f f e c t of soman on s p a t i a l memory i n mice. 
White male NMRI mice were placed on the c e n t r a l platform of c 
16 arm r a d i a l maze, with food p a l l e t s on the end" of 8 of 
them. Corr e c t (supplied arms) and i n c o r r e c t (non supplied 
arms - reference memory e r r o r and supplied arras repeatedly = 
working memory e r r o r ) enterings were r e g i s t e r e d . 



Contrary to the s p a t i a l memory a dose dependent decrease 
of motor performance, i . e . mean running time and number of 
animals unable t o run the f u l l experimental period, was 
observed i n mice r e c e i v i n g soman, 0 - 100 ug/kg s . c . ( f i g . 
2), w ith a sharp decrease a t about SO ug/kg. 
L e t h a l i t y was observed a f t e r doses of soman higher than 100 
ug/kg s.c- I f i * j . 2 ) . 

F i g . 2ζ E f f e c t of soman on running time and s u r v i v a l of mice. 
Running time was measured on a r o t a t i n g mash wire drum (see 
methods) i n animals t r e a t e d w i t h v a r i o u s doses of soman s . c . 
before the e x e r c i s e . Mean running time + SEM i s shown (n «• 
10) . ~ 

I n a d d i t i o n to the sharp decrease o f motor performance a t 
about SO ug/kg s . c . a s i m i l a r decrease i n sensoro motor 
responses* t a i l pinch, toe pinch, c o r n e a l , pinna ( f i g . 3) and 
s t a r t l e response* was observed a s w e l l as a decrease i n limb 
and body tone. 
I n order to a s s e s s the t h e r a p e u t i c e f f e c t of the a n t i d o t e s 
the E£>92 of soman f o r the decrease i n running time was 
c a l c u l a t e d (0.1 mg/kg) and i n j e c t e d s . c . For treatment the 
corresponding BD- of HI $ (55 mg/kg) and the most e f f e c t i v e 
dose o f atropine for the improvement of running time 110 
mg/kg)* were given i . p . , immediately a f t e r soman. 
I n a d d i t i o n to the running performance a v a r i e t y of behavio
r a l * p h y s i o l o g i c and neurologic parameters were changed by 
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soman treatment. The e f f e c t s and the impact of therapy with 
atropine and/or HI 6 are summarised i n t a b l e 1. 

F i g . 3: E f f e c t of soman on the pinna response i n mice. 
Differe n c e of the value before and a f t e r treatment i n a r b i 
t r a r y u n i t s i s shown (mean + SEM? η = 1 0 ) . 

Table 1: E f f e c t of HI 6 and atropine on var i o u s parameters 
of mice treate d with soman. 

NaCl Soman Soman Soman Soman 
HI 6 Atrop. Atrop 

HI 6 

I.Running Performance 

* * * * -Running Time (min) 
- F a i l u r e Rate (%) 5 90 20 50 0 

I I . B e h a v i o r a l 

A. Spontaneous A c t i v i t y * * * 
- Body P o s i t i o n 1.6* 0 1.1 2.1* 1.8* 
- Locomotor A c t i v i t y 1.8* 0.8 1.1 2.1* 1.8 
- B i z a r r e Behaviour 2.1 3.6 2.5 2.0 2.1 

B. » : cT \ f f a c t i v e Responses 
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- T r a n s f e r Arousal 2.1 
- Provoked B i t i n g 2.0 
- P o s i t i o n a l Struggle 1.6 

C. Sen sor ο -Motor Responses * 
- V i s u a l P l a c i n g 2.1* 
- T a i l Pinch 1.8* 
- Toe Pinch 2.0* 
~ Corneal 2.0* 
- Pinna 1.8 
• S t a r t l e 2.1 

I I I . N e u r o l o g i c 

1.4 1.4 * 
1.8 

* 
1.8 1.8 1.8 1.9 1.6. 

0 1.1 2.1 1.8 

* * 
1.5 2.0 1.9 
0.2 1.4 2.0* 1.6* 
0.5 1.5 1.8* 1.8 
0.9 2.0* 2.0* 1.9* 
0 1.3 1.9 1.7 

1.5 1.7 2.5 1.8 

A. Muscle Tone 
* - Body Tone 1.9* 1.0 2.0 1.2 1.5* 

- Abdominal Tone 2.2* 2.7 1.9 1.9 1.8* 
- Liiab Tone 2.2 1.1 1.8 1.6 1.7 
- Grip Strength 2.1 1.1 2.0 2.2 2.2 

B. CHS-Excitation * 
- Tremor 2.3* 3.6 2.9 2.6* 2.2 
- Convulsions 2.0 3.8 2.2 2.0 2.0 

IV. Autonomic 

A. Eyes • - P u p i l S i z e 2,0 1.0 2.0 2.0 2.0 
- Exophtalmos 2.0 2.0 1.9 2.0 

B. S e c r e t i o n 
- S a l i v a t i o n 2.0 2.0 2.0 2.0 -
- Lacrimation 2.0 2.5 2.0 2.0 2.0 
-· Diarrhea 1.9 2.3 1.9 1.9 1.5 

C. Miscellaneous * 
- Hypothermia 2.0* 1.1 1.9 2.X 2.0 
- P i l o e r e c t i o n 2.2 2.7 2.8 2.1 1.9 
- Skin Color 2.0* 2.7 • - 2.0* 2.0, 
- R e s p i r a t o r y Rate 2.2 0.8 1.9 2.8 2.4 

* 
S i g n i f i c a n t d i f f e r e n c e to the soman group (a _ 0.051 

Groups o f 10 white NMRI mice received soman, 0.1 mg/kg 
s . c . or soman and immediately t h e r e a f t e r HI 6, 55 mg/kg or 
soman and atr o p i n e , 10 mg/kg, or soman, a t r o p i n e and HI 6. 
Then the animals were allowed to run f o r 60 min on a 
r o t a t i n g (14 rpm) mash wire drum (20 cm diam.). Before 
soman and a f t e r the running period the b e h a v i o r a l and 
ph y s i o l o g i c s t a t e of the mice was q u a n t i f i e d ( a r b i t r a r y 
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units) according to Irwin (1968). Control animals received 
0*9% NaCl solution s.c. and i*p. before the exercise. 

Soman caused a decrease i n plasma ChE a c t i v i t y by 47% 
(1,507 0/1) compared to control animals (3,188 U / l ) . A 
similar decrease i n brain ChE a c t i v i t y was found (44%). HI 
6 caused a recovery to 77% of control i n the plasma but no 
change in the brain. No change was observed i n atropine 
treated animals. Similar changes were observed with 
erythrocyte ChE a c t i v i t y * 
The data presented show that soman does not impare s p a t i a l 
memory of mice up to about.50% of the LD 5 0- Higher doses 
might already cause serious physical symptoms which can 
disturb memory performance estimation. 
Contrary to that, r e l a t i v e l y low doses of soman, le s s than 
10% of the U 0 c ö r can cause an impairment of motor perfor
mance in mice. The impairment can be improved by atropine 
or F I 6 and i t s combination. The effects of the antidotes 
seem to be additive. Various parameters, measured in order 
to assess the behavioral and physiologic state of the 
animals, and changed by soman, exhibited a different 
pattern of s e n s i t i v i t y to the treatment with HI 6 or 
atropine. The differences are probably caused by a 
dissimilar mechanism of action and dis t r i b u t i o n of the 
drugs (CMS) in the organism. 
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