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KURTZ, P. J. Behavioral and biochemical effects of  the earbamate insecticide, MOBAM. PHARMAC. BIOCHEM. BEHAV. 
6(3) 303-310,  1977. - Decreases in rat plasma, erythrocyte and brain cholinesterase levels after intraperitoneal injection 
of 1 to 5 mg/kg of 4-benzothienyl-N-methylcarbamate (MOBAM) were compared with decrements in both spontaneous 
motor activity and conditioned avoidance performance produced by this compound. Significant effects were observed with 
all five measured phenomena at dosages producing no obvious clinical signs. In albino rats, a dosage of 2 mg/kg 
significantly depressed plasma and erythrocyte cholinesterase activity, and decreased motor activity 15 rain after injection 
but only higher dosages (3 and 5 mg/kg) significantly depressed brain cholinesterase activity and avoidance performance. In 
Long-Evans rats, both brain cholinesterase activity and avoidance performance were significantly reduced by the lower (2 
mg/kg) dosage. The avoidance impairments observed after 3 mg/kg could be prevented by prior injection with atropine 
sulfate. It is suggested that both central and peripheral cholinesterase changes are important in determining the nature of 
the behavioral effects observed after exposure to this compound. 

Behavioral toxicology Avoidance Cholinesterase MOBAM Pesticide 
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A N U M B E R  of pha rmaco log ica l  agents  which  inh ib i t  no t  di rect ly  re la ted,  however ,  this  a s sumpt ion  may  be 
claolinesterase (ChE)  act ivi ty  have been  s h o w n  to d i s rup t  misleading.  
the  p e r f o r m a n c e  of  l ea rned  behav io r  [1,  2, 3, 17, 22 ] .  The  research r epo r t ed  here  exp lo red  some of the  
O r g a n o p h o s p h o r o u s  and  c a r b a m a t e  insect ic ides  also possess behaviora l  and  b iochemica l  effects  of the  expe r imen t a l  
an t i cho l ines te rase  p roper t i e s  and  behaviora l  changes  have c o n t a c t  insect ic ide,  4 - b e n z o t h i e n y l - N - m e t h y l c a r b a m a t e  
been r epo r t ed  fo l lowing  h u m a n  [6, 7, 20, 23] and  an imal  (MOBAM) [ 2 1 ] .  The  purpose  was to examine  fu r the r  the  
[4, 10, 11, 13, 14, 15, 16, 18] exposure  to some of  these re la t ionship  be tween  ChE act ivi ty  and  behaviora l  changes  
c o m p o u n d s  as welt. However ,  the  na tu re  of  the  re la t ionsh ip  af ter  exposure  to  a c a rbama te  insect icide.  
be tween  the  behaviora l  and  b i ochem i ca l  e f fec ts  of ant i -  
chol ines te rase  pest ic ides  is n o t  clearly es tabl ished.  While E X P E R I M E N T  1 
there  is some evidence to suggest t ha t  the  behaviora l  
tox ic i ty  of  these subs tances  is d i rect ly  re la ted  to the  The  first  e x p e r i m e n t  e x a m i n e d  the  dose- and t ime- 
i nh ib i t i on  of  pe r iphera l  a n d / o r  cen t ra l  [2 ,11]  ChE act ivi ty ,  d e p e n d e n t  effects  of  MOBAM on c o n d i t i o n e d  avoidance  
there  are also r epor t s  ind ica t ing  l i t t le  co r r e l a t i on  b e t w e e n  behav ior  and  on  plasma and  e r y t h r o c y t e  ChE activi ty.  
these behaviora l  and  b iochemica l  e f fec ts  [10,  14, 15] .  One 
invest igator ,  for  example ,  has  of fe red  the  poss ibi l i ty  tha t  METHOD 
some behaviora l  changes  m ay  ref lect  s y m p a t h o m i m e t i c  Animals 
effects  [ 1 8 ] .  This issue is of  in te res t  f rom a toxicologica l  
s t a n d p o i n t  because it is o f t en  assumed tha t  if clinical Two h u n d r e d  male  Sprague-Dawley a lb ino  rats  (Wistar- 
measures  of  ChE act ivi ty  are wi th in  n o r m a l  ranges af te r  derived s train) ,  a p p r o x i m a t e l y  10 weeks of age (mean  body  
h u m a n  pes t ic ide  exposure  t hen  no  serious t h r e a t  to hea l th  weight  296 + 32 g) were suppl ied f rom the  colonies  of the  
or safety exists. If ChE act iv i ty  and  behaviora l  ef fects  are US Army  E n v i r o n m e n t a l  Hygiene Agency.  The  rats  were 
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housed  individual ly  wi th  free access to food and wate r  in this  test,  a p p r o x i m a t e l y  1 ml of b lood  was w i thd rawn  by 
animal  facili t ies accred i ted  by the Amer ican  Assoc ia t ion  for  in t racard iac  p u n c t u r e  for  the Chg  analyses.  
Acc red i t a t ion  of  L a b o r a t o r y  Animal  Care. Chol ines terase  act ivi ty was measured  using the m e t h o d  

descr ibed by Levine, Scheidt ,  and  Nelson [ 12] excep t  tha t  
Apparatus andProcedure 1 0 r a M  ace ty l t h iocho l ine  was used as a subs t ra te .  This 

The  behaviora l  t ra in ing  p r o c e d u r e w a s a d a p t e d f r o m  one m i c r o m e t h o d  employs  a T e c h n i c o n  Au to  Analyzer® in 
descr ibed by Clark [5] for  the  rapid acquis i t ion  of  which the subs t ra t e  is h y d r o l y z e d  and  the released thio-  
avoidance  p e r f o r m a n c e  in the rat.  The  appa ra tus  cons is ted  chol ine  measured  co lor imet r ica l ly  af te r  reac t ion  wi th  the 
of a small t r ans lucen t  plexiglass s tar t  box  (9 cm x 12 c m x  su l fhydryl  reagent  5 , 5 ' d i t h iob i s (2 -n i t r obenzo i c  acid). The 
21 cm) which  opened  in to  a larger ( 2 8 c m  x 26 cm x results  were expressed in Garry  and  R o u t h  [9] units.  This 
2 4 c m )  ca rdboard - l ined  safe c o m p a r t m e n t  by means  of  an p rocedure  does no t  d i f fe ren t i a te  be tween  true acetyl-  
8 c m  × 8 cm por t .  Tra in ing  took  place the  day before  chol ines terase  and pseudocho l ines te rase ,  bu t  Fowle r  and 
in jec t ion  and  cons is ted  of  four  shock-escape  trials fo l lowed McKenzie  [8] have s h o w n  tha t  it is capable  of de tec t ing  
by two avoidance  trials, each separa ted  by 5 rain intervals.  ChE inh ib i t i on  by b o t h  o r g a n o p h o s p h a t e  and ca rbama te  
A 1000 Hz 80 dB tone  s ounded  f rom the beginning  of each pesticides.  
trial unt i l  an avoidance  or escape response  occurred .  During 
the  escape phase  of  the  t ra ining,  the  h inged  top  of  the s tar t  

Exposure 
box was l if ted and  the  an imal  p laced inside facing a side 
wall. This  was fo l lowed immed ia t e ly  by tone  onse t  and the  Technica l  grade MOBAM, wi th  a s ta ted  pur i ty  of  99.6 
s imu l t aneous  delivery of 1.75 m A  sc rambled  foo t  shock  to percen t ,  was ob t a ined  f rom Mobil  Oil Co., New York,  NY, 
the grid f loor  of  the s tar t  box.  When the  animal  had  passed and so lu t ions  were p repared  using a commerc ia l  corn  oil 
over the  th re sho ld  to the  safe c o m p a r t m e n t  it was r emoved  di luent .  All in jec t ions  were in t r ape r i tonea I  (IP) and 
and r e tu rned  to its cage. The avoidance  trials which  adjus ted to 1 ml /kg  volume.  In the first expe r imen t ,  rats 
fo l lowed escape t ra in ing  were similar excep t  tha t  the an imal  received 1, 2, 3 or 5 mg/kg  MOBAM or the corn  oil vehicle 
was al lowed 20 sec to leave the s tar t  box  before  foo t  shock (0 mg/kg)  and were tes ted 15 rain,  1 hr,  4 hr  or 24 hr  later. 
onset .  The an imals  were run  in squads of five, one  f rom each 

On the  nex t  day,  animals  were given a p re l iminary  dosage group.  In jec t ions  were s taggered at one m i n u t e  
avoidance  trial. Rats  fail ing to avoid shock dur ing  this  trial intervals  to allow for  subsequen t  test ing.  Ten animals  f rom 
were re jected f rom the s tudy  and replaced.  The  remain ing  each dosage were tes ted  at  each interval  and all in ject ions ,  
rats were in jec ted  wi th  the test  c o m p o u n d ,  and then  tes ted  behavioral  tests  and b iochemica l  analyses  were pe r fo rmed  
for  avoidance  at a prese lec ted  interval  a f te r  in ject ion.  Af te r  blind.  

1 5  M i n .  I H o u r  4 H o u r s  2 4  H o u r s  

2 s -  

@ 

u 
© 2 o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S h o c k  o n s e t  . . . . . . . . . . . .  

e 

© i s -  ! 
a 

- u  

@ 

i o -  

• . . . I  
O I 2 3 5 O I 2 3 5 O I 2 3 5 O I 2 3 S 

M O B A M  D o s a g e  ( m g / k g )  

FIG. 1. Median avoidance latencies at various intervals following MOBAM injection. The range 
between the median and the third quartile is shown for groups in which the upper limit of this range 

exceeded 1.0. 
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RESULTS Is m l n. 

F o u r  ra ts  fai led to avoid shock  dur ing  the p re in j ec t i on  
avoidance  tes t  and  were replaced.  The  overall  m e d i a n  
p re in j ec t ion  avoidance  l a t ency  was 0.7 sec ( in t r aquar t i l e  Ioo- 
range 0 . 6 - 1 . 1  sec). The  m e d i a n  p o s t i n j e c t i o n  la tenc ies  are 
i l lus t ra ted  in Fig. 1. Kruskal-Wallis  Analyses  of  Var iance  
[19] ind ica ted  s ignif icant  e f fec ts  at 15 min,  H(4)  = 32.78,  
p < 0 . 0 0 1  and  1 hr,  H(4)  = 20.88,  p < 0 . 0 0 1 ,  bu t  no t  at  4 and 
2 4 h r ,  H(4)  = 5.84, p > 0 . 0 5  and  H(4)  = 4 .22 ,  p > 0 . 0 5 ,  so  
respect ively.  Compar i sons  wi th in  t ime  intervals  using 
Mann-Whi tney  U tests  [19]  showed  tha t  the  avoidance  
la tencies  of b o t h  the 3 and  5 mg/kg  groups  were sig- 
n i f icant ly  grea ter  t h a n  t h a t  of the  0 mg/kg  con t ro l  15 min ,  
U = 7.5,  p < 0 . 0 0 2  and  U = 0.0, p < 0 . 0 0 2 ,  respect ively ,  and  60- 
60 rain,  U = 19.0, p < 0 . 0 2  and  U = 3.5, p < 0 . 0 0 2 ,  
respect ively ,  fo l lowing in jec t ion .  >, 

Two way analyses  of var iance ind ica ted  s ignif icant  "r, 
i n t e r ac t i ons  be twe en  the  dose and t ime  interval  fac tors  for  "~ 
b o t h  plasma,  F ( 1 2 , 1 8 0 )  = 2.30,  p < 0 . 0 1  and e r y t h r o c y t e ,  u 4 0 -  

F ( 1 2 , 1 8 0 )  = 4 .86,  p < 0 . 0 1  ChE act ivi ty .  The  resul ts  of  
individual  g roup  compar i sons  are s h o w n  in Table  1. ~ E l  
Stat is t ical ly  s ignif icant  decreases  in b o t h  p lasma and  E 

1 
e r y t h r o c y t e  ChE were observed  f rom 15 m i n  t h r o u g h  4 hr  
af ter  in jec t ion  at dose levels lower  t han  those  which  ~ 20 
p roduced  avoidance  dec remen t s .  " / 

Clinical signs of t ox i c i ty  (mild  t r emor ,  chewing  move-  
m e n t s )  were observed in four  of  the ten  animals  t r ea ted  
wi th  5 mg/kg  15 min  af te r  in j ec t ion  bu t  the  appea rance  of  ~ [ ]  
rats t r ea ted  wi th  lower  dosages was no t  d is t inguishable  L [] 
f rom tha t  of  n o r m a l  animals,  e o I 2 3 s 

In s u m m a r y ,  p lasma and  e r y t h r o c y t e  ChE act ivi ty  MOBAM Dosage (mg/kg)  
appeared  to be mos t  sensi t ive to MOBAM effects.  Sig- 
n i f ican t  decreases in b o t h  were observed  at 2 mg/kg.  FIG. 2. Spontaneous motor activity as percentage of the mean 
Avoidance  p e r f o r m a n c e  was n o r m a l  at this  dosage a l t hough  control group score after MOBAM injection. 
wel l -def ined avoidance  d e c r e m e n t s  were observed af te r  3 
and 5 mg/kg.  F ina l ly ,  clinical signs of  tox ic i ty  appeared  at 5 centage of the  mean  con t ro l  group score. A one-way 
mg/kg,  the  h ighes t  dose level s tudied,  analysis of var iance  c o n d u c t e d  on the  act ivi ty to ta ls  

ind ica ted  a s ignif icant  dose response  effect  F (4 ,35 )  = 29 .36 ,  
E X P E R I M E N T 2  p < 0 . 0 0 1 .  In compar i son  wi th  the corn  oil con t ro l  (0 

mg/kg) ,  the  act iv i ty  scores of  the  2, 3 and 5 mg/kg  groups  
The second  e x p e r i m e n t  e x a m i n e d  t w o  add i t iona l  aspects  were s ignif icant ly  depressed,  t (14)  = 2.85, p < 0 . 0 2 ;  t (14)  = 

of MOBAM tox ic i ty :  ef fects  on  s p o n t a n e o u s  m o t o r  act ivi ty  7.15, p < 0 . 0 0 2 ;  t ( 14 )  = 18.15, p < 0 . 0 0 2 ,  respect ively.  The  
and brain  ChE act ivi ty ,  effects  of  MOBAM on brain  ChE are shown  in Table  2. A 

one-way analysis  of  variance on these data  also ind ica ted  a 
METHOD signif icant  dose response-ef fec t  F (4 ,35 )  = 9.27,  p < 0 . 0 0 1 .  

Procedure Signif icant  decreases were observed af te r  t r e a t m e n t  wi th  3 
and 5 mg/kg,  t = 3.38,  p < 0 . 0 1 ;  t = 4 .54,  p < 0 . 0 0 2 ,  

Five groups  of  eight  naive male  rats,  s imilar  to those  respect ively,  bu t  no t  wi th  1 or 2 mg/kg.  
used in E x p e r i m e n t  1, were in jec ted  wi th  corn  oil or 1, 2, 3 

While the  avoidance  p e r f o r m a n c e  of  animals  given 2 
or 5 mg/kg  MOBAM. F i f t een  m i n u t e s  later ,  the  t ime  mg/kg  was ident ica l  to t ha t  of  con t ro l  animals  in the  first 
interval  co r r e spond ing  to the peak ef fec ts  observed in the  expe r imen t ,  the  results  of  the  second e x p e r i m e n t  indica te  
first e x p e r i m e n t ,  the  ra ts  were p laced in an a c t o p h o t o m e t e r  t ha t  this dosage s ignif icant ly  depressed m o t o r  act ivi ty.  
(Lehigh  Valley E lec t ron ics  Model  1497).  Act iv i ty  c o u n t s  

Thus,  the  two behaviora l  measures  appear  to  exh ib i t  
were compr i sed  of  the  to ta l  n u m b e r  of  p h o t o - b e a m  dif ferent ia l  sensi t ivi ty  to  MOBAM effects.  It also appears  
i n t e r rup t i ons  a c c u m u l a t e d  by each an imal  dur ing  individual  tha t  p lasma and  e r y t h r o c y t e  ChE act ivi ty  are more  sensit ive 
5 m i n u t e  tes t  sessions. I m m ed i a t e l y  af te r  the test ,  an imals  than  brain ChE act iv i ty  to MOBAM effects.  
were decap i ta ted ,  the  bra ins  r em oved  and  f rozen.  Later ,  It is possible tha t  in the l a t t e r  case, however ,  the  
0.5 g samples  were t aken  f rom the  cerebra l  cor tex  and,  d i f ference  in MOBAM sensi t ivi ty  may  reflect  the fact  t ha t  
using a 1:50 h o m o g e n i z a t i o n  wi th  0.9 pe rcen t  saline, b lood  T h E  values were t aken  f rom animals  which  had  
assessed for  ChE act ivi ty  as descr ibed above.  

previously  received avoidance  t ra in ing  while the  animals  
RESULTS assessed for  bra in  ChE had not .  The  dose response  ef fec ts  

of MOBAM on ChE act ivi ty  may  vary depend ing  u p o n  the  
Figure 2 i l lus t ra tes  the effects  of MOBAM on  spon-  na ture  of previous  exper ience ,  par t icu lar ly  exposure  to foo t  

t aneous  m o t o r  act ivi ty.  The  data  are expressed  as per- shock.  
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T A B L E  l 

ALBINO RAT ERYTHROCYTE AND PLASMA CHOLINESTERASE ACTIVITY (G & R UNITS) 
FOLLOWING MOBAM INJECTION 

MOBAM Dosage (mg/kg)* 
0 1 2 3 5 

15 MIN 
Erythrocyte 
ChE Activity 
Mean _+ SD 10.1 _+ 1.2 7.8 _+ 1.6 5.4 + 1.6 4.2 _+ 1.5 3.1 ± 0.7 
% Control 77% 53% 42% 31% 
p vs control? p <0.002 p <0.002 p <0.002 p <0.002 

Plasma 
ChE Activity 
Mean +_ SD 3.6 _+ 0.5 3.3 _+ 1.2 2.6 _+ 0.9 2.3 _+ 1.2 1.4 ± 0.4 
% Control 90% 70% 63% 38% 
p vs control NS p<0.01 p<0.01 p<0.002 

1 HR 
Erythrocyte 
ChE Activity 
Mean _+ SD 9.6 _+ 1.9 8.8 + 2.3 8.3 ± 2.2 7.5 + 3.1 5.1 + 1.8 
% Control 92% 87% 78% 54% 
p vs control NS NS NS p<0.002 

Plasma 
ChE Activity 
Mean +_ SD 3.6 _+ 0.8 3.4 ± 1.2 3.0 _+ 1.0 2.6 _+ 0.7 2.4 ± 1.4 
% Control 95% 82% 73% 68% 
p vs control NS NS p<0.02 p<0.05 

4 HR 
Erythrocyte 
ChE Activity 
Mean _+ SD 10.0 _+ 2.0 9.8 _+ 2.0 9.4 + 1.5 9.7 ± 1.6 7.9 ~ 1.5 
% Control 98% 94% 97% 79% 
p vs control NS NS NS p<0.02 

Plasma 
ChE Activity 
Mean + SD 4.0 _+ 0.8 4.1 _+ 1.4 4.0 _+ 0.7 3.7 _+ 0.6 3.3 +_ 0.4 
% Control 103% 100% 93% 83% 
p vs control NS NS NS p<0.05 

24 HR 
Erythrocyte 
ChE Activity 
Mean _+ SD 10.0 +_ 1.8 9.4 +_ 1.3 9.3 _+ 2.0 9.5 _+ 1.5 9.1 ~ 1.4 
% Control 94% 93% 95% 91% 
p vs control NS NS NS NS 

Plasma 
ChE Activity 
Mean ± SD 4.3 _+ 0.6 4.2 _+ 1.1 4.0 _+ 0.6 4.1 _+ 0.4 4.0 ~ 0.5 
% Control 98% 95% 96% 93% 
p vs control NS NS NS NS 

*n = 10 per group. 
+Two-tailed probability values associated with Student 's  t-statistics. 
NS (not significant) is given where p>0.05.  

E X P E R I M E N T  3 chol inergic  an t agon i s t ,  a t r op ine  sul fa te ,  p r i o r  to MOBAM 
injec t ion .  The  th i rd  e x p e r i m e n t  e x p l o r e d  this  poss ib i l i ty .  In 

If the  avo idance  i m p a i r m e n t s  p r o d u c e d  by  MOBAM are add i t ion ,  the  e f fec t s  of  MOBAM on bra in  ChE were  
re la ted  to the  i n h i b i t i o n  o f  ChE  act iv i ty ,  it m a y  be poss ib le  r e e x a m i n e d  us ing  an imals  wh ich  had received avoidance  
to a t t e n u a t e  the  p e r f o r m a n c e  def ic i ts  by  a d m i n i s t e r i n g  the  t ra ining.  
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T A B L E  2 

ALBINO RAT BRAIN CHOLINESTERASE ACTIVITY (G & R UNITS) 15 MIN AFTER MOBAM 
INJECTION 

Dosage MOBAM (mg/kg) 
0 1 2 3 5 

Experiment 2* 
Mean ± SD 61 ± 16 60 ± 14 51 _+ 10 40 ± 7 34 ± 6 

Experiment 3t 
Mean ± SD 53 ± 18 ~ 48 ± 11 41 ± 15 :~ 

Experiments 2 & 3 
Combined 
Mean +_ SD 56 ± 17 60 ± 14 49 +_ 10 41 ± 12 34 ± 6 
% Control 107% 88% 73% 61% 
p vs-control§ NS NS p<0.01 p<0.002 

*n=8 per group. 
tn  = 10 per group. 
~:No animals run in this dosage group. 
§Two-tailed probability values associated with Student's t-statistics. 

NS (not significant) is given where p>0.05. 

METHOD 1 5 M i n .  

Six groups  of ten  male  rats  were given avoidance  t ra in ing  
as before .  Fo l lowing  the  p re l imina ry  avoidance  tes t  on  the  . ~  
day a f te r  t ra ining,  two  groups  received IP in jec t ions  of  5 2 
mg/kg  a t rop ine  sulfa te  while the  r ema in ing  th ree  were 
in jec ted  wi th  the  0.9 pe r cen t  saline vehicle.  For ty- f ive  
minu t e s  later ,  the  two groups  p r e t r e a t e d  wi th  a t rop ine  were "7. 
in jec ted  wi th  e i the r  co rn  oil or 3 mg /kg  MOBAM. The  ~ 2 0 -  
r emain ing  th ree  saline p re - in jec ted  groups  received corn  oil, ~ ~ ' 
2 mg /kg  or 3 mg/kg  MOBAM. All were tes ted  for  avoidance  
15 rain af te r  the  second  in jec t ion .  Fo l lowing  the  avoidance  
test ,  the  animals  were sacrif iced and brain  samples  t aken  for  c 15£ 

o chol ines te rase  analysis  as in E x p e r i m e n t  2. ~ . 
D 

RESULTS • 
"1o2 C The  overall  med ian  p re in j ec t ion  avo idance  l a t ency  was o 

0.8 sec ( in t r aqua r t i l e  range 0 . 7 - 1 . 2 ) .  The  pos t in j ec t ion  "D 
avoidance  la tencies  are s h o w n  in Fig. 3. Fo r  compar i son ,  "o 
the  avoidance  scores of  the  15 min  groups  f rom the  first > o _ .  
e x p e r i m e n t  are also s h o w n  in this  figure.  In the  g roups  5-- 
receiving the  saline p re in jec t ion ,  the  ef fec ts  of  co rn  oil (0 c . u 
mg/kg) ,  2, and 3 mg /kg  were highly s imilar  to  those  f o u n d  ~ " l -  n u | 
in the  first e x p e r i m e n t .  As wi th  t ha t  e x p e r i m e n t ,  the  Q 
avoidance  la tenc ies  of  the  3 mg/kg  group were s ignif icant ly  ~ . . 
greater  t han  those  of the  0 mg /kg  con t ro l ,  U = 0.0, atr  ~ a tr  

t 0 I 2 3 5 t 
p < 0 . 0 0 2 ,  while the  la tencies  of the  2 mg/kg  group were 0 3 
no t ,  U = 31.5,  p > 0 . 0 5 .  However ,  if  a d m i n i s t r a t i o n  of 3 MOBAM Dosage ( m g / k g )  
mg/kg  MOBAM was p receded  by 5 mg/kg  a t rop ine ,  

avoidance  p e r f o r m a n c e  was similar  to  t h a t  of  the  con t ro l  FIG. 3. Median avoidance latencies 15 min following MOBAM 
group,  U = 28, p >  0.05. An imals  receiving a t rop ine  fo l lowed injection. The range between the median and the third quartile is 
by  saline also showed  n o r m a l  p e r f o r m a n c e ,  U = 41, p >  0.05. shown for each group. Solid bars refer to the scores of animals in 
Thus,  a t rop ine  p r e t r e a t m e n t  effect ively  b locked  the  effects  Experiment 1, cross-hatched to those in Experiment 3. Two groups 
of MOBAM on avoidance  p e r f o r m a n c e .  (atr + 0 and a t r +  3) received atropine sulfate 45 min prior to 

The  effects  of  0, 2 and 3 mg/kg  MOBAM on brain  ChE MOBAM injection. The dashed horizontal line indicates shock onset. 
were c o m p a r e d  wi th  the  respect ive  values o b t a i n e d  in 
E x p e r i m e n t  1 using t - tes ts  and  no  s ignif icant  d i f fe rences  before ,  s ignif icant  changes  were observed only  wi th  the  3 
were observed.  C o n s e q u e n t l y  the  data  f rom the  two and  5 mg/kg  dosages. 
ex pe r imen t s  were c o m b i n e d  and the  resul ts  wi th  appro-  The  resul ts  of  this e x p e r i m e n t  rep l ica ted  the  ef fec ts  of  
pr ia te  s ta t is t ical  compar i sons  are s h o w n  in Table  2. As MOBAM on  avoidance  p e r f o r m a n c e  and bra in  ChE act ivi ty 



308 KURTZ 

T A B L E  3 

HOODED RAT AVOIDANCE PERFORMANCE AND BRAIN, PLASMA, AND ERYTHROCYTE ChE 
ACTIVITY 15 MIN AFTER INJECTION 

MOBAM Dosage (mg/kg)* 
0 2 3 5 

Avoidance 
Median latency 1.0 2.6 22.4 23.6 
IQ Range 0.4-1.2 1.2-19.4 16.4-22.9 21.4-25.8 
p vs control+ p <0.02 p <0.002 p <0.002 

Brain 
ChE Activity 
Mean _+ SD 80 _+ 18 57 _+ I I 49 _+ l0 33 _+ 6 
% Control 71% 62% 42% 
p vs control p <0.01 p <0.002 p <0.002 

Erythrocyte 
ChE Activity 
Mean _+ SD 10.2 +_ 1.4 5.3 _+ 1.4 4.1 _+ 2.0 2.3 _+ 0.3 
% control 52% 40% 22% 
p vs control p<0.002 p<0.002 p<0.002 

Plasma 
ChE Activity 
Mean _+ SD 3.2 _+ 1.0 2.4 _+ 1.0 2.2 +_ 0.6 1.6 + 0.4 
% control 75% 68% 32% 
p vs control NS p<0.02 p<0.002 

*n = 10 per group. 
~Two-tailed probability values associated with statistical comparisons. 
NS is given where p>0.05. 

found  in the previous two exper iments .  Again, it appears significant brain ChE inhibi t ion would be the same in this 
that  bo th  brain ChE activity and avoidance behavior  remain strain as they were for the albino rats. 
at or near  normal  levels af ter  2 mg/kg MOBAM, a dosage 
which significantly reduces  m o t o r  activity and blood ChE METHOD 
activity. When the dosage is increased to 3 mg/kg however ,  
brain ChE levels and avoidance pe r fo rmance  are also For ty  male h o o d ed  rats (mean body weight 319 + 24 g) 
significantly reduced.  Of course,  the co r r e spondence  be- were given avoidance training as described above. Fol lowing 

the pre injec t ion test trial, groups of  ten received IP 
tween the onset  of significant brain ChE inhibi t ion toge ther  inject ions of  e i ther  corn oil or 2, 3, or 5 mg/kg MOBAM. 
with avoidance impa i rmen t  at the 3 mg/kg dosage may 
simply be coincidenta l .  On the o ther  hand,  the f inding that  All were tes ted for avoidance 1 5 rain later. Fol lowing this, 
avoidance deficits  could be prevented  by a t ropine  pre- 1 ml b lood  samples were taken for  plasma and e ry th rocy te  
inject ion suggests, at least, that  the behavioral e f fec t  is in ChE activity analysis. The rats were then decapi ta ted  and 

the brains removed and analyzed for brain ChE activity as 
some way related to cholinergic activity.  The cortes-  

in Exper imen t s  2 and 3. 
pondence  be tween  the ef fec ts  of  MOBAM on avoidance and 
brain ChE observed at 3 mg/kg may ref lect  the possibil i ty 
that  central  ChE changes play an i m p o r t a n t  role in the RESULTS 
effects  of the c o m p o u n d  on avoidance behavior.  

Clinical signs of toxici ty  were observed in all of the 
hooded  rats injected with 5 mg/kg 15 rain af ter  injection.  

EXPERIMENT 4 
There were no clinical signs in the o ther  groups. 

Prel iminary work in our labora tory  suggested that  rats of  The overall median pre injec t ion avoidance latency was 
the Long-Evans ( " h o o d e d " )  strain may be more  sensitive to 0.7 sec ( intraquart i le  range, 0.5 0.9 sec), which is similar 
MOBAM than the albino strain used in the previous to that  of  the albino rats. The median pos t in jec t ion  
exper iments .  Specifically,  the MOBAM IP LD 5 o for  albino latencies are shown  in Table 3. A Kruskal-Wallis Analysis o f  
rats of  the same descr ip t ion  as those used here was 88 Variance indicated a significant dose response effect ,  H ( 3 ) =  
mg/kg (95 percen t  conf idence  limits 63 122) while for the 27.63, p <0 .0 0 1 .  The results of the individual group 
hooded  strain it was 44 mg/kg (95 percen t  conf idence  compar i sons  shown in the table indicated that ,  in cont ras t  
limits 35 54). This di f ference in MOBAM sensitivity with the albino rat data, the avoidance latencies of  the 2 
offered  an o p p o r t u n i t y  to ex tend  the invest igat ion of  the mg/kg group were significantly greater than those of the 
relat ionship be tween  the behavioral  and biochemical  effects  control ,  as were the scores of the 3 and 5 mg/kg group.  
of this c o m p o u n d  in the rat. We wished to know whe the r  or Analyses of variance indicated significant MOBAM 
not  the th reshold  dosage for avoidance impa i rments  and effects  on brain, e ry th rocy te ,  and plasma ChE activity,  
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F (3 ,36 )  = 25.78,  53 .90,  respect ively ,  all p < 0 . 0 0 1 .  The  strain,  a lower  dosage, 2 mg/kg,  p r o d u c e d  a small  bu t  
results  of  ind iv idual  compar i sons  s h o w n  in the  t ab le  s ta t is t ical ly  s ignif icant  d e c r e m e n t  in avoidance  p e r f o r m a n c e  
ind ica ted  s ignif icant  bra in  ChE act iv i ty  decreases  in the  2 t oge the r  wi th  a s ignif icant  decrease  in brain  ChE act ivi ty.  
mg/kg  group,  which  also con t r a s t s  wi th  the  a lb ino  ra t  data.  One migh t  speculate  t ha t  the  avoidance  defici ts  r epo r t ed  
Decreases in e r y t h r o c y t e  bu t  n o t  p lasma ChE act ivi ty  were here are s imply  a consequence  of the  more  severe de- 
also s ta t is t ica l ly  s ignif icant  at th is  dosage.  The  3 and 5 c r emen t s  in s p o n t a n e o u s  m o t o r  ac t iv i ty  observed  at the  
mg/kg  dosages p r o d u c e d  s ignif icant  decreases  in all three  h igher  dosages. However ,  the  fact  tha t  in the  a lb ino  rats  
ChE measures ,  avoidance  p e r f o r m a n c e  was no rma l  at a dosage which  

If one  c o m p a r e s  e r y t h r o c y t e  and  p lasma ChE act ivi ty 15 s ignif icant ly  decreased s p o n t a n e o u s  m o t o r  act ivi ty  (2 
min af te r  in j ec t ion  in the  h o o d e d  and  a lb ino  rats  (Tables  1 mg/kg)  suggests tha t  o the r  fac tors  may  be involved.  The  
and 3), it appears  t ha t  the  t w o  s t ra ins  show similar levels of co r r e spondence  be tween  the  onse t  of  s ignif icant  decreases  
b lood  ChE act iv i ty  in b o t h  con t ro l  and  MOBAM-exposed  in b o t h  b lood  ChE and  m o t o r  act ivi ty  at one dosage and 
groups.  Con t ro l  levels of  bra in  ChE act ivi ty ,  however ,  the  onse t  of  s ignif icant  d e c r e m e n t s  in b o t h  bra in  ChE 
appear  apprec iab ly  h igher  in the  h o o d e d  s t ra in  (Tables  2 act ivi ty and avoidance  p e r f o r m a n c e  at a h igher  dosage 
and 3). When the  ef fec t  of MOBAM in jec t ion  is measured  as suggests a second possible i n t e rp re t a t i on .  This  is t ha t  
pe rcen tage  of  con t ro l  group bra in  ChE act ivi ty ,  it can be r educ t ions  in s p o n t a n e o u s  m o t o r  act ivi ty may be re la ted to 
seen t ha t  the  response  of the  h o o d e d  rats  to  2 mg/kg  per iphera l ,  pe rhaps  n e u r o m u s c u l a r  ChE inh ib i t i on  while  
MOBAM (71 pe rcen t  of  con t ro l )  is more  like t ha t  of  the  avoidance  i m p a i r m e n t s  may  reflect  the add i t iona l  effects  of  
a lb ino  rats  to 3 mg/kg  (73 pe r cen t  of  cont ro l ) .  In b o t h  s ignif icant  ChE inh ib i t i on  in the brain.  
cases, th is  e x t e n t  of  bra in  ChE inh ib i t i on  co inc ided  wi th  The a s s u m p t i o n  tha t  d i f fe rent  m e c h a n i s m s  under l ie  the  
s ignif icant  avoidance  i m pa i r m en t s .  These  resul ts  s u p p o r t  two behaviora l  e f fec ts  observed here would  help to explain  
the poss ibi l i ty ,  suggested earlier,  t h a t  the  ef fec ts  of  the a p p a r e n t  d i f ference  in the i r  dose-response  func t ions :  
MOBAM on  avoidance  p e r f o r m a n c e  are re la ted  to the  Avoidance  pe r fo rmance  rapidly de te r io ra tes  b e t w e e n  2 and 
inh ib i t i on  of  bra in  ChE act ivi ty .  3 mg/kg  while m o t o r  act ivi ty  decl ines more  gradual ly  

t h r o u g h o u t  the  dose range explored .  
G E N E R A L  DISCUSSION More specific behaviora l  tests  could  help to e lucidate  the 

The p reced ing  e x p e r i m e n t s  e x a m i n e d  the  effects  of the issue bu t  the  data  p resen ted  here suggest tha t  the behaviora l  
c a rbama te  insect ic ide,  MOBAM, on one-way  avoidance  tox ic i ty  of  an t icho l ines te rase  agents  such as the  ca rbama te  
pe r fo rmance ,  s p o n t a n e o u s  m o t o r  act ivi ty ,  and  plasma,  pest ic ides  may  be more  clearly u n d e r s t o o d  by cons ider ing  
e r y t h r o c y t e  and bra in  ChE act ivi ty .  S ignif icant  effects  on  the possibi l i ty  of mul t ip le  behaviora l  ef fects  med ia t ed  to 
all measures  were observed  at dosages be low those  d i f fe rent  degrees by b o t h  per iphera l  and cent ra l  chol in-  
necessary to  p roduce  obv ious  clinical  signs of  tox ic i ty .  In esterase inh ib i t ion .  
a lb ino rats, a dosage of  2 mg /kg  s ignif icant ly  depressed 
plasma and  e r y t h r o c y t e  ChE act iv i ty  and  decreased m o t o r  ACKNOWLEDGEMENTS 
act ivi ty 15 min  af ter  in jec t ion .  Higher  dosages,  3 and  5 The technical assistance of Stanley A. Varnum, Jr. is gratefully 
mg/kg,  s ignif icant ly  depressed bra in  ChE act ivi ty and acknowledged. Thanks also to Everett A. Haight, Mark W. Michie 
avoidance  p e r f o r m a n c e  as well. The  avoidance  i m p a i r m e n t s  and Roger E. Boldt for performing the biochemical analyses and to 
observed af te r  3 mg /kg  could  be p r even t ed  by  pr ior  Roger E. Boldt for assistance in providing details of the procedure. 
in jec t ion  wi th  a t rop ine  sulfate.  H o o d e d  rats  appeared  to be This study was greatly facilitated by the developmental studies 

conducted by William M. Smith under the direction of Marshall 
slightly more  sensi t ive to the  e f fec ts  of MOBAM. In this  Steinberg. 
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