
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 343-347. Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Open Field Behavior and Gross Motor 
Development in Offspring of Nursing 

Rat Mothers Given Penfluridol' 

S. AHLENIUS,  J. ENGEL,  2 E. HARD,  K. LARSSON,  

P. L U N D B O R G  AND P. S INNERSTEDT 

Departments o f  Pharmacology and Psychology and Psychiatric Research Centre 
St. JOrgen's Hospital, University o f  G6teborg, Sweden 

(Received 7 Oc tober  1976) 

AHLENIUS, S., J. ENGEL, E. HARD, K. LARSSON, P. LUNDBORG AND P. SINNERSTEDT. Open field behavior 
and gross motor development in offspring of nursing rat mothers given penfluridoL PHARMAC. BIOCHEM. BEHAV. 
6(3) 343-347, 1977. - Nursing rat mothers were injected with penfluridol, a dopamine receptor blocking agent, at 
Day 1, 3, 5 and 7 after delivery, and their offspring were investigated at 6-18  days of age for various aspects of motor 
behavior development, and at 4, 8 and 12 weeks of age for open field behavior. No deficits were found in the 
development of locomotion, air righting, startle response and eye opening. Open field ambulation decreased from an 
abnormally high level at 4 weeks of age to an abnormally low level at 8 and 12 weeks of age. The ability to habituate 
to an open field decreased from a normal level at 4 weeks of age to an abnormally low level after 8 weeks of age. Tile 
behavior deficits were related to a decreased functional activity of the mesolimbic dopamine neuron system, and the 
possible relation to a clinical dysfunction among children minimal brain dysfunction was discussed. 

Open field behavior Development Penfluridol Catecholamines 

P H A R M A C O L O G I C A L  evidence indicates  tha t  central  EXPERIMENT 1: GROSS M O T O R D E V E L O P M E N T  
dopamine  (DA) conta ining neurons  in the rat  are no t  
mature  at bir th,  but  gradually develop their  func t ion  during METHOD 
the first week pos tna ta l ly  [ 14 ,19] ,  suggesting tha t  the first Animals 
pos tna ta l  week may be a vulnerable per iod for the 

The animals were 64 infant  Sprague-Dawley rats of both  
funct ional  deve lopmen t  of  central  DA neurons .  T rea tmen t  

sexes which were the offspring of  8 females ob ta ined  from 
with the DA-receptor -an tagonis t  penf lur idol  during this 

Ant ic imex Breeding Co., S tockholm.  At birth,  infants  of all per iod caused a decreased synthesis  and decreased release of  
l i t ters born  at the same day were mixed and randomly  

DA in the mesol imbic  DA neurons  when  measured at the 
age of 4 weeks [9 ,10] .  This t r e a t m e n t  also markedly  assigned to 8 litters, with each l i t ter  reduced  to 8 infants.  
impaired the acquis i t ion of  a cond i t i oned  avoidance The l i t ters were housed  in individual cages with the floor 

covered with shavings, with access to nest ing material ,  and response  [1] .  A similar t r e a tmen t  of  rabbi ts  with halo- 
with con t inuous  access to food and water. They lived in 

peridol ,  ano the r  ca techo lamine  recep to r  blocking agent,  a i r -condi t ioned colony rooms  at a t empera tu re  of  24 -+ I°C 
p roduced  gross behavior  abnormal i t ies  in the early post-  and at an air humid i ty  of  5 0 - 6 0 % .  The dark-light cycle was 

natal per iod [17] .  reversed with light out  at 1 1 . 0 0 - 2 3 . 0 0 .  The observat ions  
The present  s tudies were unde r t aken  to fur ther  charac- 

terize the behavioral  changes fol lowing neonata l  penf lur idol  were begun approx ima te ly  4 hr af ter  onset  of darkness.  

t rea tment .  The learning defici ts  seen in our  previous work 
may reflect  an impaired m o t o r  deve lopmen t  or an al tered Drug Treatment 
reactivity to env i ronmenta l  stimuli.  Therefore ,  the gross The mothe r s  of  the n e w b o r n  rats were r andomly  
m o t o r  deve lopmen t  during the first weeks after  bir th were assigned to  the two t r ea tmen t  condi t ions .  The nursing 
observed af ter  t r e a tmen t  with penf lur idol .  Fur ther ,  the mothe r s  in 4 li t ters were given penf lur idol  (I mg/kg) by 
open  field behavior  was analyzed fol lowing this t r ea tment ,  gastric in tuba t ion  on Day 1, 3, 5 and 7 after  delivery (Day 
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1: within 24 hr af ter  birth).  The nursing mothe r s  of  the were pe r fo rmed  be tween  Days 11 and 18 according to a 
o ther  4 li t ters received 5.5'~ glucose with a few drops of m e t h o d  described by H~ard and Larsson [13] .  The infant 
glacial acetic acid orally at the same intervals. Penflur idol  was d ropped  f rom 30 cm height  upon  a landing platfornl  of 
was dissolved in a few drops  of  glacial acetic acid and the co t t o n  with a sheet of  s t re tched  black plastic. The 
final volume was made up with 5.5% glucose. The pH and expe r imen te r  kept  his left foref inger  and t h u m b  grasped 
adminis t ra t ion  volume was kept  cons tan t  at a round 5.0 and around the neck of the animal and the right hand grasped 
5 m l / k g ,  respectively,  around the pelvis. The animal was not released until the 

observer  felt that  the rat was relaxed. The behavior was 
Behavior Testing Procedure recorded as a comple te  air-righting response  only when the 

Locomotion development. Between Days 6 and 13, daily rat landed on the table with all four  feet  s imul taneously  
1-min tests were pe r fo rmed  to s tudy the gross m o t o r  making con tac t  with the floor.  Testing was per fo rmed  by 

two persons,  one releasing the animal, and the o ther  
behavior deve lopment .  Immedia te ly  before  the observat ion,  observing the behavior. 
the infant  was taken out  of the cage and placed on the 

Startle response. Observat ions of the startle response rough side of  a masoni te  board.  No fur ther  s t imula t ion  was 
adminis te red  to the animal during testing. The expe r imen t s  were pe r fo rmed  be tween Days 8 and 13. After  the infant 

had relaxed and did not  move, it was exposed  to a sharp 
were pe r fo rmed  under  cons tan t  room tempera tu re  condi- sound p roduced  by knocking a glass bot t le  with an iron bar. 
l ions (23°C).  Several d i f fe rent  response pa t te rns  were Eve-opening. From Day 12 the rats were examined  /or 
recorded and then grouped into three classes of response  
pa t te rns  in accordance  with a previous s tudy [ 11 ]. When eye-opening which was def ined as opening of both  eyes. 

showing at least one response  pa t te rn  belonging to one of  
three classes, the animal was included in this class. The RESULTS 
same animal could thus be included in more  than one class. Figure 1 shows the main results of  this study. No 
Table 1 lists the classes and response pa t te rns  used. statistically significant dif ferences  be tween  the groups were 

Air-righting. Observat ions of the ability for air-righting found  in the gross m o t o r  deve lopment  with the except ion  

T A B L E  I 

VARIOUS RESPONSE PATTERNS OBSERVED IN EACH TEST AND THE CLASSES IN WHICH THEY 
WERE ORDERED 

Class of Response Patterns Response Pattern 

I. Movements of head 1. Unilateral head movement 
and/or forelegs without immediale return 

2. Unilateral head movement 
with immediate return 

3. Bilateral head movement 

4. Simultaneous movement of 
the head and one or both 
of the forelegs 

1I. Movements of head 5. Simultaneous movement of 
trunk and all legs the head, one or both of 

the forelegs and one or 
both of the hindlegs 

6. Pivoting <360 ° 

7. Creeping. Forward pro- 
gression with abdomen in 
contact with the supporting 
surface 

8. Pivoting>360 ° 

111. Walking 9. Alternating creeping and 
walking. Forward progression 
accomplished by a continuous 
series of alternating 
creeping and walking 
responses, where the walking 
phase does not include more 
than two steps 

10. Walking. Forward progression 
with head "rod abdomen lifted 
from the supporting surface. 
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.~, ~ M . . . . . .  t o~ he~ an~/or ~ore~eqs M ........ t of He~ ~runk ~n~ A, L e g s  sur rounded  by a 75 cm high wall and divided into 13 
'~;"- ,ii~! sub-areas of  approx imate ly  equal size. A 60 W light was 

/,\ suspended direct ly over the centre  of  the field, 90 cm f rom 
~°4 / " ~ ' ,  ~0~ ,~.. the floor.  The rats were observed at three 3-min sessions, 

: " each separated by an interval of  approx ima te ly  30 min. The 
l o c o m o t o r  activity was recorded  once a minute  by count ing  1 

'',, ~ ' ', the n u m b e r  of  t imes an animal moved with all four  legs into 
' S ~  4)  1 ~, a new subarea. The n u mb er  of  boluses left in the arena were 

~'°~ o ~  coun ted  after  each test. The offspr ing were observed at the 
,~ ,,~ ¢>. , - ~  . . . .  age of  4, 8 and 1 2 weeks. All observat ions  were pe r fo rmed  

~ . . . . . . . . . .  ~ . . . . . . . .  :, ,~ in an isolated room approx imate ly  4 hours  af ter  onset  of 
darkness.  

~ Wa l kmg  

% - -  Control R E S U L T S  
I t , ( ) -  j - : ~  - -  - E×penmen ta~  

/ :  Figure 2 shows the main results of this s tudy.  At 4 
weeks of  age, the penf lur idol  t reated animals displayed a 

,'21~1} Air righting ~ :  . higher l o c o m o t o r  activity than the cont ro ls  (p<0 .002 ;  
Mann Whitney U-test).  At 8 and 1 2 weeks of age, when the 
activity of the cont ro l  rats had increased markedly  in 

, ..... compar i son  to the activity displayed at 4 weeks of age, the 
" _A penf lur idol  t reated rats showed a decrease to  a level 

~:~-~ . . . . . . . . . .  ~ . . ,, ~ ~- . . . . .  significantly lower  than that  of the cont ro ls  (p<0 .002 ;  
. . . . . . . .  o . . . . . . . . . . .  ~ . . . . . .  ~ . . . . .  ~ . . . .  Mann-Whitney U-test). 

D ~ y ~ , e ~ b , , t .  Although the di f ferences  failed to reach statistical 

FIG. 1. Main trends in the development of gross motor behavior and significance, the t rend of  the boluses score showed a picture 
air-righting response in offspring of nursing rat mothers treated with inverse to that  of  the ambula t ion  score. The penflur idol  
penfluridol experimental compared to controls. Group comparisons t reated rats depos i ted  fewer boluses at 4 weeks of  age than 
did not reveal any statistically significant differences except for the controls  while at 8 and 12 weeks of  age, the 
movements of head and/or forelegs, which showed a difference exper imenta l  rats showed more  defeca t ion  than did the 
(x2-test, p<0.05) at Day 7. The curves represent percentage of controls .  

animals showingvariousclassesofresponsepatterns. Marked group di f ferences  were found  in changes in 

l o c o m o t o r  activity occurr ing over the three sessions at the 
for m o v e m e n t s  of  head /o r  forelegs, which was delayed at various age levels (Fig. 3). At 4 weeks, bo th  the contro l  and 
Day 7 (p<0 .05 ,  X2-test). Nei ther  were any statistically the penf lur idol  t reated rats showed a sys temat ic  decrease in 
significant d i f ferences  found  in eye-opening  and startle ambula t ion  over the three sessions indicating intersession 
response.  No statistically significant d i f ferences  were habi tua t ion  (Page test of  t rend,  p~0 .001  in both  groups, 
observed in l i t ter  mor ta l i ty  or body  weight be tween  see 20). At 8 and 12 weeks, the contro l  group showed a 
offspr ing of m o the r s  given penf lur idol  and those of  mo the r s  similar decrease in activity as at 4 weeks (p<0 .05) ,  whereas 

given glucose, the penf lur idol  t rea ted  rats failed to show any sign of 
habi tua t ion ,  and the activity of  the penflur idol  t reated 

CONCLUSION group was as high in the first session as in the last. 

Al though marked defici ts  have been p roduced  in the 
DISCUSSION 

funct ional  deve lopmen t  of  the dopaminergic  system with 
the drug t r ea tmen t  used in this s tudy (see In t roduc t ion) ,  no Two major f indings emerge f rom the present  series of 
notable  d is turbances  were found  in the gross m o t o r  expe r imen t s  with rats exposed  to the DA recep tor  blocking 
deve lopment .  The only excep t ion  was a delay of  the agent,  penflur idol ,  during early pos tnata l  life: (1) the open 
appearance  of  m o v e m e n t s  of  head and /o r  forelegs which field ambula t ion  decreased f rom an abnormal ly  high level at 
may have been direct ly caused by the drug injected on Day 4 weeks of age to an abnormal ly  low level after 8 weeks of 
7. age whereas,  in accordance with earlier reports ,  normal  rats 

show increased open field ambula t ion  with increasing age 
E X P E R I M E N T 2 :  OPEN F I E L D B E H A V I O R  [6 ,17] ;  (2) the ability to habi tua te  in an open field 

s i tuat ion decreased from a normal  (compared  with the 
METHOD controls )  level at 4 weeks of age to an abnormal ly  low level 

Animals at 8 weeks of age. 
Defecat ion and ambula t ion  in an open field has of ten  

Seventeen male rats which were offspr ing of  4 Sprague- been repor ted  to be inversely related [5] A similar result 
Dawley rats were used in this expe r imen t .  The nursing 

was ob ta ined  in both  groups in Exper iment  2. Low 
mothe r s  of  2 li t ters were given penf lur idol  (1 rag/ks)  ambula t ion  in an aversive open field si tuation combined  
according to the m e t h o d  descr ibed in Expe r imen t  1, while with high defeca t ion  is t radi t ional ly  though t  to reflect  
the mo the r s  of  o ther  l i t ters were given glucose. The animals increased emot iona l i ty  or a lowered ability to adapt  to 
were weaned at 28 days and were kept  under  the same 
condi t ions  as in Expe r imen t  1. novel stimuli [5] .  The high activity and low defecat ion 

scores shown by the 4-week-old penf lur idol  t reated rats 
Apparatus and Testing Procedure thus suggest a lowered emot iona l  reactivity in these 

animals. The relatively low reactivity to stimuli displayed 
The animals were placed in a circular area (0.48 m z), by the 4-week old penf lur idol  t rea ted  rats may cont r ibu te  
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AMBULATION DEFECATION 
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biG. 2. Mean ambulation score and mean number of boluses in a 3-min open field test shown at 4, 8 
and 12 weeks of age by offspring of nursing mothers treated with penfluridol (Exp.) compared to 
controls (Cont.). Group comparison revealed statistically significant differences in ambulation scores 
at all 3 age levels (Mann Whitney U-test, p<0.002). No statistically significant group differences were 

observed in defecation scores. 

. . . . . .  Exp. 30 o.. Cont. defeca t ion  and the  lost  abi l i ty to  h a b i t u a t e  at 8 and 12 - .  
2 5  " ' . .  weeks of  age ind ica te  an a b n o r m a l l y  he igh tened  e m o t i o n a l  
20 " '- . .  4 weeks react iv i ty  wi th  advanc ing  age as a pers is tent  consequence  of  

. the n e o n a t a l  drug t r e a t m e n t .  
15 ~ - - , ,  In the  con t ro l  animals ,  a m b u l a t i o n  in the open  field 

( ~  1 0  " ' 0  p < . 0 0 1  increased f rom 4 - 8  weeks whereas  in the penf lu r ido l  
t rea ted  rats  an inverse d e v e l o p m e n t  was observed.  This  

Z 5 p<.O01 dif ference  in the  d e v e l o p m e n t  of a m b u l a t i o n  behav ior  
Or) 0 suggests tha t  the  neona ta l  penf lur idoI  t r e a t m e n t  no t  only 

in te r fe red  wi th  the  d e v e l o p m e n t  in the DA-neurons  tha t  
0 func t iona l ly  m a t u r e  dur ing the  first pos tna t a l  week, but  

2 0  also can in f luence  the d e v e l o p m e n t  of neu rona l  processes I ~ 8 w e e k s  immed ia t e ly  before  and af te r  the onse t  of pube r ty .  In the 
15 ~ .~-~ NS strain of  rats  used in these expe r imen t s ,  p u b e r t y  s tar ts  
1 0  0 _  a round  60 days of  age [15 ] .  The possibi l i ty  of impai red  

n e u r o e n d o c r i n e  re la t ionsh ips  war ran t  f u r t he r  invest igat ion.  
5 1 3 < . 0 5  In con t r a s t  to the  observed d i f ferences  in open  field 
0 , behavior ,  no  abnorma l i t i e s  were observed in the develop- 

m e n t  of  the gross m o t o r  behav io r  of  the penf lur ido l  t rea ted  
Z )  rats. Thus  it seems unl ike ly  t ha t  the defici ts  in the 
Z 12 weeks acquis i t ion  of an active avoidance  response  displayed by the 

15 --1 penf lu r ido l  t r ea ted  rats [ 9 ] ,  were due to impaired m o t o r  
10 J ~ - - - ~  N S  behavior .  The present  f inding is also in Line with our  

b iochemica l  f indings  [9 ,10]  ind ica t ing  t ha t  the  penf lur ido l  
5 p<.05 t r e a t m e n t  p re fe ren t ia l ly  in terferes  with d e v e l o p m e n t  of the 

meso l imbic  DA system, leaving the nigrost r ia ta l  system 
0 , " ! in tact .  The la t t e r  sys tem is general ly  assumed to be involved 

I If 111 Tests in the  cent ra l  con t ro l  of m o t o r  behav ior  [4, 7, 12].  It 
should  be n o t e d  tha t  t r e a t m e n t  with  the  DA-recep to r  

FIG. 3. Ambulation activity during the first minute in each of 3 b locking  agent  ha loper ido l  to neona ta l  r abb i t s  has been 
consecutive 3-min open field tests in tests performed during one day found  to p roduce  specific m o t o r  d i s t rubances  [ 18] This 
at 4, 8 and 12 weeks of age, displayed by experimental and control 
rats. Indicated levels of statistical significance refers to results of the d i sc repancy  may  be due to species d i f ferences  in the i r  

Page trend test. sensi t ivi ty to early t r e a t m e n t  with  ca t echo l amine - r ecep to r  
b locking  agents  a n d / o r  tha t  d i f fe ren t  drug regimens were 

to expla in  the  impai red  acquis i t ion  of  an active avoidance  used. 
response  seen in our  previous  s tudies  [1] since h igh  Since no  cross fos te r ing  can be p e r f o r m e d  in the present  
react iv i ty  is assumed to faci l i ta te  learning in a s i tua t ion  as type  of  expe r imen t s ,  the possibi l i ty  c a n n o t  be excluded 
here used [3 ] .  The lowered a m b u l a t i o n ,  the  increase tha t  the behav io r  devia t ions  observed were d u e t o a c h a n g e  
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in the in terac t ion  be tween  m o t h e r  and offspring.  However,  duces: (1) deficits  in the acquisi t ion of an active avoidance 
as assessed by gross observat ion,  penf lur idol  t rea ted  and response;  (2) an increased l o c o m o t o r  activity prepuberal ly  
glucose t rea ted  mothe r s  did no t  differ  in their  maternal  fo l lowed by an abnormal ly  decreased activity post-  
behavior  as evidenced by nestbui lding,  nursing,  and retrieval puberal ly,  and (3) an impaired ability to habi tua te  to novel 
behavior.  Fur ther ,  no d i f fe rences  were observed in stimuli. Associated with these behavior changes we have 
morta l i ty  and body  weight  of the offspring,  found  a decreased funct ional  activity in the mesol imbic  DA 

The neonata l  penf lur idol  t r e a tmen t  thus p roduces  a sys tem at 4 weeks of  age (prepuberal  age). In suppor t  of the 
dys func t ion  in mesol imbic  DA-neurons  and hyperac t ive  assumpt ion  that  this behavioral  syndrome  is related to a 
behavior at 4 weeks of  age in an aversive open field test. dys func t ion  of  the central  dopamine  system, we have found  
Neonatal  t r e a tmen t  of  rats with 6-OH dopamine  (6-OH DA) that  the learning deficits  could be coun te rac ted  by 
which caused a pers is tent  damage in central  DA-neurons  has increasing the func t iona l  activity of  the ca techolamine  
also recent ly  been shown to p roduce  hyperac t iv i ty  [ 21 ]. neurons  by means  of  amphe t amine  [ 2] .  
Whether  the hyperac t iv i ty  observed is due to supersensi t ive The pa t te rn  of behavioral  changes p roduced  by the 
pos t synap t i c  mechan i sms  or damage in inh ib i tory  DA- penflur idol  t r e a tmen t  resembles  a human  clinical syndrome,  
neurons  remains  to be clarified. With regard to the lat ter  Minimal Brain Dysfunc t ion  (MBD). This behavior disorder  
possibil i ty it is in teres t ing to no te  that  in adult  rats lesions is character ized by hyperact iv i ty ,  short  a t t en t ion  span and a 
in the mesencepha lo-cor t ico- l imbic  dopaminerg ic  A-10 variety of  cognitive and emot iona l  symptoms .  The fact that  
group p roduced  by 6-OH DA has been found  to induce this disorder  is successfully t reated with amphe t amine  [22] 
hyperac t iv i ty  [16] .  Thus thc exis tence  of  DA-neurons  and the finding of  lowered levels of  homovanil l ic  acid in 
exer t ing an inh ib i tory  inf luence  on l o c o m o t o r  activity is cerebrospinal  fluid of  children with MBD [21] indicate that  
suggested, central  ca techolamines  may be involved in the MBD 

Summariz ing  these and o the r  data f rom this labora tory ,  syndrome.  
we have found  that  neonata l  penf lur idol  t r ea tmen t  pro- 
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