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KULIG, B. M. Acute functional tolerance to the motor impairment effects of di-n-propylacetate. PHARMAC. BIOCHEM. 
BEHAV. 5(5)511-514,  1976. - R a t s  were trained to run treadmill fashion along a moving belt to avoid electric shock. 
After stabilization of performance, the effects of the anticonvulsant di-n-propylacetate (DPA; 100, 200 and 400 mg/kg) on 
treadmill locomotion were measured. Distrubances in gait and balance were reflected by an increased time off belt in a 
dose-related manner. In addition, animals showed a progressive improvement over the 3 two-min trials. A second 
experiment which measured the effects of 300 mg/kg DPA either 5 or 20 min postinjection revelaed that the progressive 
improvement noted in the first experiment was not due to a diminished drug concentration or to an increased exposure to 
the drug. Thus, acute functional tolerance to the performance decrement produced by DPA appears to depend upon 
behavioural processes which enable an animal to overcome the drug-induced functional deficit by practicing the task while 
in the drug state. 
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Motor co-ordination 

THE n e u r o t o x i c i t y  of  an t iep i lep t ic  c o m p o u n d s  invar iably  
exhib i t s  i tself  as an  i m p a i r m e n t  of  co-ord ina ted  m o t o r  
f u n c t i o n  and  observa t iona l  ra t ings of d i s tu rbances  of  gait 
and  pos tu re  are rou t ine ly  used in the  screening of ant iepi-  
lept ics  and  in the  d e t e r m i n a t i o n  of  the i r  tox ic i ty  [ 15] .  In 
the  clinic, an t i convu l san t  i n t o x i c a t i o n  wi th  p resen t ing  
s y m p t o m s  involving pos tu ra l  and  ves t ibu lo-ocu la r  distur-  
bances  are e n c o u n t e r e d  [ 12] and  the  a r g u m e n t  for  f r equen t  
m o n i t o r i n g  of  b lood  levels of  an t iep i lep t ics  has  been  
effect ively made  [9 ] .  Despite  the  i m p o r t a n c e  of  the  effects  
of an t i convu l san t s  on  behavior ,  b o t h  in the  d e t e r m i n a t i o n  
of tox ic i ty  in an imal  s tudies  and  clinically in the  t r e a t m e n t  
of epilepsy per se, few a t t e m p t s  have been  made  to 
q u a n t i t a t e  the  effects  of  an t iep i lep t ics  on co-ord ina ted  
m o t o r  f u n c t i o n  and work  on  the  func t iona l  to le rance  to 
these effects ,  wi th  the  excep t ion  of  the  ba rb i tu ra te s ,  is 
vir tual ly non-ex i s ten t .  

The an t i convu l san t  chosen  for  s tudy  in the  present  
e x p e r i m e n t  was the  s imple b r anched -cha in  f a t t y  acid 
sod ium d i -n-propylace ta te  (DPA). DPA is an effect ive  
an t i convu l san t  in a n u m b e r  of  an imal  mode ls  of epilepsy 
[7] and  is used as an an t iep i lep t ic  in man.  Behavioral ly ,  
DPA has been  shown  to in te r fere  wi th  co -o rd ina ted  
l o c o m o t i o n  at h igh dose levels as measured  in a food-mot i -  
va ted  task [4 ] .  In add i t ion ,  DPA has  been  r epo r t ed  to  have 
no  ef fec t  on  s p o n t a n e o u s  m o t o r  act ivi ty  at  dose levels 
be low 200 mg/kg  and  to faci l i ta te  the  acquis i t ion  of  

learning m o t i v a t e d  by  aversive s t imul i  at  low dose levels 
[101.  

A l t h o u g h  the  m e c h a n i s m  of  the  an t i convu l san t  or  
n e u r o t o x i c  ac t ion  of  DPA is as ye t  unclear ,  evidence exists  
suggesting t ha t  b o t h  ac t ions  migh t  involve changes  in 
g a m m a - a m i n o b u t y r i c  acid ( G A B A )  m e t a b o l i s m  [1,4]  pro- 
duced by  an in t e r f e rence  wi th  the  G A B A - m e t a b o l i z i n g  
enzymes  4 -aminobu ty r i c -2 -oxog lu t a r a t e  t r ansaminse  [3]  
and succinic  semia ldehyde  dehydrogenase  [ 13 ]. 

The  tes t  chosen  to s tudy  the  effects  of  DPA on  
co-ord ina ted  l o c o m o t i o n  was a learned c o m p l e x  task which  
requi red  an an imal  to  r emain  of  a na r row moto r -d r iven  bel t  
to  avoid an electr i f ied grid. [ 2 ] .  The  appa ra tus  was 
cons t ruc t ed  in such a way t ha t  an an imal  was fo rced  to run  
t readmi l l  fash ion  comple t e ly  on  the  bel t  to  avoid the  
shocked  grid. Deficits  in pe r fo rmance ,  inc luding  impai red  
co-ord ina t ion ,  loss of  balance,  or a fai lure to  keep in 
m o t i o n  are re f lec ted  by  an increased t ime  of f  belt .  Eff ic ient  
t readmil l  l o c o m o t i o n  is readily acqui red  using this  proce-  
dure  [2]  and  the  tes t  has been  shown  to  provide  a s table  
baseline on  which  to measure  drug effects  [2, 5, 6 ] .  

The first e x p e r i m e n t  was designed to assess the  dose-de- 
p e n d e n t  effects  of  DPA and to de t e rmine  the  sensi t ivi ty  of  
the  moving  bel t  tes t  in the  s tudy  of  the  n e u r o t o x i c  effects  
of an t i convu l san t  drugs. The second e x p e r i m e n t  investi-  
gated the  na tu re  of  the  func t iona l  to le rance  observed at low 
and  m o d e r a t e  dose levels in E x p e r i m e n t  1. 
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E X P E R I M E N T  1 

M E T H O D  

Animals 
Six naive male  Wistar rats  (SPF,  Organon-o r ig ina t ed )  

weighing 3 5 0 - 4 0 0  g were o b t a i n e d  f rom the  an imal  co lony  
of  the  Dept .  of  Pha rmaco logy ,  Univ. of  Leiden.  Animals  
were housed  two  per  cage and  received wate r  and Hope  
Farms  lab c h o w  ad lib. An imals  were m a i n t a i n e d  on a 12 hr  
l ight-dark  cycle ( l ight f rom 1300 to 0100  hr)  and tes t ing  
was c o n d u c t e d  f rom 1300 to 1700 hr. 

Procedures 
Rats  were t ra ined  to avoid electr ic  shock  (180  uA,  300  

VDC, c o n s t a n t  cu r r en t )  by  r unn i ng  t readmi l l  fash ion  a long 
a moving  bel t  (wid th ,  5.6 cm;  length ,  46 cm;  speed,  7 
cm/sec)  using t e c h n i q u e s  previous ly  descr ibed [ 2 , 5 ] .  Each  
t ra in ing  session cons is ted  of  3 two-min  trials spaced 30 sec 
apar t .  An an imal  was cons ide red  of f  the  bel t  if one  or more  
paws t o u c h e d  the  grid f loor  and  t ime  of f  be l t  was n o t e d  by  
visual obse rva t ion  and  r eco rded  by  means  of a s topwa tch .  

When an imals  were p e r f o r m i n g  re l iably at  99% avoid- 
ance, the  ef fec ts  of  saline and  th ree  doses of  sod ium 
d i -n -p ropy lace ta t e  ( suppl ied  as a gift  of  Depak ine  ® f rom 
Labaz B. V.) were measured .  Each drug session cons is ted  of  
3 two-min  trials spaced 30 sec apar t  and began 15 min  
fo l lowing IP admin i s t r a t ion .  On Day 1, animals  received a 4 
ml /kg  IP in jec t ion  of  saline. Af te r  the  saline con t ro l  session, 
the  an imals  were r a n d o m l y  assigned to th ree  groups  and  on  
each of  th ree  s u b s e q u e n t  drug tes t  days were given 100, 
200,  or 400  mg/kg  DPA (4 ml/kg) ,  such t ha t  all an imals  
received each dose once  in a c o u n t e r b a l a n c e d  fashion.  On 
the  f i f th  drug tes t  day saline was again adm i n i s t e r ed  to all 
animals.  Drug tes t  sessions were sepera ted  by 3 - 4  days, 
excep t  in the  case of  the  second  saline tes t  which  was 
carr ied ou t  24 hr  fo l lowing the  last DPA in jec t ion .  The  
animals  were tes ted  on  the  moving  bel t  test  daily five days 
per  week. 

I m m e d i a t e l y  af te r  the  c o m p l e t i o n  of  the  th i rd  trial on  
each DPA tes t  day, a 100 u l  b lood  sample  was co l lec ted  
f rom the  tail vein. DPA c o n c e n t r a t i o n  in whole  b lood  was 
d e t e r m i n e d  by  gas c h r o m a t o g r a p h i c  m e t h o d s  previously  
descr ibed [8] wi th  2 -e thy l -2 -me thy lcap ron ic  acid as the  
in te rna l  s tandard .  Blood analyses,  in jec t ions ,  and  behaviora l  
tes t ing were carr ied ou t  w i t h o u t  pr ior  knowledge  of  dose 
given. 

R E S U L T S  

The ef fec ts  of  saline and  100, 200,  and 400  mg/kg  on  
moving  bel t  p e r f o r m a n c e  are p resen ted  in Fig. I. A 
t r e a t m e n t s  x t r e a t m e n t s  x animals  analysis of  
var iance be tween  the  first and  second saline sessions 
revealed n o  s ignif icant  d i f fe rence  in p e r f o r m a n c e  be tween  
the  two  c o n d i t i o n s  (F  = 1.48) or in the  p e r f o r m a n c e  over  
trials for  e i the r  saline session (F  = 1.22) and  thus ,  these  
data  have been  c o m b i n e d  for  graphic  p resen ta t ion .  A 
two- fac to r  mixed  analysis  wi th  repea ted  measures  on one  
fac to r  revealed ' t ha t  i m p a i r m e n t  of  moving  bel t  perfor-  
mance  was d o s e - d e p e n d e n t  (F  = 13.33, p < 0 . 0 0 1 ) .  More- 
over, t he re  was a s ignif icant  change  in p e r f o r m a n c e  over  
trials (F  = 8.07, p < 0 . 0 0 5 )  and  the  i n t e r ac t i on  be t ween  dose 
and trials was also s ignif icant  (F  = 5.31, p < 0 . 0 0 1 ) .  
In spec t ion  of  the  figure reveals t ha t  p e r f o r m a n c e  fo l lowing 
100 and  200  mg/kg  DPA was progressively less impai red  
across the  th ree  trials. A l t h o u g h  the  degree of  init ial  
i m p a i r m e n t  fo l lowing 100 mg/kg  was slight, it did differ  
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FIG. 1. Dose-response effects of DPA on moving belt perfornlance 
measured in 3 two-rain trials. 

f rom saline levels ( t  = 1.82, p < 0 . 0 5 ,  one-tai led) .  Perfor-  
mance  fo l lowing 200 mg/kg  was marked ly  improved  over 
the 3 trials, howeve r  an imals  receiving 400  mg/kg  showed 
no func t iona l  to le rance  to the p e r f o r m a n c e  i m p a i r m e n t  
effects  of DPA over  the  th ree  trial session. 

E X P E R I M E N T  2 

It was conce ivable  tha t  the  progressive i m p r o v e m e n t  in 
p e r f o r m a n c e  n o t e d  at mode ra t e  and  low doses of  DPA was 
due to changes  in DPA c o n c e n t r a t i o n  wi th in  the  7 min  test  
session. However ,  assuming a s teady c o n c e n t r a t i o n  over  the  
test  session, the  ques t ion  still r emained  as to w h e t h e r  the  
func t iona l  to le rance  was due to behaviora l  factors,  i.e. 
learning to ove rcome  a func t iona l  defici t ,  or to  the  
increased exposure  of the  cent ra l  ne rvous  sys tem to the  
drug f rom Trial 1 to  Trial 3. The second e x p e r i m e n t  was 
designed to examine  these possibil i t ies.  

M E T H O D  

Ten naive male  rats  of  the  same s t ra in  were m a i n t a i n e d  
and  t ra ined  as descr ibed above.  Fol lowing s tab i l iza t ion  of  
p e r f o r m a n c e  on the  moving  bel t  test ,  the  effects  of  saline 
and DPA (300  mg/kg)  at two d i f fe ren t  t ime  intervals  were 
measured.  Fo l lowing  the first saline con t ro l  session, rats  
were r a n d o m l y  divided in to  2 groups  and on s u b s e q u e n t  
test  days received 300  mg/kg  DPA IP and  p e r f o r m a n c e  on 3 
two min  trials was measured  5 or 20 min  pos t in jec t ion .  As 
in E x p e r i m e n t  1, each animal  received each test  c o n d i t i o n  
once,  and tes t  sessions were separa ted  by 3 days, excep t  the  
second saline tes t  which  was carr ied ou t  24 hr  a f te r  the  last 
DPA session. 

R E S U L T S  

The effects  of  300  mg/kg  DPA at 5 and  20 rain 
pos t in j ec t ion  and the  effects  of  equ iva len t  vo lumes  of  saline 
on moving  bel t  p e r f o r m a n c e  are p resen ted  in Fig. 2. 
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FIG. 2. The effects of DPA on moving belt performance measured 
in 3 two-min trials either 5 of 20 rain postinjection. 

Impai rment  on Trial 1 was equivalent  for the 5 and 20 min 
groups (F  < 1.00). Moreover,  bo th  groups demons t ra t ed  a 
decreased impai rment  over the three trials (F = 9.66, 
p<0 .001) ,  and the rate of  improvement  for the two con- 
ditions was significantly different,  F (trials x groups) = 1.72. 
As in Exper iment  1, there was no difference be tween pre- 
and postsaline per formance  (F < 1.00) and treadmill  
per formance  re turned to cont ro l  levels within 24 hr of  DPA 
administrat ion.  

The blood concent ra t ion  of  DPA was also examined for 
the two condit ions.  DPA concent ra t ion  (mean -+ S.E.M.) for 
the 5 min group was 368.7 -+ 64.5 ug/ml  and for the 20 min 
group, 431.0 -+ 41.1. This difference was not  satatistically 
significant (t = 1.19). 

Finally, to assess the relat ionship be tween blood 
concent ra t ion  of  DPA and the degree of  per formance  
impai rment  the data f rom bo th  exper iments  were pooled  
(Fig. 3). Regression analyses be tween  t ime off  belt on Trial 
1 and blood DPA concent ra t ion  fol lowing 100, 200, 300, 
or 400 mg/kg revealed a significant correlat ion (r = .70, t = 
12.56, p<  0.001). In predict ing the per formance  variable, 
it was found that:  t ime off  belt on Trial 1 = 0.17 × DPA 
concentra t ion  - 11.74; and in predict ing the DPA blood 
concentra t ion,  DPA concent ra t ion  = 2.13 × t ime off  belt 
on Trial 1 +254.80.  

DISCUSSION 

The impai rment  effects  of  DPA could be measured in 
the moving belt test when DPA concent ra t ion  in whole 
blood ranged f rom 100 to 500 mg%. The test was able to 
different iate  dose-dependent  effects  well below the 
ant iconvulsant  ED50 and below those repor ted  for o ther  
tests of  changes in mo to r  behavior  [4, 7, 10]. Thus, these 
data suggest that  the test may find a valuable applicat ion in 
the general assessment of  the neuro tox ic  effects  of antiepi- 
leptics. 

The quali tat ive nature of  the DPA- induced per formance  
impairments  was similar to those repor ted  previously [4] .  
The DPA-treated rats repeatedly lost their  balance, stagger- 
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FIG. 3. The relationship between blood DPA levels and performance 
on Trial 1 in the Moving Belt Test. 

ing as they ran along the belt. Incoord ina t ion  and ataxia, 
part icularly of  the hind legs was apparent.  At the highest 
dose levels, animals did not  keep in mot ion  th roughout  the 
trials. Typically,  after a series of  a t tempts  at moving along 
the belt,  they were forced on to the grid by the baffle at 
the end of  the apparatus and remained with their  hind legs 
on the grid while they cont inued to move their  f ront  paws 
along the belt  t readmill  fashion. 

With respect to the deve lopment  of  tolerance,  it did not  
appear that  prolonged exposure to DPA during a single 
session cont r ibuted  to the rate of  tolerance development .  
This finding is in contrast  to those repor ted  for e thanol  
[6] .  With ethanol ,  an increased length of  exposure  to the 
drug on an acute basis contr ibutes  to a diminished mo to r  
impairment  effect  when animals received a single trial on 
the moving belt  test. When these data are compared  to 
those in the present s tudy and those of  Kulig [5] which 
investigated behavioral processes in the deve lopment  of  
acute funct ional  tolerance to ethanol,  it appears that  
different  compounds  exhibi t  quali tat ively different  acute 
funct ional  tolerance profiles to per formance  impai rment  
effects. If  these differences are shown to be reliable, a 

.quest ion for future research remains as to whether  the 
determinat ion  and comparison of  such profiles would have 
any impor tance  with regard to o ther  pharmacological  
aspects of  a given drug (e.g., addict ion or  abuse potential) .  

Finally,  it must be remembered  that  eff icient  perform- 
ance on the moving belt test requires the integrated 
funct ioning of  a number  of  sensory and mo to r  systems to 
perform a learned avoidance task. It is quite possible that  
DPA not  only impairs m o t o r  perforna~/nce through its 
effects on GABA-ergic cerebellar pathways [ 1 1] as previ- 
ously suggested [4] ,  but  that  the drug may also alter 
sensory and mot ivat ional  systems or even learning and 
memory  processes themselves which are necessary for the 
successful execut ion  of  learned avoidance responding. The 
role of  GABA in central nervous system funct ion and 
behavior has not  been fully elucidated nor  have extensive 
psychopharmacological  studies of  the effects  of  DPA been 
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carried out.  Thus,  fur ther  s tudies b o t h  at the behavioral  and 
biochemical  levels will hopefu l ly  shed light on whe the r  
DPA-induced pe r fo rmance  impa i rmen t s  ref lect  only  chan- 
ges in co-ord ina ted  l o c o m o t i o n  or whe the r  the drug has 
specific effects  on h igher-order  processes,  and moreover ,  
whe the r  such changes involve a l terat ions  in the func t ion ing  
of GABA-ergic neurons.  
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