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MILI.AN, M. H. AND M. J. MILLAN. Pimozide hlock.~ thc open-l~eld hyperactivity produced by lesions oJ'thc ventral 
m,'adrenerg, ic hundh" in rat.~. PHARMACOL BIOCHEM BEHAV 2013) 473-477, 1984.--Selective, bilateral, radiofre- 
quency destruction of the ventral noradrenergic bundle resulted in a substantial fall in hypothalamic but not cortical levels 
of noradrenaline. Ventral bundle-lesioned rats displayed, as compared to sham-operated animals, a pronounced enhance- 
ment of ambulation in both peripheral and central squares together with a I:eduction in immobility and an enhancement of 
rearing upon introduction into a novel open-field space. Grooming behaviour was not, in contrast, significantly modified. 
Pretreatment with the dopamine receptor antagonist, pimozide, strongly decreased this hyperactivity without significantly 
altering the behaviour of sham animals. These data suggest that the ventral bundle plays a role in the control of open-field 
locomotor behaviour and that this action may be exerted via an interaction with a dopaminergic network. 

Noradrenaline Dopamine Pimozide Ventral bundle Open-field Locomotor activity 

THE importance of catecholamines in the control of locomo- 
tor activity is well-established and recent studies have begun 
to differentiate between, and more precisely characterize, 
the roles of particular pathways. A variety of studies have 
identified the mesolimbic dopaminergic projection as the 
major dopaminergic subs(rate stimulating locomotion with 
its striato-nigral counterpart playing a minor role in this re- 
spect and primarily related to the stereotypic effects of 
dopamine [1, 6, 13]. Concerning brain networks of norad- 
renaline (NA), non-selective pharmacological manipulations 
have yielded conflicting data [3, 6, 8, 13]: this appears to 
reflect the fact that individual noradrenergic networks fulfill 
differing roles. Indeed, of the two major ascending bundles, 
the dorsal bundle (derived from the locus coernleus [91) may 
facilitate, and the ventral bundle (VB) (from medullary- 
pontine somata 19,12]) possibly inhibit, locomotor activity 
[3,8]. Interestingly, an interaction between NA and dopa- 
mine in the control of behaviour has been postulated [11 
and both biochemical studies of actions of NA-manipulations 
upon dopamine-turnover and behavioural investigations 
have yielded evidence in support of such a hypothesis [2, 3, 
4, 8, 12, 161. 

There are, thus, indications for, firstly, an involvement of 
NA and dopamine in control of locomotor behaviour and, 
secondly, for NA-dopamine interactions. It may be hypoth- 
esized, therefore, that there may be an interrelationship be- 
tween particular noradrenergic and dopaminergic systems in 
the regulation of locomotor behavior. The possibility of an 

interplay between the VB and dopaminergic transmission in 
the modulation of the locomotor and other behaviour of rats 
exposed to an open-field space was, consequently, evaluated 
in the present study. 

METHOD 

Male, Sprague-Dawley rats, maintained under a 12 
hour/12 hour natural day/night cycle, and weighing 180--190 g 
were housed in groups of 4 and allowed 5 days adaptation to 
laboratory conditions prior to operation. 

The VB was bilaterally destroyed by radiofrequency in 
rats positioned under 50 mg/kg pentobarbital anaesthesia in a 
David Kopf apparatus. Electrode coordinates derived from 
our previous studies [ I I I and based on the atlas of K6nig and 
Klippel [7]. were relative to the inter-auricular line: horizon- 
tal, + 1.1 mm, vertical, +2.8 mm and lateral _+ 1.4 mm. For 
lesions, a tip temperature of 50°C was maintained for 8 sec 
and, for sham operations, the unactivated electrode lowered 
for 8 seconds to a point I mm above lesions coordinates. 

One week post-surgery, the influence of blockade of 
dopamine receptors upon open-field behaviour of VB- 
lesioned rats was evaluated by use of the central dopamine 
receptor antagonist, pimozide. Pimozide shows especial 
specificity in this respect with strong post- and low pre- 
synaptic activity (see [4, 14, 15]). Moderate doses (0.25 
mg/kg and 0.5 mg/kg) were chosen as used in previous inves- 
tigations (see [4, 14, 15]) and dissolved in 0.1 M tartaric acid. 
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FIG. 1. Schematic illustration of position of typical lesion of the ventral noradrenergic bundle indicated 
by shaded area on the left. Frontal section based on the atlas of Konig and Klippe117J. Abbreviations: 
DB (dorsal noradrenergic bundle), DPB [dorsal periventricular bundle). I.M [medial lemniscus), R fred 
nucleus), SN (substantia nigra), VB [ventral noradrenergic bundle). 

The effects of these doses were examined in separate exper- 
iments on independent groups of rats. In preliminary exper- 
iments, the solvent alone did not influence open-field be- 
haviour. The action of pimozide was evaluated in a com- 
pletely blind design. The observer was, thus, aware of 
neither whether a rat was lesioned or sham-operated nor 
whether it had received pimozide or vehicle. 

The open-field apparatus, as previously used 111], con- 
sisted ofa  1 m by 1 m wooden box with sides 25 cm in height, 
painted white and with its floor sub-divided into 25 squares, 
each of dimensions 20 cm by 20 cm. It was illuminated by a 
60 Watt light situated 1 m above its centre. Prior to and 
between introduction of rats, the floor was thoroughly 
cleaned and 5 min allowed to pass between the testing of 
successive rats. Rats were gently removed from home cages, 
received IP injections, in a volume of 2.0 ml/kg, of either 
pimozide or vehicle, were returned to home cages for 1 hr, 
then retaken and gently placed in a corner of the open-field 
space. Behaviour was observed for 5 min [3,8]: the number 
of either central or peripheral squares completely entered by 
all 4 paws (ambulation), the number of rearings to a vertical 
position on hind feet, the time devoted to grooming and the 
duration of immobility, i.e., lack of any overt behaviour, was 
recorded. 

In an independent group of rats, the influence of the 
o~-adrenergic antagonist, phentolamine (Ciba-Geigy) dis- 
solved in saline ( 5 mg/kg, 2.0 ml/kg, IP), as compared to 
saline, applied 30 min prior to open-field exposure was eval- 
uated in a similar fashion. 

Rats were decapitated 10 days post-operation, their 
brains removed, the hypothalamus and cortex dissected out 
and levels of NA and dopamine therein evaluated by liquid 
chromatography ]5]. The remainder of the brain was retained 
for histological examinations by staining of 20/z coronal sec- 
tions with cresyl violet. In addition, the body weight and 
ingestive behaviour of rats was monitored after surgery. 

RESUI.TS 

The lesions were as those extensively characterized pre- 
viously [ 11 ] with the zone of destruction, which was bilater- 
ally symmetrical and consistent in shape, size and position, 
corresponding with the location of the VB (Fig. I). Impor- 
tantly, the lesions did not invade the dorsal bundle indicating 
their selectivity in eliminating the VB. A slight invasion of 
the substantia nigra, medial leminisus, red nucleus, and 
superior cerebellar peduncle was occasionally seen, but no 
aphagia and loss of body weight or muscular discoordina- 
tion, effects which accompany damage to the above struc- 
tures was observed. In the hypothalamus, the primary target 
of the VB [9,12]; a pronounced fall in the content of NA was 
seen (Table i): residual NA is provided by the locus 
coeruleus, via the dorsal bundle and tegmental radiations, 
and by the ventral periventricular system [91. In the cortex, 
in contrast, innervated by the dorsal bundle but not the VB 
[9], no alteration in NA levels was seen indicating that the 
dorsal bundle survived undamaged (Table 1). In addition, levels 
of dopamine were found not to be affected in either the cor- 
tex or hypothalamus (Table 1). Further, previously, we re- 
ported VB-lesions not to affect levels of serotonin in 
these tissues [3]. 

Figure 2 depicts the effect of 0.5 mg/kg pimozide upon 
open-field behaviour of sham and lesioned animals. VB- 
lesioned rats treated with vehicle displayed, as compared to 
vehicle-treated sham rats, a pronounced enhancement of 
ambulation in both central and peripheral squares, an eleva- 
tion in rearing and a corresponding reduction in periods of 
immobility in the open-field (Fig. 2). This hyperactivity was 
coordinated in nature and no stereotypy was apparent. 
Further, time devoted to grooming, in contrast, tended to be 
decreased in VB-lesioned rats. Pimozide (0.5 mg/kg) 
abolished this VB-lesion induced hyperactivity whereas it 
only tended to depress the activity of sham animals (Fig. 2). 
Pimozide resulted, further, in a tendency to reduce grooming 
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FIG. 2. The influence of pimozide (0.5 mg/kg) upon the open-field behaviour of rats subjected to 
lesions of the ventral noradrenergic bundle or sham operations. Data refer to number of peripheral or 
central squares entered, number of rearings made and time devoted to grooming or time immobile in a 
5 min test. Mean±S.E.M. presented. Asterisks above lesion, vehicle columns refer to significance of 
differences as compared to sham, vehicle values and those above lesion, pimozide columns to signifi- 
cance of differences to lesion, vehicle values (Students two-tailed t-test). For ANOVA, see text. 
*p<0.05, **p<0.01, ***p<0.001. 

T A B L E 1  

Noradrenaline 0zg/g) Dopamine (/xg/g) 

Hypothalamus Cortex Hypothalamus Cortex 

Sham 3.31 -,- 0.11 0.23 ± 0.02 0.53 +- 0.05 0.27 ± 0.02 

VB-lesion 1.55 ± 0.07* 0.22 -,- 0.01 0.56 ± 0.02 0.29 + 0.03 

The influence of bilateral lesions of the ventral noradrenergic bundle (VB) upon levels 
of noradrenaline and dopamine in hypothalamus and cortex. 

Mean _+ S.E.M. indicated. N as follows: shams (20) and lesions (25). 
Significance of lesion vs. sham difference indicated (Student's two-tailed t-test). 
*p<0.001. 

in both lesioned and sham rats. An analysis of  variance 
(ANOVA) revealed a significant group-drug interaction, in 
each case, for peripheral squares, F(1)= 13.03,p<0.001, cen- 
tral squares, F(1)=5.68, p<0.02,  rearing, F(1)=7.07, 
p<0.01,  and immobility, F(1)=15.74, p<0.001, but not for 
grooming, F(1)=0.64, p>0.05. These ANOVA demonstrate 
that pimozide is significantly more effective in blocking the 
activity o i  lesioned as compared to sham animals, whereas 
they do not differ as concerns its influence upon grooming. 
Pimozide at 0.5 mg/kg, thus, abolishes VB-lesion-evoked 
open-field hyperactivity. Indeed, additional studies showed 
that a lower dose of  0.25 mg/kg also decreased the VB- 
hyperactivity as indicated in Table 2. Relative to vehicle- 

treated VB-lesioned rats, 0.25 and 0.5 mg/kg pimozide de- 
creased peripheral square crossings by, respectively, 
45.0-+4.2% and 80.3___5.9% and rearing by, respectively, 
32.1---3.9% and 69.4_+4.7%. Thus, 0.5 mg/kg was more effec- 
tive than 0.25 mg/kg although an interpretation of  dose- 
dependency should be made only cautiously since independ- 
ent batches of rats were used for the respective doses. 

Finally, as shown in Table 3, the c~-noradrenergic 
antagonist, phentolamine (5 mg/kg) failed to influence the 
behaviour of  either sham or lesioned rats. This indicates the 
selectivity of  the pimozide action and that this hyperactivity 
does not reflect a compensatory enhanced functioning of any 
residual undestroyed VB fibres. 
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T A B L E  2 

Peripheral Grooming 
squares Rearing (see) 

Sham vehicle (8) 18.6 + 3.1 10.1 "_ 2.0 16.4 z 4.2 
pimozide (10) 13.7 , 3.2 7.9 "_ 0.7 12.2 _+ 4.7 

VB-lesion vehicle (10) 44.8 + 4.9- 18.7 -_ 1.5" 17.8 ± 3.0 
pimozide(10) 24.7 _+ 4.3t 12.7 + 1.6" 12.6 ~ 4.4 

The influence of pimozide (0.25 mg/kg) upon the open-field behaviour of rats sub- 
jected to either sham operations or lesions of the ventral noradrenergic bundle (VB). 

Mean _+ S.E.M. indicated. Significance of BV-lesion (vehicle) vs. sham (vehicle) 
and VB-lesion (pimozide) vs. VB-lesion Ivehicle) differences indicated (Student's 
two-tailed t-test) *p~:0.05, -p<O.Ol. 

T A B L E  3 

Peripheral Grooming 
squares Rearing (sec) 

Sham Saline (7) 14.0 ~ 2.6 16.2 , 2.9 20.9 , 5.3 
Phentolamine (7) 12.1 _'_ 2.4 16.9 , 2.3 15.8 ÷ 3.6 

VB-lesion Saline (7) 29.6 + 4.3t 27.4 z 2.1 '~ 14.9 = 3.2 
Phentolamine (8) 35.4 _+ 4.7 25.6 ± 2.7 15.5 , 2.7 

The influence of phentolamine (5 mg/kg) upon the open-field behaviour of rats sub- 
jected to either sham operations or lesions of the ventral noradrenergic bundle (VB). 

Mean ~_ S.E.M. indicated. Significance of VB-lesion (saline) vs. sham (saline) differ- 
ences indicated. (Student's two-tailed t-test). 

*p <0.05, tp<0.001. 

DISCUSSION 

Des t ruc t ion  of  the VB resu l ted  in an open-f ie ld  hyperac -  
t ivity in conf i rma t ion  of  ear l ie r  repor t s  I I l l  and indica t ing  
tha t  the  VB plays a role in the  con t ro l  of  open-f ie ld  be- 
hav iour .  T h e s e  da ta  are cons i s t en t  wi th  p rev ious  behav ioura l  
s tudies  of  the role of  no rad rene rg i c  n e t w o r k s  in the con t ro l  
of  l ocomoto r  act ivi ty  [2, 3, 6, 8, 131. P imozide  a t t enua t ed  this  
hype rac t iv i ty  sugges t ive  of  its media t ion  via a dopamine rg ic  
ne twork  and  s tudies  o f  the  sexual  b e h a v i o u r  of  VB- les ioned  
rats  and  the i r  r e sponse  to neuro lep t i c s  and dopamine rg ic  
agonis ts  have ,  similarly,  ind ica ted  that  des t ruc t ion  of  the VB 
may lead to a faci l i ta t ion of  dopaminerg ic  t r ansmis s ion  [2, 3, 
8, 16]. The  VB poss ib ly  suppl ies  a mino r  input  to the sub- 
s tan t ia  nigra but  does  not  projec t  to the  s t r ia tum [9,121. 
Fu r the r ,  b i la tera l  les ions  o f  the VB do not  a l ter  nigral or 
striatal levels of  dopamine  [12] and VB-les ioned rats do not  
reveal  any s tereotypy.  Thus ,  the nigro-striatal  pa thway is un- 
likely to be a med ia to r  of  VB-hyperac t iv i ty .  In contras t ,  the VB 
pro jec t s  to  the  origin and te rmina l  fields ( such  as the  nuc leus  
a c c u m b e n s )  of  the meso l imbic  sys t em,  the ma jo r  dopamine r -  
gic pa thway  for l o c o m o t o r  s t imula t ion  [9,12]. Les ions  o f  the 
VB,  indeed,  deple te  N A  f rom the nuc leus  a c c u m b e n s  112]. 
Fur the r ,  mic ro in jec t ions  of  N A  into the  vent ra l  t egmenta l  
area  or  a c c u m b e n s  p roduce  a l ocom ot o r - dep r e s s ion  [2,131 
while VB- les ions  appea red  to e n h a n c e  dopamine rg ic  act ivi ty  

in the  fo rmer  (but  not  the lat ter)  region [121. These  obse rva -  
t ions  focus  a t t en t ion  on  the meso- l imbic  dopaminerg ic  net- 
work  as a poss ib le  med ia to r  of  the VB-les ion  elicited 
hyperac t iv i ty .  

The  p resen t  da ta  p rov ide  nove l  e v i d e n c e  that  an interac-  
t ion b e t w e e n  noradrenerg ic  and  dopaminerg ic  pa thways  is of  
s ignif icance in the  regula t ion of  b e h a v i o u r  I1]. U n d e r  s t ress ,  
as compr i s ed  by the  open-f ie ld  [10], such  an in te r re la t ionsh ip  
was pos tu la ted  as o f  par t icular  impor t ance  111. Moreove r .  
ce r ta in  b iochemica l  s tudies  conc luded  that  no radrenerg ic  
ne tworks  may  modula te ,  and  poss ib ly  inhibit ,  the act ivi ty of 
dopamine rg ic  pa thways  [1, 4, 12]. 

A major  cr i ter ion of  a potent ia l  animal  model  of  mania  is 
the  o c c u r r e n c e  of  a l ocomoto r  hyperac t iv i ty  117]. Pimozide  
pos se s se s  an t i -manic  p roper t i e s  in man  [151 and  an over-  
act ivi ty  o f  dopaminerg ic  t r an smi s s ion  has  been  impl icated as 
a causa t ive  fac to r  in man ia  115,17]. It may,  thus ,  be tenta-  
t ively sugges ted  that  a fu r the r  cha rac t e r i za t ion  of  VB- les ion  
evoked ,  p imoz ide -b lockab le  hyperac t iv i ty  might  reveal  a 
novel  and ins t ruc t ive  animal  model  of  mania .  
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