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HONMA, T. AND H. FUKUSHIMA. Role of brain norepinephrine in neuroleptic-induced catalepsy in rats. PHARMAC. 
BIOCHEM. BEHAV. 7(6) 501-506 ,  1977. - Bis (4-methyl-l-homopiperazinylthiocarbonyl) disulfide (FLA 63) and 
diethyldithiocarbamate enhanced the catalepsy induced by haloperidol in rats. The norepinephrine (NE) content of the 
diencephalon in rats treated with haloperidol and FLA 63 was less than that in rats treated with haloperidol alone. The 
dopamine (DA) decrease in the striatum of haloperidol-treated rats was not altered by FLA 63. Intraperitoneally or 
intraventricularly administered phentolamine enhanced the catalepsy induced by haloperidol, and clonidine counteracted 
this effect. Propranolol failed to change haloperidol-induced catalepsy. FLA 63 enhanced the catalepsy induced by 
ID-4708 (a new butyrophenone compound) by an extent greater than that caused by haloperidol. ID-4708 was more 
potent in increasing the NE turnover than haloperidol. The combined administration of ID-4708 and FLA 63 produced a 
greater decrease in the NE content than the combination of haloperidol and FLA 63. These results suggest that the 
neuroleptic-induced catalepsy would be facilitated when the activity of the NE neurons is lowered or when a-receptors are 
blocked. A decrease in the activity of DA neurons or the blockade of the DA receptors is essential to elicite catalepsy in 
rats, and the function of NE neurons would play a role in regulating the degree of catalepsy. 

Catalepsy Dopamine Norepiniphrine Haloperidol ID-4708 Clonidine Phentolamine FLA 63 
Diethyldithiocarbamate 

N E U R O L E P T I C S  induce  ca ta lepsy in l a b o r a t o r y  animals ,  
and  this  act ivi ty  of  neuro lep t i c s  m ay  be an index  for  the  
e x t r a p y r a m i d a l  side effects  el ici ted by  neuro lep t i c s  in men  
[ 1 9 , 2 9 ] .  High doses of  neuro lep t i c s  decrease s t r ia ta l  dopa-  
mine  ( D A )  c o n t e n t  in rats  [ 1 4 , 2 3 ] ,  and  this  decrease  
appears  to  be re la ted  to the  in t ens i ty  and  t ime-course  of  
cata lepsy [ 1 7 ] .  It is k n o w n  tha t  Pa rk inson ' s  disease is 
associa ted wi th  a m a r k e d  decrease  of  s t r ia ta l  DA c o n t e n t  
[ 4 , 1 2 ] ,  t hus  e x t r a p y r a m i d a l  s y m p t o m s  in m e n  and the  
ca ta lepsy in e x p e r i m e n t a l  an imals  m ay  be due  to a 
def ic iency  of  s t r ia ta l  dopamine rg ic  func t i on .  The  ca ta lepsy  
induced  by  neuro lep t i c s  is e n h a n c e d  by a - m e t h y l p a r a t y r o -  
sine [9, 10, 2 6 ] .  Since a - m e t h y l p a r a t y r o s i n e  reduces  the  
c o n t e n t  of  b o t h  DA and NE [ 8 , 2 7 ] ,  it is no t  clear w h e t h e r  
the  decrease of  DA or t ha t  of  NE enhances  the  neuro lep t i c -  
i nduced  cata lepsy.  

In this  paper ,  we have s h o w n  t h a t  drugs which  relat ively 
m o d i f y  the  f u n c t i o n  of  NE neu r ons  m o d i f y  the  neuro -  
l ep t i c - induced  ca ta lepsy in rats.  

METHOD 

Animals and Experimental Conditions 

Male a lb ino  rats  (Wistar s t ra in) ,  weighing 1 9 0 - 2 0 0  g, 
were used. They  were a l lowed free access to  food  and  wa te r  
excep t  dur ing  the  tes t ing  procedures .  All e x p e r i m e n t s  were 
carr ied ou t  in a r o o m  at 26 ± I °C  and  55 _+ 5% h u m i d i t y .  

Assessment of  Catalepsy 

Groups  of  4 - 8  rats  were used for  assessment  of  
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cata lepsy [ 1 7 , 3 0 ] .  B o t h  paws of the  rat  were pu t  on  a 
h o r i z o n t a l  meta l  bar,  8.8 cm in he ight ,  and  the  ra t  was 
forced  to rest  on  h ind  legs only.  The  du ra t i on  of  this  
a b n o r m a l  pos i t ion  was measured ,  and  the  du ra t i on  was 
regarded as an in tens i ty  of  catalepsy.  When  cata lepsy lasted 
for  more  t han  300  sec, the  du ra t i on  was recorded  as 300  
sec. The  m e a n  and  SEM of the  du ra t i on  of  cata lepsy were 
calcula ted.  Doses and  t ime  schedules  are specif ied in the  
RESULTS.  

Measurement of  Catecholamine Content 

Rats  were decap i t a t ed  wi th  a gui l lot ine.  The  bra in  was 
rapid ly  r emoved  and  on  an ice-cold beake r  dissected in to  5 
parts :  s t r i a tum,  d i encepha lon  con ta in ing  t ha l amus  and  
h y p o t h a l a m u s ,  ce rebe l lum,  cor tex  and  remain ing  brain.  DA 
and  NE c o n t e n t s  in these  bra in  regions excep t  the  remain-  
ing bra in  were measu red  af te r  h o m o g e n i z a t i o n .  The  remain-  
ing bra in  was discarded.  Ca techo lamines  were ex t r ac t ed  and  
es t ima ted  quan t i t a t i ve ly  w i t h  s p e c t r o p h o t o f l u o r o m e t r i c  
assay [6 ] .  Recoveries  of  these  ca t echo l amines  added  to 
t issue h o m o g e n a t e  ranged be tween  60 and  80% t h r o u g h o u t  
the  expe r imen t s .  The c a t e c h o l a m i n e  c o n t e n t s  of  the  drug- 
t r ea t ed  rats  were r ep resen ted  as percen tages  of  the  m e a n  
c a t e c h o l a m i n e  c o n t e n t  of  the  con t ro l  group.  Doses and  
t ime  schedules  are specif ied in the  RESULTS.  

Microin/ection Experiments 

The rat  was p laced in a s tandard  s t e reo tax ic  i n s t r u m e n t  
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FIG. 1. Effects of diethyldithiocarbamate (upper graph) and FLA 
63 (lower graph) on the duration of catalepsy induced by 
haloperidol in rats. FLA 63 (FLA, 2 or 10 mg/kg) or diethylditlrio- 
carbamate (DDC, 80 or 320 mg/kg) was given IP to rats at 15 rain 
after the SC administration of haloperidol (HPD, 5 mg/kg). Instead 
of FLA and DDC, a 5% gum arabic solution was given to control 
rats pretreated with HPD alone. The duration of catalepsy was 
measured at 2, 4 and 8 hr after the administration of haloperidol. 
The mean and SEM of the duration of catalepsy were calculated. 
The vertical bars represent ± SEM. The statistical significances of the 
differences between the groups of rats treated with HPD + gum 
arabic and HPD + FLA or DDC were calculated using Student's 

t-test. *: 0.05>p. **: 0.01>p. 
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FIG. 2. Effects of FLA 63 and haloperidol (HPD) on the CA 
contents in 4 regions of rat brain. FLA 63 (2 mg/kg IP) was given to 
rats at 15 min after the administration of HPD (5 mg/kg SC). Rats 
were decapitated at 4 hr after the administration of HPD. CA 
contents are expressed as percentages of control groups. C: control. 
F: FLA 63. H: HPD. H+F: HPD + FLA 63. The vertical bars 
represent SEM. Statistical comparison was performed between H 
group and H+F group with t-test. NS: not significant. Mean DA 
contents of the striatum, cortex, diencepbalon and cerebellum of 
control group were 7.10, 0.134, 0.353 and 0.075 ug/g tissue, 
respectively. Mean NE contents of these 4 regions of control group 

were 0.213, 0.379, 0.720 and 0.274 ug/g tissue, respectively. 

under  sodium pen toba rb i t a l  (40 mg/kg IP) anesthesia.  The 
skull was exposed ,  and a guide cannula made  of  20 gauge 
stainless steel was chronical ly  implan ted  on the  right lateral 
ventricle:  an ter ior  7.8 mm,  lateral 1.2 mm,  according to the  
coord ina tes  of  De Groo t  [11 ] ,  and 4.0 m m  ventral  to the  
brain surface. The guide cannula was f ixed to the skull bone  
wi th  denta l  cement .  At  least 24 hr were al lowed for  
recupera t ion  before  tests  were made.  A 10 ~g phen to l amine  
was dissolved in 5 ul physiological  saline and in jec ted  to the  
right lateral ventricle th rough  an in ject ion cannula consis ted 
of  27 gauge stainless steel  pipe,  which p ro t ruded  a distance 
of  0.6 m m  be low the top  of  the guide cannula.  The 
in ject ion cannula was a t tached  to a microsyr inge with 
po lye thy lene  tubing.  The same volume of  saline was 
intraventr icular ly  given to con t ro l  rats. The rate of  infus ion 
was 1 ul /min.  Af te r  in jec t ion,  the  in ject ion cannula 
remained in the place for 1 min.  

Drugs 

The fol lowing drugs were micronized  prior to use and 
suspended  in 5% gum arabic solut ion:  Haloperidol ,  ID-4708 
(a new b u t y r o p h e n o n e  c o m p o u n d ,  4-[4-hydroxy-4-(3- t r i -  
f l  uo rome thy lpheny l ) -p ipe r id ino  ] -2 ' - amino-4 ' - f luorobu tyro-  
phenone .HC1)  [18] which were synthes ized  in our  labora- 
tory ,  and FLA 63 (K and K laboratories) .  The fol lowing 
drugs were dissolved in physiological  saline: Die thyld i th io-  
carbamate  (Nakarai Kagaku),  phen to l amine  (Ciba-Geigy),  
c lonidine (Tanabe Seiyaku) and propranolo l  (ICI). All drugs 
were given to rats in a volume of  1 ml /100 g body  weight 
except  for the intraventr icular  adminis t ra t ion .  Doses of  the 
drug are expressed in terms of  base. 

Statistics 

Statistical compar ison was pe r fo rmed  with S tuden t ' s  
t-test.  
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RESULTS 

Effects o f  FLA 63 and Diethyldithiocarbamate on the 
Catalepsy Induced by Haloperidol 

Groups  of  8 rats were given haloper idol  (5 mg/kg  SC), 
and 15 min later received F L A  63 or d ie thyldi th iocarba-  
mate (DDC) IP. The durat ion of  catalepsy was measured at 
2, 4 and 8 hr after the adminis t ra t ion of  haloperidol .  The 
mean durat ions of  catalepsy in rats are shown in Fig. 1. The 
catalepsy induced by haloper idol  was significantly en- 
hanced by F L A  63 or DDC. F L A  63 at 10 mg/kg  was more 
effect ive than at 2 mg/kg in enhancing the catalepsy. The 
enhancement  of  catalepsy by 320 mg/kg DDC was greater 
than that  by 80 mg/kg DDC. 

Effects o f  Haloperidol and FLA 63 on the Catecholamine 
Contents in the Rat Brain 

Each group of  rats received haloper idol  (5 mg/kg  SC), 
and 15 min later was injected with F L A  63 (2 mg/kg IP). 
Rats were decapi ta ted at 4 hr af ter  the adminis t ra t ion  of  
haloperidol ,  and the contents  of  DA and NE in four  parts 
of  the brain were est imated.  The mean ca techolamine  (CA) 
con ten t  of  vehicle- treated control  group was arbitrarily set 
to 100%. The mean CA contents  of  the drug-treated groups 
are shown in Fig. 2 as percentages of  CA contents  of  
control  group. The adminis t ra t ion o f  F L A  63 alone 
increased DA contents  in the cor tex ,  d iencephalon and 
cerebel lum by 4 2 - 6 1 %  and reduced NE contents  in these 3 
areas to 8 0 - 8 9 %  of CA contents  of  control  animals. F L A  
63 produced  a 5% increase in DA and a 5% decrease in NE 
in the s t r ia tum compared  to the CA contents  of  cont ro l  
rats. The fall in contents  of  DA and NE caused by 
haloper idol  alone was the greatest in the str iatum among 
the 4 brain regions. Trea tment  with F L A  63 did not  alter 
the DA conten t  in the s t r ia tum compared  to that  of  animals 
given haloper idol  alone. However ,  F L A  63 elevated DA 
levels in the cor tex,  d iencephalon and cerebel lum by 
4 1 - 7 4 %  compared  to those of haloper idol- t rea ted  animals. 
The combined  adminis t ra t ion of  haloper idol  and F L A  63 
caused a greater fall in the NE contents  in the 4 brain 
regions than the adminis t ra t ion of  haloper idol  alone. 

Effects o f  Clonidine, Phentolamine and Propranolol on the 
Catalepsy Induced by Haloperidol 

Groups of  8 rats were given haloper idol  (2 mg/kg SC), 
and 4, 5 and 6 hr later the dura t ion of  catalepsy was 
measured.  Clonidine (0.002 mg/kg),  phento lamine  (10 
mg/kg) or  propranolol  (10 mg/kg) was given IP to rats at 30 
min before the first assessment of  catalepsy. Other  groups 
of  4 rats with a guide cannula implanted  in the right 
ventricle were injected with haloper idol  (2 mg/kg  SC), and 
4, 5 and 6 hr later the dura t ion of  catalepsy was measured.  
A dose of  10 ug phen to lamine  was intraventr icular ly (IC) 
given to rats at 15 rain before the first assessment of  
catalepsy. The mean durations of  catalepsy are shown in 
Fig. 3. Clonidine significantly counte rac ted  the catalepsy 
induced by haloperidol .  On the o ther  hand, phen to lamine  
enhanced the catalepsy. Phento lamine  given IC also en- 
hanced the catalepsy, but the dura t ion of  its effect  was 
short.  Propranolol  did not  affect  the catalepsy. 

EfJect o f  FLA 63 on the Catalepsy Induced by ID-4708 

Groups of 8 rats were given ID-4708 or  haloper idol  (2 
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FIG. 3. Effects of clonidine, phentolamine and propranolol on the 
duration of catalepsy induced by haloperidol (HPD). Rats were 
given HPD (2 mg/kg SC) and 3.5 hr later injected with saline, 
clonidine (0.002 mg/kg IP), phentolamine (10 mg/kg IP) or 
propranolol (10 mg/kg IP). Other groups of rats were given HPD (2 
mg/kg SC) and administered 10 ~g phentolamine or its solvent 
(saline) intraventricularly (IC) at 15 min before the first assessment 
of catalepsy. The duration of catalepsy was measured at 4, 5 and 6 
hr after the administration of HPD. Differences between the 
treatments with HPD + saline and HPD + clonidine, phentolamine or 

propranolol were tested with t-test. *: 0.05>p. **: 0.01>p. 

mg/kg SC), and 15 min later received F L A  63 (2 mg/kg IP). 
The mean durations of  catalepsy are shown in Fig. 4. The 
durat ion of  catalepsy in rats t reated wi th  ID-4708 was 
slightly longer than that in haloper idol- t reated rats at 2 and 
4 hr af ter  the adminis t ra t ion of  neuroleptics.  However ,  the 
order  of  the intensi ty of  catalepsy induced by these two 
neuroleptics  was reversed at 8 hr after the administrat ion.  
F L A  63 enhanced the catalepsy induced by neuroleptics  at 
each t ime of  the assessment of catalepsy. Especially at 8 hr 
after the adminis t ra t ion,  FLA 63 caused a greater enhance- 
ment  of catalepsy in rats pretreated with ID-4708 com- 
pared to haloperidol- t reated rats. 

Effects o f  Combined Administration o f  ID-4708 and FLA 
63 on the Catecholamine Contents in the Rat Brain 

Groups of  6 rats were given ID-4708 or haloper idol  (2 
mg/kg SC), and 15 min later received F L A  63 (2 mg/kg IP). 
Rats were decapi ta ted for the measurement  of  DA in the 
s t r ia tum and NE in the diencephalon at 8 hr after the 
adminis t ra t ion of  neuroleptics .  The mean CA contents  are 
shown in Fig. 5 as percentages of  those of  control  rats. 
Haloperidol  produced a slightly greater fall in DA level in 
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FIG. 4. Effects of FLA 63 (FLA) on the duration of catalepsy 
induced by haloperidol (HPD) and ID-4708 (4708). FLA (2 mg/kg 
IP) was given to rats at 15 min after the administration of HPD (2 
mg/kg SC) or 4708 (2 mg/kg SC). Instead of FLA, its vehicle (5% 
gum arabic solution) was given to groups pretreated with HPD or 
4708 alone. Differences between the groups (HPD vs. HPD + FLA, 
4708 vs. 4708 + FLA) were tested with t-test. *: 0.05>p. **: 

0.01>p. ***: 0.001 >p. 

the  s t r i a tum than  ID-4708.  Ha loper ido l  and  ID-4708 
decreased the  NE c o n t e n t  in the  d i e n c e p h a l o n  to the  same 
ex ten t .  The  DA level in the  s t r i a tum of  rats  t r ea ted  wi th  
each of  these  two neu ro l ep t i c s  was no t  a f fec ted  by FLA 63. 
The  c o m b i n e d  a d m i n i s t r a t i o n  of  F L A  63 and  ID-4708 
caused a greater  fall in the  NE c o n t e n t s  c o m p a r e d  to the  
c o m b i n a t i o n  of  F L A  63 and  ha loper ido l .  

DISCUSSION 

The  presen t  e x p e r i m e n t s  show t h a t  the  ca ta lepsy in- 
duced  by  ha loper ido l  was e n h a n c e d  by  F L A  63 and  
d i e t h y l d i t h i o c a r b a m a t e  (DDC).  B o t h  F L A  63 and  DDC 
inh ib i t  the  ac t iv i ty  of  dopamine -~ -hydroxy la se  (DBH).  
In jec t ion  of these  c o m p o u n d s  reduces  the  bra in  N E 
c o n t e n t s  in mice  and  rats [5, 7, 2 8 ] .  In our  p re l iminary  
expe r imen t s ,  F L A  63 (2 mg/kg)  and DDC (80 mg/kg)  did 
no t  inh ib i t  the  e x p l o r a t o r y  behav io r  of  rats  in open-f ie ld  
test  [ u n p u b l i s h e d  obs e r va t i ons ] .  However ,  these doses of 
the  drugs e n h a n c e d  the  cata lepsy induced  by  ha loper ido l .  
These  f indings  show tha t  the  sedat ive ac t ion  of  DBH 
inh ib i to r s  is no t  a cause of  the  e n h a n c e m e n t  of  cata lepsy.  
The  a d m i n i s t r a t i o n  of  F L A  63 caused an increase  in DA 
and  a r e d u c t i o n  of  NE c o n t e n t  in the  cor tex ,  d i encepha lon  
and  cerebel lum.  F L A  63 possessed ne i t he r  NE u p t a k e  
b lock ing  act iv i ty  nor  any  i n h i b i t o r y  effects  on  m o n o a m i n e  
oxidase  act ivi ty  [ 7 ] .  These  resul ts  ind ica te  NE synthes is  is 
i n h i b i t a t e d  by  F L A  63 in vivo. F L A  63 p roduced  l i t t le  or  
no  change  of  CA c o n t e n t s  in the  s t r ia tum.  This  ineffect ive-  
ness of  F L A  63 would  be due to the  presence  of  
e n d o g e n e o u s  DBH inh ib i to r s  which  s t rongly  inh ib i t  t he  
DBH act iv i ty  in the  s t r i a tum [ 2 2 ] .  Our  data  suggest t ha t  
the  fall in the  act iv i ty  of  NE neu r ons  enhances  the  
ca ta lepsy induced  by ha loper ido l .  The  a d m i n i s t r a t i o n  of  
F L A  63 or p - c h l o r o p h e n y l a l a n i n e  did no t  p r oduce  cata- 
lepsy in rats  [1 7 ] ,  whereas  reserpine  p roduces  m o n o a m i n e  
dep le t ion  and  cata lepsy.  These  results  suggest t h a t  the  fall 
in the  act ivi ty  only  in NE or s e ro ton in  n e u r o n s  does no t  
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FIG. 5. Effects of combined administration of haloperidol (ttPD) or 
ID-4708 (4708) and FLA 63 (FLA) on the contents of DA in the 
striatum and NE in the diencephalon in rats. t"LA (2 mg/kg IP) was 
given to rats at 15 min after the administration of tlPD (2 mg/kg 
SC) or 4708 (2 mg/kg SC). Rats were decapitated at 8 hr after the 
administration of neuroleptics. The mean contents of DA and NF of 
control rats were 9.15 and 0.725 ug/g tissue, respectively. Differ- 
ences between control and drug-treated groups were tested with 
t-test and its results are shown above the column. Differences 
between the groups (HPD vs. HPD + FLA, 4708 vs. 4708 + t:LA) 
were tested with t-test and its results are shown in the column. NS: 

not significant. 

p roduce  catalepsy.  Neuro lep t ics  are t h o u g h t  to b lock  the  
DA receptors  in the  s t r i a tum [ 1 ]. Af te r  the  a d m i n i s t r a t i o n  
of  neuro lep t ics ,  the  syn thes i s  and  release of  DA are 
acce le ra ted  p r o b a b l y  t h r o u g h  a f eedback  ac t iva t ion  [2 ] .  If 
the  synthes is  of  DA is no t  acce lera ted  c o m p a r a b l y  to the  
acce le ra t ion  of  its release and des t ruc t ion ,  the  DA s tored  in 
the  nerve te rmina ls  will be r educed  gradual ly.  This  would  
be the  reason  for  the  r educ t i on  of  DA by the  adminis t ra -  
t ion  of  relat ively h igh doses of  ha loper ido l  in rats.  However ,  
a f u r t he r  inves t iga t ion  is requi red  for  the  exp lana t ion  of  
this  poin t .  

The ha lope r ido l - induced  catelepsy was e n h a n c e d  by 
p h e n t o l a m i n e  and  an tagon ized  by c lonidine .  P rop rano lo l  
had  no  effect  on it. As d e m o n s t r a t e d  previously ,  c lon id ine  
possesses a cen t ra l  a - s y m p a t h o m i m e t i c  ac t ion ,  and  phen to l -  
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amine antagonizes  the e f fec t  o f  c lonidine on EEG and 
behavior  in animals [15, 16, 25 ] .  There are data indicat ing 
that  p ropranolo l  may  possess an act ion in the central  
nervous sys tems  [ 13, 20, 21 ] .  Therefore ,  our  observat ions  
suggest that  the  catalepsy induced  by ha loper idol  is 

enhanced  by the b lockade  of  the central  a-adrenergic  
receptors ,  and an tagonized  by the  s t imula t ion  of  them.  A 
specific dep le t ion  of cerebral  NE by 6 - h y d r o x y d o p a m i n e  
significantly enhanced  the catalepsy induced  by  ha loper idol  
in rats [24 ] .  This result  suppor t s  the  idea tha t  the  func t ion  
of NE neurons  regulates the degree of  catalepsy.  F r o m  the 
lack of  ef fect  o f  p ropranolo l  on the catalepsy,  the 
t3-adrenergic recep tors  may no t  be involved in the  regulat ion 
of  catalepsy.  

F L A  63 enhanced  the catalepsy induced  by  ID-4708 by 
an ex t en t  greater  than  that  caused by haloper idol .  At the 
same t ime,  the decrease in NE con ten t  in rats t rea ted  wi th  
F L A  63 and ID-4708 was greater  than  that  in rats t rea ted  
wi th  F L A  63 and haloper idol .  The rapid disappearance of  
NE in rats t rea ted  wi th  F L A  63 in combina t i on  wi th  
neurolept ics  is due to the accelerated tu rnover  of  NE which 

is caused by neurolept ics  [3 ] .  ID-4708 wou ld  be more  
p o t e n t  in accelerat ing the tu rnover  of  NE in the  rat brain 
than  haloper idol .  This p rope r ty  of  ID-4708 may be the  
cause of  remarkable  decrease in NE co n t en t  and the 
p r o n o u n c e d  po ten t i a t i on  of  catalepsy when adminis te red  to  
rats with F L A  63. The d i f ferent  ef fect  of  F L A  63 on the 
catalepsy induced  by haloper idol  and I D 4 7 0 8  suppor t s  the 
idea that  the neuro lep t ic - induced  catalepsy is po ten t i a t ed  
by the decrease in the activity of  the  NE neurons .  

F r o m  our exper iments ,  it was conc luded  that  a decrease 
in the activity of  DA neurons  or the b lockade  of  DA 
receptors  is essential  to elicite catalepsy and that  the  
func t ion  of  NE neurons  play a role in regulating the degree 
of  catalepsy in rats. 
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