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KOSTOWSKI, W., M. JERLICZ, A. BIDZINSKI AND M. HAUPTMANN. Behavioral effects ofneuroleptics, apomorphine 
and amphetamine after bilateral lesion of the locus coeruleus in rats. PHARMAC. BIOCHEM. BEHAV. 7(4) 289-293,  
1977. - Bilateral lesions of the locus coeruleus (LC) markedly increased susceptibility to the cataleptogenic effects of 
neuroleptics. The apomorphine-induced stereotypy was enhanced in rats with lesioned LC whilst amphetamine stereotypy 
was only slightly increased. No changes in locomotor activity have been observed in LC-lesioned rats treated with 
apomorphine and amphetamine. This data indicates that lesions of the LC produce decreased activity of dopaminergic 
brain neurons as well as supersensitivity of dopaminergic receptors. 
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THE LOCUS coeru leus  (LC) des igna ted  as cell group A-6 
[10]  con ta ins  no rad rene rg ic  cell bod ies  giving a diffuse 
ascending  p ro j ec t i on  to cor t ica l  and  p r o b a b l y  to some 
subcor t i ca l  bra in  areas [ 2 6 , 4 5 ] .  N e u r o a n a t o m i c a l l y  the  LC 
is classified as a par t  of  the  re t icu lar  f o r m a t i o n  [ 3 7 ] .  It is 
possible  t ha t  the  n o r a d r e n a l i n e  (NA) con ta in ing  n e u r o n s  of  
t]~e LC and  the i r  ascending  fibres make  up an i m p o r t a n t  
par t  of  the  ascend ing  re t icular  ac t iva t ing  sys tem [ 2 6 ] .  
There  is ev idence  t h a t  LC is i m p o r t a n t  for  i n d u c t i o n  and  
m a i n t e n a n c e  of  pa radox ica l  sleep and waking  [7, 21, 22 ] .  
1;recently, the  possible  i nvo l vem en t  of the  LC in m o t o r  
act ivi ty  regula t ing  processes  has been  emphas i zed  by some 
inves t iga tors  [ 11 ,32] .  Pyckok  et al. [32]  and Mc Donald-  
son et al. [ 11 ] r epo r t ed  t ha t  un i la te ra l  lesions of this  area 
resul t  in ipsi la teral  r o t a t i o n  wh ich  is t hen  replaced by  
con t ra la te ra l  ro ta t ion .  Moreover ,  in rats  wi th  uni la te ra l  LC 
lesion the  r o t a t i o n  p roduced  by  a p o m o r p h i n e  is con t ra -  
versive to the  les ioned site. This  e f fec t  m ay  be due to a 
decrease in ipsi lateral  n ig ros t r i a ta l  ac t iv i ty  and  conse-  
quen t ly  - due to supersens i t iv i ty  of  the  dopamine rg i c  
recep tors  [ 11 ,46] .  On the  basis of  this  f ind ing  the  lesion of  
the LC was p o s t u l a t e d  as causing i n t e r r u p t i o n  of  a 
facil i tat ive NA f low to the  n igros t r ia ta l  pa thway .  

There  are some e x p e r i m e n t a l  da ta  ind ica t ing  tha t  NA 
may  act as a t r a n s m i t t e r  in the  region of  the  subs t an t i a  
nigra where  the  d o p a m i n e  (DA) con ta in ing  cell bodies  
giving ascending  axons  to the  s t r i a tum are loca ted .  The  
measurab le  quan t i t i e s  of  NA in this  area as well as the  NA 
nerve t e rmina l s  have been  found  [ 12 ,14] .  

Some pha rmaco log ica l  evidences  ind ica te  ind i rec t ly  t ha t  
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bra in  DA synthes i s  and  u t i l i za t ion  may  be regula ted  
t h r o u g h  changes  in NA n e u r o t r a n s m i s s i o n  [ 1 ,2] .  

In an a t t e m p t  to  ob ta in  more  i n f o r m a t i o n s  a b o u t  the  
possible role of  the  LC in act ivi ty  of  bra in  DA sys tem we 
have s tud ied  the  ef fec ts  of  drugs a f fec t ing  DA pre- and 
pos t synap t i c  m e c h a n i s m s  in ra ts  wi th  bi la tera l  lesions of  the  
LC. In the  p resen t  s tudy  the  ca ta l ep togen ic  ef fec ts  of  some 
neuro lep t i c s  as well as a m p h e t a m i n e  and  a p o m o r p h i n e  
induced  s t e r e o t y p y  and  h y p e r m o t i l i t y  were analysed.  

METHOD 

Animals and Operations 

Male Wistar  rats  weighing 1 8 0 - 2 0 0  g were used.  Animals  
were h o u s e d  in m a c r o l o n  cages 42  × 24 × 20 cm ( 3 - 4  pe r  
cage) at  c o n s t a n t  r o o m  t e m p e r a t u r e  2 I°C and 60% humid-  
i ty.  Lab. s t andard  c h o w  and  wate r  were available ad lib. 
Rats  were anaes the t i zed  using chlora l  hyd ra t e  (300  mg k g '  
IP) and  the i r  heads  were pos i t i oned  in a S toe l t ing  stereo- 
taxic  appa ra tu s  wi th  the  incisors  base angled 5 ° d o w n w a r d  
f rom the  ho r i zon ta l .  The  coord ina te s  used for  p l a c e m e n t  of  
the  e lec t rode  tip in the  LC were:  P 1.6 m m  (pos te r io r  to  
the  in te raura l  l ine),  L 1.1 m m  (lateral  to  the  mid l ine )  and H 
2.6 m m  (above  the  in te raura l  l ine).  E lec t ro ly t ic  lesions were 
made  using an 0.25 m m  d i ame te r  stainless steel e lec t rode  as 
anode ,  varn ished  excep t  for  0.5 m m  at the  tip. A stainless 
steel  needle  inse r ted  in to  the  tail was the  ca thode .  Bilateral  
lesions of  the  LC were m a d e  using the  cu r r en t  of  2.0 m A  
for 5 - 6  sec del ivered t h r o u g h  the  anode .  Sham-ope ra t ed  
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FIG. 1. Schematical representation of lesions involving the locus 
coeruleus (1) and lesions located outside this area (2). CC 
cerebellar cortex, LC-  locus coeruleus, n td -  nucleus tegmenti 
dorsolateralis, n t m -  nucleus tractus mesencephalicus nervi trig- 
emini, pcs-  pedunculus cerebellaris superior, pbv-  nucleus para- 
brachialis ventralis, n V -  nucleus motorius nervi trigemini, rpo 

nucleus reticularis pontis oralis. 

FIG. 2. Frontal sections showing a representative lesions involved 
LC (A) and lesions located outside this area (B). 

animals were prepared by inserting the electrode 2 mm 
dorsal into this region yet  not  passing a current.  

Histological and Biochemical Examinations 

At the end of exper iments  animals were killed by 
decapi ta t ion,  their brains were quickly removed and dissect- 
ed by precoll icular section (caudally to hypothalamus) .  The 
brainstems were checked histologically after f ixat ion in 
10% Formalin,  the sections were stained with haematoxyl in  
and eosin and by the Kltiver-Barrera technique [23] .  

Biogenic amines levels were measured in separate group 
of  animals. The extract ion and f luor imetr ic  de te rmina t ion  
of  brain amines was carried out basically according to 
Haubrich and Denzer [ 17],  the only difference being that 
5-HT was determined according to Korf  and Sebens [24] .  

Testing o f  Animals and Drugs 

The effects of drugs were tested 8 - 9  days after lesions. 
The catalepsy and s te reo typy were scored using me thods  
described elsewhere [16 ,25] .  The general mo to r  activity 
was measured using the Activi ty  Meter Type  AM-l ,  IBP 
PAN licence, Poland. 

The fol lowing drugs were used: apomorphine  hydro-  
chloride (Sandoz),  d-amphetamine  sulphate (Smith,  Kline 
and French) ,  ch lorpromazine  (POLFA),  haloper iodol  
(Janssen) and spiroperidol  (Janssen). All drugs except  
haloperidol  and spiroperidol  were dissolved in saline. The 
last drugs were dissolved by heating in 0.01 N tartaric acid 
and adjusted to pH 3.0. The doses and routes  of  administra- 
t ion are detailed with results of  exper iments .  All experi- 
ments  were per formed always be tween  10:00 a.m. and 2:00 
p.m. 

Statistics 

Statistical analysis was made using the Mann and 
Whitney two-tailed test (behavioral  exper iments)  and Stu- 
dent 's  t-test, two-tailed (biochemical  experiments) .  

RESULTS 

Locations o f  Lesions 

Histological examinat ions  conf i rmed that the lesions of 
the LC were mainly restr icted to this area medial ly to the 
superior cerebellar peduncle  and mesencephal ic  root  nu- 
cleus of trigeminal nerve, the edge parts of these structures 
were, however ,  also lesioned (Fig. 1). In some animals 
lesions were not  accurately posi t ioned and involved no LC 
but structures such as the nucleus motor ius  nervi trigemini,  
nucleus parabrachialis ventralis and partially,  nucleus reti- 
cularis pontis  oralis. If  number  of  rats having such lesions 
was sufficient the separate group was formed and compared 
with sham-lesioned and LC-lesioned animals. The represent- 
ative lesions involving the LC and lesions located outside of  
this area are shown in Fig. 2. 

Biochemical Examinations 

Rats with lesions located within the LC showed signifi- 
cantly decreased forebrain NA levels wi thout  changes in DA 
and 5-HT concentrat ions.  Lesions not  involving the LC 
failed to change brain amines concentra t ions  (Table 1). 

Tes ring o f  Drugs 

As shown in Fig. 3 lesions involving the LC markedly  
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T A B L E  1 

BRAIN AMINE CONCENTRATIONS IN LESIONED AND CONTROL (SHAM- 
LESIONED) ANIMALS 

Experimental 
group 

Forebrain concentrations ng/g ' 
(mean values _+ SE) 

Serotonin Noradrenaline Dopamine 

Sham-lesioned 6 514.1 _+ 56.6 339.4 _+ 1 2 . 3  1076.1 -- 81.0 

LC lesions 7 534.1 - 48.6 175.4 +_ 17.0" 983.3 _+ 117.6 

Lesions not 
involving LC 5 627 _+ 43.8 293.3 _+ 40.3 1138.8 ± 63.8 
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FIG. 3. Cataleptogenic effects of neuroleptics in rats. CPZ-chlor- 
promazine (5 mg kg -t IP), SP-spiroperidol (1.5 mg kg -1 IP) and 
HP-haloperidol (0.5 mg k g '  IP). o o bilateral lesions involving 
L,C, • • lesions not involving LC, z~ ~ sham lesions. Values 
are means of 8-12  experiments _+ SE. Ordinate-the intensity of 
catalepsy (scored), abscissa-time after injection in minutes. * = 

p<0.05, ** = p<0.025 (Mann and Whitney, two-tailed). 

p o t e n t i a t e d  the ca ta leptogenic  effect  o f  neurolept ics .  This 
was true for ch lo rop romaz ine  (5 mg kg-' IP) as well as for  
the b u t y r o p h e n o n e  derivat ives-haloperidol  (0.5 mg kg - '  IP) 
and spiroper idol  (1.5 mg kg-'  IP). Lesions no t  involving the 
LC caused no changes in ch lo rp romaz ine - induced  catalepsy.  

S t e reo typy  was increased in rats wi th  lesioned LC, this 
effect ,  however ,  was m u c h  s t ronger  in apomorph ine - t r ea t ed  
rats than in amphe t amine - t r ea t ed  animals (Fig. 4). 

No changes in b o t h  - amphe tamine - induced  hyper-  
mot i l i ty  and apomorph ine - induced  hype rmo t i l i t y  were ob- 
served in rats af ter  lesions of  the LC. 

DISCUSSION 

The results of our experiments indicate that bilateral 
lesions of the NA system of the LC lead to increased 
cataleptogenic actions of neuroleptics as well as to enhance- 
rnent in apomorphine and amphetamine stereotypy. The 
locomotor actions of amphetamine and apomorphine was 
unchanged. 

Neuroleptics are thought to act primarily by blocking 
brain DA and NA receptors and by decreasing the release of 
DA from nerve terminals  [3, 4, 36, 4 1 , 4 8 ] .  These drugs are 
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FIG. 4. The stereotype behavior induced by apomorphine (APO) 
(10 mg kg - '  IP) and amphetamine (AMPH) (10 mg kg-' IP). 
Ordinate-the intensity of stereotypy (scored), abscissa-time after 
injection in mins. * = p<0.025, ** = p<0.01. Values are means of 
6 - 8  experiments -+ SE. o o bilateral lesions of the LC, • • 

lesions not involving LC, zx ~ sham lesions. 

also k n o w n  to induce an increase in dopamine  turnover  as 
possible compensa t i on  to their  r ecep to r  b locking activity 
[3, 4, 6 ] .  It is generally accepted  tha t  b u t y r o p h e n o n e  
derivatives such as haloPer idol  and spi roper idol  have little 
effect  on NA receptors  when  compared  wi th  chlorpro-  
mazine [3 ] .  The behavioral  effects  of  neurolept ics  are 
markedly  enhanced  by the tyros ine  hydroxy lase  inhibi tor ,  

methy l -p- ty ros ine  (AMT) [5 ] ,  the  drug blocking the  
synthesis  of  b o t h  NA and DA [42] .  The po ten t ia t ing  
effects  o f  AMT on the act ion of  neurolept ic  drugs is 
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p r o b a b l y  due to its i n h i b i t i o n  of  neu ro lep t i c - induced  
increase in ca t echo lamine  tu rnover ,  t h e r e b y  reduc ing  the  
a m o u n t  of  amine  available to  c o m p e t e  wi th  the  neu ro lep t i c  
drugs for  r ecep to r  sites [ 5 ] .  On the  basis of  this  f ind ing  we 
may  suppose  t h a t  e n h a n c e m e n t  of  neu ro lep t i c - induced  
cata lepsy a f te r  b i la tera l  lesions of  the  LC is due to  reduc ing  
the  act ivi ty  of  the  DA bra in  neurons .  Since cata lepsy 
induced  by  neuro lep t i c  drugs is ma in ly  due to  the i r  ac t ion  
u p o n  DA nigro-str iatal  sys tem it m a y  be possible  t ha t  lesion 
of the  LC leads to a decreased impulse  f low in the  DA 
nigro-str iatal  neurons .  

The  resul ts  ob t a ined  wi th  a p o m o r p h i n e  and a m p h e t a -  
mine  suppor t  this  hypo thes i s .  It is possible  tha t  increased 
a p o m o r p h i n e  and a m p h e t a m i n e  s t e r e o t y p y  in ra ts  wi th  
les ioned LC is because  of  increased sensi t ivi ty  of DA 
nigro-str iatal  receptors .  A n u m b e r  of  workers  have suggest- 
ed tha t  s t e r e o t y p y  is med ia t ed  t h r o u g h  DA neu r ons  whils t  
b o t h  DA and NA neu r ons  seem to be  re la ted  to l o c o m o t o r  
behav ior  [15,  29, 33,  34,  43,  4 4 ] .  A m p h e t a m i n e  acts 
t h r o u g h  e n d o g e n o u s  ca t echo lamines  whils t  a p o m o r p h i n e  
acts main ly  di rect ly  u p o n  pos t s ynap t i c  DA receptors  
[ 1 3 , 2 8 ] .  It is wor thwh i l e  to  po in t  ou t  t h a t  increased 
a p o m o r p h i n e  effects  have been  observed in ra ts  wi th  
les ioned DA nigros t r ia ta l  sys tem [ 3 1 , 4 6 ] .  Similar effect  
was observed af te r  i n t r aven t r i cu la r  adm i n i s t r a t i on  of  
6 - h y d r o x y d o p a m i n e  [39]  the  c o m p o u n d  which  selectively 
des t roys  ca t echo l amine -con t a in ing  nerve- te rmina ls  [ 20,3 8 ] .  
Schoenfe ld  and Ure tsky  [39]  have observed the  e n h a n c e d  
effects  of  1 - D O P A  ( 3 , 4 - d i h y d r o x y p h e n y l a l a n i n e )  in rats  
t r ea ted  wi th  6 - h y d r o x y d o p a m i n e .  All ef fects  descr ibed 
above may  be exp la ined  as a sign of  DA recep tors  
hypersens i t iv i ty  [ 4 0 , 4 7 ] .  The a p o m o r p h i n e - i n d u c e d  stereo- 
typy  was in our  s tudy  p o t e n t i a t e d  to  a m u c h  greater  
e x t e n t  t h a n  a m p h e t a m i n e - i n d u c e d  s t e reo typy .  This  phe-  
n o m e n o n  may  be expla ined  on  the  basis of  well k n o w n  
pos t synap t i c  site of  ac t ion  of  a p o m o r p h i n e  in con t r a s t  wi th  
the  p resynap t i c  site of ac t ion  of  a m p h e t a m i n e  [ 6 ] .  The  
slight e n h a n c e m e n t  in the  a m p h e t a m i n e  s t e r eo typy  in- 
dicates t ha t  the  a m o u n t  of DA released by  this  drug was 

suff ic ient  to  p roduce  the  behaviora l  effect  s t ronger  t h a n  
normal ly .  

It is n o t e w o r t h y  tha t  l o c o m o t o r  effects  of  b o t h  amphe t -  
amine  and  a p o m o r p h i n e  were similar in sham-les ioned  and  
in LC-lesioned rats.  This  f inding indica tes  tha t  ca techol -  
amine  n e u r o n s  con t ro l l ing  this  behaviora l  p a t t e r n  r ema ined  
r a the r  unchanged .  It is k n o w n  tha t  p r e t r e a t m e n t  wi th  
d o p a m i n e - h y d r o x y l a s e  i nh ib i t o r s  such as FLA-63 (bis- 
4 -me thy l - l -homopipe raz iny l -d i su lph ide )  and U-14 624,  
be ing  a c c o m p a n i e d  by  a decrease in NA bra in  c o n t e n t  
a f fec ted  only  par t ia l ly  or no t  at  all a m p h e t a m i n e - i n d u c e d  
l o c o m o t o r  act ivi ty  [6, 8, 15, 18] .  On the  o t h e r  hand  
p r e t r e a t m e n t  of  mice and ra ts  wi th  AMT blocks  the  
increased l o c o m o t o r  act ivi ty and  s t e r eo typed  behav io r  
p roduced  by  a m p h e t a m i n e  [ 1 5 , 4 4 ] .  In con t ras t  to results  
ob t a ined  wi th  FLA-63 and U-14,  624,  d i e thy ld i th ioca r -  
bama te ,  wh ich  acts  at  least  in par t  to  inh ib i t  DA hydro-  
xylase did b lock  the  increase in l o c o m o t o r  act ivi ty  induced  
by  a m p h e t a m i n e  [ 3 5 ] .  

Accord ing  to our  f indings it may  be conc luded  tha t  
bi la teral  lesions of  the  LC lead to decreased nerve impulse  
f low in DA neu rons  and  to increased sensi t ivi ty of DA 
receptors .  Therefore ,  it may  be p r o b a b l e  tha t  LC normal ly  
faci l i ta tes  the  DA neurons  in the  brain.  There  is open  
ques t ion  w h e t h e r  o the r  t han  nigro-str ia tal  DA neu rons  may  
be func t iona l ly  c o n n e c t e d  wi th  LC. Recen t  s tudies  provide  
evidence tha t  so-called meso l imbic  dopaminerg ic  sys tem 
plays an i m p o r t a n t  role in the  l o c o m o t o r  ac t iv i ty  in rats  [9, 
1 9 , 3 0 1 .  

It is also wor thwhi l e  no t ing  tha t  a p o m o r p h i n e - i n d u c e d  
aggression in rats  is marked ly  p o t e n t i a t e d  af te r  bi la teral  
lesion of  the  LC (Kos towski  and  Jerlicz,  unpub l i shed) .  
Since DA is believed to be involved in the  m e c h a n i s m s  of 
aggression we may  suppose  tha t  no t  only  m o t o r  bu t  also 
emot ive  effects  of  DA sys tems are physiological ly  facili- 
t a ted  by NA neurons  of  the LC. Such an in t e rac t ion  
be tween  the  DA and NA neu rona l  sys tems migh t  be  of  
i m p o r t a n c e  for  mechan i sms  of  ac t ion  of  p s y c h o t r o p i c  
drugs. 
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