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FINK, H , R MORGENSTERN AND T OTT 2-Bromohsurtde, an ergot dertvanve, with dopamme antagontsnc and serotomn 
agomsnc propernes PHARMACOL BIOCHEM BEHAV 38(2) 321-325, 1991 - -The open-field test was used to study the involve- 
ment of dopammerg~c and serotonergtc mechamsms in the effects of 2-bromollsunde on locomotor activity in the rat 2-Bromohsu- 
nde produced a dose-dependent inhibition of spontaneous locomotor actr~ity Th~s is most hkely due to an antagonistic action at 
postsynaptic dopamme receptors Low doses of 2-bromohsunde potentiated apomorphme-mduced hypermotihty This potentiating 
effect was not medmted by a blockade of presynaptic dopamlne receptors, because it was not prevented by 6-OHDA lesmn of the 
nucleus accumbens The potentiating effect of 2-bromohsurlde was completely blocked by the serotonln antagonists cyproheptadme 
and ntansenn It ~s suggested that 2-bromohsunde possesses dopamlne antagonistic and serotonln agonistic propertms 

Apomorphme 2-Bromohsunde Dopamlne antagonist L~sunde Locomotor activity Rat Serotomn agomst 

THE derivat ive o f  h s u n d e ,  2-bromol isur ide  (Br-LIS) is the first 
ergot  c o m p o u n d  with an t idopammerg ic  propert ies.  This  was  evi- 
dent  f rom invest igat ions  assess ing  d o p a m m e  receptor  blocking 
act ions o f  drugs .  Thus  Br-LIS induces  cata lepsy in mice ,  antago-  
razes dopamine  agoms t - induced  s tereotyptes  in rats and mice ,  in- 
hibits locomotor  activity in rats,  an tagonizes  dopamlne  agonlst-  
induced locomotor  hyperact ivi ty  in rats and inhibits apomorph tne-  
induced hypo the rmla  in mice  (21,22).  

Further ,  Br-LIS s t imula tes  the dopamine  b iosyn thes i s  and 
D O P A C  format ion  in rat s t n a t u m  and l imbic sys tem,  reverses  the 
a p o m o r p h l n e - m d u c e d  inhibit ion o f  D O P A  accumula t ion  in these 
s tructures o f  "y-butyrolactone-pretreated rats and enhances  the 
prolactln secret ion in male  rats and m a n  (9, 10, 20, 21) 

In mos t  tests Br-LIS ts approximate ly  as potent  as ha lopendol .  
Taken  together,  all f indings  indicate that Br-LIS blocks pre- and 
postsynapt lc  dopamlne  receptors like a classical  neuroleptic (11). 
The  parent  subs tance  o f  Br-LIS,  l i sunde ,  is known to act as a 
central dopamlne  agonis t  at pre- and postsynapt ic  receptors and to 
display se ro tonm agonlst lc  propert ies,  too. This  complex  action 
o f  h s u n d e  was shown  in a large n u m b e r  o f  e lec t rophysiologtcal ,  
neurochemica l  and behavioral  s tudies  ( l ,  3, 7, 8, 14-18,  23 -25 )  
Therefore ,  the 2-bromlna ted  h s u n d e  derivat ive,  Br-LIS,  was ex- 
pected to inf luence central serotonergtc  m e c h a n i s m s ,  too. 

In previous  papers  we were able to demons t ra te  that locomo-  

tor activity is a suitable parameter  to reflect interactions be tween 
the serotonerglc  sy s t em and the m e s o h m b l c  dopaminerg ic  sys t em 
and to characterize psychotropic  drugs  with respect  to the trans- 
miss ion  sys t em primari ly  involved in their act ions  (4, 5, 12). 
Therefore ,  it was  o f  interest  to invest igate Br-LIS- lnduced loco- 
motor  effects  regarding a complex  invo lvement  o f  both serotoner-  
glc and dopaminerg lc  funct ions.  

METHOD 

Animals 

The exper imen t s  were per formed on male  Wis tar  rats (VEB 
Versuchs t le rprodukt ion  Schonwalde)  we igh ing  140-160  g. Th ey  
were housed  in groups  o f  10 an imals  per cage at a room temper-  
ature o f  22---2°C and a 12-h hght -dark  schedule .  The  rats re- 
ceived food and water  as required 

Measurement of Locomotor Activto, 

The exper iments  were c a m e d  out  be tween 8:00 a . m  and 
11 00 a .m.  and be tween 2 00 p .m.  and 4 00 p m.  in a soundproof  
room.  Prior to the exper iment  the an imals  were adapted to that 
room for at least 2 h Locomoto r  activity o f  rats in a new envi-  
ronmen t  was  measu red  In an open-f ield,  cons is t ing  o f  a 1 × I m 
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area surrounded by a 40 cm high wall. An array of 10 infrared 
hght beams thvided this area into 36 equal squares The detector 
signals, produced by lnterruptmg these photobeams, were fed into 
a digital logic providing a selective automatic counting of squares, 
crossed by the animal dunng a 5-mm observation period. Repet- 
rove mterruptxons of one photobeam induced by stereotyped be- 
havior, e.g.,  sniffing, rearing, or rotations were not registered 
Rats were used only once. 

Values are presented as the mean - standard error of the mean 
(SEM). Drug effects were assessed using Mann-Whitney U-test 
or Kruskal-Walhs H-test. 

Measurement of Stereotyped Behavior 

Stereotyples induced by apomorphme were recorded accord- 
ing to Wachtel et al. (22). One hour before experimentation indi- 
vidual rats were placed into acrylic glass cages (15 x 25 × 15 cm). 
Animals were given sahne or Br-LIS 30 min pnor  to apomor- 
phine. Ten mm after apomorphine or sahne the animals were ob- 
served for 2 mln for the presence of stereotyped behavmr  
(continuous sniffing, licking or gnawing movements for more than 
30 s wlthtn this ttme) by an experienced observer unaware of the 
previous treatment. StaUstlcal s~gnlficance was evaluated using 
two-way contingency table analysts. 

Drugs 

The following drugs were used" apomorphme hydrochlorlde 
(SPOFA), 2-bromolisuride (Br-LIS) (Scherlng AG, Berlin),  
cyproheptadine hydrochloride (Sharp & Dohme), deslpramlne hy- 
drochlonde (AWD), 6-hydroxydopamine hydrochlonde (6-OHDA) 
(Fluka), (SPOFA),  pargyhne hydrochloride (Fahlberg-Llst) ,  
ntanserm (Janssen) Rltanserin, 2-bromohsunde,  and cyprohepta- 
dme were generous gifts from the respective drug compames. All 
drugs were dtssolved in 0.9% NaCI, except 6-OHDA, which was 
dissolved in 0.1% ascorblc acid. All doses were calculated as the 
salt The inJection volume of mtrapentoneally (IP) administered 
drugs was l0 ml/kg body weight. The interval between the mjec- 
uon of drug and the commencement of testing was 7 mln for 
apomorphme, and 30 min for the other drugs. 

6-OHDA Admtmstratton 

Rats were anesthetized with sodium hexobarbltal (120 mg/kg 
IP) and posmoned in a stereotact~c apparatus after pretreatment 
with destpramine (25 mg/kg IP) and wtth pargyline (50 mg/kg 
IP). The neurotoxln 6-OHDA (8 ~g) or 0.9% NaC1 were admin- 
istered by means of a Hamilton txl synnge (CR 700-20) in vol- 
ume of 0.5 i~1 over a period of 2 mm. The mjectton cannula had 
an outer dtameter of 0.23 mm. The coordinates of the cannula tip 
were, according to Komg and Klippel for the nucleus accumbens 
A = 9 . 4 ,  L =  1.2, D V =  - 1.0. Lesion was performed bilaterally 
One week after surgery the behavioral experiments were camed  
out Rats were killed after the expenment  for histological examt- 
nation Data were discarded if the lesion was not m the nucleus 
accumbens. 

RESULTS 

Figure 1 shows that Br-LIS mduced a dose-dependent decrease 
of locomotor activity of rats. The mintmum dose of Br-LIS effec- 
tive in depressing locomouon was 0.06 mg/kg (p<0.05) .  The ef- 
fect of this dose of Br-LIS on apomorphlne-lnduced locomotor 
effects is illustrated in Fig. 2. Apomorphme mduced in low doses 
a weak locomotor mhlbiuon, m htgher doses a strong locomotor 
stimulation. A further mcrease of doses of apomorphme led to a 
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HG 1 Dose-dependent mhlbmon of locomotor acnvlty produced by m- 
creasing doses of Br-LIS Crossed squares of an open-field were counted 
for 5 mm Bars represent means--_ SEM n = number of rats *p<0 05 
versus control (NaCI) 

decrease of locomotor stimulation due to the occurrence of com- 
peting behavior. The rats showed stereotyples, e.g.,  rearing, 
grooming and sniffing. Br-LIS produced a potentiation of the lo- 
comotor effects reduced by higher doses of apomorphine 

To determine the dose range of Br-LIS that influences the 
apomorphme hypermotlhty, the effect of increasing doses of Br- 
LIS on hypermotihty induced by 2 mg/kg apomorphlne was in- 
vestigated. As shown m Fig. 3 Br-LIS m doses of 0.03 mg/kg 
and 0.06 mg/kg potentiated the apomorphine hypermotlhty, where- 
as doses above 0.09 mg/kg intublted the apomorphme hyper- 
motthty. 

Ftgures 4 and 5 show that cyproheptadme and n tansenn  sup- 
pressed completely the potentiating effect of Br-LIS on apomor- 
phine hyperlocomotion. The used doses of cyproheptadme and 
rltanserln did not alter spontaneous locomotor activity as well as 
apomorphine hyperlocomotion. 

Table 1 demonstrates that Br-LIS m doses of 0.03 mg/kg and 
0.06 mg/kg failed to influence stereotyped behavior induced by 
apomorphme m doses of 1 mg/kg and 2 mg/kg. Figure 6 shows 
that after chemical leston of dopaminergtc terminals wtthm the 
nucleus accumbens by 6-OHDA both spontaneous locomotor ac- 
tivity and apomorphlne hyperlocomotlon were slightly increased. 
Locomotor hyperactivity induced by apomorphlne plus Br-LIS 
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FIG 2 Influence of Br-LIS (0 06 mg/kg) on dose-response curve for 
apomorphme (APO)-mduced locomotor effects. Crossed squares of an 
open-field were counted for 5 nun. Data represent means --- SEM • 
Apomorphme, O apomorphme plus Br-LIS Number of rats used are 
shown m the figure *p<0 01 versus corresponding apomorphme values 
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FIG 3 Influence of increasing doses of Br-LIS on hyperlocomotlon in- 
duced by apomorphlne (APO) (2 mg/kg) Crossed squares of an open- 
field were counted for 5 nun Bars represent means-+SEM Stippled 
bar = apomorphme, open bars = Br-LIS, solid bars = Br-LIS plus apomor- 
phlne, n = number of rats *p<0 01 versus apomorphme 

FIG 5 Influence of ntansenn (RIT) (0 2 mg/kg) on Br-LIS-mduced po- 
tentmtlon of apomorphme (APO) hypermotlhty Crossed squares of an 
open-field were counted for 5 nun Bars represent means-+ SEM, n = 
number of rats *p<0 01 as indicated 

was strongly increased in comparison to sham-lesioned rats. Thus 
locomotor effects induced by apomorphlne and Br-LIS were not 
altered m quality by this lesion, i.e., the potentiating effect in- 
duced by Br-LIS was not affected 

DISCUSSION 

In the open-field test Br-LIS produced a dose-dependent inhi- 
bition of exploratory locomotor activity very similar to classical 
neuroleptics. As compared with our previously pubhshed data, on 
a molar base, Br-LIS was approximately as potent as haloperidol 
and somewhat more potent than phenothmzines (13). Our results 
are in a very good agreement with findings of Wachtel et al. (22) 
on the locomotor inhibitory effect of Br-LIS. This reduction m 
spontaneous locomotor activity and also the reduction of apomor- 
phme-mduced hyperlocomot~on by higher doses of Br-LIS seem 
to be due to the blockade of postsynaptlc dopamlne receptors in 
the mesohmb~c system, as it has been demonstrated in both neu- 

rochemacal and behavioral studies (11, 21, 22). However, the 
present study has shown that low doses of Br-LIS reduced a po- 
tentiation of apomorphine-induced hypermotility. In previous stud- 
les, using the same expenmental design, we investigated the effect 
of the classical neuroleptic halopendol m a low dose, which it- 
self &d not influence spontaneous locomotor acttvlty, on apomor- 
phlne-mduced hypermotility. In contrast to Br-LIS, haloperidol 
was found to reduce a parallel shift of the dose-response curve of 
apomorphine without any potentiation of apomorphme hypermo- 
tdtty (12). 

The potentiating effect of Br-LIS appears unlikely to be me- 
dtated by the antagomst action of Br-LIS at postsynaptlc mesohmb=c 
dopamine receptors. One explanation for this effect of Br-LIS 
may be tts induction by blocking presynapt~c dopamme receptors 
m the mesohmb~c system. 

TABLE 1 

INFLUENCE OF Br-LIS ON STEREOTYPED BEHAVIOR INDUCED 
BY APOMORPHINE 
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FIG 4 Influence of cyproheptadme (CYP) (0 1 mg/kg) on Br-LIS-ln- 
duced potentiation of apomorphme (APO) hypermotdlty. Crossed squares 
of an open-field were counted for 5 nun Bars represent means-SEM, 
n = number of rats *p<0.01 as indicated 

Treatment Stereotyped Behavior 

NaCI 0/20 

Br-LIS (0 03 mg/kg) 0/20 

Br-LIS (0 06 mg/kg) 0/20 

Apomorphme (1 mg/kg) 10/20 

Apomorphlne (1 mg/kg) + 12/20 
Br-LIS (0 03 mg/kg) 

Apomorphlne (1 mg/kg) + 10/20 
Br-LIS (0 06 mg/kg) 

Apomorphme (2 mg/kg) 28/30 

Apomorplune (2 mg/kg) + 20/20 
Br-LIS (0 03 mg/kg) 

Apomorphme (2 mg/kg) + 18/20 
Br-LIS (0 06 mg/kg) 

Values ln&cate number of rats displaying stereotyped behavior 
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FIG 6 Influence of 6-OHDA leszon of the nucleus accumbens on Br- 
LIS-lnduced potentmtlon of apomorphme (APO) hypennotthty Crossed 
squares of an open-field were counted for 5 mm Bars represent 
means-+ SEM. Open bars = sham-operated rats, striped bars = 6-OHDA- 
lesioned rats, n = number of rats *p<0 05 as indicated and apomorphlne 
plus Br-LIS m sham-operated rats versus apomorphme plus Br-LIS m 6- 
OHDA lesioned rats, respecuvely **p<0 005 as m&cated 

Therefore ,  6 - O H D A  les]on o f  the nuc leus  accumbens  was per- 
fo rmed  to dest roy the d o p a m m e  nerve te rminals  in this s tructure,  
wh ich  is known  to be main ly  involved m the induct ion and ex- 
press ion  o f  locomotor  effects .  However ,  the potentlat]ng effects  
o f  Br-LIS remained .  

Anothe r  explanat ion  for the potentmt]ng effect  o f  Br-LIS m a y  
be that Br-LIS affects  the mgros tna ta l  sy s t em and antagonizes  
a p o m o r p h l n e - m d u c e d  stereotyples and,  consequent ly ,  re]nstates 
the locomotor  actlvxty. Therefore ,  the inf luence o f  Br-LIS m 
doses ,  which  potentmted apomorph lne  hypermotdxty ,  on apomor-  

ph lne -mduced  stereotyped behavior  was  investigated.  Br-LIS failed 
to inf luence a p o m o r p h m e - m d u c e d  stereotypies.  Thus  we con-  
c luded that the potentiat ing effect  o f  Br-LIS is media ted  by an 
action on another  t r ansmiss ion  sys tem.  

In previous  s tudies  we found that se ro tonm agomsts  potenti-  
ate a p o m o r p h m e - m d u c e d  hype rmot ih ty  (4,5).  It has  been demon-  
strated that se ro tonm agoms t s  in low doses  act preferentmlly at 
soma todendn t l c  receptors  at serotonerg]c m]dbram raphe neurons ,  
thus reducing activity o f  the serotonerg]c sys t em [(2), see (4)]. 

Serotonergtc and dopammerg i c  sy s t ems  interact m mesohmb~c 
structures as the serotonerglc  sys t em inhibits dopam]nerglc  func-  
tion. Therefore ,  the consequence  o f  act ion o f  serotonin agomsts  
in low doses  Is an augmenta t ion  o f  dopamlne rg l c -mduced  hyper-  
motd]ty .  Since serotonln agonis ts  and Br-LIS are very similar  in 
their effects  a serotonin agonist ic  act ton o f  Br-LIS was a s s u m e d  

This  ]s also supported by the fact that Br-LIS ~s a denvat~ve 
o f  l i sunde ,  whtch  is known to be one o f  the mos t  potent  seroto- 
nln autoreceptor  agon]sts  (8,14).  To prove this idea the inf luence 
o f  serotonln an tagomsts  on Br-LIS- lnduced  potentiat ion effect  was 
invest igated.  Cyproheptad ine  was used  in a dose which  has  been 
shown  to antagonize  serotonerglc  locomotor  effects  (6). Addi-  
t ionally,  the potent  and more  specif ical ly act ing se ro tonm antag- 
onist  n t a n s e n n  was  included m this s tudy (19). Both sero tonm 
an tagoms t s  suppressed  the po ten tmtmg effect  o f  Br-LIS on apo- 
morph ine  hype rmot lh ty  comple te ly  This  sugges t s  a se ro tonm ag- 
oms t  act ion o f  Br-LIS.  Neurochem~cal  s tudies  are necessary  to 
clarify whether  the serotonln agoms t  act ion o f  Br-LIS is due to 
&rect  se ro tonm receptor s t lmulat]on or a func tmna l  effect .  

In s u m m a r y ,  our  data md]cate that the d o p a m m e  antagonist ic  
componen t  o f  Br-LIS appears  to predominate  under  normal  con- 
&txons, while  the seroton]n agon]st lc componen t  becomes  appar- 
ent  under  c o n d m o n s  when  the m e s o h m b l c  d o p a m m e  receptors 
are s t]mulated.  Taken  together,  behavtoral  m v e s u g a t | o n s  wtth Br- 
LIS sugges t  that this c o m p o u n d  represents  a l i sunde  denvatxve 
w]th a more  complex  neuropharmacolog]ca l  profile. 
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