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BLACKBURN, T. P., B. COX, C. G. HEAPY AND T. F. LEE. Possible mechanism of 5-methoxy- 
N,N-dimethyltryptamine-induced turning behaviour in DRN lesioned rats. PHARMAC. BIOCHEM. BEHAV. 16(1) 
7-11, 1982.--5-Methoxy-N,N-dimethyltryptamine (5-MeODMT) (7.5 mg/kg SC) caused a contralateral turning in 
rats with a unilateral lesion of the dorsal raphe nucleus (DRN). This turning behaviour was blocked by pretreatment with 
putative 5-HT antagonists, methysergide, cyproheptadine and cinanserin. The peripheral 5-HT antagonist, xylamidine, also 
prevented the response to 5-MeODMT. Of the other neurotransmitter antagonists, only haloperidol was active, hyoscine, 
picrotoxin, naloxone and strychnine were ineffective. Pretreatment with a-methyl-p-tyrosine (a-MT) also significantly 
reduced the turning response to 5-MeODMT. These results indicate that a central dopaminergic system is involved in 
5-MeODMT-induced turning behaviour. This suggestion is supported by the finding that an ipsilateral turning in response to 
5-MeODMT was observed in the rats with additional 6-hydroxydopamine (6-OHDA) lesions of the medial forebrain bundle 
(MFB). The possible mechanisms by which 5-MeODMT induced turning in DRN lesioned rats are discussed. 
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TURNING behaviour in rats is commonly observed after 
unilateral brain lesions induced by either neurotoxin injec- 
tion or by electrothermal or radiofrequency damage. It can 
also be induced by direct injection of drugs into the basal 
ganglia (for reviews see [12,24]). A widely accepted expla- 
nation of this turning behaviour is that the lesion causes a 
functional imbalance in the dopaminergic systems of the two 
sides of the brain. 

Since Ungerstedt first proposed this hypothesis [31], 
much work has been carried out in an attempt to characterise 
the response and a variety of other neurotransmitters have 
been claimed to be involved [12,24]. We have previously 
reported that 5-HT can induce a turning response after a 
unilateral 5,7-dihydroxytryptamine (5,7-DHT) lesion of the 
dorsal raphe nucleus (DRN)of the rat [2]. Previous studies 
[13, 16, 29] have also reported rotational behaviour after 
lesions of raphe cell bodies or axons using different lesioning 
techniques. In our present study direct 5-HT agonists caused 
a contralateral turning, whereas indirectly acting 5-HT 
agonists caused an ipsilateral turning [2]. The contralateral 
turning may be explained by the existence of so-called 
supersensitive receptors in the substantia nigra of the 
lesioned side [1]. However, the precise functional role of 
5-HT in this region has not yet been finally established, al- 
though an electrophysiological study has shown that nigral 
neurones can be inhibited by iontophoretic application of 
5-HT [9]. Usually the turning behaviour, whatever the ini- 
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tiator, is finally mediated via a dopaminergic system. How- 
ever, recently the turning behaviour induced by direct injec- 
tion of GABAergic drugs into the substantia nigra has 
produced conflicting reports as to the involvement of 
dopamine [16, 17, 18, 28]. 

Therefore, the aim of the present study was to determine 
whether the 5-HT agonist, 5-methoxy-N,N-dimethyltryp- 
tamine (5-MeODMT), induced turning depends on a central 
dopaminergic system. It was also decided to investigate the 
possibility that other neurotransmitters were involved since 
a number of compounds can induce turning response after 
intranigral injection [23]. 

METHOD 

Surgical Procedures 

Adult male Alderley Park SPF strain rats ( 180--200 g) were 
used. The rats were anaesthetised with halothane (3% v/v 02) 
and a unilateral lesion of the DRN was made by means of a 
stereotaxic injection of 5,7-DHT (16 tzg salt/2 tzl 0.2% ascor- 
bic acid solution injected one hour after an IP injection of 
pargyline 50 mg/kg) using a David Kopf stereotaxic frame as 
described previously [2]. In some experiments a second le- 
sion was carried out in the rats by injecting 
6-hydroxydopamine (6-OHDA) (8 p~g/2/xl 0.2% ascorbic acid 
injected 30 min after an IP injection of desipramine 25 mg/kg) 
into the medial forebrain bundle (MFB) ipsilateral to the 
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TABLE 1 

EFFECTS OF 5-MeODMT ON THE TURNING BEHAVIOUR 
OF DRN LESIONED RATSt 

Drugs 

Mean total no. 
Dose of turns*/2 hr No. of animals 

(mg/kg SC) _+S.E. tested 

Saline - 11 ± 12 6 

5-MeODMT 1.0 +89 ± 25t 8 
5-MeODMT 2.5 + 122 + 515 9 
5-MeODMT 7.5 +231 -+ 45§ 13 
5-MeODMT 10.0 +273 + 67~; 24 

* + indicates contralateral turning and - indicates ipsilateral turn- 
ing with respect to the lesion side. 

Significant difference from saline controls, tp<0.05, ~p<0.01; 
§p <0.005. 

5,7-DHT lesion (co-ordinates: A P = l . 4  mm posterior to 
bregma, L = 1.7 mm, D=7.5 mm from dura, according to the 
atlas of Pellegrino and Cushman [23]). Sham-operated con- 
trol rats were prepared using the same procedure except that 
0.2% ascorbic acid replaced the neurotoxin injection. After 
completion of an experiment, histological verification of le- 
sion site and biochemical estimations of the selectivity of 
neurotoxin were carried out as previously described [2]. 

Behavioural Procedures 

On the fourth day after the DRN lesion all rats were as- 
sessed for turning behaviour by challenging with 
5-MeODMT (7.5 mg/kg SC). The turning behaviour was as- 
sessed in automated rotometers [3] and recorded at 10 min 
intervals after drug injection for a period of two hours. The 
lesion was considered successful (approximately 75% of 
animals lesioned) when a rat made at least 200 turns within 

the 2 hr assessment period. Drug-induced turning behaviour 
was then assessed with at least 72 hr intervals between suc- 
cessive drug injections for a period of up to 2 months. 
Sham-operated or control rats were tested with the same pro- 
cedure, Comparisons between simultaneously tested groups 
were made using the non-parametric Wilcoxon Signed Rank 
test. 

Drug Used 

Cinanserin oxalate (obtained as a gift from Dr. R. J. 
Pearce, ICI), cyproheptadine hydrochloride (Merck), desip- 
ramine hydrochloride (Geigy Pharmaceuticals), 5,7-DHT 
creatinine sulphate (Sigma), haloperidol (Serenace, Searl & 
Co., Ltd.), 6-OHDA hydrobromide (Sigma), hyoscine hy- 
drobromide (BDH), 5-MeODMT (Sigma), D,L-c~-methyl- 
tyrosine (c~-MT) methyl ester hydrochloride (Sigma), 
methysergide bimaleate (Sandoz), naloxone hydrochloride 
(Endo. Lab., Inc.), pargyline hydrochloride (Sigma), pic- 
rotoxin (Sigma) and strychnine sulphate (Macfarlane Smith). 
Drugs were injected IP in a dose volume of 1 ml/kg except 
5-MeODMT which was given SC. All doses refer to the free 
base unless otherwise stated. 

RESULTS 

E##eet of Serotonergic Antagonists on 5-MeODMT-lndueed 
Turning 

Subcutaneous injection of 5-MeODMT into DRN- 
lesioned rats caused a dose related contralateral turning be- 
haviour (Table 1). A submaximal dose of 5-MeODMT (7.5 
mg/kg) was then selected since the aim of this study was to 
examine the effects of various antagonist drugs at doses re- 
ported to inhibit drug-induced rotational behaviour. Intra- 
peritoneal pretreatment with the 5-HT antagonist, 
methysergide 10 mg/kg, cyproheptadine 5 mg/kg and 
cinanserin 10 mg/kg [20,29], significantly reduced the con- 
tralateral turning induced by 5-MeODMT (Table 2). A three 
hour pretreatment with the peripheral 5-HT antagonist, 
xylamidine 1 mg/kg [5], also reduced the turning response to 

TABLE 2 

EFFECTS OF 5-HT ANTAGONISTS ON 5-MeODMT-INDUCED 
TURNING IN DRN LESIONED RATS 

Drugs 

Mean total no. 
Dose Pretreatment of turns/2 hr 

(mg/kg SC) time (hr) ±S.E. 

5-MeODMT 7.5 236 ± 50 
5-MeODMT + 7.5 1 129 ± 33t 
methysergide 10.0 
5-MeODMT 7.5 233 + 21 
5-MeODMT + 7.5 

1 107 + 20* 
cyproheptadine 5.0 
5-MeODMT 7.5 255 _+ 26 
5-MeODMT + 7.5 

1 137  + 31" 
cinanserin 10.0 
5-MeODMT 7.5 230 ± 36 
5-MeODMT + 7.5 3 114 + 23* 
xylamidine 1.0 

Significant difference from appropriate controls, *p<0.01; tp<0.025. 
Antagonists given intraperitoneally. 

No. of 
animals 
tested 
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T A B L E  3 

EFFECTS OF OTHER NEUROTRANSMITI'ER ANTAGONISTS ON 5-MeODMT-INDUCED 
TURNING IN DRN LESIONED RAT 

Dose Pretreatment Mean ± S,E. total No. of animals 
Drugs (mg/kg SC) time (min) no. of turns/2 hr tested 

5-MeODMT 7.5 199 ± 26 5 
5-MeODMT + 7.5 60 3 _  + 2* 5 
haloperidol 0.3 
5-MeODMT 7.5 217 _+ 18 7 
5-MeODMT + 7.5 15 236 ± 28 7 
naloxone 2.0 
5-MeODMT 7.5 234 + 31 5 
5-MeODMT + 7.5 

30 225 ± 35 5 
hyoscine 2.5 
5-MeODMT 7.5 233 ± 33 5 
5-MeODMT + 7.5 30 246 ± 25 5 
picrotoxin 2.5 
5-MeODMT 7.5 221 ± 26 4 
5-MeODMT + 7.5 

10 226 ± 30 4 
strychnine 0.5 

Significant difference from appropriate controls, *p<0.005. 
Antagonists given intraperitoneally. 

5 - M e O D M T  (Table  2). N o n e  of  the  an tagon i s t s  caused  any  
s ignif icant  tu rn ing  b e h a v i o u r  on  the i r  own.  

T A B L E  4 

EFFECTS OF DIFFERENT BRAIN LESIONS ON 
5-MeODMT (7.5 mg/kg SC)-INDUCED TURNING IN RATS 

Effects of  Other Neurotransmitter Antagonists on Site of 
5-MeODMT-induced turning lesion 

An  h o u r  p r e t r e a t m e n t  wi th  ha loper ido l  0.3 mg/kg [20,29] 
comple t e ly  abo l i shed  the  tu rn ing  r e s p o n s e  to 5 - M e O D M T  DRN 
(Table  3). In  con t ras t ,  i n t r ape r i tonea l  p r e t r e a t m e n t  wi th  
e i the r  h y o s c i n e  2.5 mg/kg,  na loxone  2 mg/kg,  p ic ro tox in  2.5 MFB 
mg/kg or  s t r y c h n i n e  0.5 mg/kg had  no  effect  on  5- 
M e O D M T - i n d u c e d  turn ing  in D R N  les ioned  rats  at the  sub- DRN+MFB 
conv lus ive  doses  t es ted  (Table  3). No  a p p a r e n t  changes  in 
b e h a v i o u r  o c c u r r e d  af te r  p r e t r e a t m e n t  with  these  
an tagon i s t s  and  the  doses  used  did not  induce  ca ta lepsy .  

Effect of a-MT on 5-MeODMT-lnduced Turning 

The  tu rn ing  r e s p o n s e  to 5 - M e O D M T  was  s ignif icant ly  re- 
duced  af te r  8 hr  p r e t r e a t m e n t  wi th  a - M T  (250 mg/kg IP) (con- 
trol:  246_+23; a - M T  p re t r ea t ed :  71_+27, n = 4 ;  p < 0 . 0 0 5 ) .  No  
obv ious  b e h a v i o u r a l  change  was o b s e r v e d  af te r  a - M T  pre-  
t r ea tmen t .  

Effects of MFB Lesion on 5-MeODMT-Induced Turning 

Rats  which  r e s p o n d e d  to 5 - M e O D M T  (at leas t  200 tu rns  
in 2 hrs)  rece ived  a s econd  les ion by  in jec t ion  of  6 - O H D A  
into the  M F B .  The  an imals  were  t es ted  14 days  af ter  surgery  
and  the  resu l t s  are s h o w n  in Table  4. Ra t s  wi th  a D R N  lesion 
gave  the  usual  con t r a l a t e ra l  tu rn ing  r e s p o n s e  to 5 - M e O D M T .  
A g roup  o f  ra ts  wh ich  had  on ly  a M F B  lesion did not  exhib i t  
any  s ignif icant  tu rn ing  b e h a v i o u r  w h e n  in jec ted  with 
5 - M e O D M T .  H o w e v e r ,  w h e n  the  D R N  les ioned  ra ts  re- 
ce ived  a s econd  M F B  lesion the  usual  con t ra l a t e ra l  tu rn ing  
r e s p o n s e  was c o n v e r t e d  into a s ignif icant  ipsi la teral  tu rn ing  
r e sponse .  

Mean total no. 
of turns*/2 hr No. of animals 

Drugs _+ S.E. tested 

saline - 14 _+ 12 7 
5-MeODMT +238 + 135 4 
saline + 11 ± 6 5 
5-MeODMT - 38 ± 17 7 
saline + 11 ± 14 6 
5-MeODMT -188 ± 60t 4 

* + indicates contralateral turning and - indicates ipsilateral turn- 
ing with respect to the lesions side. 

Significant difference from appropriate saline controls, tp<0.05, 
5p<0.01. 

DISCUSSION 

We have  p rev ious ly  r epor ted  that  an a p p a r e n t  supersen-  
si t ivi ty deve lops  to 5-HT agonis ts  a f te r  D R N  les ions  and  that  
the  r ecep to r s  i nvo lved  are located  wi th in  the  zona  re t icu la ta  
of  the  SN [1]. Ac t iva t ion  of  these  r ecep to r s  is k n o w n  to 
resul t  in a con t ra l a t e ra l  tu rn ing  behav iou r ,  but  the  prec ise  
m e c h a n i s m  by wh ich  the  tu rn ing  is p r o d u c e d  is unclear .  It 
was  dec ided  the re fo re  to d e t e r m i n e  w h e t h e r  o the r  neuro-  
t r a n s m i t t e r  sys t ems  were  invo lved  in this  r e sponse ,  as r ecen t  
r epor t s  suggest  a wide var ie ty  of  n e u r o t r a n s m i t t e r s  to be 
p re sen t  in the  SN [7,27]. A n t a g o n i s t  s tudies  with  5-HT 
an tagon i s t s  me thyse rg ide ,  c y p r o h e p t a d i n e  and  c inanse r in  
conf i rm prev ious  repor ts  tha t  they b lock  5 - M e O D M T  induced 
turning [20,29], indicat ing that  5 - M e O D M T  was indeed 
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acting via 5-HT receptors. However ,  turning response could 
also be reduced by the peripheral 5-HT antagonist 
xylamidine [5], therefore the location of  the antagonism 
needs to be reconsidered. Either a peripheral 5-HT system is 
involved in the response or xylamidine reaches some central 
sites (e.g., 5-HT spinal sites) which are believed to mediate 
the behavioural response [15]. Experiments are underway in 
an attempt to resolve this problem. 

This study has also confirmed that haloperidol can 
antagonise 5-MeODMT-induce turning [20,29], suggesting 
that a dopaminergic system is involved after activation of 
5-HT receptors. This view is stregthened by the finding that 
the turning was prevented by depletion of dopamine with 
a-MT and that an MFB lesion, which would deplete fore- 
brain dopamine, changes the contralateral turning into an 
ipsilateral turning. Since an MFB lesion on its own did not 
produce an animal which turned in response to 5-MeODMT, 
then it is unlikely that 5-MeODMT acts directly on 
dopaminergic systems. It is most likely that dopamine 
neurones represent the final common pathway. 

If the site of action of 5-MeODMT is within the SN then 
the contralateral turning could be explained in the following 
way. It is known that 5-HT neurones form axo-dendritic 
synapses in the SN [22]. Thus a unilateral lesion increases 
the number of receptors on the dendrites in the SN on the 
same side as the lesion (i.e., denervation supersensitivity). 
Injection of 5-MeODMT acts preferentially on the supersen- 
sitive dendritic receptors. Since a contralateral turning oc- 
curs and dopamine neurones are involved then this suggests 
increased activity on the side of lesion. However ,  bearing in 
mind that 5.HT is reported to be inhibitory in the SN [9], the 
only reasonable explanation is that 5-MeODMT prevents DA 
output from the dendrites to reduce its own autoinhibitory 
actions. Thus dopaminergic activity at the nigrostriatal ter- 
minals in the striatum increases and contralateral turning 
results. There is some support for this idea since others have 

reported an increase in nigral DA turnover after lesions of 
5-HT tracts [8, 13, 20]. This hypothesis does not apparently 
fit with the suggestion that 5-HT can release DA from cat SN 
in vivo [4]. 

An alternative explanation is that 5-HT acts to inhibit 
some as yet undefined nigral inhibitory system and the re- 
sulting disinhibition allows contralateral turning. There are a 
number of possible candidates for this role. Thus the 
striatonigral GABA pathway is believed to be inhibitory [7] 
but since picrotoxin, in a dose reported to antagonise the 
turning responses to central injections of GABA-mimetics 
[19], failed to antagonise 5-MeODMT, then a 5-HT-GABA 
interaction seems unlikely. Indeed since destruction of 5-HT 
fibres results in a reduced nigral [3H]-GABA binding [10] and 
since GABA can inhibit nigral 5-HT release [26], then the 
connection may be GABA to 5-HT not the reverse. 

Opiate receptors have also been shown to exist on the 
nigro-striatal neurones and activation of these receptors in- 
fluences nigrostriatal activity [11,14]. Therefore endogenous 
opioids may also be candidates for the putative inter-neurone 
transmitter. However,  since naloxone, in a dose reported to 
antagonise morphine-induced turning [25], failed to prevent 
5-MeODMT-induced turning then an endogenous opioid link 
also seems unlikely. 

Cholinergic and glycinergic neurones are also claimed to 
be present within the SN [7] but since neither hyoscine nor 
strychnine modified 5-MeODMT-induced turning then these 
two interneurones also do not appear to be involved. 

Therefore from this study the most reasonable explana- 
tion for the effects of 5-MeODMT is that it is acting on 5-HT 
receptors located on dendrites of DA neurones in the SN as 
the response to both agonists is similar following SN admin- 
istration (unpublished data). Although, possible intermediate 
neurotransmitters (e.g., Substance P, TRH, etc.) still require 
investigation. These investigations will however rely on the 
discovery of suitably selective antagonists. 
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