
Pharmacolo~,y Biochemisto, & Behavior, Vol. 10. pp. 671-677. Printed in the U.S.A. 

On the Action of Nicotine and Cotinine on 
Central 5-Hydroxytryptamine Neurons 

K J E L L  F U X E ,  B A R R Y  J. E V E R I T T *  A N D  T O M A S  H I ) K F E L T  

Depar tment  o f  Histology, Karolinska Institutet, S-104 Ol Stockholm,  Sweden,  and 
*Department  o f  Anatomy,  University o f  Cambridge,  England 

(Rece ived  29 May 1978) 

FUXE K., B. J. EVERITT AND T. HOKFELT. On the action of nicotine and cotinine on central 5-hydroxytryptamine 
neurons. PHARMAC. BIOCHEM. BEHAV. 10(5) 671-677, 1979.~ The actions of nicotine, and its main metabolite 
cotinine, on 5-hydroxytryptamine (5-HT) neurons in the brain of the rat have been assessed biochemically (on turnover, 
uptake, release, overflow and binding of 5-HT in brain) and functionally (on extensor reflex activity, which is 5-HT 
dependent). Nicotine and cotinine in repeated doses of 2 mg/kg caused a reduction of brain 5-HT turnover, which was not 
blocked by pretreatment with mecamylamine, and nicotine significantly inhibited the effects of norfenfluramine and 
5-methoxydimethyltryptamine on extensor reflex activity, effects counteracted by mecamylamine. In low concentrations 
cotinine weakly inhibits the uptake and retention of 5-HT and also increases its spontaneous release in vitro. The biochemi- 
cal findings suggest that the reduction of 5-HT turnover caused by high doses of nicotine are mediated, at least in part, by 
its main metabolite cotinine. The experiments on extensor reflexes indicate that nicotine can block the functional expres- 
sion of 5-HT receptor activity in the spinal cord by an action beyond the 5-HT receptor at nicotine-like cholinergic 
receptors whose location is also discussed. 

Nicotine 5-HT turnover, release, re-uptake Cotinine Extensor reflex Mecamylamine 

THE INVOLVEMENT of cholinergic mechanisms in 3H-5-HT in hypothalamic slices [23]. In this paper, ho, 
neuroendocrine systems has been implied by the results of we present experiments which were undertaken to i~ 
many experiments (see [4] for review). It is also well known gate the actions of nicotine, and its main metabolite co 
that monoamine transmitters are intimately related to the on 5-HT turnover and receptor activity. 
control of anterior pituitary function and sexual behaviour 
[14, 18, 26]. However, the extent to which cholinergic and 
monoaminergic mechanisms interact, if at all, is unclear. METHOD 
Evidence has, however, recently been obtained which Male, specific pathogen-free Sprague-Dawley rat 
suggests that nicotine can reduce LH and prolactin secre- ticimex, Sweden; body weight 150-200 g) have been 
tion, at least in part by selective activation of an inhibitory The rats were kept under a regular day and night cycle 
dopaminergic mechanism known to be located in the median off at 8 p.m. and on at 6 a.m.). The experiments we1 
eminence [11, 12, 18-20]. It has also been shown that the formed between 8 and 12 a.m. Nicotine was given 
tryptophan hydroxylase inhibitor p-chlorphenylalanine tartrate or the salicylate salt. 
completely inhibits the rise in plasma prolactin which is in- 
duced by suckling [24]. Particularly interesting, then, was 
the finding that nicotine also blocks the suckling-induced rise Biochemical Experiments 
of circulating prolactin in lactating rats [5]. This raises the In vivo. 
possibility, therefore, that the effects of nicotine on prolactin 5-HT turnover. Changes in 5-HT turnover after n: 
secretion may also involve a 5-HT-mediated mechanism, and cotinine were evaluated by studying their influeJ 
That nicotine in low doses can enhance sexual behaviour in the depletion of brain 5-HT after treatment with a-l: 
the female rat [21] is at first sight consistent with this view, dopacetamide (H 22/54, 500 mg/kg, IP, 3 hr before killit 
since the inhibitory influences of 5-HT pathways on sexual ref. [3]). The 5-HT stores were measured by means ol 
receptivity is well accepted [13-15, 26]. It is important, trophotofluorimetry after cation exchange chromato! 
therefore, to determine whether cholinergic (nicotine) recep- [1,6]. Nicotine or cotinine were given IP either alone 
tors are indeed linked to 5-HT pathways in these contexts, gether with H 22/54. For details on the various tre~ 

Evidence has, in fact, already been published which schedules, see Tables 1 and 2. In one experiment the i 
shows that nicotinic receptor blockers can prevent the car- on blocking agent mecamylamine (1 mg/kg) was giver 
bachol (10 -~ M) stimulated release of newly synthesized to nicotine to establish if the nicotine induced chan 
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T A B L E  1 

THE EFFECT OF NICOTINE ON THE DEPLETION OF BRAIN 5-HT FOLLOWING 
TREATMENT WITH a-PROPYLDOPACETAMIDE (H 22/54) 

Trea tmen t  Dose  of nicotine Brain 5-HT Statistical 
mg/kg in per cent  significance 

(No. of  injections 
in parenthesis)  

No  drug t rea tment  100 ± 5.2 (8) 
Nicot ine 2 (×3) 103 ± 3.7 (8) ns 
Nicot ine 1 (x  1) 95 --_ 4.4 (3) ns  
H 22/54 64 _+ 3.4 (7) 
Nicot ine + H 22/54 2 (x3)  83 ± 3.6 (4) p<0 .01  
Nicot ine (all injec- 
t ions before H 22/54) 
+ H 22/54 2 (x3)  108 ± 4.6 (4) p<0.001 

No  drug t rea tment  100 _+ 8.4 (4) 
H 22/54 51 -+ 1.9 (4) 
Nicot ine + H 22/54 1 (× 1) 46 ± 5.0 (4) ns  
Nicot ine + H 22/54 0.5 (×1) 55 -+ 3.5 (4) ns  
Nicot ine + H 22/54 0.1 ( x l )  57 ___ 3.8 (4) ns  

Nicot ine was  injected IP 5 min before H 22/54 (500 mg/kg, IP 3 hr) or saline and 1 
and 2 hr  after H 22/54 or saline. In one exper iment  nicotine (2 mg/kg, IP) was  given 2 
hr,  1 hr  and 5 rain before H 22/54 injection. W h e n  single doses  were used they were 
given 5 min before H 22/54 or saline. In the  H 22/54 alone group saline instead o f  
nicotine was  given 5 min before and 1 and 2 hr after H 22/54. Means  ± SEM are given 
in per cent  of  unt rea ted  control  group means  (421 ± 35 rig/g). N = n u m b e r  of  animals  
within parenthesis .  Statistical analys is  was made  according to S tudent ' s  t- test  after 
es tabl ishing significant differences us ing a one-way analysis  of  variance.  All compari-  
sons  have  been  made with the  respect ive  unt rea ted  and H 22/54 alone groups.  

T A B L E  2 

THE EFFECT OF COTININE ON THE H 22/54 INDUCED 5-HT DEPLETION IN 
WHOLE BRAIN 

Trea tmen t  Dose  of  cotinine Brain 5-HT Statistical 
mg/kg in per cent  significance 

(No. of  injections 
in parenthesis)  

No  drug t rea tment  100 ___ 5 
Cotinine 2 (x  3) 111 ± 4 
H 22/54 36 _+ 3 
Cotinine + H 22/54 
(at the  same  time) 2 (x3)  47 - 1 p<0 .01  
Cotinine + H 22/54 
(5 min apart) 2 (×3)  48 ± 3 p<0 .05  

Cotinine was given IP in 3 doses  of  2 mg/kg with 1 hr  intervals ,  the last dose  
given 1 hr  before killing. The  first dose  was given at the same t ime as the H 
22/54 injection or 5 min earlier. H 22/54 was given in a dose  of 500 mg/kg 3 hr 
before killing. In the  H 22/54 alone group saline was given instead o f  cotinine. 
Means  ± SEM are shown.  N u m b e r  o f  animals  are given in parenthesis .  The  
brain 5-HT levels in the unt rea ted  group was  502 _+ 26 ng/g. Statistical analysis  
was made  according to S tuden t ' s  t - test  after one-way analysis  of  variance.  All 
compar i sons  have  been made  with the unt rea ted  or the H 22/54 alone group. 
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T A B L E  3 T A B L E  4 

THE EFFECT OF NICOTINE AND COTININE ON THE uIXrAKE AND THE EFFECT OF COTININE ON SPONTANEOUS RELEA 
RETENTION OF aH-5-HT IN SLICES OF DORSAL NEOCORTEX aH-5-HT FROM SLICES OF THE DORSAL PART OF THE NEOCI 

Treatment Amount of radioactivity per slice Treatment Amount of radioactivity per 
in per cent in per cent 

Buffer alone 100 _+ 11.6 (8) Buffer alone 100 _+ 5.9 (8) 
Nicotine 10 7 M 106 _+ 14.9 (4) Cotinine 10 -r M 73 -+ 6.4* (4) 
Nicotine 10 -6 M 86 _+ 9.4 (4) Cotinine 10 -6 M 88 _ 4.7 (3) 
Nicotine 10 ~ M 91 _+ 4.0 (4) Cotinine 10 -5 M 100 _ 10 (4) 

Buffer alone 100 _+ 2.8 (14) 
Cotinine 10 7 M 92 _+ I t  (4) The slices were incubated with 3H-5-HT (10 r M) for 15 

+37°C, then after rapid rinsing the slices were incubated for 
Cotinine 10 -6 M 83 -+ 2.8§ (8) with a Krebs-Ringer bicarbonate buffer containing various c 
Cotinine 10 -~ M 99 _+ 7.5 (8) trations ofcotinine. The slices were then taken for liquid scint 

counting. Number of experiments in parenthesis. Means _ S: 
The slices were preincubated in a Krebs-Ringer bicarbonate but'- given in per cent of untreated group means. Student's 

fer for 15 min with nicotine at +37°C, after which '~H-5-HT (2 × 10 -8 *p <0.05. All comparisons are made with the respective buffe 
M) was added. Incubation was continued for 15 min, and, after rapid value. 
rinsing, the slices were taken for liquid scintillation counting [20]. 

BRAIN 5 H T  L E V E L S  The values are corrected for uptake at 0°C. Number of experiments 
in parenthesis. Means _+ SEM are given, Student's t-test: *p<0.05; 
tp<0.01; §p<0.001. All comparisons are made with the respective >~ 
buffer alone uptake value, z (4) 

LU 
:~ (6) 

loo 
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5-HT tu rnover  involved  the act ivat ion o f  nicotine-l ike ~ ......... 
chol inergic  receptors .  Fo r  details,  see text to Fig. 1. ~ 50 
In vitro. ~ (81 (4) 

3H-5-HT uptake. ~H-5-HT (10 Ci /mmol,  Amersham,  Eng- z 
land) uptake was studied in slices o f  the dorsal part of  the 
neocor tex .  It is wel l -known that the radioact ivi ty  present  in 
the slices after  incubation is mainly due to the presence  o f  z 
unal tered 3H-5-HT [22]. A Krebs-Ringer  b icarbonate  buffer N MEC. 1 H2'2154 NI~2{x3) ME+C.1 I~EC.1 
was used. F o r  further  details, see Table 3. H22/54 NIC.2(x3I H22/S4 

Spontaneous release of  '~H-5-HT. Slices f rom the dorsal H2"2/54 
part of  the neocor tex  were  made and the amount  of  radioac- FIG. 1 The effect of mecamylamine on the reduction of the 1 
tivity remaining after  incubat ion with cot inine or  a Krebs-  induced 5-HT depletion in whole brain produced by nicotin 

ment. Nicotine (2 mg/kg, IP) was administered 5 min before 
Ringer  bicarbonate  buffer alone was determined.  For  further  and 2 hr after a-propyldopacetamide (H 22/54; 500 mg/kg, ] 
details, see Table  4. before killing). Mecamylamine (1 mg/kg, IP) was administ 

Spontaneous overflow of "~H-5-HT. Slices from the most min before H 22/54. When administered alone it was given _z 
ventral  hypothalamus were  made excluding the DA rich 15 min before killing. Means -+ SEM. Number of animals 
median eminence  area. The slices were  superfused with parenthesis. The untreated group mean value was 496 ___~ 
Krebs-Ringer  bicarbonate  buffer alone or  for 100 min with Students's t-test after a one-way analysis of variance. All st; 
the buffer containing nicotine (10 -'~ M). Fract ions  were  col- comparisons have been made with the untreated or the H 22/.' 
lected every  5 min and taken for liquid scintillation counting group. 
(see Fig. 2). 

(5-3H)HT and (D-3H)LSD binding. The radioligands (5-3H) 
H T  and (D-~H)LSD are known to label mainly pos tsynapt ic  
5-HT receptors ,  5-HT binding to the agonist  state while 
d - L S D  binds to both the agonist  and the antagonist  state [5]. cot inine were  used to compe te  with the binding c 
The  homogeniza t ion  and binding procedures  were  per formed radioact ive  ligands. Each exper iment  was repeated on 
according to Bennet t  and Snyder  [5] using the dorsal  neocor-  at each concentra t ion  five repl icates  were  made. Th 
tex. Specific binding was defined as the difference be tween  centrat ion used of  (53H)-HT (16-17 Ci/mM) was 5 n 
the total counts  in the absence  of  unlabelled ligand and the that of  (D-3H)LSD (11.4 Ci/mol) was 2-3 nM. (5-3H)I~ 
counts  obtained in the presence  of  ltzM unlabel led d - L S D  or purchased f rom Amersham-Sear le ,  England and (D-31 
10 /zM unlabelled 5-HT. Saturat ion of  (5-3H)HT and (D- from N e w  England Nuclear ,  U .S .A .  
3H)LSD binding revealed  that the dissociat ion constants  and 

Functional Experiments 
the maximal  number  o f  binding sites for (5-3H)HT (KD = 16 
nM; B~a~=18 pmole/g tissue) and (D-3H)LSD (KD=6 nM; Hindlimb extensor reflex activity. 
B ~ = 3 9  pmole/g tissue) were  similar to those previous ly  In the acutely spinalized rat this reflex has been sh, 
repor ted  [5]. F ive  to seven concent ra t ions  o f  nicotine and be highly dependent  on 5-HT receptor  act ivi ty [2,2_ ~ 
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T A B L E  5 

THE EFFECTS OF NICOTINE ON THE NORFENFLURAM1NE AND 5-METHOXY-DIMETHYLTRYPTAMINE-INDUCED 
INCREASE IN THE EXTENSOR HINDLIMB REFLEX ACTIVITY OF ACUTELY SPINALIZED UNTREATED RATS 

Magnitude of Increase in Extensor Reflex 
Treatment Dose of 

nicotine Time after 5-MeO-DMT 
mg/kg 5 rain 10 min 15 min 

5-MeO-DMT 1.5(3) 2(1) 2.5(1) 2(3) 2.5(2) 2(2) 2.5(3) 

Nicotine + 0(1) 0.5(4)* 0.5(2) 1(3)* 0.5(1) 1(4)* 
5-MeO-DMT 

5-MeO-DMT 1(1) 1.5(3) 2.5(1) 1.5(2) 2(1) 2.5(1) 1.5(2) 2(1) 2.5(1) 
3(1) 3(1) 

Nicotine + 0.5 !(1) 1.5(4) 1.5(1) 2(1) 2.5(3) 1.5(1) 2(1) 2.5(3) 
5-MeO-DMT 

Nicotine + 1.5(2) 2(2) 2.5(1) 2.5(3) 3(1) 2(1) 2.5(3) 3(1) 
5-MeO-DMT 0.1 

Time after NF 
15 mm 30 rain 60 rain 

NF 0.5(1) 1(2) 1.5(2) 1.5(1) 2(1) 2.5(3) 1.5(1) 2(1) 2.5(3) 

Nicotine + NF 1 0(2) 0.5(3) 0(1) 0.5(1) 1(3)* 0(0) 0.5(2) 1(2)* 

NF 1.5(1) 2(4) 1.5(1) 2(3) 2.5(1) 1.5(1) 2(2) 2.5(1) 
3(1) 

Nicotine + NF 0.5 0.5(3) 1(2)* 1(2) 1.5(2) 2(1) 1(2) 1.5(1) 2(1) 
2.5(I) 

Nicotine + NF 0.1 2(4) 2.5(1) 2.5(3) 3(2) 2.5(2) 3(31 

The rats were acutely spinalized at the midthoracic level 2 hr before drug treatment. Nicotine was given IP in a dose of 1 
mg/kg 5 min before the injection of norfenfluramine (NF; 5 mg/kg, IP) and 5-methoxy-dimethyltryptamine (5-MeO-DMT; 1 
mg/kg, 1P). In the case of the NF treated animals nicotine treatment was continued with a total of 3 injections given at 30 
min time intervals. The strength of the extensor hindlimb reflex, evoked by pressing the base of the tail, was evaluated 
semiquantitatively on coded animals. 3=strong; 2-modera te ;  l=weak;  l /2=very weak. Number of animals within par- 
enthesis. Statistical significance according to Tukey's quick test. All statistical comparisons are made with the correspond- 
ing control group treated with NF or 5-MeO-DMT alone. In the table the increase produced by the drug treatment is shown. 
Before NF or 5-MeO-DMT treatment the reflex activity was zero or very weak. This basal activity has been subtracted 
from the values obtained after NF or 5-MeO-DMT treatment. 

ra ts  we re  t r a n s e c t e d  at  m i d t ho r ac i c  level 2-3 hr  be fo re  injec- m a d e  before  the  H 22/54. In lower  doses ,  d o w n  t, 
t ion of  n ico t ine  or  co t in ine .  In the  pha r m aco l og i ca l  ana lys i s  mg/kg,  w h e n  n ico t ine  was  also g iven  af ter  the  H 
no r f en f lu ramine  (NF) ,  a g ranular  5 -HT re leas ing  agen t  (17), in ject ion,  no s ignif icant  changes  in the  5-HT deplet io t  
was  used  and  also 5 - m e t h o x y - d i m e t h y l t r y p t a m i n e  (5-MeO- ob ta ined .  The  n ico t ine - induced  reduc t ion  of  5-HT tul 
DMT) ,  a 5-HT r ecep to r  s t imula t ing  agen t  (16). A gangl ion  was  not  c o u n t e r a c t e d  by p r e t r e a t m e n t  with  mecamyl  
b lock ing  agent ,  m e c a m y l a m i n e ,  was  used  to b lock  the  effects  (1 mg/kg; Fig. 1) which ,  w h e n  given a lone  (1 mg/kg) 
of  n ico t ine .  Fo r  fu r the r  detai ls ,  see Tab le s  5 and  6. larly had  no  effects  on 5-HT levels  or  H 22/54-induced 

deple t ion.  Cot in ine  in the  same doses  and  trer  
RESULTS schedu le  as n ico t ine  ( 3 x 2  mg&g) also s ignif icant ly  re 

Biochemical Experiments 5-HT t u r n o v e r  (Table  2). 
In vitro. 

In vivo. :~H-5-HT uptake. Nicot ine  (10 7-10 -~ M) did not  blo 
5-HT turnover. As seen  in Tab le  1, n ico t ine  in r epea t ed  up take  and  re t en t ion  of  aH-5-HT by cor tex  slices (Ta 

doses  of  2 mg/kg caused  a r educ t ion  of  the  H 22/54- induced Cot in ine  caused  a slight bu t  s ignif icant  inh ib i t ion  of  :~H 
5-HT deple t ion ,  par t icu lar ly  w h e n  all the  in jec t ions  had  been  up take  and  re ten t ion  in the  lower  c o n c e n t r a t i o n s  s 



N I C O T I N E  A N D  C O T I N I N E  O N  5 - H T  

T A B L E  5 ( C o n ' t )  

Magnitude of  Increase in Extensor  Reflex 
Trea tment  Dose of 

nicotine Time after 5-MeO-DMT 
mg/kg 20 min 25 min 

5-MeO-DMT 1.5(2) 2(2) 2.5(1) 0.5(4) 1(1) 

Nicot ine + 0.5(1) 1(4)* 0(5)* 
5-MeO-DMT 

5-MeO-DMT 0.5(2) 1(1) 2(2) 0(2) 0.5(2) 1(1) 

Nicot ine + 0.5 0.5(1) 1.5(2) 2(2) 0(4) 0.5(1) 
5-MeO-DMT 

Nicotine + 1(1) 1.5(1) 2(2) 0(1) 0.5(3) 1(1) 
5-MeO-DMT 0.1 2.5(1) 

Time after NF 
90 min 120 min 

NF 1.5(2) 2(1) 2.5(2) 1(2) 1.5(3) 

Nicot ine + NF 1 0(2) 0.5(2) 1(2)* 0(3)* 0.5(2) 

N F  2(3) 2.5(2) 2(4) 2.5(1) 

Nicotine + N F  0.5 1(2) 1.5(1) 2(1) 0.5(1) 1(1) 1.5(2) 
2.5(1) 2.5(1) 

Nicotine + N F  0.1 2.5(2) 3(3) 2.5(4) 3(1) 

3H-5-HT Hypothalamus 
T A B L E  6 

0-  
EFFECTS OF COTININE, NICOTINE AND MECAMYLAMINE PLUS 

NICOTINE ON THE 5-METHOXY-DIMETHYLTRYPTAMINE o 
INDUCED INCREASE IN THE EXTENSOR HINDLIMB REFLEX o o 

ACTIVITY OF ACUTELY SPINALIZED RATS X 

E ~ H Nicotine 
Trea tment  Dose Peak increase in extensor  reflex o .  u q, \ c-----oControl mg/kg after 5-MeO-DMT -, \ 

-o 5-MeO-DMT 1 2 (5) ~ 5" 

Nicotine 1 

Mecamylamine  5 '~  "'" 
+ nicotine 1 _,~ 
+ 5-MeO-DMT 1 1.5 (2) 2 (3) - -  

Cotinine 2 ~> 
+ 5-MeO-DMT 1 1.5 (1) 2 (4) O 0 

40  
Nicotine (1 mg/kg, IP) and cotinine (2 mg/kg, IP) were adminis- Mins 

tered 5 min before 5-MeO-DMT. Mecamylamine  (5 mg/kg, IP) was FIG. 2. The effect of nicotine (10 -'~ M) on the tritium overfl¢ 
adminis tered 30 min before 5-MeO-DMT. For  fur ther  explanat ions slices of hypothalamus,  preincubated for 30 rain with 3H-5-E 
and details see text to Table 5. Mecamylamine  significantly coun- M), is shown. The overflow is measured every fifth minute.  
teracted the effects of  nicotine (§: p<0 .001;  Tukey ' s  quick test), shown are means of 3 experiments .  The variability (SEM)w~ 
Before 5-MeO-DMT trea tment  the extensor  reflex activity was zero order of 10-15% of the mean  value. The shaded area repres~ 
or very weak. time period of nicotine infusion. 
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( I0-~10  -r M). However, in the highest concentration (10 :' two mechanisms at the 5-HT synapse. Clearly, any 
M) cotinine had no effect, effects of cotinine and nicotine on 5-HT receptors a 

Spontaneous release o f  3H-5-HT. In the lowest concen- likely, since both compounds had no effects on 5-I-] 
tration (10 -r M) used, cotinine caused a significant increase D-LSD binding in the cortex. 
in the release of ZH-5-HT. This did not, however, occur in Thus, at least after treatment with high doses of ni~ 
the higher concentrations (Table 4). the behavioural pharmacology of this drug is cot 

Spontaneous overflow o f  ZH-5-HT. Nicotine in a concen- ted by the fact that its main metabolite cotinine has 
tration of 10 -5 M was not found to cause any clearcut in- of its own on central 5-HT neurons. However, these 
crease in spontaneous tritium overflow from hypothalamic on the 5-HT systems are probably not important in me 
slices (Fig. 2). the nicotine-induced increases in sexual behaviour [21] 

(5-3H)HT and (D-ZH)LSD binding. Nicotine and cotinine creases in prolactin secretion [7], since cotinine giver 
in concentrations up to 10,000 nM did not displace specific changes neither paramenter. It is much more likely tha 
5-HT and d-LSD binding in the cortex cerebri, effects of nicotine are a result of direct stimulation of, 

cholinergic receptors with nicotinic properties, sinc 
Functional Experiments are reduced after pretreatment with mecamylamine 

unpublished data). Such a mechanism existing distal 
Extensor hindlimb reflex activity, spinal cord 5-HT receptors could also explain why n 

Nicotine and cotinine had no effects on extensor reflex (1 mg/kg) was able to counteract the actions not on 
activity. However, nicotine but not cotinine (1 mg/kg) sig- 5-HT releasing agent but also o fa  5-HT receptor stim 
nificantly reduced both the norfenfluramine-and 5-MeO- agent in the extensor reflex experiments. A direct re 
DMT-induced increases in this reflex (Tables 5 and 6). In a blocking action of nicotine at central 5-HT receptors 
lower dose (0.1 mg/kg) nicotine had no significant effects (see likely to explain these findings for a number of reason 
Table 5). As seen in Table 6, mecamylamine (5 mg/kg) sig- a reduction and not an increase of 5-HT turnover x~ 
nificantly blocked the inhibitory effects on nicotine (1 served, secondly nicotine has no affinity for d-LSD t 
mg/kg), although, by itself, mecamylamine did not increase sites, and thirdly the action of nicotine in the spinal co 
extensor reflex activity, antagonized by mecamylamine. The nicotinic choline1 

ceptor involved is possibly located on the Renshaw 
cells which inhibit activity in the a-motoneurons a 

DISCUSSION innervated by recurrent cholinergic collaterals fro 
a-motoneurons. Thus, any 5-HT receptor mediated 

Both nicotine and cotinine in repeated doses of 2 mg/kg, tion of the a-motoneurons will be counteracted by n 
but not in lower doses, were found to reduce brain 5-HT activity directly on the Renshaw cell. 
turnover. This is consistent with the data of Rosecrans [28] In conclusion, the present study suggests that nice 
which showed that repeated doses of nicotine reduced the high doses reduces 5-HT turnover and that these effe 
rate of accumulation of 5-HT after monoamine oxidase in- mediated, at least partly by its main metabolite cc 
hibition. However, the nicotine-induced reduction of 5-HT which can directly although weakly influence 5-HT 
turnover was not blocked by the ganglion blocking agent and release in low concentrations. In the spinal cord n 
mecamylamine in a dose that completely blocked the effects reduces the increase in ~-motoneuron activity indu, 
of nicotine on both sexual behaviour [21] and arousal [10]. both direct or indirect stimulation of 5-HT receptor,, 
Thus, it appears that the effects of nicotine on 5-HT t u~ove r  ably by an action at nicotine-like cholinergic spinal c 
are probably mediated by its main metabolite cotinine ceptors. The possible location of these receptors is al 
and not directly by activating a nicotine-like cholinergic re- cussed. 
ceptor, at least not in this high dose range. The mechanism 
by which cotinine reduces 5-HT turnover is unclear at pres- 
ent, but the weak inhibition of 5-HT uptake and retention 
and the increase in spontaneous 5-HT release produced by ACKNOWLEDGEMENTS 
cotinine in low concentrations in vitro could be contributary 
factors. None-the-less, it is difficult to explain why cotinine This work has been suported by a grant from Svenska 
in a high concentration (10 -5 M) was without effect on these AB. 
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