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NIELSEN, J A , N J SHANNON, L BERO AND K E MOORE ~ffects of acute andchromc bupropton on locomotor 
acttvtty and dopamtnergtc neurons PHARMACOL BIOCHEM BEHAV 2414) 795-799, 1986 --Acute administration of 
buprop,on (10 or 30 mg/kg) to rats increased locomotor act~v,ty m a dose-related manner The h,ghest dose increased the 
dopamme (DA) concentrat,on whde both doses reduced the concentrauon of dthydroxyphenylacet,c acid (DOPAC) m the 
stnatum The enhancement of locomotor act~wty and the decrease of stnatal DOPAC concentrat,ons were tncreased w~th 
chromc administration (up to 40 days) of buprop~on The rate of DA synthes~s m the stnatum was increased by the acute 
admm~strauon of d-amphetamine but was not altered by acute or chromc adm~mstrat~on of buprop~on 
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BUPROPION has antidepressant effects in man [6, 7, 18, 25, 
37] It has a chemical structure that is quite different from 
that of the tncychc antidepressants, and unhke these latter 
compounds (e.g., ~mlpram~ne, amltnptyhne), buproplon 
causes locomotor stimulation tn rodents [4,31]. The neuro- 
chemical actions resulting from the tn vtlro or acute tn vtvo 
administration of  buproplon also dtffer from those of the 
trlcyclic antidepressants. While the latter compounds inhibit 
synaptosomal uptake of norep~nephnne (NE) and 5- 
hydroxytryptamine (5HT) but have minimal effects on 
dopamlne (DA) uptake, buprop~on is more effective ~n ~n- 
hiblting DA than NE or 5HT uptake [9] These and other 
data have led to the suggestion that DA neuronal systems are 
~mportant for the central actions of th~s drug [4]. 

Buproplon is simdar to other antidepressants m that ~t 
requires 5-21 days of  treatment before attaining clinical effi- 
cacy [18]. L~ttle ~s known about the behavioral and neuro- 
chemical effects of chronic buprop~on treatment mammals ,  
but unhke tncychc amtdepressants chromc administration of 
buproplon failed to desensitize a- and /3-adrenerglc, imlp- 
ramine, 5HTz or DA receptors, and also failed to alter the 
activity of  NE-stimulated adenylate cyclase ~n brain [8] On 
the other hand, there are reports that acute bupropnon m- 
creases affinity of dopamme receptors tn stnatum [1] and 
that chronic buprop~on down-regulates/3-adrenerg~c recep- 

tors and lnhtb~ts noreplnephnne-stlmulated adenylate cy- 
clase in frontal cortex [1 I] 

The purpose of the present experiments was to lnvestt- 
gate the effects of chromc buproplon treatment on locomotor 
activity and on some neurochemlcal characteristics of DA 
neurons which terminate in the stnatum of rats 

METHOD 

Male Sprague-Dawley rats (Spartan Farms, Haslett, MI 
and Z~wc-Mdler Laboratories, Alhson Park, PA) were 
housed in a temperature- (22°C) and hght- (hghts on between 
0600 hr and 1800 hr) controlled room with food and tap water 
provided ad lib 

Locomotor act~wty of  mdwldual rats was determined 
using Woodard Actophotometers which consist of a c~rcular 
runway wroth 6 photocells equally spaced along the outer 
walls and a central light source. Activity cages were shielded 
from background no~se by a sound-attenuating cabinet Rats 
were accommodated to the apparatus for 60 min before being 
injected with drug or vehicle and returned to the ac- 
tophotometer for 120 mm The number of photocell inter- 
ruptions was recorded every ten m~nutes 

Concentrations of DA and dlhydroxyphenylacetlc acid 
(DOPAC) in the stnatum were determined by radloenzyma- 
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"FABLE I 
EFFECTS OF ACUTE ADMINISTRATION OF BUPROPION ON 

DOPAMINE AND DOPAC CONCENTRATIONS IN THE STRIATUM 

Dopam~nc DOPAC 

Sahne 81 5 _+ 102 12 1 _+ I 1 
Buprop~on(10mg/kg) 994 +_ 106 86  _ 07"  
Buprop~on (30 mg/kg) 106 8 - 12 5* 8 5 -+ 0 9* 

Rats were injected SC with sal,ne or buprop~on 60 mm prior to 
decapitation Values (nglmg protein) represent means _+ I S E 
(N =8) 

*S~gmficantly d~fferent from sahne control (p<0 05) 

T A B L E  2 

EFFECTS OF ACUTE AND CHRONIC ADMINISTRATION OF BUPROPION ON DOPAMINE AND 
DOPAC CONCENTRATIONS IN THE STRIATUM 

Pretreat Time (days) 

Pretreatment Treatment 

Dopamme 

13 

DOPAC 

40 13 40 

Sahne Sahne 85 3 _+ 7 I 88 6 _+ 12 1 I I 3 -'- 0 8 14 8 +_ I 6 
Sahne Buproplon (101 93 8 -,- 10 4 100 0 _+ 8 9 8 0 _+ 0 6~ 10 2 -,- 0 9* 
Sahne Buproplon(30) 1123 _+ II I* 1129 -'- 98" 76  _+ 09"  89  .+_ 1 6* 

Buproplon (101 Buprop~on (101 1064 +_ 143 111 4 _+ 69  5 I _+ 0 5 t  7 1 _+ 06* 
Buproplon ( 3 0 )  Buproplon(301 III 7 _+ 79  123 6 _+ 14 I 44  _+ 0 6 '  49  ± (15~ 

Rats were ~n.lected SC twice dally with sahne or buprop~on (numbers in parentheses represent mg/kg) for 13 or 40 days 
(Pretreatment) On the day of the experiment (day 14 and 41, respecttvely) rats were m.lected w~th sahne or buprop~on 
(Treatment) 40 mm prior to decapttat~on Values (ng/mg protein) represent means _+ 1 S E (N =6-8) 

*S~gmficantly different from values m the sahne-sahne group (p<0 05) 
tStgmficantly d~fferent from values ~n appropriate sahne-buprop~on groups 09<0 05) 

t~c assay (Table 1 [34]) or by htgh pe r fo rmance  llqmd chro- 
matography  w~th e lec t rochemica l  de tec t ion  (Table 2 [20]) 
The tn vlvo rate o f  DA synthes~s ~n the s tr tatum was  est ,-  
mated by measunng  the accumulat ton of  d~hydroxyphenylala- 
rune (DOPA) 30 mtn after the administrat ion of  an tnhlb~tor of  
aromatic-L-amino-acid decarboxylase  (3-hydroxybenzylhy-  
draztne,  NSD 1015, S~gma. St Louts,  MO), for detatls o f  the 
method see [5] Protem conten ts  o f  homogenates  of  s tna tum 
were determined as descr ibed by Lowry et  a l [  16] Buprop~on 
hydroch londe ,  obtained from Burroughs Wellcome Co.,  Re- 
search Triangle Park, NC, and d-amphetamine  sulfate were  
dissolved in sahne and injected subcutaneously  ~n a volume of  I 
ml/kg Doses  are repor ted  as the respect ive  salts o f  these 
drugs 

Trea tment  effects  were  de te rmined  usmg a one-way  
analys~s o f  varmnce fol lowed by the S t u d e n t - N e w m a n - K e u l s  
test I301 

RESULTS 

Lot o m o l o r  A t  In try 

The ef fec ts  of  buprop~on on locomotor  act~vtty ~n rats are 
summar tzed  m Fig I Af te r  being placed ~nto the ac- 
t o p h o t o m e t e r  cages ,  naive ammals  exhibit  a br ief  period o f  
act~vtty but af ter  about  30 mtn they a c c o m m o d a t e  to the cage 

T A B L E  3 

THE RATE OF DOPAMINE SYNTHESIS  IN THE STRIATUM 
F O L L O W I N G  ACUTE ADMINISTRATION OF 

BUPROPION OR d -AMPHETAMINE 

Treatmenl DOPA Accumulat,on 

Sahne 153_+ 20 
d-Amphetamine 28 2 -'- 1 8" 
Buprop~on 11 5 _+. I 3 

Groups of rats were ~n.lected SC w~th e~ther buprop~on (10 mg/kg). 
d-amphetamine (I mg/kg) or sahne vehtcle 40 mm before death 
Each rat was also rejected w~th NSD 1015 (100 mg/kg, IP) 30 m~n 
prior to death Values (mean ± I S E , N =6-7) represent the rate of 
DOPA accumulation (ng DOPA/mg prote~n/30 ram) 

*S~gmficantly d~fferen! (p<0 05) from sahneotreated controls 

and the level o f  act~vlty falls If left undis turbed the ammals  
then remain fmrly ~nact~ve ~n the a c t o p h o t o m e t e r s  for several  
hours  In the exper imen t s  depic ted  ,n F~g 1. the ammals  
were  r emoved  from the ac t o p h o t o me t e r s  at 60 mm. tnjected 
w~th sahne or buprop~on, and then ~mmedmtely re turned 
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FIG I Effects of acute and chronic administration of buproplon on 
locomotor activity in rats Rats were placed individually into ac- 
tophotometer cages for a 60-ram acchmat~on period during which 
time photocell interruptions were recorded at 10-mm intervals The 
animals were then rejected subcutaneously with bupropion or 
sahne-vehicle, returned to the actophotometers and photocell ~nter- 
rupuons were recorded at 10-ram intervals (A) Locomotor activity 
after acute administration of saline (~), 10 (©) or 30 (A) mg/kg of 
bupropion (B) Locomotor acuv~ty after the first (day I, ~3), seventh 
(day 4, ©) or thirteenth (day 7,/~) inject~on of buprop~on (30 mg/kg 
every 12 hr) Symbols represent the means and vertical lines I S E 
calculated from 6-7 rats per group, where not shown, the S E is less 
than the radms of the symbol There were no significant differences 
in the activity of the d~fferent groups of rats during the acclimation 
period, for clarity S E s are not indicated dunng this period In 
panel A, sohd symbols represent values from buproplon-treated rats 
that are significantly different (p<0 05) from sahne-treated controls 

Fol lowing the ~nject~on of  saline the  ra ts  exh ib i t ed  a b r ie f  
per iod of  acnv~ty If  re jected w~th 10 or  30 mg/kg of  buprop-  
ion (Fig IA) they exh ib i t ed  a dose- re la ted  increase  in act iv-  
ity Af te r  the  h tghes t  dose  the  hyperac t iv i ty  was ma in ta ined  
for  approx tma te ly  1 5 hours  

The  effects  o f  r epea ted  ~nject~ons of  buprop~on on m o t o r  
act ivi ty  are s u m m a r i z e d  in Fig lB.  The  act ivi ty  of  ra ts  re- 
ce iv ing  s u b c u t a n e o u s  in j ecnons  of  buprop ton  twice  a day 
inc reased  progress ive ly  d u n n g  the  first week  T h a t  is, d u n n g  
the first hour  af ter  7 ~n.lect~ons (first tnject~on of  day 4) and 
a f te r  13 in ject ions  (first in.lectlon on  day 7) l o c o m o t o r  act ivi ty  
was s |gmficant ly  g rea te r  than  that  seen af te r  the first  tnjec- 
t~on C h r o m c  adm~mst ra t |on  o f  buprop ton ,  h o w e v e r ,  d~d not  
a l ter  act ivi ty  d u n n g  the  datly a c c o m m o d a t i o n  per iods  (~ e , 
1 1 hours  af ter  the p rev ious  mject~on of  buprop~on) The  lo- 
c o m o t o r  r e sponse  to buprop lon  did not  con t inue  to increase  
p rogress ive ly  af ter  the  first week,  but  r e m a m e d  fairly con-  
s tan t  dur ing  the next  4 weeks  (F~g 2) 

Bto~ henuc~! Dynamt~ s of  DA ~n the Strtatum 

The  effects  of  an acute  ~njectlon of  bup rop ton  on  the  con-  
centra t~ons of  DA and D O P A C  m the rat  s t n a t u m  are sum- 
m a n z e d  m Table  1 Af te r  bo th  10 and  30 mg/kg o f b u p r o p ~ o n  
the D O P A C  c o n c e n t r a t i o n  tn the  s t n a t u m  was  s tgmficant ly  
r educed  while  at the h~gher dose  the c o n c e n t r a t i o n  of  DA 
was increased .  The  same pa t t e rn  was  seen  af te r  c h r o m c  ad- 
m | m s t r a t l o n  of  bup rop ton  (see s um m ar y  of  resul t s  m Table  
2) As might  be expec ted ,  a single re jec t |on  of  10 or  30 mg/kg 
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FIG 2 Locomotor activity of rats treated chronically with buprop- 
~on Sahne vehicle ((3), 10 ('~) or 30 (0)  mg/kg buprop~on were 
rejected subcutaneously every 12 hr for 40 days. Locomotor activity 
was recorded every 3 days for 60 mm before and 120 mm after the 
morning injection Isee legend to Fig 1 for detads) Symbols repre- 
sent the means and vertical lines I S E of total photocell interrup- 
tions dunng the 60 mm period ~mmedlately following the mjecnons 
(N =6-7) 

T A B L E  4 

THE RATE OF DOPAMINE SYNTHESIS IN THE STRIATUM 
FOLLOWING ACUTE AND CHRONIC ADMINISTRATION 

OF BUPROPION 

DOPA 
Pretreatment Treatment Accumulation 

Saline Sahne 11 5 --- 0.8 
Sahne .B, uprop~on (10) 8 1 ± 0 8 
Saline . Buproplon (30) 10 I -+- 0 8 

Buproplon (10) Buproplon (10) 7 9 -+ 0 8 
Buproplon (30) Buproplon (30) 10 3 ± 0 9 

Rats were injected SC twice daily with sahne or buproplon (num- 
bers in parentheses represent mg/kg) for 40 days (Pretreatment) On 
day 41, rats were rejected (Treatment) with sahne or buprop~on 40 
mm prior to sacrifice Each rat also was rejected with NSD 1015 (100 
mg/kg, IP) 30 mm prior to sacrifice Values (mean _+ 1 S E , N =6-7) 
represent the rate of DOPA accumulation (rig DOPA/mg protein/30 
mm) None of the treatments slgmficantly altered the rate of DOPA 
accumulation m stnatum 

bup rop ton  fol lowing 13 or  40 days  of  twtce  dady  re jec t ions  of  
sahne  p roduced  effects  s~mtlar to those  depic ted  m Tab le  1, a 
shght  mcrease  m the c o n c e n t r a t i o n  o f  DA af ter  the  h~gbest 
dose  and  a s~gmficant dec rea se  in the  c o n c e n t r a t i o n  of  
D O P A C  af ter  bo th  doses .  In an imals  tha t  were  re jected 
ch romca l ly  w~th bup rop ton ,  these  b~ochem~cal ef fec ts  were  
ma in t a ined ,  mdeed ,  the re  was  a g rea te r  d e c h n e  of  D O P A C  m 
the  s t n a t u m  of  those  a m m a l s  tha t  rece ived  c h r o m c  buprop-  
ion t r e a t m e n t s  The re  was no  d~fference b e t w e e n  the re- 
sponse s  of  an imals  p re t r ea t ed  wt th  buprop~on for  13 or  40 
days  

The  acute  a d m m t s t r a t t o n  of  buprop~on d~d not  a l ter  the 
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rate of  DA synthesis (DOPA accumulation following the 
admmtstrat~on of a decarboxylase inhibitor) tn the stnatum, 
whereas admmtstratlon of  d-amphetamine induced a marked 
acceleration of DA synthesis (Table 3). Furthermore,  
chronic admmtstratton of  bupropton faded to alter the rate of  
DOPA accumulation tn the strlatum (Table 4) 

DISCUSSION 

The acute administration of bupropton (10-30 mg/kg) in- 
creased locomotor activity tn rats, the magnitude and time 
course of  the stimulation were dose-related. Cooper et al. [4] 
reported that whde high doses of bupropton (25-100 mg/kg) 
increase the activity of  rats m an open-field test, a lower dose 
(12.5 mg/kg)was without effect The tnabthty of these inves- 
tigators to observe a stimulant effect at the lower dose was 
probably due to the fact that they averaged activity over a 90 
rain period and, as shown m the present study, the sttmula- 
tory effect of 10 mg/kg bupropton lasted for only 30 mm 
Thus, at doses of  10 mg/kg and above, bupropton resembles 
psychomotor stimulants tn increasing motor activity In this 
regard, the mechanism of action of  bupropton may be more 
similar to that of  methyiphentdate than to that of 
d-amphetamine because reserpine has been shown to block 
the locomotor sttmulatory effects of methylphentdate and 
bupropton but not those of d-amphetamine Furthermore, 
o~-methyl-p-tyrosme has been shown to block the stlmulatory 
effects of  d-amphetamine, but not those of  methylphentdate 
or bupropton [26]. 

The response to bupropton also resembled that of  
psychomotor stimulants tn other behavioral paradigms. In a 
two-lever operant task, rats tramed to dtscnmmate buprop- 
ton from sahne generahzed the bupropton cues to a variety of 
psychomotor stimulants including d-amphetamine and 
methylphentdate [2,14] It should be noted, however, that 
the bupropton cue was also mimicked by vdoxazme, an 
antidepressant which reduces locomotor activity [2,14], and 
that humans who formerly abused psychomotor stimulants 
reported no similarities between bupropton and 
d-amphetamine [13] In another behavioral task designed to 
differentiate antidepressants from other classes of psycho- 
active compounds, buproplon tn some respects resembled 

the psychomotor stimulants That is, in a differential- 
reinforcement-of-low-rate (DRL) 72-second schedule of rein- 
forcement, a h~gh dose of buproplon (60 mg/kg, IP) increased 
response rate but did not significantly alter reinforcement 
rate [281 This pattern of response ts unhke that produced by 
other antidepressants which decreased response rate and in- 
creased reinforcement rate [21, 22, 28, 29] It does resemble 
the pattern obtained with the psychomotor stimulants 
d-amphetamine and methylphentdate under a DRL 17 5- 
second schedule [24], however, other drugs which are not 
psychomotor stimulants (e g ,  chlordlazepoxlde) ehclted the 
same response pattern [21,22] 

The abthty of  buproplon to increase locomotor activity 
did not diminish with repeated injections, that is, tolerance 
did not develop Rather, the sttmulatory effect was en- 
hanced These results are similar to those reported for 
d-amphetamine tolerance does not develop to the central 
stimulant actions of amphetamine in rats [32,33] and aug- 
mentatton of these effects with repeated admmlstratton has 
been observed [17, 27, 36] 

Psychomotor stimulants exert a variety of effects on 
mesotelencephahc DA neurons Some stimulants, such as 
methylphenldate and amfonehc acid, are without effect or 
slightly increase the concentration of DOPAC in the strtatum 
while other stimulants, typified by amphetamine, reduce 
strtatal DOPAC concentrations [3, 10, 12] There is one re- 
port that a high dose of  buproplon (30 mg/kg) increased 
strlatal DOPAC concentrations in rats [35] but in the present 
study both acute or chronic administration of bupropton re- 
duced the concentration of  DOPAC in the strlatum, and In 
this respect tt resembled d-amphetamine On the other hand, 
whereas amphetamine increased the rate of DA synthesis 
(DOPA accumulation) in the strlatum [19,23] acute and 
chronic administration of  buproplon were without effect 
With respect to the lack of effect on DOPA accumulation in 
the stnatum, bupropton resembles amfonehc acid [I 5] Thus, 
although selective destruction of DA neurons w~th 
6-hydroxydopamtne blocks the locomotor stimulant actions 
of both amphetamine and buproplon [4] the results of the 
present study indicate that the two drugs have different ef- 
fects on DA synthetic processes m the terminals of  nlgrostn- 
atal neurons 
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