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PERIS. J AND N R ZAHNISER One mgectton of cocame produces a long-lastmg mcrease m [aH]-doparmne release 
PHARMACOL BIOCHEM BEHAV 27(3) 533-535, 1987--A single cocaine exposure has been reported to sensmze 
ammals to the behavioral effect of subsequent cocaine admlmstrat~on for up to one week We now report that a smgle 
rejection of cocaine results m an augmentation m amphetamme-mduced release of trltmm from rat stnatal shces preloaded 
w~th [3H]-dopamme The augmentation appears w~thln 24 hr and persists for at least 2 weeks after injection Th~s increase m 
release may result in increased synapt~c concentrations of dopamme possibly caused by a change m the membrane 
transporter for dopamme Increased dopammerglc synapt~c transmission could explain behaworal sensmzat~on 

Dopamme release Amphetamine Cocaine Sensitization Strlatum 

COCAINE is a widely abused drug that results in increasing 
degrees of stereotypy and locomotor behavior when ad- 
mmstered repeatedly to rats [12,15], a phenomenon termed 
behaworal sensitization Sensmzat~on to the stereotypIc ef- 
fect of cocame has also been shown to occur one week after 
a single cocaine rejection [7] d-Amphetamine, another 
stimulant, also results in behaworal sensitization when g~ven 
repeatedly or singly [14] Sensitization to both of  these 
stimulants is thought to have a neurochemical basis wa en- 
hanced dopamlne (DA) neurotransmission since 
d-amphetamine and cocmne act to block DA uptake and 
d-amphetamine also induces DA release [6] A single expo- 
sure to d-amphetamine capable of  ehcitmg behaworal sen- 
sItlzation also increases d-amphetamme-stimulated DA re- 
lease [14] The magmtude and duration of  both behavioral 
sensitization and augmented amphetamine-stimulated DA re- 
lease are increased by repeated exposure to d-amphetamine 
while other indicators of dopamlnerglc function (e g ,  K +- 
stimulated release, pre- or post-synapUc receptors, metabo- 
hsm, synthesis) are not changed (see [13]) 

It is possible that the basis for behavioral sensitization 
may be similar for both cocaine and amphetamine There- 
fore, we examined the effects of  an acute dose of cocaine on 
amphetamine- or electrically-stimulated release of [3H]-DA 
from superfused rat stnatal slices 

METHOD 

Male Sprague-Dawley rats (130-150 g, Sasco, Omaha, 
NE) were rejected with either saline or 10 mg/kg cocaine 
hydrochlorIde (Malhnckrodt, I n c ,  St Louis, MO), intraperl- 
toneally, at various times (24, 48, 72 hr or 7 or 14 days) prior 
to sacrifice for dopamlne release expertments 

The method for [3H]-dopamme release has been described 
in detail elsewhere [3]. Briefly, fresh corpus strlatum was 
shced 0 4 mm thick, placed in Krebs '  solution (pH=7 4) 
saturated with 95% 02-5% CO2 and incubated for 30 mm In a 
shaking water bath at 35°C The composition of  the Krebs '  
buffer was (in mM) NaC1, 118, glucose, 11 1, NaHCO3, 25, 
KCI, 4 7, NaH2PO4, 1 0, MgCI2, 1 2, CaC12, 1 3, EDTA, 
0 004, ascorbate,  0 11 The medium was replaced with 
fresh buffer containing 5 /xl of  [3H]-DA (dihy- 
droxyphenylethylamlne 3,4-ethyl-2-[N-3H], 31 6 Cl/mmol, 
New England Nuclear, Boston, MA) such that the final con- 
centrat~on was 0 1/zM and the incubation was continued for 
another 30 rain Rinsed shces were then placed mto separate 
glass chambers maintained at 33°C and superfused with 
oxygenated Krebs '  buffer at a rate of  1 ml/min The superfu- 
sate was collected at 5-mln mtervals beginning 50 rain after 
the start of superfusion At 70 mm, slices were superfused 
with either 2, 6 or 20/zM d-amphetamine (Sigma Chemical 

1Requests for repnnts should be addressed to Joanna Pens, Ph D ,  Department of Pharmacology C236, University of Colorado Health 
Sciences Center. 4200 East Ninth Ave,  Denver. CO 80262 
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FIG 1 d-Amphetamine-reduced [aH]-DA release Is augmented up to 14 days after 
a single cocaine injection Treatment of rats with a single lnjecUon of cocaine ( 10 
mg/kg, IP) either 24 hr, 48 hr, 72 hr, 7 days or 14 days earher results in an 
augmented amphetamine-induced but not electrically-evoked, tritium release 
from stnatal shces preloaded with [3H]-DA Spontaneous release was allowed to 
stabilize for 70 min before the various concentrations of d-amphetamine were 
superfused for 2 5 min Electrically-stimulated release was evoked 40 mln after 
the amphetamine stimulation by 300 pulses (5 Hz, 20 mA, 2 msec duration) 
Shown are mean values+SEM for N= 13 ammals for the sahne (O), N=5 for the 
24hr(+),  N=8 forthe 48 hr(O), N=4 for the 72 hr(~),  N=5 forthe 7day IX)and 
N=3 for the 14 day (11) 

Co , St Louis ,  MO) for 2 5 mln as the first stimulation At 
115 mm, slices were  exposed  to 5 Hz  electric pulses (20 mA,  
2 msec durauon) for 60 sec Radloacuwty in both superfusate 
and solubdized tissue was determined by l iqmd sclnttllatlon 
counting 

Nei ther  uptake blockers  nor monoamlne  oxldase (MAO) 
lnhlbltors were  included in our  superfuslon buffer, therefore  
the tri t ium col lected in the superfusate was comprised  
primarily of  [aH]-&hydroxyphenylacet lc  acid ([3H]-DOPAC) 
rather  than [aH]-DA [10] It has been shown,  however ,  that 
[3H]-DOPAC is a rehable in&cator  of  DA release since 
D O P A C  is produced  from DA that  has been  released,  taken 
back up into the terminal and then metabohzed  [2,10] We 
hencefor th  refer  to release aS measured  in our  system as 
trit ium release mdlcatmg the release o f  both [aH]-DA and 
[3H]-DOPAC 

The amount  of  t r l tmm released in each fract ion was ex- 
pressed as a precentage o f  total t r l tmm content  present  in 
each slice at the t ime of  sample col lect ion An est imate of  
spontaneous release was averaged f rom the two 5-mm frac- 
tions preceedlng each stimulus plus the first fraction after 
each  stimulus m which release was ei ther  equal  to or  below 
pre-st lmulatlon (spontaneous) levels  These  values were  
used as es t imates  o f  the spontaneous release occurr ing m 
each fraction The evoked  tri t ium release was then calcu- 
lated by subtracting existing spontaneous  release from the 
t r i tmm efflux col lected in each fract ion beginning im- 
mediately after the stimulus and con tmumg until the efflux 
agam equal led spontaneous release These  values were  
summed for the first and second periods o f  st imulation Each  
dose of  d-amphetamine  was tested m at least duplicate slices 
f rom the same animal Results  are expressed  as m e a n -  + 

S E M , n in&cates  the number  of  animals tested Two- 
factor A N O V A s  were  used to analyze the data 

RESULTS 

A dose-related mcrease  in trit ium overf low m response to 
d-amphetamine  exposure  (2, 6, or  20/~M) and an increase in 
trit ium overf low m response to electrical  stimulation (5 Hz) 
was observed  (Fig 1) While there was no difference m the 
amount  o f  electr ical ly-st imulated t r l tmm release be tween  
cocame- t rea ted  and saline-treated ammals,  the amount  of  
amphetamine-reduced overf low was greater  at all doses for 
animals rejected once with cocaine  as compared  to those 
rejected with sahne (Fig 1) Analysis  of  var iance revealed a 
significant effect of  d-amphetamine  dose,  F(2,66)=506, 
p < 0 0 0 1 ,  and a s~gmficant effect  of  t reatment  group, 
F(5,33)=3 4, p < 0  05, but no interact ion be tween  these two 
factors Subsequent  Neuman-Keu l s  comparisons  be tween  
t reatment  groups revealed significant &fferences  be tween  
the saline group and each cocaine  group (p<0  5) and no 
major  differences be tween  the 5 cocaine  groups (except  be- 
tween the 48 hr  and 14 day comparison)  lmplymg that the 
&fference was complete ly  deve loped  at 24 hr and persis ted 
fully up to 14 days Also,  no differences were  observed  m 
amphe tamme-mduced  tritium release from slices from 
ammals  that  had r ecewed  saline injections at different t imes 
before sacrifice,  therefore ,  these animals were  t reated as a 
single group There  was no significant &fference be tween  
the saline or  cocame  pre t rea tment  on the amount  of  
electr ical ly-st imulated release,  F(5,33)=1 57, p > 0  1, when 
all the data were  analyzed by A N O V A  or  when paired ob- 
servations (11 out of  13 controls) were analyzed usmg a pmred 
t-test  
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DISCUSSION 

T h e s e  resu l t s  show tha t  a single mjec t lon  of  coca ine  aug- 
m e n t s  d - a m p h e t a m i n e - s t i m u l a t e d  s t r ia ta l  [3H]-DA re lease  up 
to two  weeks  af ter  in jec t ion  T h e s e  da ta  agree  b o t h  wi th  
r epo r t s  of  behav io ra l  sens i t i za t ion  to a single l n j ecuon  o f  
coca ine  [7] and  wi th  r epo r t s  of  long- las t ing a u g m e n t a t i o n  of  
a m p h e t a m i n e - r e d u c e d  DA re lease  af ter  a single in jec t ion  of  
a m p h e t a m i n e  [14] The  m e c h a n i s m  of  such  long- las t ing ac- 
t ions  of  b o t h  coca ine  and  a m p h e t a m i n e  on  DA re lease  is no t  
known ,  a l though the  direct  effects  of  these  drugs on  D A  func- 
t ion  are we l l -desc r ibed  A t  c o n c e n t r a t i o n s  lower  t han  100 
/~M, d - a m p h e t a m i n e  re leases  [3H]-DA pr imar i ly  by  accel-  
e ra t ed  e x c h a n g e  dif fus ion due  to its use  of  the  DA up take  
ca r r ie r  to e n t e r  into  n e u r o n s  t h e r e b y  b lock ing  up take  as well  
[6,11] Coca ine ,  o n  the  o t h e r  h a n d ,  b locks  the  DA up take  
ca r r ie r  d i rec t ly  and  does  not  p r o m o t e  re lease  unt i l  concen -  
t ra t ions  are g rea t e r  t h a n  1 0 / z M  [4] 

I t  shou ld  be  e m p h a s i z e d  t ha t  t r i t ium re lease  m e a s u r e d  in 
our  s y s t e m  is ac tua l ly  a ne t  ove r f low of  [3H]-DA and  [3H]- 
D O P A C  w h i c h  can  be  af fec ted  by  a n u m b e r  of  p a r a m e t e r s  
inc luding  c h a n g e s  in re lease ,  up t ake  or  m e t a b o h s m  of  DA 
Since  the  ti/2 of  coca ine  m rat  b ra in  af te r  an  8 mg/kg in jec t ion  
is a p p r o x i m a t e l y  20 min  [8], e v e n  m the  24-hr t r e a t m e n t  
group,  a negl igible  a m o u n t  o f  coca ine  would  be  p r e sen t  at 
sacrif ice The re fo re ,  the  d i f fe rence  b e t w e e n  the  coca ine-  and  
s a h n e - t r e a t e d  an imal s  c a n n o t  be  due  to b lockade  o f  DA reup-  
take  by  res idual  c o c a m e  Inh ib i t ion  o f  ox ida t ive  d e a m l n a t l o n  
po t en t i a t e s  the  DA-re leas lng  ef fec ts  of  a m p h e t a m i n e  [9] 
H o w e v e r ,  it is unl ikely  tha t  c o c a m e  caused  an  inc rease  in 
a m p h e t a m i n e - s t i m u l a t e d  re lease  in t he se  s tudies  by  long- 
t e r m  inh ib i t ion  of  M A O  act iv i ty  smce  e lec t r ica l ly -s t imula ted  
DA re lease  was  not  a f fec ted  e i t he r  in this  e x p e r i m e n t  (Fig 1) 
or  m e x p e r i m e n t s  in wh ich  two  per iods  o f  only  e lect r ica l  
s h m u l a t l o n  were  used  (L P D w o s k m  and N R Zahn l se r ,  
m a n u s c r i p t  in p repa ra t ion )  T h e r e  Is also ev idence  tha t  DA 

m e t a b o h t e  levels  are u n c h a n g e d  af ter  single doses  o f  15-40 
mg/kg coca ine  [1] 

In  these  s tudies ,  we u sed  [3H]-DA to de t ec t  changes  in 
re lease  c a u s e d  by  coca ine  t r e a t m e n t  It  has  b e e n  a rgued  tha t  
this  m e t h o d  does  not  de tec t  re lease  f rom the  same  
m t r a n e u r o n a l  pools  as e n d o g e n o u s  D A  [5,9] bu t  this  may  
d e p e n d  on  the  s t imula t ion  p a r a m e t e r s  used  [10] R o b i n s o n  
and  col leagues  (see [13]) have  m e a s u r e d  e n d o g e n o u s  D A  re- 
lease  w h e n  s tudying  the  effects  o f  m w v o  d - a m p h e t a m i n e  
t r e a t m e n t ,  and  the i r  resul t s  are s imilar  to ours  wi th  coca ine  
t r e a t m e n t  in the  ex t en t  o f  a u g m e n t a t i o n  and  the  long-las t ing 
na tu re  o f  these  changes  In addi t ion ,  a m p h e t a m i n e  induces  a 
3-fold g rea t e r  inc rease  in e n d o g e n o u s  DA re lease  c o m p a r e d  
to [3H]-DA [5] The re fo re ,  it is l ikely tha t  s imilar ,  if no t  
grea ter ,  d i f fe rences  would  be  found  b e t w e e n  coca ine  and  
sa l ine- t rea ted  an imals  if e n d o g e n o u s  DA re lease  had  b e e n  
m e a s u r e d  ins t ead  o f  [3H]-DA re lease  

It  is poss ib le  tha t  sens i t i za t ion  occu r s  via uncoup l ing  o f  
DA uptake  s i tes  and /or  chang ing  of  the  D A  car r ie r  p ro te in  
such  tha t  D A  re lease  is f avo red  o v e r  up take  t h e r e b y  increas-  
ing D A  c o n c e n t r a t i o n  in the  synapse  and  at the  pos t - synap t i c  
site This  is cu r ren t ly  be ing  inves t iga ted  In s u m m a r y ,  our  
f inding of  pe r s i s t en t  a u g m e n t a t i o n  o f  a m p h e t a m i n e - i n d u c e d  
[3H]-DA re lease  in an imals  e x p o s e d  only  once  to coca ine  
con f i rms  o t h e r  r epor t s  o f  long-last ing behav io ra l  sensi t iza-  
t ion to the  s t e reo typ ic  effect  o f  coca ine  Such  pe r s i s t en t  
changes  in b o t h  b e h a v i o r  and  DA neu ro t r ansml s s lon ,  espe-  
cially a f te r  such  l imited e x p o s u r e  to the  drug,  may  play a role 
in the  socml p r o b l e m s  p roduced  by  c o c a m e  
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