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MISRA, A L , N L VADLAMANI AND R B PONTANI Effect of caffeine on cocame locomotor stimulant acttvtO' m 
rats PHARMACOL BIOCHEM BEHAV 24(3) 761-764, 1986 - -The effect of caffeine on the locomotor stimulant actlwty 
reduced by intravenous cocaine in rats was investigated Low doses of caffeine (20 mg/kg IP) potentiated the locomotor 
activity reduced by 1, 2 5 mg/kg intravenous doses of cocaine and higher doses of caffeine (50, 100 mg/kg 1P) had no 
significant effect The locomotor sumulant effect of 20 mg/kg IP dose of caffeine per se In vehicle was slgmficantly higher 
and that with 100 mg/kg dose significantly lower than that of the vehicle control Thus caffeine produced dose-dependent 
effects on cocaine-induced locomotor stimulant activity, with low dose potentiating and higher doses having no significant 
effect on such activity Pharmacoklnet~c or dlspos~ttonal factors d~d not appear to play a role in potentiation of cocaine 
locomotor stimulant activity by caffeine 

Cocaine-caffeine interaction Locomotor stimulant activity 
[~H] Cocaine disposition Male Wlstar rats 

Dose-dependent effects Potentlauon 

C A F F E I N E  ts a widely used central  nervous  sys tem (CNS) 
st imulant  Caffeine produces  a number  o f  behavloural  and 
biochemical  changes  in laboratory animals and human sub- 
jec ts  In human subjects,  low non-toxic  doses  of  caffeine 
increase cortical  exc~tation, and higher doses  cause anxiety,  
nervousness ,  impaired thinking, sleep dis turbance,  heart 
palpitations,  s tomach irritation and toxic doses  p rovoke  sei- 
zures  [18] In rodents ,  caffeme produces  marked  dose-  
dependent  increases in locomotor  activity in a btphasic man- 
ner  [12], btphaslc effects  on operant  behavlour  [29] and 
dose-rela ted decreases  in operant  responding [4] Chromc  
admlmstra t lon  produces  to lerance to the caffe ine- induced 
stimulation of  locomotor  act ivi ty that is comple te ,  phar- 
macological ly  specific and fully reversible on cessat ion of  
drug intake [4, 12] Drug discr iminat ion studies have shown 
[14] that the sttmulus produced  by amphe tamme-hke  
p sychomoto r  st imulants is qual i tat ively different from that 
o f  caffeine,  implying that the effects  o f  caffeine are due to a 
pharmacologica l  mechan ism distinct f rom that o f  
p sychomoto r  st imulants 

Multiple sites in the C N S  appear  to mediate the complex  
spec t rum of  the pharmacologica l  effects  of  caffeine These  
effects  include the inhibition of  phosphodles te rases  [3], 
b lockade of  adenosine receptors  [8], increases m the rate o f  

tu rnover  of  noreplnephrlne and dopamine [1,27], mcreases  in 
the sensit ivi ty o f  post-synaptic  central  ca t echo lamme recep-  
tors [28], increases in the bram content  but not  synthesis  of  
5-hydroxytryptamlne  [9] and translocat lon of  intracellular 
Ca 2+ [2,13] 

Combinat ions  o f  caffeine with stimulants,  e g ,  phenyl- 
propanolamlne  and ephedr ine ,  are part icularly hazardous  
[17,20] and have recent ly been  banned by the Food  and Drug 
Adminis t ra t ion In view of the marked increase in the rec- 
reational use of  cocame  in recent  years and because  of  the 
presence  of  caffeine in " s t r e e t  coca ine"  samples (m addtuon 
to local anesthet ics  and sugars), the Interaction of  caffeine 
with cocaine  may produce systemic effects  not  preferred by 
drug abusers  This investigation was under taken to study the 
effect o f  caffeme on cocaine  locomotor  st imulant  act ivi ty in 
rats 

METHOD 

Drugs 

Caffeine injection solutions were  prepared In warm,  40% 
aqueous  propylene  glycol Cocaine  solutions were  prepared 
by dissolving cocaine  hydroch londe  in 0 9% NaCI (saline) 
Doses  are expressed  as free base 

1Requests for reprints should be addressed to Dr A L Mlsra, NY State DSAS, Testing and Research Lab , 80 Hanson Place, Brooklyn, 
NY 11217 
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T A B L E  1 

EFFECT OF PRETREATMENT WITH DIFFERENT DOSES OF 
CAFFEINE ON COCAINE INDUCED LOCOMOTOR ACTIVITY 

IN RATS 

Group Treatment 

Mean cumula- 
tive photocell 

counts + 
S E M  

A Vehicle 874 -+ 114 
Caffeine (20 mg/kg) 1512 ± 264* 
Caffeine (50 mg/kg) 725 ± 66 
Caffeine (100 mg/kg) 386 _+ 75~- 

B Vehicle + cocaine 1169 + 142 
(2 5 mg/kg) 

Caffeine (20 mg/kg) 3712 +_ 621t 
+ cocaine (2 5 mg/kg) 

C Vehicle + cocaine 2093 _+ 351 
(2 5 mg/kg) 

Caffeine (50 mg/kg) 2744 _+ 463 
+ cocaine (2 5 mg/kg) 

Caffeine (100 mg/kg) 1507 _+ 288 
+ cocaine (2 5 mg/kg) 

D Vehicle + cocaine 1510 _+ 214 
(1 mg/kg) 

Caffeine (20 mg/kg) 2632 ± 451" 
+ cocaine (1 mg/kg) 

E Vehicle + cocaine (5 mg/kg) 1622 _+ 613 
Caffeine (20 mg/kg) 2716 _+ 760 

+ cocaine (5 mg/kg) 
Caffeine (100 mg/kg) 1388 _+ 376 

+ cocaine (5 mg/kg) 

Male Wlstar rats (n=6 and 5 in groups A to C and groups D and E 
respectively) were pretreated IP either with the vehicle (40°/c 
aqueous propylene glycol) or different doses of caffeine m vehicle 
and 45 mm later injected IV with different doses of cocaine 
Cumulative photocell counts were determined dunng the 30 mm 
period after cocaine injection 

*tDenote significant differences from the corresponding controls 
at p <0 05 and p <0 01 respectively 

Animals  

Male Wlstar  rats (230-300 g) were  randomly housed  in 
groups of  5 rats m suspended  stainless steel cages equipped 
w~th an automat ic  w a t e n n g  sys tem under  the s tandard  lab- 
ora tory  c o n d m o n s  of  12 hr hght /dark cyc les  Ambien t  room 
tempera tu re  was  25°C Rats were  depr ived  of  food 18 hr 
prior  to the expe r imen t  and water  was avadable  ad hb 
throughout  the s tudy All exper imenta l  sess ions  were  con- 
ducted in rooms maintained at 25°C dunng  1000 to 1600 hours 

Locomotor  Activi ty  

L o c o m o t o r  activity (ambulat ion) was  de te rmined  m 
B R S / L V E  (Model  1497) ac t iwty  count ing chambe r s  61 cm 
diameter ,  43 cm height (Tech Serv Corp  , Bel tsvdle ,  MD) 
which  utilize six mfra red hght beams  and six photocel l s  
Digital counters  r e co rded  each  t ime the beam of  light was 
in ter rupted  The activity chambe r s  were  dark d u n n g  the ex- 

T A B L E  2 

COCAINE CONCENTRATIONS* IN PLASMA AND SELE~. I I.D 
TISSUES OF CONTROL (VEHICLE-TREATED) AND 

CAFFEINE-PRETREATEDt RAfS AFTER A 2 5 MG/KG DOSE OF 
[~H] COCAINE BY BOLUS IV INJECTION 

Cocaine concentration 

Blofluld Caffeine- 
t~ssue Control pretreated 

Plasma 258 ± 16 274 ± 16 
Brain 3199 ÷ 197 4024 + 323 
Lzver 492 ± 29 606 ± 44 
Heart 1129_+ 59 1166 ± 45 
Lung 3805 ± 200 4376 ± 203 

*Data represent mean -+ s e m (ng/g tissue or ml flmd) from 5 
ammals in each group 

~-The rats were pretreated IP either with the control vehicle (4(Y~ 
aqueous propylene glycol) or a 20 mg/kg dose of caffeine m vehicle 
and 45 mln later injected IV with a 2 5 mg/kg bolus dose of [)H] 
cocame The animals were killed l0 mm after cocaine rejection and 
plasma and tissues obtained for analyses 

pe r lment  After  a familiarization per iod of  1 hr, rats were  
injected IP e i ther  with the control  vehicle or the approprmte  
dose  of  caffeine (20, 50 or 100 mg/kg) in vehicle and 45 mm 
later rejected IV with a 2 5 mg/kg dose  of  cocaine Locomo-  
tor activity of  each  rat was  recorded  as cumulat ive photocell  
counts  during 30 mm post - in jec t ion of  cocaine  L o c o m o t o r  
activity of  rats injected IP with the vehicle and different 
doses  of  caffeine (20, 50. 100 mg/kg) in vehicle was also 
de te rmined  

In a separate  group of  exper iments ,  the effect  of  pre- 
t r ea tment  with low and high doses  (20, 100 mg/kg IP) of  
caffeine on the l ocomoto r  activity reduced by &fferent  doses  
of  cocaine  ( l ,  5 mg/kg IV) injected 45 mm after the vehicle or 
caffeine p re t r ea tmen t  in rats (150-200 g) was de te rmined  dur- 
ing 30 rain post - re ject ion o f  cocaine 

E~ttmatum oj  [3H] Co~ ame m Biologic al Matertal.~ 

[~H] Ring-labeled cocaine  as prepared  by previous 
me thod  [15] was dduted  with nonradioact ive  cocaine hydro- 
chlor ide in 0 9% saline to provide a specific activity of  11 17 
p.Ci/mg Doses  are exp re s sed  as the free base Male Wlstar  
rats (175-220 g) were  injected IP ei ther  with the vehicle or 
caffeine (20 mg/kg) and 45 min later injected IV with a 2 5 
mg/kg dose  of  [3H] cocaine Animals  were  killed 10 mln after 
the cocaine  injection and plasma and t issues obtained for 
analyses  

Ahquo t s  (2 ml) o f  p lasma (diluted 1 5 with distilled water)  
or t issue homogena tes  (10% w/v in 0 5 M HCI) containing 
nonradioac t ive  cocaine h y d r o c h l o n d e  as carr ier  (500 p.g/ml) 
were  adjusted to pH 9 with 1 5 M ammonia ,  and the solution 
buffered  with 1 ml 20% w/v Ke HPO4 and ext rac ted  with 15 
ml cyc lohexane  as previously  descr ibed  [16] Benzoylec-  
gomne ,  benzoy lno recgonme ,  ecgonine  methyl  es te r  and ec- 
gonine,  the me taboh te s  of  cocaine  [16] were  not ex t rac ted  by 
this p rocedure  and the me thod  was specific for cocaine In 
vitro percen t  recover ies  of  cocaine  in the conc  range 10- 
1000 ng/ml f rom &luted p lasma and t issue homogena t e s  were  
99_ + 1 (m_+s e m ) The compara t ive  concen t ra t ions  of  total 
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cocaine metabohtes [16] in the plasma and t~ssues of the 
vehicle and caffeine pretreated rats was also determined to 
ascertain whether the caffeine pretreatment altered the me- 
tabolism of cocaine Total radmactlvlty in diluted samples of 
plasma (0 2 ml) was determined by direct counting with l0 ml 
Aquasol solution (New England Nuclear, Boston, MA) 
Ahquots of tissue homogenates were mixed with an equal 
volume of NCS solublhser (Amersham/Searle Corp Ar- 
lington Heights, IL) and the radioactivity counted with 
Aquasol Appropriate corrections for quenching were 
applied using [3H] toluene as an internal standard The total 
conc of the cocaine metabohtes given above (as cocaine 
conc equivalents) were obtained by subtracting the conc of 
extractable cocaine per g tissue or ml fluid from the corre- 
sponding total radioactivity values 

Statt~tt~ al Analy ~lS 

Statistical significance of all data on the comparative 
cumulative photocell counts or comparative cocaine concen- 
trations in the vehicle and caffeine-pretreated groups after 
cocaine injections was evaluated by Student 's t-test 

RESULTS 

EfJe~t o f  Different Doses o f  Caffeine Per Se on ItS 
Locomotor Ac ttvtty 

Data on the cumulative photocell counts m rats pretreated 
IP either with the vehicle or 20, 50 and 100 mg/kg doses of 
caffeine per ~e in vehicle appear m Table 1A Locomotor 
activity of rats treated with 20 mg/kg dose of caffeine was 
significantly higher and that with 100 mg/kg dose slgmfi- 
cantly lower than that m the vehicle control group The ac- 
twlty of rats treated with 50 mg/kg dose of caffeine was not 
significantly different from that of the vehicle control 

EJfet t o f  Prett eatrnent With Lo~ Dose o f  Caffetn e on 
Co~ atne Lo¢omotor Ac ttvtty 

Data on the cumulative photocell counts m rats pretreated 
IP either with the control vehicle or a 20 mg/kg dose of 
caffeine m vehicle after a 2 5 mg/kg IV injectmn of cocaine 
appear in Table IB Cumulative counts in caffeine pretreated 
animals were significantly higher than those in the vehicle 
treated group 

EJfec t oJ Pretreatment With Higher Doses of  Caffeme on 
Coc rune Lo~ omotor Acm'lty 

Data on the cumulative photocell counts in a separate 
group of animals pretreated IP either with the vehicle or 50 
and 100 mg/kg doses of caffeine after a 2 5 mg/kg IV injection 
of cocaine appear in Table IC Cumulative counts in 
caffeine pretreated animals were not significantly different 
from those m the vehicle control group Counts m 100 mg/kg 
caffeine pretreated group were significantly lower (p<0 05) 
than those in the 50 mg/kg caffeine group 

Effect o f  Low and High Do~e Caffeine Pretreatment on 
Coc ame Locomotor Actn tty 

Data on the cumulative photocell counts in rats pretreated 
IP with 20 mg/kg dose of caffeine after a 1 or 5 mg/kg IV 
injection of cocaine appear in Table 1, D and E Cumulative 
counts in caffeine pretreated rats after a 1 mg/kg IV injecUon 
of cocaine were significantly higher than those in the vehicle 
group Cumulative counts in the caffeine pretreated group 

after a 5 mg/kg IV injection of cocaine were not slgmficantly 
different from those in the vehicle group CumulatiVe counts 
ma mma l s  pretreated with a 100 mg/kg IP dose of caffeine 
after a 5 mg/kg IV injection of cocaine were not significantly 
different from those in the corresponding vehicle-treated 
group 

Comparative Concentrattona o f  Cocame m Plasma and 
Tissues of  the Vehicle and Caffeme Pretreated Rata 

Concentrations of cocaine m plasma and selected tissues 
of animals pretreated IP either with the vehicle or a 20 mg/kg 
dose of caffeine 10 mm after a 2 5 mg/kg IV rejection of [3H] 
cocaine appear m Table 2 The concentratmns of cocaine in 
plasma, brain, liver, heart and lung of caffeine pretreated 
animals were not sigmficantly different from those in the 
control group Brain to plasma cocaine concentratmn ratio 
(m-+s e m ) in the caffeine pretreated group (14 98---0 96) 
was significantly higher (p<0 05) than that m the controls 
(12 50+_0 35) No significant differences were observed m 
liver to plasma cocaine concentration ratio, the ratio of total 
concentration of the cocaine metabohtes to the concentra- 
tion of unmetabohzed drug m the liver or the total concen- 
tration of the cocaine metabohtes in plasma and different 
tissues in the two groups 

DISCUSSION 

This study shows that a low dose of caffeine (20 mg/kg IP) 
potentiated the locomotor stimulant activity of different 
doses of cocaine (1, 2 5 mg/kg IV) and higher doses of caf- 
feine (50, 100 mg/kg IP) had no significant effect on this 
activity The locomotor activity of low dose of caffeine (20 
mg/kg IP) per se In vehicle was significantly higher and that 
with 100 mg/kg dose slgmficantly lower than that in the ve- 
hicle group Thus, a low dose of caffeine potentiated and 
higher doses had no significant effect on cocaine locomotor 
stimulant activity Previous work [11] has shown that lower 
doses (20 mg/kg) of caffeine produced maximal motor stimu- 
lation and this effect either decreased or disappeared with 
higher doses which were still below the toxic levels Medial 
thalamus and brain stem reticular formation have been 
suggested as the important sites for the stimulant effects of 
caffeine, but the basic mechanisms underlying such effects 
of caffeine and amphetamine-like psychomotor stimulants 
appear to be quite different [5,14] 

The mechanism involved in the potentiation of the 
cocaine-reduced locomotor stimulant effect by caffeine is 
unclear at this time A variety of drugs have been shown to 
affect the cocaine locomotor stimulant effect, e g ,  atropine 
and monamlne oxtdase lnhlbltors potentiated it [6, 10, 19], 
reserpine, chlorpromazlne, plmozlde, phenoxybenzamine 
reduced or blocked it [19, 21, 22, 24] and a-methyl para 
tyroslne (tyrosme hydroxylase inhibitor) and lpronlazlde had 
no effect [19, 23, 26] Although no clear-cut neurochemlcal 
mechanisms for the cocaine locomotor stimulant effects 
have emerged from these studies, it IS generally believed that 
the reserve pools of catecholamines rather than the newly, 
synthesized pools mediate such cocaine effects [19,30] In- 
creased turnover of striatal dopamine rather than the telen- 
cephalic norepmephrine correlated better with the cocaine 
stimulant effect [7,25] Caffeine increases the turnover of 
norepinephnne and dopamlne [1,27] and the sensitivity of 
the post-synaptlc central catecholamlne receptors [28] Con- 
sequently it is conceivable that the possible increases in the 
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t u r n o v e r  of  s t rmtal  d o p a m l n e  by ca f fe ine -coca ine  combina -  
t ion m a y  play a role in the  po t en tmt ton  o f  c o c a m e - m d u c e d  
l o c o m o t o r  ac t lw ty  by caffe ine  H o w e v e r ,  p r e t r e a t m e n t  o f  
ra ts  w~th a m o d e r a t e  n o n - d e p r e s s a n t  dose  o f  haloperldol  
(0 15 mg/kg  IP), a d o p a m m e  a n t a g o m s t  1 hr  before  c o c a m e  
(2 5 mg/kg  IV) did not  s ignif icant ly  reduce  the  po t en tmted  
l o c o m o t o r  act ivi ty m caffe ine  p re t rea ted  (20 mg/kg  [P) ra ts  
(doses  o f  ha loper ldol  0 5 mg/kg  IP or h igher  p roduc e d  
ca t a l epsy  m rats) 

It ~s ~mportant  to de t e rmine  the  potent ia l  role o f  phar-  
m a c o k m e t l c  and  d~sposmona l  fac tors  m drug  i n t e r a c t m n s ,  
where  the effect  o f  one  d rug  can be modif ied  by the concur -  

rent  a d m l n t s t r a t m n  of  a n o t h e r  drug E x p e r t m e n t s  on kmet~c~ 
were  done  10 mln af ter  the c o c a m e  mject ton ,  be c a use  a sig- 
nif icant  (p < 0  05) po ten t ia t ion  o f  locomotor  act ivi ty occur red  
e ve n  at this  t ime The  cumula t ive  photocel l  coun t s  
(m+-s e m ) 10 m m  after  IV coca ine  injection 12 5 mg/kg,  m 
the cont ro l  and caffe ine  p re t rea ted  g roups  were  626_ +_ 110 and 
1266_ + 352 respec t ive ly  A l t h o u g h  the m e a s m  es of  l ocomoto r  
act ivi ty and p h a r m a c o k m e t l c s  were  not  taken  at the same  
point  m h m e .  our  da ta  show that  p h a r m a c o k m e t t c  or dis- 
pos i t ional  fac tors  do not  appea r  to play a role m the potenti-  
at ion o f  coca ine  induced  Iocomotol  s t imulan t  e f fec ts  by cal- 
f eme  
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