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ERINOFF, L AND S R. SNODGRASS Effetts of  adult or neonatal treatment wtth 6-hydroxydopamme or 5,7- 
dthydroxytryptamme on locomotor acttvtty, monoamme levels, and response to caffeine. PHARMACOL BIOCHEM 
BEHAV 24(4) 1039-1045, 1986--Rats were treated as neonates or adults w~th desmethyhm~pramme ~DMI) followed by 
tntraventricular 6-hydroxydopamme (6-HDA) or 5,7 d~hydroxytryptamme (5,7-DHT) Locomotor activity of treated rats 
was measured m photocell cages Neonatal treatment wtth 5,7-DHT produced hypoact~v~ty dunng development whde 
neonatal 6-HDA led to hyperact~vtty Treatment of adult rats wtth 5,7-DHT or 6-HDA, whde resultang m eqmvalent 
monoamme depleuons, was wtthout effect on locomotor acttv~ty The dose response function for caffeine was determined 
m these rats. Depletton of dopamme by etther neonatal or adult treatment w~th 6-HDA decreased caffeine sttmulation of 
locomotor acttvay The adenosine receptor agomst l-phenyhsopropyladenostne (L-PIA) decreased locomotor act~wty m all 
rats m a dose-dependent fasluon 

Locomotor activity 6-Hydroxydopamtne 5,7-D~hydroxytryptamme 
Serotonm Dopam~ne L-Phenyhsopropyladenosme 

Caffeine Development 

THE development of locomotor activtty following neonatal 
depletion of brmn dopamine (DA) by 6-hydroxydopamine 
(6-HDA) has been stud~ed extensively and most reports have 
described a period of hyperactivity [7, 20, 21, 24, 28]. Sinular 
treatment of adult animals does not cause hyperactiwty [7]. 
The effects of depletton of serotonin (5HT) on the develop- 
ment of locomotor behavior have not been as well charac- 
terized. A role for 5HT in the suppression of locomotor ac- 
tlwty that occurs with development was proposed by Mabry 
and Campbell from their studies of rats treated w~th the 5HT 
synthes~s inhibitor, p-chlorophenylalanine (PCPA) [19] 
Lucot et al. demonstrated that administration of p-chlo- 
roamphetamme (PCA) caused age dependent effects on lo- 
comotor acttv~ty, w~th ~ncreased acawty seen m neonates, 
and decreased act~vtty ~n adults [17] Serotomn deple- 
tion produced ~n neonatal rats by intrac~sternai or intraven- 
tncular 5,7-dihydroxytryptamine (5,7-DHT) has been re- 
ported to delay the normal suppression of locomotor act~wty 
seen with development in rats tested in groups of three in a 

photocell dewce [3], to hetghten and delay the peak ~n loco- 
motor activity m rats tested m isolatmn in stabilimeter cages 
[18], or to decrease open field locomotor act~vtty [14]. 

The present study was designed to examine the effects of 
neonatal and adult treatment with mtraventricular 5,7-DHT 
on locomotor act~vtty In addition to control ammais, 6-HDA 
treated rats were tested along w~th the 5,7-DHT ammals to 
serve as positive controls We also examined the effects of 
caffeine admimstration on locomotor activity m these 
antmals. Previous reports had shown that the locomotor 
stimulatory effect of caffeine ts blocked by alpha-methyl- 
tyrosine (AMT) [32] or ptmoz~de [8,31] or neonatal 6-HDA 
[51, all treatments which interfere wtth dopaminerg~c trans- 
mission In contrast, ~nhtbition of 5HT synthes~s by PCPA 
treatment has been reported to enhance caffeine reduced ac- 
twity [32]. Since caffeine sttmulatton of locomotor activity 
has been postulated to be mediated by AI adenosine recep- 
tors [261, we admimstered the Ai adenosine agomst 
l-phenyhsopropyladenosme (L-PIA) to adult and neonatally 
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T A B L E  1 

EFFECT OF TREATMENT WITH 6-HDA OR 5,7-DHT ON REGIONAL DOPAMINE CONTENT 

Dopamtne (ng/g wet weight ± SEM) 

Nuc Olfactory 
Accumbens Stnatum Tub Bramstem Hypothalamus 

Adult Treated 
Control (n=8) 
5,7-DHT (n=6) 
6-HDA (n=5) 

Neonatally Treated 
Control (n=5) 
5,7-DHT {n= 10) 
6-HDA (n=6) 

3481 ± 359 6151 ± 537 1816 ± 127 74 ± 5 
3188 ± 519 6201 ± 681 1948 ± 212 79 ± 2 
1002 ± 317" 1494 _ 468* 723 ± 99* 48 ± 3* 

3426 ± 391 5815 ± 666 2069 _ 224 69 ± 5 
3176 ± 319 7135 ± 334 2308 ± 198 78 ± 4 
576 _+ 179" 501 ± 205* 678 ± 135" 51 ± 4* 

318 ± 35 
289 ± 31 
195 ± 11" 

368 ± 47 
352 ± 35 
296 ± 20 

*p<0 05 vs respective control 

T A B L E  2 

EFFECT OF TREATMENT WITH 6-HDA OR 5,7-DHT ON REGIONAL SEROTONIN CONTENT 

Serotomn (ng/g wet weight ± SEM) 

Nuc Olfactory 
Accumbens Stnatum Hlppocampus Brmnstem Tub Cerebellum Hypothalamus Cortex 

Adult Treated 
Control(n=8) 529 ± 60 606 ± 62 550 ± 41 970_+ 50 688 ± 109 93 ± 9 1077__- 92 594 ± 42 
5,7-DHT(n=6) 311 -,- 30* 373 - 51" 55 _ 9* 1109__. 122 259± 53* 49-_ + 11" 1069 ~ - 105 143 _ 19" 
6-HDA(n=5) 554 ± 124 709 ± II0 477 ± 65 979 ± 74 663 ± 73 83 _ II 1019 ± 61 591 ± 63 

Neonatally Treated 
Control (n=5) 554 ± 34 582 ± 65 502 ± 42 1029 ± 78 911 ± 76 100 ± 7 1158 ± 59 604 ± 10 
5,7-DHT (n=10) 262 ± 48* 351 ± 54* 88 ± 17" 1165 ± 115 219 ± 77* 74 ± 9* 1292 ± 220 109 ± 28* 
6-HDA(n=6) 598± 96 907± 78* 4 8 9 ± 6 4  1128± I11 936± 114 89__. 4 1210± 70 637±31 

*p<O 05 vs respective control 

t rea ted  rats ~n doses  previously  repor ted  to dep res s  locomo-  
tor  activity ~n mice [26,30] 

METHOD 

All rats were  provided  with a diurnal hghtlng cycle  (0600, 
on,  1800, off) and ad hb access  to food and water .  Adult  rats 
(Hdl top Lab An |mats )  were  housed  5 per  cage by t rea tment  
groups  m large metal cages  Adul t  male rats (270 g) were  
injected with DMI 20 mg/kg IP. One hour  later,  rats were  
anes the t i zed  w~th e the r  and re jected mtraventr icular ly  (1 5 
mm pos te r io r  to bregma,  2.5 mm lateral to the m~dhne, and 
4.0 mm ventral  to the surface o f  the skull) with saline (0 9%) 
ascorba te  (0 1%), 6 -HDA 250 ~tg/20 ~l ,  or  5 ,7-DHT, 150 
~g/20 p.l. Three  days  later  th~s p rocedu re  was  repea ted  ex- 
cept  that  the oppos i te  lateral ventr ic le  was injected A 
smal ler  volume and dose  of  5 ,7-DHT (75/.tg/10 ~tl) was ad- 
minis tered  because  repet i t ion of  the 150 ~g  dose  induced 
convuls ions  

Pregnant  rats were  obta ined at 14 days  ges ta t ion (Hilltop 
Lab  Ammals )  and housed  individually in large metal  cages  
Three  litters o f  8-10 male pups  were  formed The 6-HDA 

t rea tment  group was born 1 day after  the vehicle and DHT 
groups.  At 3 days  of  age pups  were  injected with 20 mg/kg 
DMI subcutaneous ly ,  fol lowed in one hour  by e the r  
anes thes ia  and the mt r av en t n cu l a r  (0.5 mm pos te r io r  to 
bregma,  l 5 mm lateral to the m~dllne, and 2 5 mm ventral to the 
surface o f  the skull) rejection o f  sahne  (0 9%) ascorba te  
(0. I%), 6 -HDA 100/.tg/10 p~l, or  5 ,7-DHT 50/.tg/10 ~l On day 
6 the procedure  was  repea ted ,  using the oppos i te  lateral 
ventr icle .  Pups were  weaned  at 30 days  o f  age and cont inued 
to be group caged 

To measure  l ocomoto r  actlv~ty, rats were  placed m indi- 
vidual w~re cages  (40×24x  18 cm Mgh) w~th 3 solid walls and 
a w~re mesh  wall and floor,  moun ted  m a s tandard  rack The 
cages  were  e q m p p e d  w~th two light-emitt ing d iodes ,  2 4 cm 
above  the floor o f  the cage and 12 cm from each  end,  tamed 
at oppos i te ly  s~tuated pho tode t ec to r s ,  so that  their  infrared 
beams  c ros sed  the long ax~s o f  the cage.  Beam interrupt ions  
per  10-m~nute per iod were  automat ical ly  r ecorded  by a mod-  
ified (G and B E lec t romcs ,  Roys ton ,  U K.) AIM 65 
(Rockwell)  m tc rocompu te r  For  test ing rats less than 18 days  
old a I 3 cm thick w o o d en  floor was placed ove r  the wire 
mesh  floor, and wooden  inserts  were  used to dec rease  the 
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TABLE 3 

EFFECT OF TREATMENT WITH 6-HDA OR 5.7-DHT ON REGIONAL NOREPINEPHRINE CONTENT 

Noreptnephnne (ng/g wet wetght -+ SEM) 

Nuc Olfactory 
Accumbens Stnatum Htppocampus Brmnstem Tub Cerebellum Hypothalamus Cortex 

Adult Treated 
Control (n=8) 195 - 32 156 +- 18 376 -+ 21 430 +-- 17 140 -+ 12 215 - 6 942 _+ 44 291 -+ 12 
5,7-DHT(n=6) 139 +- 16 152 ± 11 327 ± 20 417-+- 15 129 +- 18 201 -+ 7 929-+ 54 309-+ 26 
6-HDA (n=5) 127 ~ 15 123 -+ 11 242 - 40* 315 +-- 24* 133 +-- 14 96 +_ 13" 823 +- 37 253 -+ 22 

Neonatally Treated 
Control (n=5) 179 --- 11 159 +-- 33 382 -+- 4 449 _ 14 201 ± 17 193 +- 10 964 _+ 64 284 _ 10 
5,7-DHT (n=10) 197 +-- 11 213 *- 14 384 _+ 13 497 -+ 12 236 +- 17 231 +- 10 1065 _* 34 295 -+ 8 
6-HDA (n=6) 190 -+ 20 181 +-- 30 337 +- 47 478 ± 15 243 +- 34 232 +_ 20 1026 -+ 96 325 +- 14 

*p<0 05 vs respective control 

size of the cage to 24x24x 18 cm high, with one light beam 
crossing the center of the cage To prevent pups from chmb- 
mg the wire mesh wall, sheets of acetate were placed over 
the mesh. 

Testing of adult treated rats was begun 2 weeks after the 
second lntraventricular m.lection. Rats were tested m 2 one- 
hour sessions starting at 0800 and 0900 with rats from each 
treatment group in each session. Activity was assessed three 
times a week. The study of caffeine and L-PIA effects on 
locomotor activity was begun after 4 sessions of baseline 
acUv~ty were recorded. 

Neonatal rats were tested m 2 sessions that began at 0800 
and 0900. All 3 treatment groups were tested in each session 
and acuvtty was measured three t~mes a week. The devel- 
opment of locomotor acttvity was monitored from days 10 
through 46 for vehicle and DHT groups, and 9 to 45 for 
the 6-HDA group. Following th~s, the effects of caffeine and 
L-PIA on locomotor acUvlty were assessed 

Drug Testmg 

Caffetne (S~gma) dissolved In warm saline was adminis- 
tered IP 20 minutes before activity testing. L-PIA 
(Boehnnger-Manheim) was dissolved in warm propylene 
glycol and injected IP 20 minutes before activity testing. 
When both drugs were g~ven, L-PIA was given 20 minutes 
before testing followed by caffeine 10 minutes later, thus 
maintammg the time from initial drug rejection constant. 
Drugs were administered in volumes of I ml/kg body weight. 

Both adult and neonataily treated rats were killed 3 
months after their last drug admimstratlon Neonatally 
treated rats were 6 months old at the time of sacrifice. The 
rats were killed by decapitation and their brains dissected on 
an ~ce-cold glass plate [11,15]. The following regaons were 
studied: olfactory tubercle, nucleus accumbens, caudate 
nucleus, hypothalamus, hippocampus, cerebral cortex, 
cerebellum and brmnstem. Brain regions were wrapped ~n 
aluminum foil and immediately frozen m liquid nitrogen. 
Monoamlnes were extracted by a modification of the method 
of Shellenberger and Gordon [25] and assayed by high pres- 
sure liquid chromatography using electrochemical detection 
[4] 

RESULTS 

Effects on Regumal Monoamtne Content 

The effects on regional monoamme content of mtraven- 
tricular injection of 6-HDA or 5,7-DHT in DMI pretreated 
adult and neonatal rats are given in Tables 1-3. Depletions of 
DA and 5HT were comparable in neonatally and adult 
treated ammals. In 6-HDA treated rats, nucleus accumbens 
dopamme content was reduced by 71% in adult treated rats 
and 83% m neonatally treated rats. The reductions in 
dopamine levels were 76% and 91% in stdatum, and 60% and 
67% in olfactory tubercle. Hypothalamic dopamine content 
was reduced 38% m adult-treated rats. 5,7-DHT induced 
serotonin depleuons of 90%, 82% (adult, neonatal) in hip- 
pocampus, 76%, 82% in cortex; 41%, 53% in nucleus accum- 
bens; 38%, 40% in stnatum; 62%, 76% in olfactory tubercle; 
and 47%, 26% in cerebellum. 6-HDA treatment produced 
decreases ~n regional norepmephnne content in adult but not 
neonatally treated rats. Norepinephrine concentration was 
reduced 36% in hippocampus, 27% in brain stem, and 55% in 
cerebellum. Treatment with 5,7-DHT had no effect on cate- 
cholamine concentrations in any brain region in adult or 
neonatally treated rats. However, 6-HDA treatment of 
neonatal rats, but not adults, produced a 56% increase in the 
striatal serotonm content. No other changes In regional 
serotonm content were found. 

Effects on Locomotor Acttwty 

Neonatal treatment with 6-HDA or 5,7-DHT altered the 
development of spontaneous locomotor activity m the rat as 
can be seen in Fig. 1 (2-way ANOVA, repeated measures on 
1 factor, effect of treatment, F(2,18)= 15.76, p <0.001, effect 
of age, F(16,288)= 11.02, p<0.001, effect of treatment x age, 
F(32,288)=3.88, p<0.001). Neonatal treatment with 6-HDA 
resulted m increased locomotor activity m the third and 
fourth weeks of life while 5,7-DHT treatment produced 
hypoactivity during this same period. Rats treated with 
6-HDA differed from controls on days 16-34, rats treated 
with 5,7-DHT differed from controls on days 16-23, and rats 
treated w~th 6-HDA differed from those treated with 5,7- 
DHT on days 16-34 (p<0.05, Duncan's  multiple range test) 
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FIG I The mean activity m counts per hour _+SEM plotted against 
age tn days of rats treated w~th DMI followed by mtraventncular 
6-HDA, 5,7-DHT, or vehicle on days 3 and 6 Stgmflcant d~fferences 
from control were seen on days 16-34 tn 6-HDA treated rats and 
days 16-23 in 5,7-DHT treated rats 

Desp i te  t he se  changes  ~n ac twt ty  levels ,  ne i the r  6 - H D A  nor  
5 ,7 -DHT t r e a t m e n t  a f fec ted  the  age at  wh ich  peak  l o c o m o t o r  
ac t iv i ty  occu r r ed  Al though  6 - H D A  and 5 ,7 -DHT t r e a t m e n t s  
had  oppos i t e  effects  on l o c o m o t o r  act iv i ty ,  they p roduced  
s lmdar  d e c r e a s e s  tn body  weight  (20aA,) r e l auve  to con t ro l s  
(2-way A N O V A ,  F(2 ,18)=4 .62 ,  p < 0  01, 6 -HDA and  5,7- 
D H T  dif ferent  f rom cont ro l  but  not  each  o ther ,  D u n c a n ' s  
mul t iple  range  test ,  p < 0 . 0 5 )  As  can  be seen  m Ftg 2. admin-  
i s t ra t ion  o f  6 -HDA or 5 ,7 -DHT to adul t  ra ts  had no  effect  on  
s p o n t a n e o u s  l o c o m o t o r  ac t tv l ty  m e a s u r e d  in the  th i rd  week  
fol lowing m t r a v e n t n c u l a r  d rug  mjec t lon  (2-way A N O V A .  
F ( 2 , 1 6 ) = l  74, n s.) 

k,ffi'( ts o f  Caffi, me and L-PIA on Neonata l  and Adul t  
Treated Rats  

The  effects  o f  caffe ine  on  l o c o m o t o r  ac t iv i ty  m rats  
t r ea ted  wi th  n e u r o t o x m s  as n e o n a t e s  is p r e sen t ed  m F~g 3 
All th ree  g roups ,  con t ro l ,  6 - H D A ,  and  5 ,7-DHT,  d~ffered 
f rom each  o the r  (2-way A N O V A ,  repea ted  measu re s  on  1 
fac to r  on  log t r a n s f o r m e d  data .  F(2 ,18)= 17.67, fo l lowed by 
N e w m a n - K e u l s '  range  test ,  p < 0 . 0 5 )  T he  ant t log o f  the  av- 
e rage  o f  the  overal l  a c t lw ty  coun t s  for  e ach  g roup  was 436 
for the  6 -HDA t rea ted  group,  342 for  the cont ro l  group,  and  
282 for  the  5 ,7 -DHT t rea ted  ra ts  W h e n  the  dose  r e s p o n s e  
func t ion  was  ana lyzed  as the  log t r ans fo rma t ion  o f  the  da ta  
e x p r e s s e d  as a pe rcen t  o f  sal ine vehic le  ac t iv i ty  scores ,  slg- 
mf icant  d i f fe rences  were  again found m the  th ree  g roups ,  
F (2 ,18)=9  29, p < 0  001, fo l lowed by N e w m a n - K e u l s '  range  

L o c o m o t o r  A c t i v i t y  o f  
A d u l t  T r e a t e d  R a t s  

400 ~ T ~ DMl-Sahne 
~ • DMI-6HDA 

i _. ~ T 6 DM~-~.~ DHT 

0 

~ 0 0  

,~ ~ 

,~ , ;  ~'~ ~; 
Days After I n t r a v e ~ n ~  I n j e c t ~  

FIG 2 The mean activity in counts per hour _*SEM of adult rats 
treated with DMI followed by ~ntraventncular 6-HDA, 5,7-DHT or 
vehicle There were no s|gmficant differences between any of the 
groups 
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FIG 3 Dose response function for caffeine m rats treated with 
neurotoxtns neonatally All 3 groups differed from each other. 
6-HDA treated rats had the htghesl mean overall actw~ty, 5,7-DHT 
treated rats the lowest, while vehicle control rats were mtermedmte 

t e s t , p < 0  05 The  5 ,7 -DHT t rea ted  rats  exhib~ted the grea tes t  
pe rcen t  increase  m l o c o m o t o r  actw~ty (an tdog  of  the  ave rage  
pe rcen t  i nc r ea se=475%) ,  the  6 - H D A  t rea ted  rats  had the  
least  (198%) inc rease ,  and  the  con t ro l  g roup  was rater-  
med ia te  (271% increase )  Table  4 p re sen t s  the mean  actw~ty 
da ta  p r e sen t ed  m F~g 3 e x p r e s s e d  as pe rcen t  o f  s ahne  vehi-  
cle 

The  dose  effects  func t ion  for  caffe ine on  l o c o m o t o r  ac tw-  
lty m adul t  t r ea ted  rats  ~s s h o w n  m F~g. 4 Analys t s  of  the  log 
t r a n s f o r m a h o n  of  the  actw~ty da ta  m c o u n t s  pe r  hou r  of  the  
th ree  adul t  t r ea ted  g roups  md~cated that  these  g roups  d~d not  
differ  s ignif icant ly  f rom each  o the r ,  F(2 ,16)=0 .57 ,  n s W h e n  
the  da ta  were  exp re s sed  as pe rcen t  of  sal ine vehic le ,  the 
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T A B L E  4 

CAFFEINE EFFECTS ON LOCOMOTOR ACTIVITY AS PERCENT OF 
SALINE VEHICLE 

5 mg/kg 15 mg/kg 30 mg/kg 

Adult Treated 
Control 237 ± 20 323 ± 18 277 _+ 27 

n=8 
5,7-DHT 188 _+ 37 272 ± 31 248 ± 26 

n=6 
6-HDA 158 _+ 50 153 _+ 62 187 ± 28 

n=5 

Neonatally Treated 
Control 206 ± 41 361 ± 54 353 ± 37 

n=5 
5.7-DHT 423 _+ 54 494 ± 40 518 ± 39 

n=10 
6-HDA 198 ± 25 232 _+ 26 172 ± 43 

n=6 

o 

A d u l t  T r e a t e d  

~ A DMI-Salme 
• DMI-6HDA 
O DMI-5,7 DHT 

Sahne 
Dose rng/kg Caffeine 

FIG 4 Dose response function for caffeine in rats treated w~th 
neurotoxms as adults No d~fferences were seen m the groups 

T A B L E  5 

EFFECT OF L-P1A ON LOCOMOTOR ACTIVITY 

Vehicle 0 05 mg/kg 0 I mg/kg 0 2 mg/kg 

Adult Treated 
Control 240 ± 37* 

n=8 (100 ± 15)t 
5,7-DHT 159 _+ 22 

n = 6  (100 ± 14) 
6-HDA 236 _+ 29 

n=5 (100 = 121 

Neonatally Treated 
Control 188 _+ 29 

n=5 (100 _+ 15) 
5,7-DHT 176 ± 24 

n=10 (100 ± 14) 
6-HDA 268 ± 52 

n=6 (100 ± 19) 

0 1 mg/kg 
and 5 mg/kg 

Caffeine 

*counts/hour ± SEM 
-t% of vehicle acttv~ty 

86_+ 31 58 _+ 16 18 ± 4 198 ± 35 
(36± 13) (24+_ 7) (8 ± 2) (82 ± 14) 
66 ± 13 43 ± 14 18 ± 5 159 ± 34 

(42 ± 8) (27 _+ 9) (11 ± 3) (100 ± 21) 
119 ± 47 63 ± 40 34 ± 24 282 ± 46 
(50 ± 20) (27 ± 17) (14 ± 10) (119 ± 19) 

84 ± 23 46 ± 13 24 ± 3 155 ± 40 
(45 ± 12) (24 ± 7) (13 ± 2) (82 ± 21) 
7 2 ± 1 6  4 0 _  + 5 31 -+ 5 148_+20 

(40 _+ 9) (23 ± 3) (18 _+ 3) (84 ± II) 
124 ± 16 43 ± 13 34 ± 19 183 ± 56 
(46 ± 6) (16_+ 5) (13 -+ 7) (68 ± 20) 

6-HDA t rea ted  group was  found to differ stgmficantly from 
the 5,7-DHT and control  groups  (2-way A N O V A  on log 
t rans formed  data,  F(2,16)=4.40,  p < 0 0 5 ,  fol lowed by 
N e w m a n - K e u l s '  range tes t ,  p<0 .05) .  The overall  mean of  
the percent  increases  for each  of  the three groups  (antdog of  
the means  from the log t r ans fo rmed  data) was 281% for the 
control  group,  172% for the 6-HDA group,  and 232% for the 
5 ,7-DHT group The data  f rom R g  4 exp res sed  as percent  o f  
sahne vehicle are given in Table 4. 

The effect  o f  L-PIA on locomotor  activity m both  adult 
and neonatal ly  t reated rats ~s g~ven tn Table 5. L - H A  re- 
duced  locomoto r  activity ~n both  adult  and neonatal ly  t reated 

animals in a dose-re la ted  fashion When  these  means  are 
exp re s sed  as a percen t  o f  the acttv~ty seen  fol lowmg 
propylene  glycol vehicle ,  no d t f ferences  are found m the 
effects  o f  L - H A  on any of  the t r ea tment  groups  F~ve mg/kg 
caffeine comple te ly  antagontzed the locomotor  depress ion  
seen following 0 l mg/kg L-PIA 

DISCUSSION 

Neonata l  6 -HDA treated rats s h o w ed  intttal hyperacttv~ty 
fol lowed by a return to control  levels o f  activtty.  Th~s pat tern  
o f  t rans ient  h y p e r a c u w t y  has been  repor ted  to corre la te  w~th 
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the degree o f  bratn dopam~ne depleUon [20], and our  data 
agree wtlh reports  on rats w~th s~mdar degrees  of  dopam~ne 
deplet ion [20.24] The lack o f  effect o f  adult 6 -HDA treat- 
ment also confi rms previous  findings [7,20] Deplet ion of  
brmn sero tomn by neonatal  t reatment  of  rat pups wtth 5.7- 
D H T  produced marked decreases  ~n locomotor  act~wty dur- 
ing deve lopment ,  whde s~mdar deplet ions in regional brmn 
sero tomn content  produced by 5 ,7-DHT treatment  of  adult 
rats had no effect on locomotor  act ivi ty The hypoact~v~ty 
which we observed  after neonatal  D H T  treatment  ~s m 
agreement  w~th the results of  Hard et al [14] but contrasts  
wtth those o f  Breese  et al [3] and Lucot  and Setden [18] The 
reasons for these dtsparate findings are not clear,  although 
the 5 ,7-DHT dostng regimes and routes o f  adm~mstrat~on 
(mtrac~sternal or  mt raven tncu la r  ~n.lect~on) varied and may 
have produced  dtfferences ~n the degree or  pattern of  re- 
gional se ro tomn deplet ion D~fferences ~n the methodologies  
employed  for assessing locomotor  act ivi ty m each of  these 
studies m~ght also account  for these d~ffenng results since 
measurements  of  locomotor  act~wty are very much depend- 
ent  on the type of  apparatus used and the cond~uons of  test- 
~ng [22,23] Nonethe less .  the present  report  demonst ra tes  
that deplet ion of  sero tonm ~n early hfe produces  d~fferent 
effects  on locomotor  act ivi ty than eqmvalen t  deplet ions ob- 
tinned m adult ammals  which ~s qmte  analogous to the d~ffer- 
entml effects  on locomotor  act~vtty of  dopam~ne deplet ion m 
adult and neonatal  rats [7.20] 

In the present  study, serotomn content  of  the s trmtum 
was found to be mcreased  after neonatal  6 -HDA treatment  
Although the magnitude of  the se ro tonm ~ncrease we report  
~s less, our  data  support  those of  Stachowlak et al [271, who 
proposed that sprouting o f  stnatal  5HT terminals  occurs  
after  neonatal  6 -HDA ~nduced dopamtne deplet ion In 
agreement  w~th Breese  et al [2], we find that th~s ~ncrease ~n 
sero tomn ~s hm~ted to the s tna tum stnce the nucleus accum- 
bens and olfactory tubercle ,  whtle stmdar to the str tatum m 
themr large dopam~ne deplet ions,  showed no changes ~n 
sero tonm content  This increase tn stnatal  serotomn content  
following neonatal  6 -HDA treatment  seems to be t ransmit ter  
as well as regton specific s~nce the acuv~t~es o f c h o h n e  acetyl 
t ransferase and g a m m a - a m m o b u t y n c  actd decarboxylase ,  
markers  for chohnerglc  and GABAerg tc  neurons,  were  un- 
changed m rats depleted of  DA by neonatal  6 -HDA treat- 
ment I51 

Caffeine characteris t ical ly y~elds an reverted U shaped 
dose- response  functton for the st lmulatton of  locomotor  ac- 
t~wty ~n the rat [29.32], and th~s pattern was observed  in all of  

the t reatment  groups m th~s study Relattve to control  
ammals ,  both adult and neonatal ly treated 6 -HDA rats ex- 
hibited decreased caffeme stimulation expressed as percent  
~ncrease o v e r  sahne vehicle even  though nconatal ly treated 
rats had e levated sahne acttv~ty whtle adult t reated rats d~d 
not d~ffer from control  Thus.  it does not seem that this de- 
creased response to caffeine can be explained by rate depen- 
dency Fur thermore ,  it ~s unhkely that the decreased re- 
sponse to caffeine ~s due to a ceding effect since, in a previ- 
ous study, rats treated neonatal ly w~th 6-HDA who showed 
no response to caffeine d~d respond to o ther  drugs with In- 
creased locomotor  acttv~ty [6] These  data showing de- 
creased caffeine stimulation ~n rats depleted of  DA as adults 
or  neonates  lend support  to the ~dea that dopammerglc  
t ransmlss |on  ~s revolved m the medmt~on of  the effects of  
caffeine [8, 10. 12. 13.31, 32.33] The nature of  the interac- 
tion be tween methylxanthmes  such as caffeme and 
dopamlnerg |c  systems has not been fully elucidated,  m par- 
t~cular, ~I ~s not clear to what extenl  blockade of  adenosine 
receptors  accounts  for th~s interaction (for discuss |on see 
110,331) 

Although caffeine has been shown to affect brain seroto- 
mn levels [I,9] and mh~btt~on of  serotonm synthes~s w~th 
PCPA has been reported to augment  caffeine stimulation of  
locomotor  activity [32], the evtdence  for a hnk between the 
effects of  caffeine and sero tomn ~s not as strong as for 
dopamme Adult t reatment wtth 5 ,7-DHT d~d not affect caf- 
feine stimulation of  locomotor  act ivi ty The percent  Increase 
ove r  sahne m ammals  treated wtth 5 .7-DHT as neonates was 
much greater  than that seen ~n controls ,  however ,  these rats 
had lower sahne act lv | ty  so th~s grea ter  percent  increase may 
be a function of  th~s ~mt~al low rate 

L o c o m o t o r  activity of  all rats was decreased ~n a dose 
dependent  manner  by I . -PIA. an AI adenosine receptor  
agomst  Th~s decrease  was antagonized by caffeine There  
were n o  dtfferences m the percent  decrease  m locomotor  
act ivi ty of  any of  the t reatment  groups m response to L-PIA.  
m contrast  to the data for caffeine st imulation of  locomotor  
activity Th~s suggests that the mechamsm of  caffeine stimu- 
lation of  locomotor  activity and L-PIA depression may be 
different Kat~ms et al [16] have noted that caffeine ~s 5 
t~mes more potent  at reversing L-PIA depression of  locomo- 
tor activity than at stimulating basal Iocomolor  actively and 
that methylxanth~ne reversal  of  L-PIA depression correlates  
bet ter  w~th affimty for adenosine binding s~tes than w~th 
stimulant effects 
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