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MINNEMA, D. J. AND J. A. ROSECRANS. Amphetamine and LSD as discriminative stimuli: Alterations fidhm'ing 
neonatal monoamine reductions. PHARMACOL BIOCHEM BEHAV 20(1) 95-101, 1984.--Male adult Sprague-Dawley 
rats (70 days of age), neonatally depleted of either 5-hydroxytryptamine (5HT) via 5,7-dihydroxytryptamine (5,7-DHT; 
ICS) + desmethylimipramine (DMI; IP) at 3 days of age or dopamine (DA) via 6-hydroxydopamine (6-OHDA; ICS) + DMI 
at 14 days of age, were trained to discriminate either d-LSD-tartrate (80 p~g/kg; IP) or d-amphetamine (d-AMPH) sulfate 
(0.90 mg/kg; IP) from saline utilizing a two lever drug discrimination paradigm. A neurochemical analysis at the termination 
of these studies revealed the following in terms of %DA or %5HT (presented in that order) depleted with respect to the 
appropriate vehicle control group: telencephalon, 96 and 96%, diencephalon; 51 and 31%, and brain stem; 76 and 80%. Rats 
learned to discriminate either d-AMPH or LSD regardless of amine depleted. In addition, the depletion of 5HT had little 
effects on dose or drug generalizations, or the ability of known antagonists to antagonize the discrimination stimulus (DS) 
effects of either LSD or d-AMPH. The effect of DA depletion, on the other hand, was to increase the sensitivity of the LSD 
DS at low doses, while decreasing the sensitivity of the d-amphetamine DS. DA depletion also had the effect of reducing the 
effectiveness of the LSD-antagonists, pizotifen maleate (BC105), while the opposite was observed for the d-AMPH 
antagonist, trifluoperazine HCI. These data suggest that: (1) LSD and d-amphetamine discrimination stimuli are not 
mediated and/or influenced via the compromised aspects of the 5HT systems (other central mechanisms may have com- 
promised for these 5HT deficits); (2) the LSD DS is mediated or influenced both by serotonergic and dopaminergic 
mechanisms; and (3) the d-amphetamine DS is mediated by certain aspects of the dopaminergic system with little evidence 
for the involvement of 5HT systems. 

Discriminative stimulus LSD d-Amphetamine Dopamine Serotonin 

B O T H  se ro tonerg ic  and  dopamine rg ic  sys t ems  have  been  parad igm [23,33]. Chemica l ly  p roduced  les ions  a p p e a r  to be  
indica ted  in the cent ra l  ac t ions  of  the  two diss imi lar  phar-  re la t ively  specif ic  for  par t i cu la r  n e u r o c h e m i c a l  sys t ems  as 
macologica l  agents ,  lysergic  acid d i e thy lamide  (LSD)  and  ind ica ted  by  se lec t ive  d e c r e a s e s  in n e u r o t r a n s m i t t e r  concen -  
d - a m p h e t a m i n e  (d -AMPH) .  T he  d i sc r imina t ive  s t imulus  t ra t ion  [14]. W h e n  exposu re  to a n e u r o t o x i c a n t  occu r s  ear ly 
(DS) p roper t i e s  of  d - A M P H  are r epor t ed  to be med ia ted  in the  an ima l ' s  life, d iminu t ions  in n e u r o t r a n s m i t t e r  concen -  
main ly  th rough  cent ra l  dopamine rg i c  s y s t em s  [13, 28, 29]. t rat ions can  be  ach ieved  wi thout  incapaci ta t ing the animal  [5]. 
A l though  not  ind ica ted  by  drug d i sc r imina t ion  s tudies ,  some In the  p re sen t  s tudy,  the  bra in  c o n c e n t r a t i o n s  of  e i the r  
s tudies  have  sugges ted  a se ro tonerg ic  role in d - A M P H ' s  ac- d o p a m i n e  (DA) or  se ro ton in  (5HT) were  se lec t ive ly  r educed  
t ions  [4,28]. This  h y p o t h e s i z e d  se ro tonerg ic  c o m p o n e n t  in the  neona ta l  rat  employ ing  es t ab l i shed  t echn iques .  As 
could  r ep resen t  a c o m m o n  m e c h a n i s m  under ly ing  the ac- adul ts ,  these  an imals  were  e x a m i n e d  for  e i the r  LSD or  
t ions  of  indo lea lky lamine  and  p h e n e t h y l a m i n e  ha l luc inogens  d - A M P H  d isc r imina t ive  s t imulus  a l te ra t ions .  An a l te ra t ion  
[28]. The  ac t ions  of  L S D  a p p e a r  to be med ia t ed  main ly  of  the DS p roduced  by  e i the r  d - A M P H  or L S D  in these  ra ts  
t h rough  se ro tonerg ic  s y s t em s  [10,12] a l though  some evi- re la t ive  to c o e t a n e o u s  con t ro l s  would p rov ide  fu r the r  evi- 
dence  does  exis t  ind ica t ing  dopamine rg i c  i n v o l v e m e n t  [8]. dence  as to the  n e u r o t r a n s m i t t e r  sys t ems  invo lved  in tha t  
I n v o l v e m e n t  of  bo th  n e u r o t r a n s m i t t e r  s y s t em s  has  been  d rug ' s  DS. 
sugges ted  by drug d i sc r imina t ion  s tudies  [32]. 

One  m e a n s  of  a s sess ing  the  role of  a par t i cu la r  neuro-  METHOD 
t r a n s m i t t e r  p rocess  in var ious  behav io r s  and /o r  drug ac t ions  

Neonatal Monoamine Reductions is to p roduce  se lec t ive  les ions  in tha t  n e u r o c h e m i c a l  sys tem.  
This  t e chn ique  has  been  e m p l o y e d  in the  drug d i sc r imina t ion  T imed  p regnan t  female  Sprague-Dawley  rats  were  ob- 

~This research was conducted in partial fulfillment for the Ph.D. degree at MCV. D.J.M. was supported by PHS Training grant DA-01642- 
03. 
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tained from Flow Research Laboratories in Dublin, VA. groups of rats, using three half-dose reductions of the train- 
Each female rat was individually housed in a 12× 16" plastic ing dose. For each group of animals, the test treatment has 
cage, and provided with Purina ® rat chow and tap water ad presented in accordance with a Latin square design, with 
lib. A regular 12-hour light/dark cycle (light; 800-2000 hr) four training sessions (2 drug, 2 saline, at random) presented 
was maintained. The time of birth of each litter was noted, between each test session. 
All litters were culled to 8 pups between 24 and 48 hr after Antagonism o.fthe discriminative stimulus. The ability of 
birth. At three days of age, the brain serotonin concentration the DA antagonist, trifluoperazine HC1 (0.75, 1.5 and 3.0 
was selectively reduced in the pups of several litters using mg/kg IP, 30 min prior to the session), and the 5HT 
the procedure of Breese and Mueller [5]. Each pup was ad- antagonist, pizotifen maleate (0.1, 0.3 and 1.0 mg/kg IP, 55 
ministered 20 mg/kg desmethylimipramine (DMI) IP using a rain prior to the session) to antagonize the DS produced by 
30 gauge needle, followed 60 min later by an intracisternal the training dose of d-AMPH and LSD, respectively was 
injection of 5,7-dihydroxytryptamine creatine sulfate (5,7- examined. Trifluoperazine (3.0 mg/kg) was tested to deter- 
DHT) (50 /zg in 15 /zl saline containing 1% ascorbic acid), mine whether it could antagonize the LSD DS, and pizotifen 
Control animals were treated in a similar fashion except that (BC 105) (1.0 mg/kg IP) was tested to determine whether it 
5,7-DHT vehicle only was administered intracisternally. At could antagonize the d-AMPH DS. 
fourteen days of age, the pups of other litters had brain Generalization testing. The effectiveness of the DA 
dopamine concentration selectively reduced using the agonist, apomorphine HC1 (0.25 mg/kg IP) and the 5HT 
method described by Breese and Taylor [6]. Each pup was agonist, quipazine maleate (2.0 mg/kg IP) to generalize and 
given 25 mg/kg DMI IP, followed 30 min later by an to potentiate either the LSD or d-AMPH DS was examined. 
intracisternal injection of 6-hydroxydopamine HC1 (6- 
OHDA) (150/xg in 25/zl saline containing 1% ascorbic acid). 
The same treatment was given to control animals except that Neurochemical Analysis 
vehicle was substituted for the 6-OHDA solution. All At the conclusion of the drug discrimination studies, the 
monoamine reductions were carried out in unanesthetized extent of the 5HT and DA reduction was determined in the 
animals. Only male animals were used in the subsequent (1) telencephalon, (2)diencephalon and mesencephalon, and 
drug discrimination studies. Following weaning (day 22), the (3) brain stem; the mesencephalon and myelencephalon (less 
rats were individually housed, maintained on rat chow and cerebellum) using the methods described by Anton and 
tap water (ad lib), and assigned to one of either groups, as Sayer [1] and Welch and Welch [31]. The rats were sacrificed 
shown below: (1) 6-OHDA-DMI, LSD (n=); (2) Controls, by decapitation, the brains removed, washed with ice-cold 
LSD (n=6); (3) 6-OHDA-DMI, d-AMPH (n=8); (4) Con- saline, and dissected on an ice-cold surface. Each area was 
trois, d-AMPH (n=6); (5) 5,7-DHT-DMI, LSD (n=9); (6) weighed, immediately frozen, and stored at -35°C. The tel- 
Controls, LSD(n=6) ; (7)5 ,7-DHT-DMI,d-AMPH(n=9) ; (8)  encephalon was homogenized in 4.0 ml, 0.4 N HCIO4 
Controls, d-AMPH (n= 6). whereas the other two areas were each homogenized in 2.0 

ml, 0.4 N HCIO4. Following centrifugation at 15,000 rpm for 
Drug Discrimination Training,, 15 min, a 2 ml aliquot of supernatant was added to 15 ml 

At 70 days of age, the rats were removed from free feed- conical centrifuge tubes containing 500 mg alumina. The pH 
ing and food deprived to the extent at which 85% normal was adjusted to 8.0 to 8.5 by the addition of 6.5 ml, 0.5 M 
body weight could be maintained. Operant training began at Tris buffer (pH=9). The tubes were shaken for 15 min, and 
approximately 75 days of age. Rats were trained to discrimi- then briefly centrifuged. The supernatant was removed, of 
nate either LSD tartrate (80 tzg/kg, IP, administered l0 rain which a 7.5 ml aliquot was saved for serotonin determina- 
prior to operant session) or d-AMPH (0.90 mg/kg, IP, ad- tion. Following two washings of the alumina with distilled 
ministered 15 rain prior to operant session) from saline (I water, the dopamine was eluted with 2.5 ml, 0.1 N HCIO4. 
mg/kg), in a two lever, fixed ratio ten, operant drug discrimi- To develop dopamine fluorescence, a 0.5 ml aliquot of the 
nation paradigm [2]. Drug lever assignments were deter- alumina eluate was added to 0.5 ml, 0.5 M sodium phosphate 
mined pseudo-randomly, where approximately half the rats buffer (pH= 7.0). Following the addition of 0.1 ml, 0.1 M 
were trained to a left -drug"- lever  and a right "sal ine"-  sodium iodine and the subsequent addition of 0.2 ml, an 
lever. Operant sessions were carried out 7 days/week at the alkaline sodium sulfite/EDTA solution, 0.12 ml concentrated 
same time each day. Each session was of 15 min duration. HCl:glacial acetic acid (1:1) was added, the sample heated at 

95°C for 45 min, cooled to room temperature, and the 
The criterion for adequate discrimination defined as a group 
mean of greater than 90% correct lever responses prior to the fluorescence determined (335 nm excitation, 380 nm emis- 
first reinforcement over four consecutive sessions (2 drug sion) on an Aminco-Bowman SPF equipped with a Xenon 
sessions, 2 saline sessions), with each animal meeting this lamp. Tissue blanks were simultaneously prepared by re- 
same criterion in three out of the four sessions, versing the order of addition of the sodium-iodine and 

sodium sulfite/EDTA solution. Values were compared to 
Drug Discrimination Testing standard stock solutions carried through the same proce- 

dure. 
The same criterion established for drug discrimination To develop serotonin fluorescence, the 7.5 ml aliquot 

training was maintained between each test session. Test from the original alumina supernatant was added to 15 ml 
sessions were carried out and evaluated in the same fashion n-butanol, 3 g potassium chloride, and 3 ml, I M potassium 
as training sessions were terminated (with no reinforcement) phosphate buffer saturated with KCI (pH= 10). Following 10 
following a total of ten responses on either one of the two min of shaking and a brief centrifugation 12 ml of the super- 
levers. Each test treatment was performed twice for each natant was added to 20 ml cyclohexane and 1.2 ml, 0. I N 
animal. The various test treatments were described below: HCI. This mixture was shaken, centrifuged, the upper phase 

Dose-efJ~'ct generalization. Following criterion perform- discarded, and the lower phase saved. To each ml aliquot of 
ance, a dose-effect relationship was determined for all lower phase, 0.3 ml, 12 N HC1 (containing 5 mg/ml ascorbic 
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T A B L E  1 

BRAIN AREA 5-HYDROXYTRYPTAMINE (5HT) AND DOPAMINE (DA) LEVELS IN RATS ADMINISTERED 6-OHDA 
or 5,7-DHT NEONATALLY* 

Telencephalon Diencephalon Brain Stem 

DA 5HT 5HT 5HT 
Treatment+ ng/g -+ S.E. ng/g _+ S.E. ng/g ± S.E. ng/g ± S.E. 

LSD Trained 
Control 2405 _+ 108 238 + 6 415 + 13 241 _+ 21 
DA $ 1133 _+ 163- 240 ± 6 415 + 12 248_+ 18 

(-53%) 
Control 2352 ± 113 227 + 11 479 + 27 248 +_ 11 
5HT ~, 2556 + 118 10 + 35 233 ± 54; 60 ± 13-: 

(-96%) (-51%) (-76%) 
d-AMPH Trained 

Control 2507 ± 177 252 ± 7 413 ± 21 222 ± 8 
DA ~ 1027 ± 84 245 ± 11 440 ± 18 264 _+ 15 

(59%~) 
Control 2265 + 144 240 + 18 430 ± 18 248 + 5 
5HT ,~ 2452 ± 98 10 + 5:!: 296 + 38§ 50 ± 17:; 

(-96%) (-31%) ( 80%) 

*Dopamine depleted (DA ],) rats were administered 150 #g 6-hdyroxydopamine (ICS) + 20 mg/kg DMI (IP) at 
14 days of age while 5-hydroxytryptamine depleted (5HT J,) rats were administered 50/xg 5,7 DHT (ICS) plus 25 
mg/kg DMI (IP) at 3 days of age; control rats in each group received DMI + 15-25/xl 1% ascorbic acid saline 
solution (vehicle). Rats were sacrificed by rapid decapitation at approximately 240 days of age. % Values in 
parenthesis represents the level of amine reduction induced by a specific neurotoxicant. 

+DA l, 5HT ~, and the appropriate vehicle control rats were trained to discriminate either LSD tartrate (80 
gg/kg, IP) or d-AMPH sulfate (0.9 mg/kg, IP) at approximately 70 days of age; each group consisted ot an N =~-9 
rats. 

:i:Significant from the appropriate vehicle control at a minimal of p<0.01. 
§Significant from the appropriate vehicle control at a minimal of p<0.05. 

acid) was  added  and  the re la t ive  f l uo re scence  de t e rmined  RESULTS 
(295 nm exc i ta t ion ,  550 nm emiss ion) .  The  values  were  com- 

Biogenic Amine Levels in 6-OHDA and 
pared  to s t anda rds  car r ied  t h r ough  the same  p rocedure .  5,7-DHT Treated Rats 

Analysis o['Data Collected T w e n t y  pe rcen t  of  the  pups  rece iv ing  5 ,7 -DHT died indi- 
• " ca t ing that  this  n e u r o t o x i c a n t  was admin i s t e r ed  at  a dose  

A c c u r a c y  of  d i sc r imina t ion  for  each  animal  was ex- close to the le thal  dose .  The  fatal i ty ra te  was  less with  
p ressed  as pe rcen t age  drug lever  r e s p o n s e s  ( n u m b e r  drug 6 - O H D A  (approx ima te ly  5 percent ) .  At weaning ,  a slight de- 
l ever  r e sponses / to t a l  r e s p o n s e s  on  bo th  levers) .  Sta t is t ica l  p ress ion  (5%) in body  weight  was seen  in bo th  g roups  of  
d i f fe rences  be twee n  the  cont ro l  an imals  were  d e t e r m i n e d  as n e u r o t o x i c a n t  exposed  animals .  At  the t ime d i sc r imina t ion  
a spli t-plot  l eas t - squares  factor ia l  ana lys i s  (neona ta l  t reat-  t ra in ing  began ,  the  body  weights  of  t r ea ted  and  cont ro l  rats  
men t  x drug dose  × sub jec t ) [15] .  Sta t is t ica l  d i f fe rences  be- were  similar.  At  the  end  of  the drug d i sc r imina t ion  tes ts  
tween  cont ro l  and  t r ea t ed  m o n o a m i n e  c o n c e n t r a t i o n s  were  ( approx ima te ly  280 days  of  age) the rats  were  sacr i f iced for 
d e t e r m i n e d  by S t u d e n t ' s  t - tes ts  [15]. Conf idence  levels  at neu rochemica l  ana lys is .  As  s h o w n  in Table  1, the  levels of  
0.05 were  used in all cases .  DA in 6 -OHDA,  DMI  t rea ted  an imals  (bo th  LSD and 

d - A M P H  groups)  were  s ignif icant ly  r educed  c o m p a r e d  to 
Drugs and Their Sottrces cont ro ls .  The  5HT levels  in those  an imals  were  s imilar  to 

those  o f  cont ro ls .  The  5 ,7-DHT,  DMI  rats  exh ib i t ed  a reduc-  
The  drugs  used and  the i r  sources  are as follows: d- t ion in 5HT levels with  no change  in DA levels.  

LSD- ta r t r a t e ,  N . I . D . A . ;  d - a m p h e t a m i n e  sulfate,  Mal- 
l inckrodt  Chemica l  Co. ;  p izot i fen malea te ,  gift f rom Sandoz  
Pha rmaceu t i ca l s ;  t r i f luoperaz ine  HCI (Stelazine) ,  Smi th ,  LSD DS 
Kline and  F r e n c h ;  qu ipaz ine  malea te ,  Miles Labo ra to r i e s ;  Acquis i t ion  of  the  LSD DS (as def ined by the  n u m b e r  of  
a p o m o r p h i n e  HCI, S igma Chemica l  C o m p a n y ;  des-  sess ion  n e c e s s a r y  to mee t  cr i ter ion)  was  s imilar  for  all 
m e t h y l i m i p r a m i n e  HCI, U S V  P h a r m a c e u t i c a l  Corpo ra t i on ;  g roups  of  animals .  As s h o w n  in Fig. 1, no s ignif icant  differ- 
5 , 7 -d ihyd roxy t ryp t am i ne  c rea t in ine  sulfate,  Sigma Chemi-  ence  was o b s e r v e d  b e t w e e n  the  5 ,7-DHT,  DMI t rea ted  rats  
cal C o m p a n y ;  6 - O H - d o p a m i n e  HCI, S igma  Chemica l  Corn- and  con t ro l s  in the L S D  dose-ef fec t  curve ,  F ( I ,13)=0 .093 .  
pany.  All drugs  were  adm i n i s t e r ed  IP and  exp re s sed  in t e rms  H o w e v e r ,  the  L S D  dose-ef fec t  cu rve  was s ignif icant ly  dif- 
o f  the  salt. f e ren t  in the 6 - O H D A ,  DMI  t r ea ted  rats ,  F(1 ,12)=4,852,  
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FIG. 1. LSD dose response generalization curves in 6-OHDA, DMI (DA~) and 5,7-DHT, DMI (5HT~,) 
treated rats. The square symbols represents data collected from the vehicle controls while the diamond 
symbols represents data collected from the depleted animal subjects. 

p<0.05,  where higher drug-lever responses (relative to con- ls0 
trois) were observed at lower (40, 20 and 10/zg/kg) doses of o~ 
LSD despite similar performance at the training dose (80 o~ so 6-OHDfl, DMI 
/xg/kg) and saline (Fig. I). z Be! 

Pizotifen maleate effectively antagonized the LSD DS in a w 7 0  

dose-related fashion, F(2,12)= 9.52 (Fig. 2). Trifluoperazine 
rv- 6 0  

HCI was without effect on the LSD DS. Although not statis- >~ 
tically significant, F(1,12)=0.40, F-interaction(2,12)=3.11, ~ s0 
the 6-OHDA, DMI treated rats tended to be less affected by ~ 40 
the 1 mg/kg dose of pizotifen maleate relative to controls 
(Fig. 2). Quipazine maleate generalized to the LSD DS in all cz 30 
groups of animals. Apomorphine partially generalized to the ~ as t .~  

LSD DS, and significantly potentiated the LSD DS in both ~ 10 
control, F-apomorphine treatment( 1,25)= 19.55, p <0.01, and 

i i i 

6-OHDA, DMI-treated F-apomorphine treatment(I,35)= 0 1 s3 10 
5.88, p<0.05 (Fig.3). DOSE PIZOTIFEN MRLEnTE (MG/KG) 

FIG. 2. Dose response antagonism of the LSD DS by pisotifen 
d - A M P H  DS maleate in 6-OHDA, DMI (DAD treated rats. Symbols are similar 

to those in Fig. 1. The antagonist was administered 55 rain prior to 
Acquisition of the d-AMPH DS was similar in all groups LSD (80/zg/kg, IP). 

of  animals. There was no statistically difference in the 
d-AMPH dose-effect curve between the 5,7-DHT, DMI- 
treated rats and control rats, F-treatment(l ,  13) = 0.021 (Fig. 
4). The 6-OHDA, DMI treated animals, while exhibiting animal and controls, and (2) neither pizotifen nor quipazine 
similar performance under saline and d-AMPH training dose were effective in altering the d-AMPH DS. The dose of 
conditions, exhibited a significant reduction in percent drug d-AMPH used in the present study, however, was lower than 
lever responses at the 0.45 mg/kg d-AMPH dose, doses used to produce "classical"  5HT-dependent behaviors 
F(2,12)= 5.89, p<0.05 (Fig. 4). The 5HT antagonist, pizotifen [ 17, 27, 29]. The dose ofd-AMPH is an important factor with 
maleate, failed to alter the d-AMPH DS in any of the treat- respect to the specificity of its CNS actions [16] and may in 
ment groups. While not significantly different, part explain the observed lack of 5HT involvement noted in 
F-treatment(l,24)= 1.25, the 6-OHDA, DMI-treated rats ap- the present study. 
peared to be slightly more sensitive to the antagonistic ef- The altered d-AMPH DS dose-effect curve noted in the 
fects of lower dose of trifluoperazine HC1 than controls or 6-OHDA, DMI-treated rats, as well as the ability of tri- 
5,7-DHT, DMI animals (Fig. 5). Neither quipazine maleate fluoperazine to antagonize the d-AMPH DS, suggests a major 

role of the dopaminergic system in the DS properties of 
nor apomorphine HCI generalized to the d-AMPH DS in any d-AMPH. This conclusion is consistent with other d-AMPH 
of the treatment groups, drug discrimination studies [13, 24, 25]. Since the major ef- 

fect of d-AMPH at doses below I mg/kg involves the in- 
DISCUSSION creased release of DA from synaptic DA terminals [3,16], it 

Several studies have indicated that the action o fd -AMPH is interesting to speculate that the altered d-AMPH DS 
involves a serotonergic component [4, 11, 18, 27]. The re- dose-response curve observed in the 6-OHDA, DMI-treated 
suits of the present study provide no support for serotonergic rats (which demonstrated an approximately 60% reduction in 
involvement in the d-AMPH DS, since (1) no absence DS telencephalic DA levels) may be related to a decrease in 
differences were noted between 5,7-DHT, DMI-treated functional DA nerve terminals. Support for this hypothesis is 
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FIG. 3. Potentiation of the LSD DS by apomorphine in vehicle control and 6-OHDA, DMI (DA,~) 
treated rats. LSD alone is represented by the square symbols while the potentiated effect by apomor- 
phine (250 p.g/kg, IP) given 10 min prior to a specific dose of LSD is represented by the diamond 
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FIG. 4. d - A M P H  dose response general izat ion curves in 6 - O H D A ,  D M !  (DA,~) and 5 ,7-DHT,  D M I  
(5HT~) treated rats. The square symbols represents data collected from vehicle controls while the 
diamond symbols represents data collected from depleted animal subjects. 

p rov ided  by  ro ta t iona l  s tudies  in which  the  ac t ion  of  100 
d - A M P H  is m u c h  g rea te r  on  the  non- le s ioned  side in an  o~ I ~-n ,,, se HOR, OMI 
uni la tera l ly  les ioned  animal  [9]. z~ 

If  the  d - A M P H  DS is med ia ted  solely by  the  inc reased  ~ 80 
re lease  of  DA for dopamine rg ic  ne rve  t e rmina l s ,  t he r eby  in- o~ t.o 70 
creas ing  the a m o u n t  o f  DA in the  synap t ic  cleft ,  then  one  c~ 
may  e x p e c t  a s imilar  DS ac t ion  by  s t imula t ing  DA recep to r s  ~> 60  IT . . . . . . . . .  j ~ , ~  

direct ly .  H o w e v e r ,  the pu ta t ive  DA recep to r  agonis t  ~ se 
a p o m o r p h i n e  ne i the r  genera l i zed  to, no r  marked ly  poten-  ~ 4e 
t ia ted  the d - A M P H  DS. The  a p p a r e n t  d iss imi lar  DS of  these  ,~ 
two drugs  have  been  r epo r t ed  [25]. T he  r e a s o n  for  the  dis- ~ ao 
s imilar  DS is unclear ,  a l t hough  severa l  poss ibi l i t ies  are feas- z ze ~t LU 
ible. One  poss ibi l i ty  is tha t  d - A M P H  is p roduc ing  its DS by ~ ~o ! 
act ing on more  than  one  n e u r o c h e m i c a l  sys tem,  of  which  the  

i I 1 
dopamine rg ic  sys tem plays  a s ignif icant  bu t  not  sole role [7]. a.TS 1.s a.o 
A n o t h e r  poss ibi l i ty  may  be tha t  a p o m o r p h i n e  is a lso ac t ing at DOSE TRIELUOPERR7INE HCL ( MG/KG ) 

r ecep to r s  no t  a s soc ia t ed  wi th  dopamine rg ic  n e r v e  end ings  or  FIG. 5. Dose response antagonism of the d-AMPH DS by tri- 
at a subse t  of  dopamine rg i c  r ecep to r s  [22]. fluoperazine HC1 in 6-OHDA, DMI (DAD treated rats. Symbols are 

In r e spec t  to the  ma jo r  role tha t  5HT s ys t em s  repor ted ly  similar to those in Fig. 4. The antagonist was administered 30 min 
play in the  ac t ion  of  L SD  [10,28], an u n e x p e c t e d  f inding in (IP) prior to D-AMPH (0.90 mg/kg, IP). 



100 M I N N E M A  A N D  R O S E C R A N S  

the present  study was the lack of  effect of  the 5 ,7-DHT, DMI crimination studies [2, 34, 35]. The anatomical  loci, as well 
t rea tment  on the L S D  DS. These  animals exhibi ted marked as the specific nature of  these 5HT receptors ,  is yet unclear. 
reduct ions  in telencephal ic  5HT levels (96%) as well as sig- The  observat ion  that apomorphine  (a putative DA agonist) 
nificant diencephal ic  and brain s tem 5HT reductions.  The partially general ized to the LSD DS is in agreement  with a 
present  results conflict with the observa t ion  o f  White et al. previous  report  [2]. That this putat ive DA agonist signifi- 
[33], who descr ibed a shift of  the LSD DS dose-effect  curve cantly potent iated the LSD DS supports the premise that 
to the left following 5 ,7-DHT treatment .  These  invest igators  these two pharmacological  agents are in part acting at a simi- 
hypothes ized  that this shift was the result of  5HT receptor  lar populat ion of  receptors ,  as would be expec ted  based on 
supersensi t ivi ty.  The lack of  apparent  5HT receptor  super- their  structural similarities [20] and their  reported cross- 
sensit ivi ty in the present  study may be a factor  of  the age at tolerance [30]. Recep tor  binding studies have suggested a 
which 5HT levels were  reduced (White et al.: as adults, subset of  receptors  having both 5HT and DA affinities [22]. 
present  study: 3-days). At three days of  age synaptogenesis  Electrophysiological  ev idence  [8] as well as a recent  study 
is prevalent ;  5HT receptor  format ion and funct ion is not yet with the lisuride DS [32] suggests that L S D  may have a 
total ly deve loped  [19]. Since further 5HT receptor  develop-  strong dopaminerg ic .component .  The extent  of  dopaminer-  
ment in these 5 ,7-DHT, DMI- t rea ted  animals occurred  in a gic involvement  in the LSD DS in uncertain,  as DA receptor  
denerva ted  envi ronment ,  receptor  supersensi t ivi ty  may not antagonists  fail to alter the LSD DS ([2], tr if luoperazine: 
have ensued.  Al ternat ively ,  5HT receptor  supersensi t ivi ty present  study); a possible receptor  subset not influenced by 
in the d iencephalon  may not have ensued since the extent  of  these DA antagonists  may also exist.  A dopaminergic  com- 
5HT level reduct ion was only 51%. The studies o f  Aghaja- ponent  in the LSD DS is further indicated by the altered LSD 
nian and coworkers  [12] have suggested that 5HT autorecep-  DS dose-effect  exhibi ted by the 6 -OHDA,  DMl-t reated 
tots  on the 5HT cell per ikarya o f  the midbrain raphe nuclei animals.  The shift of  the LSD DS to the left suggests that 
are se lect ively  sensit ive to LSD.  LSD,  by interacting with these animals are more sensit ive to lower  doses of  LSD. As 
these  receptors ,  reduces  the firing rate of  these diffusely 6 -OHDA,  DMI t rea tment  was carried out at 14 days of  age 
project ing 5HT neurons,  releasing those neurons upon which when synaptogenesis  is partially complete  [21], supersen- 
they impinge from tonic inhibition. It is possible that the lack sitivity at a particular subset of  DA (5HT-like) receptors  may 
of  effect of  5 ,7-DHT, DMI t reatment  in the present  study have ensued,  (although telencephal ic  DA deplet ion was only 
was observed  because  those tonically inhibited neurons 53%). Al ternat ively ,  dopaminergic  neurons which act to pre- 
(normally receiving 5HT inhibition) had adjusted to limit synaptically modulate  serotonergic  neurons by their reduc- 
5HT input via a mechanism other  than 5HT receptor  super- tion [26], would alter the serotonergic response to LSD. 
sensit ively,  utilizing those 5HT neurons (particularly di- Another  possibility is that these DA neurons normally re- 
encephal ic  5HT neurons) still intact, ceive input from 5HT neurons.  The incomplete  destruct ion 

The involvement  of  5HT receptors  in the LSD DS is indi- of  these neurons may have resulted in an altered (compen- 
cated by the effect iveness  of  the putat ive 5HT antagonist ,  satory) act ivi ty spectrum of  those remaining DA neurons 
pizotifen,  in inhibiting the L S D  DS, as well as the ability of  such that they are more sensit ive to ei ther  5HT (indirect) or  
the putative 5HT agonist ,  quipazine,  to general ize to the LSD (di rec t ) input .  
LSD DS, confirm the observa t ions  of  o ther  drug dis- 
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