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JOSEPH, J. A. AND J. B. APPEL. Behavioral sensitivity to LSD: dependency upon the pattern of central 5HT depletion. 
PHARMAC. BIOCHEM. BEHAV. 6(5) 499-504 ,  1977. - Two experiments were carried out using a fixed ratio (FR) 
schedule of water reinforcement to determine the efficacy of two serotonin (5HT) depleting agents (p-chloroamphetamine, 
5, 7-dihydroxytryptamine) in altering sensitivity to a low dose of LSD (0.02 mg/kg). The results showed that while both 
p-chloroamphetamine (PCA) and 5, 7 dihydroxytryptamine (5, 7 DHT) were efficacious in reducing whole brain 5HT, only 
5, 7 DHT altered LSD sensitivity such that a 0.02 mg/kg dose of LSD given 12 days after 5, 7 DHT administration 
disrupted bar press behavior. This was not observed in animals given PCA within similar parameters. Moreover, 4 animals 
given PCA that did not show increased sensitivity to LSD, did show behavioral disruption to LSD (0.02 mg/kg) when they 
were pretreated with p-chlorophenylalanine. Results are discussed on terms of a possible particular pattern of 5HT 
depletion that must be achieved before sensitivity to LSD is observed. 
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p-Chlorophenylalanine 5, 7 Dihydroxytryptamine 

C O N S I D E R A B L E  evidence  suppor t s  the  h y p o t h e s i s  t ha t  
LSD and  re la ted  ha l luc inogens  exer t  the i r  behaviora l  e f fec ts  
t h r o u g h  in t e r ac t i ons  wi th  cent ra l  se ro tonerg ic  (5-HT) neu-  
ronal  sys tems [ 1, 3, 5, 6 ] .  Fo r  example ,  the  a d m i n i s t r a t i o n  
of p - c h l o r o p h e n y l a l a n i n e  (PCPA),  a c o m p o u n d  which  de- 
pletes  s e r o t o n i n  by  inh ib i t i ng  the  e n z y m e  t r y p t o p h a n  
hyd roxy l a se  [ 2 0 ] ,  has  been  f o u n d  to p o t e n t i a t e  the  
d iscr iminat ive  s t imulus  p rope r t i e s  of  LSD [12]  and  to a l ter  
a charac te r i s t ic  hype rac t iv i ty  s y n d r o m e  induced  by large 
doses of  LSD ( 2 . 6 - 5 . 2  mg/kg)  [ 2 1 ] ,  In add i t ion ,  PCPA has  
been  s h o w n  to increase sensi t ivi ty to  the  disrupt ive  effects  
of small  doses of  LSD (e.g., 0 .02 mg/kg)  on  f ixed ra t io  
( F R )  r e spond ing  m a i n t a i n e d  by e i the r  food  [5] or wate r  

[18] r e in fo rcemen t .  This ef fec t  on  FR,  however ,  has  been  
shown  to be highly d e p e n d e n t  u p o n  the  level of  depr iva t ion  
u n d e r  which  the  animals  are ma in ta ined .  Thus,  w h e n  wa te r  
is used as a re inforcer ,  PCPA-induces  hypersens i t iv i ty  to 
LSD only when  rats are a l lowed free access to ex t ra  wate r  
for  5 rain each day 12 h r  pr ior  to each F R  tes t ing session 
[181.  

Even wi th  this  s t ipu la t ion ,  PCPA induced  changes  in 
LSD sensi t ivi ty seem to be highly reliable,  and it thus  
appears  tha t  the  lowering of cen t ra l  s e ro ton in  levels 
p o t e n t i a t e s  LSD-induced  behaviora l  d i s rup t ion .  Beyond  
this, however ,  very l i t t le  is k n o w n  a b o u t  the necessary 
changes  tha t  mus t  occur  wi th in  the sero tonerg ic  sys tem to 
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p roduce  these a l te ra t ions .  Tha t  is, is it s imply  the d iminu-  
t ion in whole brain 5HT t ha t  is i m p o r t a n t  for  increasing the  
eff icacy of LSD or m u s t  a pa r t i cu la r  p a t t e r n  of  cen t ra l  
indo leaminerg ic  dep le t ion  be c rea ted  in o rde r  for  the e f fec t  
to  occur? It is k n o w n ,  for  example ,  t h a t  lesions of  the  
medial  and  dorsal  raphe  nuclei  (B7 and  B8 cell g roups  
[ 1 3 ] )  have ef fec ts  u p o n  LSD-induced  d i s rup t ion  of FR 
respond ing  which  are similar to  those  seen af te r  PCPA 
a d m i n i s t r a t i o n  [6 ] .  Since these nuclei  give rise to m a n y  
ascending  axons  which  innerva te  cor t ical ,  s tr iatal ,  and 
l imbic  fo rebra in  s t ruc tu res  [ 14] widespread 5HT dep le t ion  
is p roduced  in these more  rostral  areas fol lowing such 
ab la t ions  tha t  is s imilar  to tha t  seen fo l lowing PCPA 
admin i s t r a t i on .  However ,  it is n o t  k n o w n  w h e t h e r  a l tered 
sensi t ivi ty  to LSD is a f unc t i on  of  5HT dep le t ion  in these 
par t icu lar  se ro tonerg ic  pe r ika rya  or in the i r  t e rmina l  pro- 
jec t ions .  

The presen t  e x p e r i m e n t s  were u n d e r t a k e n  in a first 
a t t e m p t  to examine  some of these ques t ions  by  p re t r ea t ing  
rats  t ra ined  on  FR tasks wi th  e i the r  i n t r ape r i t onea l  injec- 
t ions  of p - c h l o r o a m p h e t a m i n e  (PCA) or i n t r aven t r i cu l a r  
in jec t ions  of 5 , 7 - d i h y d r o x y t r y p t a m i n e  (5 ,7-DHT).  Bo th  of  
these c o m p o u n d s  deple te  s e ro ton in ,  inh ib i t  t r y p t o p h a n  
hyd roxy la se ,  and  b lock  the up take  of  5HT in to  idole- 
aminergic  n e u r o n s  [7,  22, 27 ] .  However ,  PCA has a specific 
n e u r o t o x i c  ac t ion  u p o n  the  B-9 sero tonerg ic  cell group and 
essential ly spares the B-7 and  B-8 groups  [16]  while 5, 7 
DHT has n e u r o t o x i c  ac t ions  u p o n  sero tonerg ic  n e u r o n a l  
t e rmina l s  subserved by the B-9, as well as the B-7 and B-8 
cell groups  [ ? ] .  

E X P E R I M E N T  1 

Method 

Animals. T h i r t y - t w o  male  a lb ino  Sprague-Dawley rats 
o b t a i n e d  f rom Charles  River  Labora to r ies ,  Wi lmington ,  MA 
were used. They  were housed  in indiv idual  cages in a room 
of c o n s t a n t  t e m p e r a t u r e  (22°C)  and h u m i d i t y  (40 50%) 
which  was m a i n t a i n e d  on  a 12 hr  day-n ight  cycle. Each 
an imal  was a p p r o x i m a t e l y  90 days old and weighed 
2 0 0 - 2 5 0  g at the  beg inn ing  of the expe r i m en t .  

Apparatus. The behaviora l  s tudies  were carr ied ou t  in 
f o u r  commerc ia l ly  available e x p e r i m e n t a l  chamber s  
(BRS/LCW Model  1 4 3 - 2 4 ) .  Each box  c o n t a i n e d  a single 
lever or bar  loca ted  to the r ight  of  one of  the sides, a dim 
28 V house  light,  and  a d ipper  which del ivered 0.05 ml of 
tap water .  A force of 1 0 - 1 5  g was requi red  to act ivate  the  
lever. Each  c h a m b e r  was housed  in a stall t ha t  p rovided  
sound-  and  l i gh t - a t t enua t i on  ( B R S / L V E  Model  1 3 2 - 0 2 ) .  
E x p e r i m e n t a l  events  were p r o g r a m m e d  by solid s ta te  
c i rcui t ry  loca ted  in an ad jo in ing  r o o m ;  bar-pressing re- 
sponses  were r eco rded  on  e lec t ro -magne t ic  coun te r s  and 
cumula t ive  recorders .  

Behavioral and pharmacological procedures. Upon  ar- 
rival, each  rat  was weighed,  coded  and  placed in to  its h o m e  
cage. For  at least  one week,  it was a l lowed free access to 
b o t h  food  and  water .  During the second week, daily 
weights  were r ecorded  and  the animals  were depr ived  of 
wa te r  unt i l  they reached  80% of the i r  ad lib weight.  
Pre l iminary  t ra in ing  was then  begun.  

The animal  was placed in a c h a m b e r  and the rein- 
f o r c e m e n t  d ipper  was ac t iva ted  manua l ly  unt i l  the  animal  
d rank  as soon  as the d ipper  was p re sen ted ;  nex t ,  a shaping 
p rocedure  was ins t i tu t ed  to cond i t i on  the bar-press re- 

sponse,  In s u b s e q u e n t  4 0 m i n  sessions, the n u m b e r  of 
responses  requi red  to ob ta in  r e i n f o r c e m e n t  was raised f rom 
1 t o 3 2 .  

Phase 1 

The animals  were given no  water  outs ide  the c h a m b e r  
dur ing training.  The design of the  e x p e r i m e n t  is sum- 
mar ized  in Table I. When response  rates were relatively 
s table on  the  FR 32 schedule  ( abou t  1.8 responses /sec) ,  the 
animals  were divided in to  two groups  so tha t  the mean  
n u m b e r  of responses  did no t  differ  by more  than  50 bar 
presses per  session (3412  vs 3440  responses/sess ions) .  Each 
of the  animals  in one of the groups  (N = 16) received 5 rain 
of  water  1 2 h r  before  each expe r imen t a l  session; the 
animals  in the o the r  group I N =  16) received no ex t ra  
water.  These cond i t i ons  r ema ined  in effect  unt i l  the end of  
the expe r imen t .  The ex t ra  water  no  ext ra  wate r  condi-  
t ions  were e m p l o y e d  in order  to examine  the possible 
changes  in PCA p o t e n t i a t i o n  of LSD effects  as a f unc t i on  of  
degree of depr iva t ion .  It had  been shown  previously  that  
this fac tor  is ex t r eme ly  i m p o r t a n t  in med ia t ing  LSD 
d i s rup t ion  when  water  is used as a re inforcer  [ 181 • 

Test ing c o n t i n u e d  unti l  the mean  n u m b e r  of responses  
of the group receiving ext ra  water  had decl ined by 22% 
f rom 1.8 ( to  1.4 responses /see) .  The groups  were then  
fu r the r  subdiv ided  such tha t  1/2 the animals  in a p a r t i c u I a r  
group (N = 8) received an in t r ape r i tonea l  (IP} in jec t ion  of 
20 mg/kg  of p - c h l o r o a m p h e t a m i n e  (PCA);  con t ro l  animals  
( N =  8) were given an IP in jec t ion of i sotonic  saline of 
equ iva len t  vo lume  ( app rox ima te ly  0.3 ml). All animals  were 
given 12.5 mg/kg  o f c h l o r p r o m a z i n e  1 / 2 h r p r i o r  t o P C A  or 
vehicle a d m i n i s t r a t i o n  to p reven t  PCA-induced con- 
vulsionss.  

During the nex t  11 days, all 32 animals  were given IP 
in jec t ions  of saline immed ia t e ly  before  tes t ing on F R ; o n  
the  12th day,  they received an IP in jec t ion  of 0.02 mg/kg  
of LSD. 

Phase 2 

Fol lowing  the LSD session (Day I2) ,  20 of the 32 
animals  were sacrif iced by decap i t a t i on ;  cent ra l  (whole  
bra in)  c o n c e n t r a t i o n s  of 5-HT were d e t e r m i n e d  by a 
modi f i ed  c o l u m n  ex t r ac t i on  p rocedure  descr ibed by A n d e n  
and Magnusson [4 ] .  These 20 animals  consis ted  of all of  
the animals  which had  been given saline and no ext ra  water  
(N = 8) plus one hal f  of the animals  ( r a n d o m l y  selected)  in 
each of the three  remain ing  sub-groups  (N = 12). 

Of the  12 animals  which  were no t  sacrificed,  the 4 which 
had  been  given PCA and no  ext ra  water  were discarded.  
Eight  animals  which  had  received ext ra  water  and e i ther  
PCA (N = 4) or vehicle (N = 4) were r a n d o m l y  selected 
pr ior  to sacrificing the larger group.  The animals  which  had 
previously  been given PCA were given 300  mg/kg  of  PCPA 
me thy l  ester  (as free base) in daily doses of  100 mg/kg  
fol lowing test ing on FR. The con t ro l s  (animals  previously 
given saline) received 3 in jec t ions  of  PCPA vehicle (saline) 
for 3 successive days. All animals  were then  given saline 
immedia t e ly  before  FR test ing for  11 days af ter  the first 
PCPA or vehicle in jec t ion  and c o n t i n u e d  to receive ext ra  
water.  On the 12th day, each animal  received a second 
in jec t ion  of  0.02 mg/kg of LSD immedia te ly  before  FR 
test ing.  

Data analysis. Response  rates dur ing LSD sessions were 
conver t ed  to pe rcen t  con t ro l  scores by dividing each 
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FIG. 1. Shows the percent of control responses (left ordinate, 
unshaded bars) or m ~g whole brain 5-HT (right ordinate, shaded 
bars) for animals given either PCA (left portion of graph) or 
5,7-DHT (middle portion of graph). Right portion of figure 
depicts similar findings for PCPA from a previous experiment 

(Joseph and Appel [18]). 

an imal ' s  response  ra te  fo l lowing LSD by its ra te  dur ing  the  
4 days pr ior  to PCPA or saline a d m i n i s t r a t i o n  (base l ine)  

and mul t ip ly ing  by 100 (LSD Response  Rate  
(Base line Response  Rate  x 100). 

Difference scores were c o m p u t e d  by sub t rac t ing  the  
pe rcen t  of  con t ro l  responses  fo l lowing the  second LSD 
in jec t ion  (when  the animals  were p re t r ea t ed  wi th  PCPA or 
vehicle)  f rom those  ca lcula ted  af ter  the first LSD in jec t ion  
(i.e., when  the  animals  were p re t r ea t ed  wi th  PCA or 
vehicle).  

Results 

Not surpris ingly,  the daily a l lowance of  5 min  of  wate r  
lowered  the overall  rate of bar-pressing on the  F R 3 2  
schedule  of  r e i n f o r c e m e n t  (mean  rate of  ex t ra  wate r  group 
= 79.6, SE = 7; mean  rate of  no-ex t ra  water  group = 98.5,  
SE = 6.7).  While these d i f ferences  were s ta t is t ical ly  signifi- 
cant ,  F (1 ,28 )  = 4.0,  p < 0 . 0 5 ,  the ex t ra  water  had  no  ef fec t  
on any of the drug-behavior  i n t e r ac t i on  (F<  1), and is, 
the re fore ,  ignored in the p r e sen t a t i on  which  follows. Thus ,  
in Fig. 1, the pe rcen t  con t ro l  responses  of the  PCA and 
vehicle groups  fo l lowing the admin i s t r a t i on  of LSD (0.02 
mg/kg  on Day 12) (left  po r t i on ,  unshaded  bars)  is poo led  
over ex t ra  water  and no-ex t ra  wate r  cond i t ions .  While PCA 
appeared  to lower  response  rate ,  there  was no  s ignif icant  
d i f ference  be tween  the  groups,  F (1 ,28 )  = 2.38,  p > 0 . 1 0 .  
Thus,  unde r  the cond i t ions  of this e x p e r i m e n t ,  PCA can n o t  
be said to al ter  the a m o u n t  of  behaviora l  d i s rup t ion  
induced  by a low dose of LSD (i.e., to al ter  sensi t ivi ty to 
this  c o m p o u n d ) .  

The left  po r t i on  of  Fig. 1 (shaded bars)  also shows the  
effects  of  PCA (20 mg/kg)  on  c o n c e n t r a t i o n  of  5-HT 
(pooled  over  ex t ra  water  and no-ex t ra  wate r  condi t ions) .  It 
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is clear tha t  the  n e u r o t o x i n  caused a subs tan t i a l  and  
s ignif icant  dep l e t i on  of 5-HT, F ( 1 , 1 6 )  = 22.9,  p < 0 . 0 0 0 4 ,  at 
a b o u t  the t ime behaviora l  ef fects  of  LSD were measu red  
(animals  were sacrif iced on  Day 12). Thus,  s ignif icant ly  
lowered c o n c e n t r a t i o n s  of  5-HT in whole  b ra in  was no t  
suff ic ient  to cause behav iora l  d i s rup t ion  fo l lowing LSD. 

There  was no  d i f fe ren t i a l  dep le t ion  p roduced  by  PCA in 
the  ex t ra  wate r  and no-ex t ra  wate r  groups  ( F<  1). 

When PCPA Ca drug k n o w n  to al ter  sensi t ivi ty  to LSD ~ , 
was given to animals  previously  p r e t r e a t e d  wi th  PCA, a 
large LSD-induced  decrease in response  ra te  occurred .  This  
is re f lec ted  in the  mean  d i f fe rence  scores (above)  which ,  in 
PCA-PCPA t rea ted  an imals  was 37.45,  and,  in cont ro ls ,  was 
13.20. Since the  d i f fe rences  b e t w e e n  these  scores was 
s ta t is t ical ly  s ignif icant ,  t (5)  -- 2.61,  p < 0 . 0 5  ( u n p o o l e d  
var iances) ,  whereas ,  no  d i f fe rences  in LSD sensi t iv i ty  had 
exis ted previously ,  t (4 .00 )  = 1.30, p > 0 . 0 5 ,  be t w een  these  
groups,  it can be conc luded  t ha t  PCPA al tered sensi t ivi ty  to 
LSD in the  same an imals  in which  PCA had no  reliable 
effect .  

EXPERIMENT 2 
Method 

Animals. T w e n t y - f o u r  naive male a lb ino  Sprague-Dawley 
rats  ob t a ined  f rom Charles  River Labora to r ies ,  Wi lmington ,  
MA were used in th is  expe r i m en t .  They  were housed  and  
ma in t a ined  as in E x p e r i m e n t  1. 

Apparatus. The behaviora l  t es t ing  appa ra tus  was the  
same used as tha t  in E x p e r i m e n t  I. A Kopf  s t e reo tax ic  
appa ra tu s  (D. Kopf  I n s t r u m e n t s ,  Tujunga,  CA) was used for 
accura te  p l a c e m e n t  of  the  i n t r aven t r i cu l a r  in jec t ions  and a 
Hami l t on  25 **1 syringe was used to del iver  the  5, 7 DHT or 
vehicle solut ion.  

Procedures. Sixteen animals  were used in the  behaviora l  
expe r imen t s .  The  weighing,  coding,  and t r a in ing  p rocedures  
were the  same as those  of  E x p e r i m e n t  1. Since no  differ- 
ences  were seen b e t w e e n  the  ex t r a  wate r  - no -ex t ra  wa te r  
c o n d i t i o n s  in E x p e r i m e n t  1, it was fel t  t ha t  the  pa rame t r i c  
m a n i p u l a t i o n  of  depr iva t ion  was no t  necessary.  Thus,  all 
subjec ts  were given 5 min  ex t ra  wate r  12 hr  be fore  each FR 
session in o rder  to max imize  LSD effects.  Tra in ing  con- 
t inued  unt i l  all an imals  showed  subs tan t i a l  decl ines in 
response  rate fo l lowing the  ex t ra  wate r  admin i s t r a t ion .  

The an imals  were t hen  divided in to  two groups  which  
were selected so tha t  the  group m e a n  response  rates  
d i f fered by  no  more  t h a n  50 responses  per  session. One 
group of  an imals  (N = 8) each received a 200**g intra-  
ven t r i cu la r  in j ec t ion  (free base) of  5 ,7-Dt tT  in 20 **1 of  
vehicle (4 ,,1/3 ra in  of saline con ta in ing  1 mg/cc  of ascorbic  
acid to p reven t  a u t o x i d a t i o n  of the  n e u r o t o x i n ) .  The 
c o n t r o l  group (N = 8) received the  same vo lume  (20 ul)  of 
vehicle so lu t ion  in t r aven t r i cu la r ly  bu t  no  5,7-DHT. Intra-  
ven t r i cu la r  in jec t ions  were p e r f o r m e d  s te reo tax ica l ly  unde r  
k e t a m i n e  (25 mg/kg)  plus c h l o r o p r o m a z i n e  (2.5 mg/kg)  
anes thes ia ;  the  coo r d i na t e s  were 3 m m  pos te r io r  to bregma,  
1 m m  lateral  to  the  midl ine  and 4.5 m m  dorsal -ventra l  
measu red  f rom the  dura  [ 2 6 ] .  All animals  (N = 1 6 ) w e r e  
also given IP in jec t ions  of  d e s m e t h y l i m i p r a m i n e  (DMI) (20 
mg/kg)  15 min before  5,7-DHT adm i n i s t r a t i on  to prevent  
n o r e p i n e p h r i n e  (NE)  dep le t ion  [ 11 ]. 

The animals  were then  al lowed two days to recover  f rom 
surgery dur ing  which  t ime  they  were given free access to 
wate r  and  food  in the i r  h o m e  cages. Water  depr iva t ion  was 
r e ins t i tu t ed  on the  evening of  the second day af te r  

i n t r aven t r i cu l a r  in jec t ion  and tes t ing  on FR began on Day 3 
and c o n t i n u e d  for  9 add i t iona l  days. On the  10th day (12 
days af te r  cen t ra l  5 ,7-DHT or vehicle in jec t ion)  each animal  
received a 0 .02 mg/kg  dose of  LSD IP immedia t e ly  before  
tes t ing on FR. Response  rates  dur ing  the  LSD session were 
calculated as in E x p e r i m e n t  1. 

Since these an imals  were to be used in la ter  expe r imen t s ,  
t hey  were no t  sacrificed for  b iochemica l  assays. Ins tead,  a 
parallel  group of  8 animals  which  had received con t ro l  
in jec t ions  of  5 ,7-DHT (N = 4) or its vehicle (N = 4) and 
were p re t r ea t ed  wi th  DMI were sacrificed for assay on the  
12th  day af te r  the  in t r aven t r i cu la r  in jec t ions  and whole  
brain  5-HT levels were d e t e r m i n e d  as in E x p e r i m e n t  1. 

Results 

Figure 1 (middle  p o r t i o n )  shows the percen t  cont ro l  
response  rates  (unshaded  bars)  for 5 ,7- l )HT-in jec ted  ani- 
mals and vehicle con t ro l s  fo l lowing LSD (0.02 mg/kg) .  As 
can be seen, the group which  received cent ra l  adminis-  
t r a t ion  of  5 ,7-DHT exh ib i t ed  a cons iderab ly  lower overall  
response  rate (38 .08%)  than  tha t  of controls .  A t-iesi 
c o n d u c t e d  on the  data  using unpoo led  group variances 
showed  tha t  this  d i f fe rence  was s ignif icant ,  t (9 .23)  = 2.7% 
p < 0 . 0 5 .  Thus,  d isrupt ive  effects  of  LSD on behav ior  were 
p o t e n t i a t e d  by 5,7-DHT. 

Figure 1 (middle  po r t i on )  also shows that  5 ,7 - I ) t t1  
lowered whole  brain  c o n c e n t r a t i o n  of  5-tIT (shaded bars). 
This d i f fe rence  in biogenic  amines  was b o t h  large (609¢) anti 
s ta t is t ical ly  s ignif icant ,  t (6)  = 5.84, p < 0 . 0 1 ) .  It should  be 
po in ted  out  tha t  while these assay data  are f rom non-  
behaving  an imals  the  60{7~ deple t ion  p roduced  by intra- 
ven t r i cu la r  5 ,7-DHT admin i s t r a t i on  ( 2 0 0 u g }  has been a 
cons t an t  f inding in b o t h  n o n b e h a v i n g  and behav ing  animals  
in our  l abora to ry .  Hence ne i the r  LSD admin i s t r a t i on  nor  
behaviora l  tes t ing  seems to al ter  the effects  of 5 ,7-DHT on 
amine  c o n c e n t r a t i o n .  It should  also be no ted  here tha t  DMI 
effect ively  prevents  dep le t ion  of  NE fol lowing 5,7-1)tEl" 
(no t  shown in Fig. 1); the c o n c e n t r a t i o n  of  NE in 5,7-DHT 
t rea ted  animals  is comparab le  to those  of  n o n t r e a t e d  
an imals  previously  assayed in our  l abora to ry  (i.e., 0 .303 
ug/g) (see also Bjork lund ,  Baumgar t en  and Rensch [ l l l  ~. 

DISCUSSION 

The resul ts  of  these expe r imen t s  can be summar ized  as 
follows: Ca) PCA did not  a l ter  sensi t ivi ty  to LSD (0.02 
mg/kg)  even t h o u g h  the PCA injected animals  showed a 
subs tan t i a l  dep le t ion  in whole brain  5HT ( app rox ima te ly  
76%) and 1/2 the  PCA-injected animals  had received extra  
water  (b)  in an imals  in which  PCA did not  previously 
p o t e n t i a t e  the  disrupt ive  effects  of  LSD on FR, PCPA did 
not  p o t e n t i a t e  these effects  (c) cent ra l  admin i s t r a t i on  of  
200 .*g  of  5 ,7-DHT (and ext ra  water)  a l tered sensi t ivi ty to 
LSD in m u c h  the same m a n n e r  as raphe lesions and PCPA 
admin i s t r a t i on  [ 5 ,6 ] .  

Thus,  there  seems to be a d i f fe rent ia l  effect  of  PCA and 
5 ,7-DHT on LSD-induced changes  of  FR pe r fo rmance .  The 
precise na tu re  of this  d i f fe rence  requires  fu r the r  delinea- 
t ion,  bu t  it does  no t  seem to be due to dispari t ies  in the 
efficacies of  these  drugs to reduce  whole  brain 5-HT 
concen t r a t i ons .  Subs tan t i a l  r educ t ions  in this  m o n o a m i n e  
were n o t e d  fo l lowing b o t h  PCA and 5,7-DHT. In fact,  PCA 
p roduced  greater  r educ t ions  in cent ra l  5-HT levels than  did 
PCPA, 5,7-DHT CFig. 1), or raphe  lesions [6 ] .  This f inding 
wi th  regard to PCPA is i l lus t ra ted in Fig. I ( r ight  por t ion}  
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where it can be seen that  PCPA (300 mg/kg)  only produced 
a 26% decrease in central  5-HT that  was concomi tan t  with 
LSD-induced behavioral  disrupt ion when measured 12 days 
after the last PCPA inject ion (from Joseph and Appel 
[18] ). Because 5,7-DHT has been shown to deplete central  
catechol  - as well as indole - amine conta ining fibers [7] ,  
and catecholaminergic  involvement  has recent ly  been impli- 
cated in the behavioral  actions of  high doses of  LSE [19] ,  
it might be expected  that  this factor could account  for the 
differences be tween  the PCA and 5,7-DHT. This con ten t ion  
is supported by the finding that  both  PCPA and 5,7-DHT 

deplete central  NE as well as 5 HT [7, 20, 23] and also by 
the present results in which PCPA effect ively  altered 
sensitivity to LSD in animals previously given PCA. 
However ,  DMI was given to the 5,7-DHT-injected animals 
prior to surgery to increase its specifici ty [ i  1] and the 
effects  of  PCPA on adrenegic neurons has been shown to be 
minimal  at the t ime of  LSD adminis t ra t ion,  i.e., 12 days 
after  the last PCPA inject ion [24] .  Addi t ional ly ,  nei ther  
5,7-DHT nor  PCPA have been reported to alter central  
dopamine  (DA) levels [7 ,20] .  Moreover,  p re t rea tment  with 
alpha methyl  tyrosine which of  course depletes both  DA 
and NE inhibit ing tyrosine hydroxylase  does not  potent ia te  
the effects  of  LSD, while raphe lesions do potent ia te  these 
effects [5 ,6] .  Thus, possible influences of  5,7-DHT or 
PCPA on catecholaminergic  systems cannot  explain our  
results. Rather,  what is suggested here and elsewhere [8] is 
that the effects  of  LSD are somehow dependen t  upon the 
integri ty of  the 5-HT neuronal  system. Obviously,  a very 
small al terat ion in 5-HT concent ra t ion  is necessary to 
observe a change in sensitivity to LSD, especially when the 
animals are given 5 rain of  extra water  12 hr prior to FR 
behavioral  testing. Since PCA and 5,7-DHT have different  
effects on both  sensitivity to LSD and pat terns of  5-HT 
deplet ion within the central  serotonergic system, it would 
appear that  this pat tern of  central  deple t ion  is impor tan t  in 
determining LSD effects  on FR behavior.  

The drug and surgical regimens described above (e.g., 
PCPA, 5,7-DHT) are effect ive in deplet ing 5-HT when this 
amine is measured 12 days after  t r ea tment  [5, 7, 15, 27] .  
However,  the pat tern of  deple t ion  fol lowing PCA differs 
from the o ther  t rea tments  in at least one impor tan t  respect. 
Very little 5°HT deplet ion or  a l terat ion in t ryp tophan  
hydroxylase  act ivi ty has been noted in the midbrain raphe 
nuclei (B7 and B8) groups fol lowing PCA [10, 16, 25] .  
Conversely,  5,7-DHT, PCPA and raphe lesions produce 
substantial  amounts  of  deple t ion  in these cell groups [6 ,7] .  
These nuclei (B7 and B8) have been shown to be in t imate ly  
involved in mediat ing certain behavioral  effects  of  LSD 
[2,17] .  It is possible that altered activity of  5-HT in 

neurons which have their  cell bodies in these nuclei (or in 
postsynapt ic  neurons  which are innervated by B7 and B8 
neurons)  is a necessary condi t ion  for the altered sensitivity 
to LSD to be seen. It is known that  the stereospecific 
binding of  [H3] LSD to various rat brain regions may 
involve presynaptic  storage elements  [8 ,9] .  Moreover,  LSD 
does not  bind equally to all brain areas. The highest 
concent ra t ions  are usually found in the cerebral cor tex  and 
limbic areas, which receive the major i ty  of their  sero- 
tonergic input  from the B7 and B8 groups - groups which 
are essentially spared by PCA. If these areas are not  
differential ly effected by PCA in a manner  o ther  than a 
lowering of  t ryp tophan  hydroxylase  or regional 5-HT levels, 
then the LSD-behavioral  interact ions at the dose levels 
employed  here may not  be found. It might  also be 
ment ioned  here that  more recent  findings [23] have shown 
that the terminal  project ions of  the B8 cell groups are more 
severely affected by PCA than those of  the B-9, again 
point ing out  the impor tance  of  possible changes in the 
nuclei themselves in mediat ing the effects  of  LSD. 

The firtding that PCA-injected subjects later given PCPA 
showed altered LSD sensitivity provides some support  for 
this suggestion. However ,  fur ther  research is necessary to 
determine (a) if these PCA-5,7-DHT relationships hold with 
regard to o ther  hallucinogens and (b) whether  PCA or 
5,7-DHT adminis t ra t ion will alter LSD binding in various 
central  and l imbic areas. Nevertheless,  the data do provide 
strong evidence that  the 5-HT neuronal  system, especially 
the B7 and B8 cell groups may be somehow impor tan t  in 
altering behavioral  sensitivity to LSD. 

ADDENDUM 

It must also be noted here that  fol lowing the comple t ion  
of  this study, the 5,7-DHT-injected animals and their  
controls  were further  tested with the FR paradigm follow- 
ing ei ther mescaline, psi locybin,  phencycl idine,  quipazin or 
amphe tamine  administrat ion.  The behavioral  data from 
these tests will be reported elsewhere. However,  biochemi-  
cal analyses of  the whole brain levels of 5-HT and NE 
showed that  5-HT was depleted by 57% to 0.160-+ 0.072 
ug/g. Contro l  (vehicle injected)  animals showed a mean of  
0.369 -+ 0.042 ug/g of  serotonin ( t(12) = 6.32, p<0 .01) .  
Norepinephrine levels, however,  were similar in both  
5,7-DHT injected animals and their  controls  (0.349 ± 0.067 
ug/g, 0.360 -+ 0.18 ug/g respect ively;  t ( l l )  = 0.18, ns.). 
Thus, both  the eff icacy and specificity of  5,7-DHT when 
used in conjunct ion  with DMI was conf i rmed at 45 days 
after the 5,7-DHT adminis t ra t ion in these behaving animals. 
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