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PAXINOS, G., J. IHSRT, 1). M. A'I'RI{NS AND 1). M. JACKSON. 5-11ydroxytrvptamine depletion with para-chlorophen.vl- 
alani;ze. e.ljk'et* on eathtg, drhtkbzg, irritability, nmricide, attd copttlation. PHARMA('. BIO('ttI{M. BEHAV. 6(4) 439- 447, 
1977. -- Forty-four male rats were tested for eating, drinking, irritability, and copulation before andaftcrintraperilonial 
para-chlorophcnyhdanine (P('PA) or control injections, t" leven of these rats were tested for muricide before atnd after P('PA 
injections (Group I), v,'hile 18 others v,'cre tested (rely after PCPA injections (Groups 21. Group 1 ratsreceivcd four 350 
mg/kg P('PA injections spaced 6 days apart and showed h',pcrdipsia, ~eighI loss, and a 24"'; increase in muricidc. Group 2 
rals received five daily 100 mg/kg P('PA injections repeated I 1 days later and showed hyperdipsia and weight loss: in 
addition, 787; of them killed mice. Neither group showed significant changes in copulation. At the end of the experiment. 
6 rats from Group 2 that were irritable and killed mice were injected intraperitonially wRh 5-hydroxytryplophan (80 
mg/kg). I:ive of these rats lost their irritability and four slopped killing. The various behavioral changes were not correlated 
significantly either with each other or with the degree of 5-hydroxytryptaminc depletion. "[his tentatively' suggeqs that 
PCPA ma) produce its effects on behavior by other means in addition to 5-hydroxytryptaminc depletion. 
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5-1tydroxy~ryptamme 

IN RATS, para-ch lorophenyla lan ine  (PCPA) inject ions de- 
plete brain 5 - h y d r o x y t r y p t a m i n e  (5-1-11") levels by inhibit ing 
t r yp tophan  hydroxylase ,  the rate-l imiting enzynle  in the 
format ion  of  5-11"1" from dietary I ryp tophan  [ 16,19].  P( 'PA 
injections have also been shown to deplete  brain note- 
p inephr ine  (NE) anti dopamine  (DA) levels, but the 
deple t ion of  the ca techolamines  (( 'A) is smaller and of  a 
shor ter  dura t ion than that of  5 - t l ] .  Thus, Koe and 
Weissman [IC,~] found that 3 days after  a single 3 1 6 m g / k g  
dose of  P( 'PA lhe 5-HT deple t ion  in the brain reached a 
max imum of  939;. 5-111 concen t ra t ions  remained more  
than 50!4 deple ted  for g days af ter  the injection and did 
not return to contro l  levels for about  2 wk. Koe and 
Weissman found that the same P('PA dose reduced Nli by 
about  20"; during tlle 6 days after injeclion.  Miller el al. 
[26] gave a 400 mg/kg inject ions of  P( 'PA and obta ined a 
max inmm 5-1tT deple t ion  of  68?; and a maximunl  NA 

deple t ion  of  305k. In their  s tudy,  5-1-11- and NA were 
significantly lowered for the first 12 and 5 days, respec- 
tively, l,ike Nli, DA is also deple ted  by about 20c; for the 
first few days after  P( 'PA injections,  but it returns to 
contro l  levels within 5 days [ 13,10].  

P('I)A has of ten  been used to investigate the inw)lvement 
o f  5-1t1' in the c o n t r o l  o f  behavior because o f  its sontewhat  
specific 5-HT deplet ing effect .  Many consis tent  hehavioral 
changes have been repor ted  Io ,esult front PCPA injections:  
however  a number  of  inconsis tent  findings have also been 
repor ted.  A small decrease in food intake and a resulting 
weight loss are typically repor ted  following PCPA injections 
[6. 25, 431, a l though an increase in food intake has been 
reported in one exper imenl  1281. The effect  of P('t)A on 
water  intake remains unclear. Most researchers have found a 
decrease [61 or no change in drinking [8, 12. 31] .  
However,  hyperdipsia  has been observed in one exper imenl  
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( [7 ]  ci ted by [ 8 ] ) .  A t rans ien t  increase in i r r i tabi l i ty  anti 
res is tance to hand l ing  has o f t en  been not iced  af te r  P( 'PA 
in jec t ions  [ 1 9 , 4 1 ] .  The increase in i r r i tabi l i ty  is small and 
some e x p e r i m e n t e r s  have not  observed it 15].  Muricide has 
cons i s ten t ly  been observed fo l lowing PCPA in jec t ions  
[ 1 1 , 3 5 ] .  The t o p o g r a p h y  of  the killing response  shown by 
P( 'PA- t rea ted  rats differs  f rom that  shown by na tura l  
mot, se-killers in tha l  the  P ( P A - t r e a t e d  rats bite tile mouse  
ind i sc r imina te ly  over the  en t i re  body .  whereas  s p o n t a n e o u s  
killers bi te  mainly  the  cervical region [ 2 5 ] .  PCPA in jec t ions  
increase the percen tage  of  males i n t r o m i t t i n g  and ejacu- 
lating, provided these nlales show a low baseline response  
level [14,  22, 23, 39 ] .  PCPA in jec t ions  do not  increase the 
n u m b e r  of  e jacu la t ions  in rats a l ready showing high baseline 
copu la to ry  levels 147J :  however ,  they do reduce  the 
la tency of  e jacula t ion  [ 2 ,34] .  

In the present  e x p e r i m e n t ,  PCPA in jec t ions  were given 
to two groups  of rats in o rder  to  provide  add i t iona l  
evidence for the  involven len t  of 5-11]" in the con t ro l  of  
behavior .  In G r o u p  1 the  in jec t ion  schedule  was designed to 
main ta in  c o n t i n u o u s l y  low levels of 5-111'. In G r o u p  2, tile 
in jec t ion  schedule  was designed to deple te  5-HT, allow it to 
re tu rn  to near  con t ro l  levels, and to deple te  it again. In 
bo th  g roups  m e a s u r e m e n t s  on eat ing,  dr inking ,  i r r i tabi l i ty  
and c o p u l a t i o n  were taken  before  and af te r  PCPA or vehicle 
i , l ject ions,  measu ren l en t s  on muric ide  were taken before  
and a f te r  in jec t ions  in Group  l , b u t  only  af te r  i n j e c t i o n s m  
Group  2. The mul t ip le  m e a s u r e m e n t  app roach  was used 
because it provides  evidence as to w h e t h e r  some of the 
behaviors  examined  may be con t ro l l ed  by c o m m o n  physio-  
logical subs(rates .  In add i t ion ,  this  app roach  helps in 
assessing the specif ici ty  of  d rug- induced  changes.  If af ter  a 
drug in jec t ion  all behaviors  are e n h a n c e d  or suppressed,  it 
could be suspected  tha t  the drug has a general  ac t ion.  
However,  if a f te r  the in jec t ion  some behaviors  change,  
while o the r s  remain  unchanged  or move in the oppos i te  
d i rec t ion ,  then  this  would suggest a possible specific ac t ion  
of the  drug. Final ly,  in the present  e x p e r i m e n t ,  where  the 
effects  of  PCPA on a behav io r  such as mur ic ide  are well 
d o c u m e n t e d ,  the appea rance  of  mur ic ide  can be taken  as a 
behaviora l  ind ica t ion  tha t  the rats are in fact receiving the 
t r e a t m e n t  they  are supposed to receive. 

M1- T t tO l )  

A nimal.~ 

For ty - fou r  male Sprague-Dawley rats weighing approxi -  
mate ly  500 g ( abou t  6 m o n t h s  o ld)  at the t ime  of the first 
in jec t ion  were used. They  were naive at the c o m m e n c e m e n t  
of the  e x p e r i m e n t  and ',','ere individual ly  housed  in wire 
mesh cages in a room with  a reversed 12:12 hr l igh t /dark  
cycle. The data  f rom one rat tha t  died p rema tu re ly  and 
a n o t h e r  tha t  had a brain tun(or  were exc luded  f rom the 
analysis.  Eleven rats were r andomly  assigned to G r o u p  1, 18 
to ( ; roup  2, 6 to Vehicle  Con t ro l  G r o u p  1 and 7 to Vehicle  
( ' o n t r o l  G r o u p  2. Con t ro l  rats received vehicle in jec t ions  at 
app ropr i a t e  t imes. Since behaviora l ly  and b iochemica l ly  
there were no  s ignif icant  d i f ferences  be tween  the two 
con t ro l  groups,  the i r  data  were pooled.  

Food aml Water hztake, and Body Weight 

Measurements  of  food and wate r  in take ,  and body  
weight were taken  every th i rd  day f rom 9 days before  to 21 
days af te r  the first in ject ion.  Each rat was given a weighed 

q u a n t i t y  of  Allied Rat-and-Mouse Kubes. The a m o u n t  o t  
food given was always in excess of what  the rats ate, and at 
the end of  the 3 days the remain ing  q u a n t i t y  ( inc luding  any 
subs tan t ia l  spillage) was weighed. Every third day fresh tap 
wate r  was provided in 600  ml bo t t l es  f i t ted with tubes  tha t  
con t a ined  steel balls to reduce spillage. 

Irritability a,M ,lhoicMc 

I r r i tabi l i ty  scores were ob ta ined  on every third day from 
9 days before  I(1 21 days af te r  tile first in jec t ion using the 
folk)wing 3-category scale: (a) bi t ing react ion to a gloved 
hand tha t  in t ruded  in to  the cage and pushed the rat against 
the cage wall, (b)  resis tance to capture ,  anti (el  vocal iza t ion  
dur ing  the preceding  two tests. Ratings o I 0  (no  response) .  
l {weak response) ,  or 2 l in tense  response)  were given for 
each category.  All rat ings were given by one expe r imen te r .  
To evaluate  mur ic ide  in ( ; roup  1, 20 rain af ter  each 
i r r i tabi l i ty  test a mouse  was placed into the rat 's  cagc for I 
hr, and ins tances  ~no la lencies)  of killing were recorded.  
For  G r o u p  2. mur ic ide  was tes ted similarly but  ¢mly af ter  
tile c o n l n l e n c e n l e n t  of  inject ions.  Rats in ( ; roup  2 ,,,,'ere not 

tested for nl(it |se killing pr ior  to the in i t ia t ion of P ( P A  
in jec t ions  because it has been suggested that  such pre tes t ing  
may inhibi t  subsequen t  d e v e l o p m e n t  of  mouse  killing [I 7[ .  

Copulation 

In order  to achieve a stable baseline of sexual respond-  
ing, each rat was given one pract ice session per week for 
6 8 weeks before  copu la t ion  m e a s u r e m e n t s  were con> 
menced .  Sexual pract ice sessions took place dur ing  the (lark 
cycle. The rat was placed in a clear acrylic box (40 x 25 x 
40 cm)  with a wire mesh f loor  anti red-light i l luminat ion .  
After  a 5 rain adap ta t i on  period,  a female  rat (hal had been 
b rough t  into  heat wi lh  h o r m o n a l  in ject ions  {0.1 mg of 
es t radiol  valerate repeated  af te r  2 days. and fol lowed a day 
later  by 1 . 0 m g o f h y d r o x y p r o g e s t e r o n e  5 hr before  tes t ingl  
was in t roduced  in to  the box.  In order  Io increase tile 
percentage  of male rats that  would per form sexually,  rats 
that  did not  copula te  within 5 10 rain af ter  the in t roduc-  
l ion of  the  female were given an occasional  tail pinch 
dur ing the  pract ice  sessions. Fail p inches  are known  to 
faci l i ta te  copu la t ion  19]. 

After  a baseline of  sexual r e spond ing  had bccn achiew:d, 
each rat was given one copu la t ion  test per week for 3 
weeks, and these three tests provided lhe pre in jec t ion  
copu la t ion  data.  Star t ing I week af ter  the first in ject ion.  
each rat was given one copu la t ion  test per week for 3 
weeks, and these provided tile pos t in jec t ion  data.  l ' h e  three 
pre in jec t ion  and three  pos t in jec t ion  copu la t ion  tesls  lasted 
40 nlin each,  and the ff~llowing nteasures were taken:  
m o u n t  la tency ( m o u n t  wi th  pelvic thrus t ing} and n u m b e r  
of m o u n t s  per  e jacu la t ion ,  inlronl issJon la tency and n u m b e r  
of  in t romiss ions  per e jacula t ion ,  and e jacula t ion  la tency 
and n u m b e r  of e jacula t ions  dur ing  tile 40 rain tcst.  l )ur ing 
the three  pre in jec t ion  and threc  pos t in jec t ion  tests, lhe 
p rocedure  of  tail p inch ing  was not employed .  

htjection Procedures 

DL-P( 'PA (Sigma Chemical  Co.) was prepared  as a 
100-mg/ml suspens ion  in an i so ton ic  1!3 so lu t ion  of Tween  
80 buf fe red  to p}l 7.4. In jec t ions  were given int raper i -  
tonia l ly  and a magnet ic  s t i rrer  was used to agitate  the 
suspens ion unt i l  the m o m e n t  of  each inject ion.  Table  1 
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T A B L E  I 

SCHEDULE OF rESTS AND INJECTIONS 

Preinjection Period (Days) Postinjection Period (Days) 

C 
15 14 13 12 11 109 

C 
F F F F F F F F F 
W W W W W W W W W 
Wt Wt WI Wt Wt Wt WI Wt Wt 
I I 1 I 1 I I I 1 

C M M C M M M M M C M M 
8 7 6 5 4  3 2 1 1 23  4 5  6 7 8 9  10 II 12 13 14 15 16 17 18 19 20 

-- + @ t "~ t + -}- + 

F 
W 
Wt 
1 

C M 
21 22 

F = Food. 
1 = Irritability. 
M = Muricide. 
C = Copulation. 
W = Water. 
Wt = Weight .  
* = Injections for Group I (350 mg/kg PCPA). 
÷ = Injections for Group 2 (100 mg/kg PCPA). 

shows the  (lays on which  behaviora l  tes t ing and in jec t ions  
occurred.  When behaviora l  tes t ing and in jec t ions  occur red  
on the same day,  in jec t ions  were always admin i s t e r ed  a f te r  
behaviora l  test ing.  [ 'he  first in jec t ion  was given a f te r  
measures  on eat ing,  dr inking,  body  weight ,  i r r i tabi l i ty ,  
muric ide ,  and copu la t i on  were taken  three  t imes  (preinjec-  
t ion basel ine data) .  Pre in jec t ion  baseline data  on  mur ic ide  
were taken only  in G r o u p  1. 

In G r o u p  1, the in jec t ion  schedule  was designed to 
ma in ta in  low levels of  5-HT con t inuous ly .  Koe and Weiss- 
man [19]  r epor t ed  tha t  a single dose of  310  mg/kg  of  
P( 'PA main ta ins  brain 5-HT levels below 20% of  con t ro l  
values for 6 7 days. Similar  PCPA doses deple te  NE and 
DA by abou t  20"# for 5 - 6  days, but  the (TA levels are no t  
s ignif icant ly  dep le ted  af te r  this  per iod [ 13, 19. 26 ] .  In the 
present  e x p e r i m e n t  four  350  mg/kg  PCPA in jec t ions  were 
given to rats  of  G r o u p  I. The in jec t ions  were separa ted  
from each o t h e r  by 5 day in jec t ion  free periods.  

In G r o u p  2, the in jec t ion  schedule  was designed to 
deple te  5-HT, to al low it to r e tu rn  to near  con t ro l  levels, 
and to deple te  it again. Drug doses were the re fore  separa ted  
by a 10 day in jec t ion  free per iod dur ing  which  t ime 5-HT 
levels should  have risen to a b o u t  6 0  70c/, of  con t ro l  levels 
[191.  in add i t ion ,  the dose was changed f rom a single 350  
mg/kg in jec t ion  in G r o u p  1 to five once-dai ly  100 mg/kg  
in jec t ions  in G r o u p  2. This regime of  five in jec t ions  was 
chosen  so as to min imize  dep le t ion  of  brain CA and to 
make  the  p rocedure  more  comparab l e  wi th  tha t  used in 
s tudies  r epor t ing  hype r sexua l i t y  [ 13].  

At tile end of  tile e x p e r i m e n t ,  six i rr i table mouse  killers 
f rom Grol ,p  2 were in jected in t r apc r i ton ia l ly  wi th  80 mg/kg  
5 - h y d r o x y t r y p t o p h a n  (5-HTP)  in an a t t e m p t  to block these 
behaviors  by rep len ish ing  brain 5-HT levels. I )L-5-HTP 
(Sigma Chemical  Co.) was prepared  as an 80 mg /ml  so lu t ion  
in physiological  saline. The rats were tes ted for i r r i tabi l i ty  
and mur ic ide  20 rain af te r  the 5-HTP inject ion.  

A ssa.v Procedure 

On c o m p l e t i o n  of  behaviora l  test ing,  the rats  were 
decap i ta ted  and,  a f te r  d iscarding the pineal  gland, the i r  

forebra ins  were dissected by a cut f rom the rostral  bo rde r  
of the  super ior  colliculi  dorsal ly ,  to the caudal  bo rde r  of  
the mammi l l a ry  bodies  ventra l ly  [ 1 ,15] .  Forebra ins  were 
f rozen on  dry ice and kept  at 22 ~ C u n t i l a s s a y e d  for5-11T 
by a mod i f i ca t ion  [1] of  the m e t h o d  of  Snyder ,  Axel rod ,  
and Zweig [ 3 7 ] .  The  frozen tissue was homogen i zed  in 6 
ml of  0.1 NHCI and  added to tubes  con ta in ing  1.5 ml 
sa tura ted  Na2CO~,  2.5 ml, 0.5 M bora te  buf fe r  (p l t  11) 
sa tura ted  wi th  n -bu tano l  and NaCI, 8.5 ml of  n -bu tano l ,  
and 2.5 g of  NaCI. Af ter  shaking  for 5 rain fol lowed by 
cen t r i fuga t ion ,  5.5 ml of  the organic  phases  were trans- 
ferred to tubes  con ta in ing  8 ml of  0.1 M bora te  buf fe r  (pl!  
11: previously  sa tura ted  wi th  Na(' l) .  Af ter  shaking for 5 
rain and centr i fuging,  4 ml of  the organic phases  were 
t ransfer red  to tubes  con ta in ing  1.5 ml of  0.05 M sodium 
p h o s p h a t e  buf fe r  (pH 6.5) and 10 ml of  hep tane .  After  
shaking for  3 rain and centr i fuging,  the aqueous  phases 
were t ransfer red  to tubes  con ta in ing  0.1 ml of  0.1 M 
n i n h y d r i n  so lu t ion .  Af ter  the mix tu re s  were hea ted  in a 
water  ba th  at 75°C for 30 rain and cooled at room 
t e m p e r a t u r e  for  30 rain, the i r  f luorescence  at 4~)0 nm 
(ac t iva t ion  385 nm)  was measured  in an A m i n c o - B o w m a n  
s p e c t r o p h o t o f l u r o m e t e r .  5-HT c o n c e n t r a t i o n s  were not  
cor rec ted  for recovery because 5-1IT added to tissue is less 
s table than  e n d o g c m o u s  5-HT (Richard  Green ,  personal  
c o m m u n i c a t i o n ) .  

This assay gave 5-HT levels for Group  1 and con t ro l  rats 
tha t  fell wi th in  the  range repor ted  by o the r  labora tor ies  [ 1, 
13, 19, 25] .  Brains f rom G r o u p  2 were found  to have 
spur iously  high 5-HT values, p robab ly  due to in te r fe rence  
o1 PCPA with this  assay [3 ] .  In G r o u p  1 the last PCPA 
in jec t ions  were given 3 days pr ior  to decap i t a t ion ,  but  in 
G r o u p  2 the  PCPA in jec t ions  were given 2 days prior  to 
decap i ta t ion .  In o rder  to ob ta in  an es t imate  of  the 5-I-iT 
dep le t ion  that  resul ted f rom Group  2 schedule  of  injec- 
t ions,  12 naive rats were used and t rea ted  as the rats of  
G r o u p  2 excep t  tha t  they  were not  tested for copu la t ion  
and were decap i t a t ed  6 days af te r  the last in ject ion.  Ten of  
these rats were in jected with PCPA and two with the 
vehicle.  The 10 PCPA-injected rats in this  group lost weight 
and drank  more  water:  in add i t ion  four  of them killed 
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mice. "fhus, this group behaved similarly to ( ; roup 2 (see 
below);  however ,  the behavioral data from this group were 
not used in any of  the evaluations in the present  experi-  
ment .  It should be emphas ized  that  there is no direct 
evidence of  the ex ten t  of  5-tIT deple t ion  in Group 2. An 
indicat ion of  5-HT levels in Group 2 comes from the group 
of  10 rats which were given the same inject ions as rats of  
Group 2, and these levels are relevant to a time 6 days after  
the last P( 'PA injection• 

Statistical ,I nalysis 

On all behaviors,  for each rat the scores prior to the first 
injection were subt rac ted  from the scores af ter  the first 
injection.  [ h e  d i f ference  scores for the P( 'PA-injected and 
control  groups were compared  with F tests. On muricidc,  
the number  of  tests on which the rat killed cons t i tu ted  its 
score; since no contro l  rat killed, one of  them was given a 
score of  0.1 to avoid a S.D. of  zero. Pearson 's  correlat ion 
coeff ic ients  were calculated be tween  the di f ferent  variables 
m the three groups. 

T A B I , E  2 

EFFECTS (.)[: PARA-CHLOROPHENYLAI,ANINE ON FOREBRAIN 
5-HYDROXYTRYFrAMINE I,EVELS 

5-HT (ng/g) levels Percent 
Group N _+ S.E. depletion 

l II  109 * 14 714" 

Rats given injections I0 147 + 15 71" 
similar to those in 
Group 2 

Control 13 492 ± 11 - -  

*p 0.(R)I. 

i,i 

Z 1 3 0  

13 1 2 0  
0 
0 1 1 0  
n 

17(:1 

ii i 
v '  

<I: "15o 
I -  
Z 

tr 1 3 0  
I,LI 
I -  

11C 

"E" 5 5 0  

I-- 
1" 5 3 0  
L9 

7, 
5 1 0  

>- 

1 3 4 9 0  
0 
m 

; ; G r o u p  1 

, - - - - - - - . , G r o u p  2 

....... C o n t r o l  

. . . . .  ' "  . . . . . . .  . . . . .  " . .  

; ,  ,'jr"'*,, \ ' '  
/ ", 

, , ,  

/ ' I  - /  

. . . . . . .  ~ 4 . -  11' 

-':.N; " 

1 ,  i 

S U C C E S S W E  3 - D A Y  P E R I O D S  

1"[(;. I. Mean 3-da~ l<u)d and ',~atcr intake and Illeall l)a) 3 hod) 
weight before and after t)('I'A ((;roup,. 1 & 2)or c~mtr(d inieclion,,. 

(The inlcrruplcd line indic:ire,, Ihc tinlc ~l fir,,: m ccli~m). 

R F:SU 1,'IS 

5-HT Levels 

Table 2 shows the forehrain 5-H'l" levels and percent  
deple t ion  for the groups that were assayed. Compared  to 
the control  group,  Group 1 showed a 78"' deple t ion ,  
I7(1,22) = 289.25 p < 0 . 0 0 1 ,  and the group that  received 
PCPA inject ions similar to those of  Group  2 showed a 
71'"; deple t ion ,  F{I ,21)  = 225.16. p , : 0 .001 .  5-1rl  assays 
were carried out  3 days after the last 350 mg/kg P( 'PA 
inject ion in ( ; roup I and 6 days after the last injection in 

a series of five daily 100 mg.'kg injections in the group 
that received injections similar to those of ( ; roup 2. l h u s .  
the deple t ion  data in the t~vo groups are not direcll.~ 
comparahle .  They do show,  however ,  I]lal in both group:, 
the P('I>A inject;eros were effeclive ill deplcl ing torebrain 
5 - l I T .  

l"ood Intake and Body Weight 

A significant decrease m body weight ~.as observed in 
Pf'PA ( ; roup 1, 1"(I,221 = 78.01, p. 0.001, and P ( P A  

T A B L E  3 

BEHAVIORAl. FINDINGS BH.:ORE AND AI:TER INJFCrlONS 

Group 
Mean food Mean water Mean 

N intake intake Mean body irritabilit.',. 
lin g/day') (in ml/day) weight (g) score per test 

Mean No. of 
No. of mouse e.iaculation'~ 

killers pet" test 

[)re Post Pre 
I I I 40 41 41 
2 18 40 38* 43 

Control 13 40 40 46 

Post Pre Post Pre Post 
5(1" 5(12 5(11- (I.5 1.5 
5(1" 521 521+ (I.7 1.9 
46 513 538 0.3 (1.6 

Pre l)oM Pre PoM 
(l 3 2.3 2.6 

14 + 1.9 2.3 
0 (t 1.7 2.4 

*p~O.()l. 
+p < 0.00 ]. 
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Group  2, t : ( I , 2 9 )  = 49 .38 ,  p < 0 . 0 0 1  (Fig. 1, Table  3). 
Body weights  of  bo th  g roups  reached  p re in jec t ion  levels 
at the end of the  e x p e r i m e n t ,  3 weeks af te r  the first 
in ject ion.  Only PCPA G r o u p  2 showed  a slight but  signifi- 
cant  decrease in food in take .  I ' (1 ,29)  = 8.51,  p < 0 . 0 1  
(Fig. 1, Table  3). 

Water Intake 

After  P( 'PA inject ions ,  hyperd ips ia  appeared  in b o t h  
Group  1, F ( I , 2 2 ) =  '0.14, p < 0 . 0 1 ,  and G r o u p  2, F (1 ,29 )  
-- 8 .35,  p ,  0.01 (Fig. 1, Table  3). T w e n t y - f o u r  of the 29 
P( 'PA- in jec ted  r~,ts in Groups  1 and  2 showed  an increase 
in the mean  daily wate r  in take  for the 3 weeks af te r  
c o m m e n c e m e n t  of  P( 'PA inject ions ,  the 5 rats tha t  did 
not  show an overall  increase in d r ink ing  still showed  some 
increase for  the first few days af te r  c o m m e n c e m e n t  of  
inject ions.  As shown  in Fig. 1. wate r  in take  for G r o u p  l 
increased by a p p r o x i m a t e l y  40c~ and this effect  pers is ted 
t h r o u g h o u t  the 6 days fo l lowing the first in jec t ion  and 
the 3 days fol lowing the second in jec t ion ;  in jec t ions  3 
and 4 p roduced  only m i n o r  increase in water  in take.  For  
Group  2. dur ing  the 3 days fo l lowing the c o m m e n c e m e n t  
of the first series of in jec t ions  wate r  in take  increased by 
36 ' ;  and it r emained  above p re in jec t ion  baseline values 
for 6 days af te r  the first in ject ion.  I lyperd ips ia  in G r o u p  
2 wan re ins ta ted  when  the PCPA in jec t ions  were repeated .  
}*or the 3 days fol lowing the c o m m e n c e m e n t  of  the  
second series of in jec t ions  the rats showed  a 34";. increase 
in water  in take  over basel ine intake.  
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I:l(;. 2. Mean irritabilit3 ,~cores belk~re and after P('PA{Groups 1 & 
2) or control in cctions. (rim interrupted line shuws the time of first 

inject ion ). 

Irritability 

P( 'PA in jec t ions  caused a non-s igni f icant  increase in 
i r r i tabi l i ty  in bo th  PCPA groups.  Eight of  the I1 rats in 
G r o u p  1 showed  pos t in j ec t ion  increases in resis tance to 
cap ture ,  vocal iza t ion,  and glove bit ing.  Similar changes  
were observed in 15 of the 18 rats in G r o u p  2 and in 2 
of the 13 cont ro l s .  As seen in Fig. 2, the t ime course  of  
i r r i tabi l i ty  was not  closely associated with the t ime of 
P( 'PA inject ions.  

Of the six i rr i table killers which  received 5-HTP injec- 
t ions  I80 mg/kg) ,  five lost thei r  i r r i tabi l i ty  wi th in  20 rain 
of the inject ions.  The rat tha t  remained  irr i table was one  
of the two rats which c o n t i n u e d  killing mice af te r  5-11TP 
in jec t ions  (see be lowL 

T A B I , E  4 

KILLING 1N GROUP 2 RATS 

Rat Successive Tests* 
I 2 3 4 5 6 7 

I 
2 K K K K 
3 K K K K 
4 K K K K 
5 K K K K 
6 
7 K K K K 
8 K K 
9 K K K K 

10 
11 K K K K 
12 K K K K 
13 
14 
15 K K K 
16 
17 K K K K 
18 K K K 

K 
K K K 
K K K 
K K K 
K K K 

K K K 

K K 

K K K 
K K K 

K 
K K 

K K K 
K K 

K: Kill. 
*Test 1 was given 3 days after the first series of PCPA injections 

commenced and Test 6 was given 3 days after the second series of 
PCPA injections commenced. 

Muricide 

None of  the 13 con t ro l  rats  killed mice on any test 
and none  of  Group  1 rats killed mice on the three 
p re in jec t ion  tests. Af ter  in ject ion,  three  (.;roup 1 rats 
killed mice on at least some ot  the tents. The 5 - t l f  
dep le t ion  in the killer rats (79" ; )  was not  s ignif icant ly  
d i f fe rent  f rom that  in the nonki l le rs  (78'/';). 

G r o u p  2 rats were not  tes ted for  mouse  killing pr ior  to 
tile c o m m e n c e m e n t  of  PCPA inject ions.  After  in ject ion,  
14 of the 18 rats (78';~) killed mice on at least some of  
the tests  Cfable 4) c o m p a r e d  with none  of the 13 con t ro l  
rats. F (1 ,29)  = 23.83,  p < 0 . 0 0 1 .  Figure 3 shows the per- 
centage of rats in ( ; roup  2 killing mice on each test.  [ h i s  
percen tage  decl ined f rom 675; to 44G dur ing  the per iod 
be tween  the two series of P( 'PA in jec t ions  when  pre- 
sumably  5 - t t ]  levels were nearer  to normal .  Killers of  
bo th  groups  ate at least part  of the mouse  on ahnos t  all 
tests. 

In t raper i ton ia l  admin i s t r a t i on  of 80 mg/kg of 5-1t'I'P at 
the end of the e x p e r i m e n t  b locked  killing in four  of the 
six injected mouse  killers. The 5 - t t I P  injected rats did not  
appear  nomnolescen t  and actively invest igated the mice.  

Copulation 

,As Fig. 4 and Table 3 indicate ,  there were no  signifi- 
cant  d i f ferences  be tween  P( 'PA-in jec ted  and vehicle- 
in jected groups  in thei r  e jacu la tory  pe r fo rmance  before  
and af te r  inject ion.  All groups  showed  a slight increase in 
the n u m b e r  of  e jacula t ions  on successive tests indica t ing  
that  a s table baseline of  e jacula tory  pe r fo rmance  had not  
been achieved in the 2 m o n t h s  of weekly p remjec t ion  
pract ice  trials. The m a x i m u m  n u m b e r  of e jacula t ions  
shown by any rat on a single 40  mm test was five. 
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FIG. 3. Percentage of rats in Group 2 and control group killing mice 
on each tesl, (The left and right arrows indicate the first test after 
tile conlnlencement of the first and second series of injections, 

respectively ). 
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I-IG. 4. Mean number of ejaculations befure and after P('PA 
injections. (The interrupted line shows the time of first m ection). 

With regard to other  measures  of  c o p u l a t o r y  perfor-  
m a n c e ,  all groups  s h o w e d  a large variabi l i ty  in the n u m b e r  
o f  m o u n t s ,  in t romis s ions ,  and la tenc ies ,  and there were  no  
s igni f icant  d i f f erences  in these measures  b e t w e e n  the 
PCPA- in jec ted  and contro l  groups .  

I)ISCUSSION 

Food Intake and Body Weight 

Both P( 'PA groups  showed  a s ignif icant  decrease m body  
weight ,  but  only Group  2 showed  a decrease  in food intake.  
Fhe  small decrease in food in take  observed in G r o u p  2 was 
not  c o m m e n s u r a t e  to the drast ic  fall in body  weight.  I h e  
absence  of a subs tan t i a l  decrease in food in take  was not  due 
to spillage because spillage was always weighed and in- 
cluded in the ca lcu la t ion  of  food intake.  The partial  
d issociat ion of food in take  f rom body  weight  suggests tha t  

PCPA in jec t ions  p roduce  metabo l ic  changes.  This is consis- 
tent  with  data  indica t ing  5-11T invo lvement  in 1115 cont ro l  
of the cardiovascular ,  respirator) ' ,  endocr ine ,  and arousal  
sys tems 1301.  

Ifatc'r Intake 

In  b o t h  groups of tile present  s tudy hyperdips ia  ap- 
peared in a lmost  all rats injected wi th  P( 'PA. In ( ; roup  2. 
where the series of  P( ' I 'A in jec t ions  w'ere separated by a 10 
day in jec t ion free period,  hyperd ips ia  appeared ,  disap- 
peared,  amt reappeared  in associa t ion with inject ions.  
Publ ished s tudies  report  e i the r  a decrease or no change in 
dr ink ing  fol lowing P( 'PA in jec t ions  [6 ,1"1 .  While Borb61y 
et al. [6] ob ta ined  an overall decrease in water  mlake  
fol lowing a 300 mg/kg  P( 'I 'A re ject ion,  three of their  rats 
were hyperd ips ic  on the th.ird day af te r  in ject ion.  Brody 
[8] did not  ob ta in  changes  in w a t e r  in take folh>wmg tive 
daily 100 mg/kg in jec t ions  of P( 'PA. ] lowevcr ,  lie referred 
to a s tudy  in which tie ob ta ined  hyperdips ia  fol lowing a 
300 mg/kg  in jec t ion  [7 ] .  Results f rom the present experi-  
men t  are cons i s ten t  w i t h  Brody ' s  unpub l i shed  observa t ions .  

Plae ques t ion  arises :as to w h e t h e r  centra l  5-11T deple t ion  
was responsible  for the hyperdips ia  observed m the present  
s tudy.  Suppor t  for 5-1t"[ involvement  m hyperd ips ia  comes  
from ( , roup  2 data where hyperdips ia  d isappeared a l¢~s 
days af ter  cessat ion o f  P( 'PA inject ions ,  when 5-1t1 levels 
were p robab ly  re tu rn ing  to normal  t i t , I] ,  and reappeared 
af ter  re in i i ia t ion  of the inject ions.  S-t iT inwflvement  in 
hyperdips ia  is also suggested by s tudies  where lesions of tile 
raphe nuclei  tire repor ted  Io produce  h.vperdipsia I [ lO,  21, 
4(1] b u t  see  [ 3 g ]  ~. ( )n  t h e  o the r  hand.  in ( ; lO t lp  ] S - i l l  
levels were p roha lqy  at a c o n t i n u o u s l y  lov, level lor  several 
weeks, )e l  hyperdips ia  was evident  only  for the lirst q days. 
While the data f rom (wloup ] could be cons l rued  as 
con t r a ind i ca t i ng  a se ro tonerg ic  exp lana t ion  of hyperd ips ia ,  
the recovery of apparen l ly  n o r m a l  dr ink ing  while 5-111 was 
p resumably  still deple ted might reflect a c o m p e n s a t o r y  
increase in 5-11I" recep tor  sensi t ivi ty,  r ) rug-induced super- 
sensi t ivi ty is well d o c u m e n t e d  in ca techo lamincrg ic  neu rons  
[ 27] .  and there  is some evidence that  it occurs  in 
mdo leamine rg ic  neu rons  as well [ 181. 

While the above cons ide ra t ions  suggest that  5-11'1 deple- 
t ion may be responsible  for the observed hyperdips ia ,  ( 'A 
deple t ion  should  not  be over looked .  ( 'A levels were nol 
measured  in the present  expe r imen t ,  but  f rom the work of  
o thers  [19,261 it is expec ted  th.at ( A  levels in, e . g . . ( i r o u p  
2 should  have been deple ted  by abou t  20 ' ;  and that  they 
should have re tu rned  to normal  dur ing the 10 day inject ion 
free interval.  Thus,  the t ime course of the ( 'A deple t ion  
parallels that  of hyperdips ia ,  l he  effect  of  P( 'PA on 5-1tT 
is, of course,  much  greater  than its ef lect  on the  ( 'A.  b u t ,  as 
Welch and Welch [45 ,46[  have argued,  it is possible that  
the small ( 'A  dep le t ion  is func t iona l ly  i m p o r t a n t .  

Irritabilit.v 

Both P( 'PA groups in the present  e x p e r i m e n t  showed a 
slight increase in i r r i tabi l i ty ,  but  this  increase did not  reach 
significance.  Two con t ro l  rats showed  increased irr i tabi l i ty 
as well, ind ica t ing  that  some of the increase was due to 
nonspeci f ic  effects  of the in ject ion procedure .  The irrita- 
bil i ty scale used in the present  e x p e r i m e n t  (lid not  include 
fine tests such as r e a c t i o n s  to a tap on the back or responses  
to a discrete  air puf f  delivered th rough  a syringe to the rat ' s  
body  [ 4 2 [ .  These tests  might  have de tec ted  subt le  differ- 
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5-HT and irritability 
5-HT and weight 
5 -HI  and food 
5-HT and water 
5-HT and muricide 
5-HT and copulation 
Irritability and weight 
Irritability and food 
Irritability and water 
Irritability and muricide 
Irritability and copulation 
Weight and food 
Weight and water 
Weight and muricide 
Weight and copulation 
Food and water 
Food and muricide 
Food and copulation 
Water and muricide 
Water and copulation 
Muricide and copulation 

T A B I , E  5 

CORRELATIONS 

PCPAGROUP 1 P C P A G R O U P 2  CONTROL 
N = 11 N = 18 N = 13 

- .47 - .50 
.23 - .56 

- .24 - .20  
- .02 - .24 

.16 .07 

.42 .48 

.40 - .15 .13 
- .15 .28 - .14 

.05 .10 - .16  
- .28 .16 - .10  
--.30 - .02 -.55 
- .17 .47 .55 

.26 .32 .44 
-.11 - .03 - .24 

.52 .20 - .22 
.33 - .02 .26 
.56 - .19  .1~ 

-.21 .09 .38 
- .07 .21 .05 

.23 .27 - .08 
- .25 - . I1  .12 

ences be tween  e x p e r i m e n t a l  and con t ro l  groups.  However ,  
the present  data  are cons i s ten t  with  repor ts  of  mino r  
increases in i r r i tabi l i ty  a f te r  PCPA in jec t ions  [ 19].  

An in jec t ion  of 5-HTP abol ished i r r i tabi l i ty  in five of  the 
6 rats that  became  irr i table a f te r  P( 'PA inject ions .  The rats 
did not  appear  s om no l e s cen t  at the t ime of  testing. 
l towever ,  it is not  clear w h e t h e r  the 5-HTP in jec t ions  
specifically suppressed i r r i tabi l i ty  or had a general  suppres-  
sive effect .  

Muricide 

The present  data  con f i rm  earl ier  repor t s  of increased 
muric ide  af te r  PCPA in jec t ions  and give some suppor t  to 
the no t ion  tha t  brain 5- tIT may normal ly  func t ion  to 
inhibi t  mouse  killing. In G r o u p  2 of  the present  s tudy  78(';: 
o f  the  rats killed mice. More of  these rats killed mice dur ing  
the two PCPA series of in jec t ions  than  dur ing  the in jec t ion  
free interval  when  5-HT levels were p resumably  closer to 
normal  ( a b o u t  (30 705~ of  no rma l ;  [ 1 9 ] ) .  In add i t ion ,  
admin i s t r a t i on  of  5-HI 'P b locked  kill ing in four  of  the six 
rats tha t  killed af te r  PCPA inject ions,  l i l ec t ro ly t ic  lesions of  
the raphe nuclei  or 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  
in to  the ascending  5-lIT p ro jec t ion  do not  rel iably induce  
muric ide  unless the 5- tIT dep le t ion  they  cause reaches 
70 907~ [20,  33. 36, 44 ] .  Since in achieving high 5-H'F 
dep le t ion ,  lesions and in jec t ions  affect  o the r  systems,  such 
as the ( A ,  in add i t ion  to 5-tIT, it is still not  clear w h e t h e r  
5-HT dep le t ion  a lone is suff ic ient  to  induce  killing. 

The low percen tage  of  mouse  killers in G r o u p  1 (27":;) 
relative to tha t  in G r o u p  2 (78':~:) may have been due e i the r  
to the dose schedule  or to some inh ib i t ion  resul t ing l rom 
pretest ing,  l h e p r e s e n t  s tudy  provides  no  evidence  as to the 
relative i m p o r t a n c e  of  these two factors,  but  it has been 
shown that  in cer tain o the r  e x p e r i m e n t a l  cond i t ions  pre- 

tes t ing inhib i t s  subsequen t  d e v e l o p m e n t  of  muricide.  Thus,  
Paul 132] found  that  pr ior  exposure  to mice reduces  the 
n u m b e r  of rats tha t  are induced  to kill by food depr iva t ion .  
Marks, O 'Br ien ,  and Paxinos  (unpub l i shed  observa t ions )  
in jected two groups  of  rats with  8 ug /4  ul of  5 ,7 -d ihydroxy-  
t r y p t a m i n e  in to  the ascending  5-1IT p ro jec t ion  af te r  having 
pre tes ted  one of the  groups  wi th  mice. in the pre tes ted  
group only  1 of  its 15 rats killed mice pos topera t ive ly ,  but  
in the group tha t  was tested only  pos topera t ive ly ,  9 of  its 
16 rats killed. Myers [29]  observed tha t  if a rat does not  
kill, on successive sessions its r e spond ing  to the mouse  (e.g., 
smelling,  grooming,  and retr ieving)  decreases,  and he 
suggested tha t  this h a b i t u a t i o n  may accoun t  for the fact 
that  the p robab i l i ty  tha t  a rat will begin killing declines in 
successive tests. Myers" cons ide ra t ions  would suggest that  
h a b i t u a t i o n  resul t ing f rom pre tes t ing  a t t e n u a t e s  increases in 
muricidal  t endenc ies  that  may follow an expe r imen t a l  
manipu la t ion .  

Copulation 

In the present  e x p e r i m e n t  the p re in jec t ion  copu la t ion  
pract ice trials p roduced  relatively high baseline response  
levels, and P( 'PA in jec t ions  did not  enhance  this perfor-  
mance.  O t h e r  e x p e r i m e n t e r s  have found  tha t  PCPA injec- 
t ions enhance  copu la t i on  in males showing  low baseline 
response levels [ 3 9 ] ,  but  tha t  these in ject ions  have e i the r  
no effect  ( [47  Mcl.)onald, Doughty  and Barfield cited by 
I41)  or a mino r  effect  I34]  on sexually exper ienced  males. 

Correlations 

In the  present  expe r imen t ,  P( 'PA in jec t ions  p roduced  
forebra in  5-HT dep le t ion ,  hypophag ia ,  hyperdips ia ,  weight 
loss, and muricide.  There  were no  significant  cor re la t ions  
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