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JOHNSON, K. M., M. B. GORDON AND M. G. ZIEGI.ER. Phencyclidine: EJ]k'ct.~ o n  motor activity and brain bio.t, enic 
amine~ in the guinea pi.t:. PHARMAC. BIOCHEM. BEHAV. 9(4~ 563-565, 1978.--Previous reports suggesting that the 
behavioral response of the guinea pig to phencyclidine (PCP) administration is more similar to the effects of PCP observed 
in higher animals than those observed in mice and rats prompted us to investigate the effects of PCP on spontaneous motor 
activity and brain biogenic amine levels in the guinea pig. Doses of 2.5 and 5.0 mg/kg PCP were found to significantly 
elevate spontaneous motor activity; however, 7.5 mg/kg PCP produced highly variable results which were not significantly 
different from control. The concentrations of tryptophan, serotonin. 5-hydroxyindoleacetic acid. and norepinephrine were 
measured in the forebrain and hindbrain of previously drug naive animals 30 min after administration of 5 mg/kg PCP. As 
compared to saline injected control animals, PCP was observed to have no effect on any of the neurochemical determinants 
measured. Contrary to previous reports, these data suggest that PCP produces behavioral effects in the guinea pig which 
are not unlike those observed in mice and rats. Furthermore, the effects which we report on spontaneous motor activity are 
nol related to changes in the regional concentration of any of the neurochemical variables which were measured. 
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P H E N C Y C L I D I N E  (PCP) is one of  several 
I -a ry lcyclohexamines  which were deve loped  originally as 
potential  anesthet ic  agents.  PCP, however ,  was withdrawn 
from clinical trials because  it p roduced rather bizarre 
emergence  reactions and, in fact, is current ly approved only 
for veter inary use (Sernylan" ,  Bio-Ceutic Laborator ies ,  
Inc.). PCP possesses  several propert ies  which have led to its 
widespread use both as a primary drug of  abuse and as an 
adulterant of  o ther  illicit drugs I1]. This drug possesses  gen- 
eral anesthet ic ,  p sychomotor  stimulant,  and sedative- 
hypnotic  propert ies  in animals [2] and remarkable  
psychotomimet ic  propert ies  in man [81. 

Although several  studies have invest igated the effect o f  
PCP on behavior  and brain neurochemis t ry  in the rat, there 
is some quest ion about  whether  or  not the rat is an appro- 
priate animal model  for such studies. This s tems primarily 
from studies which showed that the effects  o f  PCP varied 
markedly depending on the species used [21. For  example ,  
PCP produced exci ta tory  activity in mice and rats, as meas- 
ured by ac tophotomete rs  and jiggle cages,  respect ively ,  
while producing a quieting and taming effect in higher spe- 
cies including the cat,  dog, and monkey 12]. This study also 
determined that effects  similar to those seen in the monkey 
were also observed  in the guinea pig and hamster .  Because  
of the apparent  similarities be tween the effects  of  PCP pro- 
duced in the guinea pig and monkey we decided to investi- 
gate the effect of  PCP on the spontaneous  motor  activity of  
the guinea pig using a measure  similar to that used to investi-  

gate the motor  activity of  mice and rats in the study men- 
t inned above 121. Since there are reports suggesting lhe !n- 
vo lvement  of  certain biogenic amines in the mediation of  
PCP effects in the rat, we also measured tl-,e effe,:i.,, ot PCP 
on b a r n  norepinephrine (NE),  t ryptophan,  5-hydroxy- 
t ryptamine (5-HT). and 5-hydroxyindoleacet ic  acid (5- 
HIAA).  

METHOD 

Spontaneou.~ Motor Activity 

Male albino guinea pigs weighing 400--600 g were used in 
all exper iments  and were  housed in groups of  3 under a 12:12 
light-dark cycle  with food and water  available at all times. 
Two groups of  5 guinea pigs were used in these exper iments .  
Activi ty was measured for I hr periods using circular alley 
cages 30 cm in dia. with 8 cm wide circular runways [9]. Four  
equally spaced 2.5 cm panels in the floor of  each cage ac- 
t ivated microswitches  connected  to an e lec t romechanical  
counter .  Results are expressed as cotmts/hr.  Because  guinea 
pigs tend to freeze in a novel envir~)amc,,t, e~ch animal was 
placed in the activity chamber  for 1 hr each day until a s~t:ble 
baseline was reached.  "['his required about 3 weeks.  Duriug 
this habituation period we determined that there was no 
difference in spontaneous  motor  activity between morning 
and af ternoon sessions,  but there was considerable  variance 
in activity between animals. Therefore ,  each animal was in- 
j ec ted  (SC) with saline in the morning and PCP (Sernylan) in 
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the a f t e rnoon .  Act iv i ty  was measu red  be t w een  15 and 75 rain 
af te r  each  inject ion.  At least 3 days  were  a l lowed to e lapse  
be tween  the tes t ing  of  var ious  doses  o f  PCP. G r o u p  1 ani- 
mals were  g iven  2.5, 5.0 and 7.5 mg/kg PCP on Days 1,4,  and 
8, respec t ive ly ,  while the  o rde r  was r eve r sed  for G r o u p  2. 
Stat is t ical  c o m p a r i s o n s  were  made  using the  paired t - tes t .  

Biochemical Analysis 

l"wo groups  of  drug naive guinea  pigs ob ta ined  f rom the 
same  source  were  used in this  expe r i m en t .  E i the r  sal ine or  5 
mg/kg PCP (Serny lan)  was  in jected (SC:  I cc/kg) and the  
an imals  were  sacr i f iced by decap i t a t ion  30 min later.  The  
bra in  was rapidly r e m o v e d ,  the  ce rebe l lum d i sca rded ,  and 
the forebra in  sepa ra ted  f rom the  b r a i n s t e m  by a sect ion jus t  
an t e r io r  to the super io r  colliculi  on the  dorsal  aspec t ,  and  
.just an te r io r  to the  mammi l l a ry  bodies  on the vent ra l  aspec t .  
The  bra in  sec t ions  were  rapidly h o m o g e n i z e d  in 0.4 N per- 
chlor ic  acid and  cent r i fuged  at 10,000×g for 10 min. An 
al iquot  of  50 ~tl of  the  s u p e r n a t a n t  was f rozen for the sub- 
sequen t  analys is  of  N E by a sens i t ive  r ad i oenzym a t i c  assay  
[6]. T r y p t o p h a n ,  5-HT,  and  5 -HIAA were  sepa ra ted  from the 
r e m a i n d e r  of  the supe rna t an t  by ion -exchange  ch roma tog -  
raphy  [5]. F luo romet r i c  a s says  were  used to quan t i t a t e  tryp- 
t o p h a n  141 and 5 -HT and 5 -HIAA [31. Sta t is t ica l  c o m p a r i s o n s  
were  made  by the use of  S t u d e n t ' s  t - tes t .  

RESUI,TS AND DISCUSSION 

The  da ta  in Table  1 show the  effects  of  PCP on the spon-  
t aneous  motor  act ivi ty of  bo th  groups  of  gu inea  pigs. It can 
be seen that  2.5 mg/kg resul ted  in subs tan t ia l  inc reases  in 
m o t o r  act ivi ty (225-345~ j and 5.0 mg/kg PCP produced  even  
more  d ramat i c  inc reases  (835-87Y7, I. Inc reased  mo to r  act iv-  
ity was  obse rved  in eve ry  animal  tes ted af te r  e i the r  2.5 or 5.0 
mg/kg PCP, with  the m i n i m um  re sponse  of an individual  
an imal  being twice  sal ine values .  This  is in sha rp  con t ras t  to 
the effects  p roduced  by 7.5 mg/kg PCP. Of  the 10 an imals  
tes ted  at this dose ,  PCP p roduced  a 6 to 10 fold increase  in 4 
of  the an imals ,  an 80-85% dec rease  in 3 animals ,  and no 
apprec iab le  change  in the act iv i ty  of  the o t h e r  3. Al though 
a tax ia  was o b s e r v e d  at all 3 dose  levels ,  it was most  severe  at 
7.5 mg/kg. The  h e t e r o g e n e o u s  na ture  of  the effects  of  7.5 
mg/kg PCP may be the result  of  a dose  level which  .just 
p roduces  sufficient  a taxia  to o v e r c o m e  the p s y c h o m o t o r  
s t imulan t  effects  of  the drug. Signif icant  a tax ia  (as measu red  
by Rota rod  pe r fo rmance )  has  been  prev ious ly  d e m o n s t r a t e d  
in mice at doses  which  increased  mo to r  act ivi ty  121. The  
resul t s  o f  this s tudy  on the  gu inea  pig and  those  previous ly  
repor ted  on the rat differ  only in that  PCP p roduced  a l inear  
d o s e - r e s p o n s e  cu rve  in ra ts  r a the r  than an inve r t ed -U shaped  
curve  as o b s e r v e d  here.  Since these  s tudies  used the same  
dose  range,  we can only conc lude  that  the gu inea  pig appea r s  
to be more  sens i t ive  to the  a taxic  effects  o f  PCP than the rat.  

Since in G r o u p  1 7.5 mg/kg PCP was admin i s t e r ed  last and 
3 of  the 5 an imals  r e sponded  with near ly  10 fold increases  in 
act iv i ty ,  it may be argued that  this  o b s e r v a t i o n  may indica te  
d e v e l o p m e n t  of  to le rance  to the a taxic  effects  of  PCP. Al- 
though  this may be the  case ,  it is c lear  that  a more  sys temat ic  
inves t iga t ion  of  this  possibi l i ty  would have  to be carr ied out  
in o rde r  to add res s  this  a rgument .  

The  data  r ep re sen t ed  in Table  2 are the resul ts  of  one  
expe r imen t  in which the effects  of  5 mgikg PCP on forebra in  
and b ra ins t em NE.  t r yp t ophan ,  5-HT. and  5 -HIAA were  as- 
sessed.  No signif icant  effects  of  PCP were  o b s e r v e d .  To our  

T A B L E  I 
EFFECT OF PCP ON SPON FANEOUS MO'IOR A(_~IIVITY 

Counts:hr : SF.M 
"lreatment Group I Group 2 

Saline 2 3 -  4 45 , 8 
2.5 mg'kg 75 "- 16 :~ 199 + 69 

Saline 29 . 7 39 :- 3 
5.0mg/kg 356 = 95:' 381 , 55' 

Saline 29 _-- 7 59 , 14 
7.5 mg;kg 174 ÷ 80 58 • 32 

On each test day, rat~, were injected ~SC) with saline in the morn- 
ing and the indicated dose of PCP in the afternoon. Activity wa,, 
mea~,ured between 15 and 75 rain after injection,,. N 5 for each 
group. 

*p 0.05. 

"FABI.E 2 

NEUROCHEMICA| .  EFI"EC'I S OF PCP 

ng/gIMean + SENt} 
Saline PCP 

Fo~cbrain 

NE 
Tryptophan 
5-HI" 
5-ttlAA 

Brain~,tcm 
NE 
Tryptophan 
5-HT 
5-HIAA 

124 ' 
673 , 

31 ' 
19 - 

34 ' 16 
1869 , 148 
298 .~ 56 
478 * 35 

10 133 - 19 
76 593 - 24 
22 153 * 26 

3 III , I0 

118 • 15 
1772 • 61 
239 , 19 
523 ~ 24 

Rat', were administered either ,,aline or 5 mg.'kg PCP ISCI and 
~,acrificed 30 rain later. Saline N =5: PCP N--4. 

knowledge  this is the only s tudy which has  measu red  the 
effects  of  PCP on any neurochemica l  var iab les  in the guinea  
pig brain.  H o w e v e r ,  severa l  s tudies  have  examined  the ef- 
fects  of  10 mg/kg PCP on these  pa rame te r s  in the rat brain.  
For  example ,  depend ing  upon the s t ra in  used,  both  inc reases  
and dec rea se s  have  been  o b s e r v e d  in bo th  5-HT and 5 -HIAA 
whole  brain  c o n c e n t r a t i o n s  I I01. Inves t iga to rs  have  also ob- 
se rved  a PCP- induced  dec rease  of  brain t r y p t o p h a n  I 111 and 
brain  N E  171. Since the data  from this  s tudy do not show 
similar  changes  we conc lude  that  the  effects  of  5 mg/kg PCP 
which  we o b s e r v e d  on s p o n t a n e o u s  mo to r  act ivi ty  are nol 
cor re la ted  with e i the r  forebra in  or b r a in s t em changes  in the 
c o n c e n t r a t i o n  of  NE,  t r yp tophan ,  5-HT, or  5-HIAA.  This ,  of  
course ,  does  not rule out  the i nvo lvemen t  of  e i the r  
se ro toncrg ic  or  noradrenerg ic  sys tems  in the media t ion  of  
the effects  of  PCP. It is ent i re ly  poss ible  that  PCP may al ter  
N E  or  5-HT syn thes i s  and metabo l i sm wi thout  a l ter ing the 
s t eady-s ta te  c o n c e n t r a t i o n  of  ei ther .  

As al luded to ear l ier ,  the pr imary  rea,,on for doing this 
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s tudy was  to ascer ta in whe the r  or  not future behavioral  or 
neuropharmacologica l  s tudies  of  PCP utilizing the guinea pig 
could be be t te r  corre la ted  with s tudies  in higher  species  than 

s tudies  using the rat. It is our  conclus ion  that the guinea pig 
would afford no such advantage.  
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