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BOGGAN, W. O., K. FAUGHT, S. BOYD AND L. D. MIDDAUGH. Parametric" studies on phencyclidine enhancement 
oJ'3H quinuclidinyl benzilate accumulation in vivo. PHARMACOL BIOCHEM BEHAV 300) 31-35, 1988.--The pur- 
pose of these experiments was to define the temporal parameters involved in the phencyclidine (PCP) enhancement of 3H 
quinuclidinyl benzilate (QNB) accumulation in mouse brain. PCP enhanced QNB accumulation in brain if given intraperi- 
toneally (IP) 1 and 4, but not 16 hours before intravenous (IV) administration of QNB. This effect was found in hypothala- 
mus, striatum, cortex and hippocampus, but not cerebellum. PCP given after QNB did not alter QNB accumulation. The 
PCP enhancement persisted for at least 72 hours after QNB administration. These results confirm previous studies 
demonstrating that PCP must be present prior to QNB administration to enhance the accumulation and show that the effect 
persists for an extended period of time. 

Quinuclidinyl benzilate (QNB) Phencyclidine (PCP) Muscarinic receptors Mice 

THE interaction of phencyclidine (PCP) with various neuro- 
chemical systems has been the focus of many investigations 
[9, 14, 20]. Of particular relevance to the current research are 
those studies on the effects of PCP on cholinergic systems [2, 
5, 21]. For example, previous studies by our laboratory and 
others have demonstrated that PCP inhibits 3H quinuclidinyl 
benzilate (QNB) binding in vitro. In sharp contrast, we have 
found that PCP increases the binding of QNB in both rat and 
mouse brain when given prior to intravenous administration 
of QNB [5-7]. These increases are seen in hippocampus, hypo- 
thalamus, cortex, brain stem and striatum, but not cerebel- 
lum. Further, this effect seems to be on specific binding 
since it is blocked by prior administration of the muscarinic 
antagonist atropine. Since no changes have been found in 
cerebellar or plasma concentration of QNB as a result of 
PCP administration, the PCP effect does not appear to be 
due to the transport of PCP into brain from the blood. 

Since all our previous experiments have utilized a single 
temporal sequence in studying this PCP effect, questions 
about the time parameters of PCP administration in relation 
to QNB injection and the duration of the PCP effect on QNB 
accumulation have not been answered. The purpose of the 
present research is to more clearly define the parameters 
involved in the PCP enhancement of QNB binding in vivo. 

GENERAL METHOD 

Adult male C57BL/6 mice from Charles River Labora- 
tories (Wilmington, MA) were used in these studies. The 

animals were housed 4-5 per cage in our colony rooms 
(72-+2°F, 7:00 a.m.-7.00 p.m. light-dark cycle) for at least 
one week prior to use. During that time they had ad lib 
access to Wayne Rodent Blox and water. 

On the day of testing, the animals were moved to the 
chemistry laboratories, weighed and assigned to treatment 
groups. At appropriate times, the animals were injected with 
appropriate compounds and returned to their home cages. 
PCP was always given intraperitoneally (IP). QNB was given 
intravenously (IV) and was accomplished by placing the 
animal in a restraining cage which allowed the tail to 
protrude, dipping the tail in warm water for a few seconds to 
dilate the vein, and injecting QNB. Mice were always given 
1.6/xg QNB/kg body weight. The volume of PCP and QNB 
injection was 0.1 ml/10 g. The vehicle for both PCP and 
QNB was 0.9% saline. Doses and times of injection are given 
below. 

Tissue Treatment 

At the time of sacrifice, both blood and brain were col- 
lected. The blood (200/zl) was collected in heparinized capil- 
lary tubes and spun in a hematocrit centrifuge for 5 min. 
Duplicate l0 p~l aliquots of plasma were then taken, added to 
counting vials and treated as described for the brain below. 

After removal of the brain, the cerebellum, hypothalamus, 
hippocampus, striatum and a portion of the cortex lying 
along the midline, were rapidly dissected over ice [11]. After 
dissection, the tissue was weighed and immediately placed 
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TABLE 1 

PERSISTENT EFFECTS OF PCP ON ACCUMULATION OF QNB IN BRAIN TISSUE 

Brain Region*", 

Group Time- Cere Hyp§ Cor.~ Sir§ Plasma 

Sat 4 hr 0.97 ± 0.05 1.22 + 0.04 1.33 :+- 0.06 1.35 + 0.06 3.(11 + 0.09 
PCP¶ 4 hi 1.00 + 0.05 1.48 + 0.12 1.74 ~ 0.10 1.85 ~ 0.11 3.27 ~_ 0.16 
Sal 72 hr 0.16 + 0.00 0.85 + 0.01 1.31 + 0.04 1.17 ± 0.06 1.35 +. 0.07 
PCP'! 72 hr 0.18 :+ 0.01 1.08 + 0.12 1.82 + (I.17 1.77 + 0.22 1.24 + 0.05 

*Values given as fmole QNB/mg tissue :+_S.E. 
+Mice were injected with PCP (20 mg/kg, IP) 60 minutes before QNB ( 1.6 tzg/kg, IV). 
:i:Time of sacrifice after QNB. 
§All values for this tissue were significantly greater than corresponding cerebellum value. 
¶Except for cerebellum and plasma, tissue values were significantly greater than corresponding 

saline group. 

into glass counting vials. Unisol (1/2 ml, Isolab) was added to 
the vials which were then capped and allowed to sit at room 
temperature overnight. The next day, one ml of methanol 
was added to the vials, the sample lightly shaken and allowed 
to sit for 30 minutes. An aliquot of Unisol Compliment (10 
ml) was then added to each vial. Samples were thoroughly 
mixed and their radioactivity measured for 2 minutes each in 
a Packard Liquid Scintillation Counter. 

TLC Determination o[ :3tl QNB 72 Hours Aider l , j e c t i o ,  

In order to determine the extent to which metabolites of 
the :~H QNB contributed to the radioactivity found in brain 
tissue after intravenous injection of the label, aH QNB (1.6 
tzg/kg) was injected into the tail vein of C57BL/6 mice (N =8) 
15 minutes after treatment with 20 mg/kg PCP-HC1 or its 
vehicle (0.W/b saline). The animals were sacrificed 72 hours 
later. Hippocampus, cortex and cerebellum tissue samples 
were dissected over ice, frozen and stored at -80°C until 
analyzed. 

On the day of analysis, the tissue samples were allowed to 
thaw at room temperature, aH QNB was extracted using a 
solvent extraction procedure previously described by 
Yamamura, Kuhar and Snyder [24]. The tissue was 
homogenized in 0.2% acetic acid in 96% ethanol and cen- 
trifuged. An aliquot of the supernatant was evaporated and 
then reconstituted in absolute ethanol. Duplicate 10 /,1 
aliquots of reconstituted supernatant or authentic aH QNB 
were spotted on G250 Silica Gel Chromatography plates and 
placed in a chromatography tank containing 4:1:1 N- 
butanol:acetic acid:H20. After 3 hr, the plates were removed 
from the tank and allowed to air dry. One centimeter scrap- 
ings of the silica gel were placed in liquid scintillation vials 
containing 3 ml of Scintiverse E (Fisher Scientific). Samples 
were counted for 1 minute in a Packard Model 4350 Tri Carb 
Beta Counter at 69% efficiency. The radioactivity from the 
tissue extract samples migrated as a single peak identical to 
that of the authentic aH QNB and accounted for approx- 
imately 88+2% of the total. The remainder was distributed 
evenly along the rest of the plate suggesting streaking rather 
than metabolites. These results indicate that the radioactiv- 
ity found in the brain 72 hours after IV administration of 
QNB was essentially unchanged QNB. Therefore, it is un- 
likely that metabolites confound the persistence of enhanced 
QNB accumulation seen after PCP. 

l) r,~,s 

Phencyclidine (PCP) was graciously supplied by the Na- 
tional Institute on Drug Abuse. aH Quinuclidinyl benzilate 
(30-60 Ci/mmol) was purchased from New England Nuclear. 

Stati,~tical Analysis 

Data were analyzed using analyses of variance (ANOVA) 
with the type dependent upon the experiment. F-values 
associated with probabilities of 0.05 or less were considered 
to be significant. Subsequent post hoc analysis was per- 
formed utilizing Dunnett 's t statistic after one-way ANOVAs 
or analysis of the simple main effects after two-way 
ANOVAs according to Winer [23]. 

EXPERIMENT I 

The purpose of this experiment was to determine whether 
the enhanced accumulation of QNB after PCP persisted over 
an extended period of time. 

Method 

Mice were injected with saline or PCP (20 mg/kg) one 
hour before QNB administration. This dose of PCP, though 
admittedly high, was chosen to assure a substantial effect 
and to allow us to see a decline in the PCP effect if one 
should occur. The animals were sacrificed either 4 or 72 
hours after the QNB injection. At the time of sacrifice, the 
blood and brain were taken and treated as described above. 

Re,~;lt#s 

The data indicate that PCP enhanced QNB accumulation 
in all brain regions except cerebellum and that this effect 
persisted for at least 72 hours after QNB administration 
(Table 1). In confirmation of previous studies, the striatum 
and cortex manifest the highest increase followed by hip- 
pocampus (data not shown) and hypothalamus. Though the 
concentration of QNB in cerebellum declined substantially 
between 4 and 72 hours after QNB administration, that in 
hippocampus, cortex and striatum remained relatively 
stable. The concentrations of QNB in the hypothalamus de- 
clined at a rate intermediate to that of cerebellum and the 
other areas. 
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T A B L E  2 

EFFECT OF PCP GIVEN VARIOUS TIMES BEFORE QNB ON QNB ACCUMULATION IN BRAIN TISSUE 

Brain Region*+ 
Time 
(hr) N Cere Hyp$ Cor$§ Str$§ Plasma 

Sal 5 0.32 ± 0.02 1.36 ± 0.06 1.88 ± 0.07 1.78 ± 0.11 2.00 ± 0.1 
1 5 0.33 ± 0.01 1.64 ± 0.12¶ 2.87 ± 0.19¶ 2.86 ± 0.19¶ 2.07 + 0.2 
4 4 0.35 ± 0.02 1.56 ± 0.05¶ 2.26 +_ 0.10¶ 2.04 + 0.12¶ 2.10 _+ 0.2 

16 5 0.32 + 0.01 1.26 ± 0.04 1.84 ± 0.05 1.72 ± 0.09 1.91 + 0.2 

*Values given as fmole QNB/mg tissue + S.E. 
+Mice were injected IP with PCP (20 mg/kg) and then IV with QNB (1.6/xg/kg) and sacrificed 32 

hours later. 
tAll values for this tissue were significantly greater than corresponding cerebellum value. 
§All values for this tissue were significantly greater than corresponding hypothalamus value. 
¶Significantly greater than Sal or 16 hours. 

T A B L E  3 

EFFECTS OF PCP GIVEN AFTER QNB ON THE ACCUMULATION OF QNB IN BRAIN TISSUE* 

Brain Region+ 
Group n Cere Hyp:~ Cor$ Str~ Plasma 

QNB-Sal 6 1.75 ± 0.07 2.18 ± 0.07 2.29 -+ 0.10 2.35 ± 0.15 5.34 ± 0.18 
QNB-PCP 7 1.74 ± 0.05 2.23 ± 0.07 2.31 ± 0.07 2.40 -+ 0.05 5.17 + 0.24 

*Values given as fmol QNB _+ S.E. 
tQNB (1.6 p~g/kg, IV) was given one hour prior to Sal or PCP (20 mg/kg). The animals were 

sacrificed 15 minutes after the second treatment. 
SAIl values for this tissue were significantly greater than corresponding cerebellum value. 

EXPERIMENT 2 

The  pu rpose  of  this  e x p e r i m e n t  was to examine  the  dura-  
t ion of  the  in terval  b e t w e e n  PC P  in jec t ion  and  Q N B  adminis -  
t r a t ion  in wh ich  PC P  would r ema in  effect ive in a l ter ing the  
accumula t i on  of  Q N B  in bra in .  

Method 

Saline or PCP (20 mg/kg) was in jected 1, 4 or 16 hours  
p r io r  to Q N B .  The  an imals  were  sacr i f iced 32 hours  af ter  
QNB.  U p o n  sacrif ice,  b lood  and  bra in  were  t aken  and  
t r ea ted  as desc r ibed  above .  

Results 

PCP was found  to e n h a n c e  Q N B  accumula t i on  in hypo-  
tha l amus ,  h i p p o c a m p u s  (da ta  no t  shown) ,  co r t ex  and  
s t r i a tum w h e n  g iven  1 or  4 hou r s  before  Q N B ,  but  not  16 
hou r s  before  (Table  2). Again ,  the  g rea tes t  effect  was seen  in 
cor tex  and  s t r i a tum fo l lowed by  h i p p o c a m p u s  (da ta  not  
shown)  and  hypo tha l amus .  T he  magn i tude  of  the  inc rease  
a p p e a r e d  g rea t e s t  a f te r  the  1 hou r  p r e t r e a t m e n t .  The  effect  
was  region and  t i ssue  specif ic  in tha t  inc reases  were  seen  in 
all a reas  e x c e p t  ce rebe l lum and  p lasma.  

EXPERIMENT 3 

The  pu rpose  of  this  e x p e r i m e n t  was  to d e t e r m i n e  w h e t h e r  
PCP would  a l te r  Q N B  accum ul a t i on  if g iven  af te r  QNB.  

Method 

Mice were  g iven  Q N B  (as above)  fo l lowed 60 minu tes  
la ter  by e i ther  saline or  PCP  (20 mg/kg). They  were  sacr i f iced 
15 minu tes  af ter  the  PCP.  Blood and  bra in  were  t aken  and  
t r ea ted  as previous ly  desc r ibed .  

Results 

No di f ferences  in Q N B  accumula t i on  were  seen  in p l a sma  
or  bra in  b e t w e e n  sal ine and  PCP  t rea ted  an imals  in any  bra in  
region (Table  3). A s ignif icant  regional  d i f ference  in Q N B  
accumula t i on  was  found  as before .  

DISCUSSION 

The  resul ts  o f  these  expe r imen t s  conf i rm and  ex tend  
those  prev ious ly  pub l i shed  by  us [6,7] showing  an  enhance -  
m e n t  of  Q N B  accumula t i on  in bra in  by  PCP.  Our  p rev ious  
s tudies  indicate  tha t  the  e n h a n c e m e n t  was  an  inc rease  in 
specif ic  b inding s ince  pr io r  admin i s t r a t ion  of  a t rop ine  (a 
musca r in ic  an tagonis t )  wh ich  b locks  specif ic  b ind ing  elimi- 
na t ed  the  PCP  effect.  T h o u g h  the  cu r r en t  work  did not  exam-  
ine the  effect  o f  a t rop ine ,  the  a s sumpt ion  was  made  tha t  the  
e n h a n c e d  Q N B  accumula t i on  af te r  PCP  seen  in these  s tudies  
was  also an  e n h a n c e m e n t  in specific b inding.  

The  cu r r en t  s tudies  d e m o n s t r a t e  tha t  the  m e c h a n i s m s  re- 
spons ib le  for  the  e n h a n c e m e n t  of  Q N B  accumula t i on  are 
ope ra t ive  in some bra in  regions  for  as long as four  hr ,  bu t  not  
for  16 hours  a f te r  PCP  admin is t ra t ion .  The  m e c h a n i s m s  do  
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not  a p p e a r  opera t ive  in ce rebe l lum at all. W h e t h e r  this  
e n h a n c e m e n t  is d e p e n d e n t  upon  the  p r e sence  of  PCP is not  
k n o w n ,  howeve r ,  s ince PC P  has  b e e n  s h o w n  to inhibi t  Q N B  
b ind ing  in vi t ro [2, 5, 21], the  p r e sence  of  PCP at musca r in ic  
r ecep to r s  does  not  s eem to be n e c e s s a r y  and  in fact  is prob-  
ably de t r imenta l  to the  e n h a n c e m e n t .  W h a t  is k n o w n  f rom 
these  s tudies  is tha t  PCP  mus t  be  p resen t  at  some  t ime pr ior  
to the in v ivo admin i s t r a t i on  of  Q N B  for accumula t i on  to 
occu r  s ince  admin i s t r a t ion  of  PCP  af ter  Q N B  had no effect.  

The  e n h a n c e m e n t  of  Q N B  accumula t i on  by PC P  paral lels  
the  pe r s i s t ence  of  Q N B  in the  bra in  t issue.  H o w e v e r ,  it does  
not  a p p e a r  to paral lel  the  t issue levels  of  PCP  which ,  though  
pe r s i s t en t  in lipids, do decl ine  apprec iab ly  in bra in  and 
p l a sma  within severa l  hours  a f te r  admin i s t r a t ion  of  the drug 
[17]. W h a t e v e r  the  modi f ica t ion  which  p roduces  the  en- 
h a n c e d  Q N B  accumula t ion ,  ou r  da ta  indicate  the e n h a n c e -  
m e n t  to be  re la t ively  s table ,  for  at least  72 hours .  W h e t h e r  
addi t ional  t r e a t m e n t s  can  " u n d o "  the PCP effect  is not  
known.  

The  m e c h a n i s m  by which  PCP induces  the e n h a n c e d  
Q N B  binding is not  known .  Recen t  s tudies  have  d e m o n -  
strated that  two major  hydroxy  PCP metabol i tes  (1-( l-phenyl-  
cyclo-hexyl)4-hydroxy piperidine and 1-(1-phenyl-4-hydroxy- 

cyc lohexyl )  p iper id ine j  apparen t ly  do not  accoun t  for the 
abil i ty of  PCP to e n h a n c e  Q N B  binding  in mice and rats 
[6,7]. W h e t h e r  the in te rac t ions  of  PCP with o the r  ncuro-  
t r ansmi t t e r  sys t ems  [8, 10. 12, 13, 15, 181 or  ion channe l s  II. 
3, 4] are influential  r emains  to be de t e rmined .  It is of  in teres t  
that  several  ca t echo lamines ,  a p o m o r p h i n e  (a dopamine  
agonis t ) ,  and  a m p h e t a m i n e  (a k n o w n  ca t echo lamine  re- 
leaser)  all have  been  shown  to e n h a n c e  the binding of Q N B  
I191. W h e t h e r  PCP is p roduc ing  its effects  via ils act ion on  
ca techolamine  sys tems is not known.  In addit ion,  such ques- 
t ions as: do the changes  in QNB accumula t ion  after  PCP occur  
in t issue o ther  than the brain'?; are the changes  specific to M, or 
M~ cholinergic receptors  [221?; is this in vivo e n h a n c e m e n t  
reflective in a change  in Kd and/or  B ..... ?; and arc these effects 
of  PCP medica ted  via sigma or  PCP receptor  sys tems  for which 
PCP has a high affinity [21, 25, 26]'? should be answered.  
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