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ERICKSON, C. K., D. T. GRAHAM AND T. U'PRICHARD. Cortical cups for collecting free acetylcholine in awake rats. 
PHARMAC. BIOCHEM. BEHAV. 1(6) 743-746,  1973. A method is described for collecting acetylcholine released 
from the cerebral cortex of awake rats. Bilateral transparent nylon cortical cups remain usable for at least two months 
after implantation, and will hold sufficient Locke's solution that acetylcholine released in a 15-rain period can be 
analyzed by the leech muscle bioassay. An increase in acetylcholine released into the cups after nicotine, 0.4 mg/kg IP, 
illustrates that the method is suitable for determining drug-induced alterations in neurotransmitter release in rats during 
on-going behavior. 

Cortical cups Acetylcholine Nicotine 

THE cort ical  cup p rocedu re  tha t  was or ig ina ted  by 
Mac in to sh  and Obor in  [4]  and  ref ined by Mitchell  [5]  is 
b e c o m i n g  an increas ingly  popu la r  t e c h n i q u e  for  col lec t ing  
the  ace ty l cho l ine  tha t  is released s p o n t a n e o u s l y  f rom the  
surface of  the  cerebral  cor tex .  Genera l ly  this  p rocedure  
requires  tha t  the  animals  are e i the r  anes the t i zed ,  wh ich  
affects  the  s p o n t a n e o u s  release of  ace ty l cho l ine  [5 ] ,  or 
immobi l i zed  wi th  a n e u r o m u s c u l a r  b lock ing  agent  th rough-  
ou t  the e x p e r i m e n t .  Usually,  large an imals  such  as cats [6]  
and  rabb i t s  [3]  are used so tha t  ace ty l cho l ine  can be  col- 
lecr.ed f rom large areas of  the  cor tex  to ensure  measurab le  
a m o u n t s  of  ace ty lcho l ine .  

t h i s  paper  descr ibes  a m e t h o d  for the  co l lec t ion  of 
ace ty lcho l ine  samples  f rom the  cerebral  cor tex  of  freely- 
moving  rats  wi th  chron ica l ly  imp lan t ed  bi lateral  cort ical  
cups. 

METHOD 

Cortical Cups 

The cort ical  cups were designed by us and m a n u f a c t u r e d  
to our  spec i f ica t ions  by Plastic Produc ts  C o m p a n y  (P. O. 
Box 1204, Roanoke ,  Virginia 24006) .  The  base of  the  
t r an spa ren t  ny lon  cup is s imilar  to an ellipse bu t  wi th  
parallel sides (Fig. 1 ) in o rder  tha t  one  cup can be  placed on  
each side of  the sagittal  s inus and cover  as m u c h  area of  the  
cor tex  as possible,  while causing min imal  damage  to the  

t empora l  muscles.  Each cup covers 14 m m  ~ and con ta ins  
a p p r o x i m a t e l y  90 t~l of  so lu t ion .  The t r an spa ren t  ny lon  
enables  the  level of  fluid in the  cup to be seen,  while  the  
uppe r  inside shoulders  of the  cup are rounded  to help 
prevent  air bubb le s  f rom col lec t ing in the  corners .  The  
p rob lem of  air locks fo rming  wi th in  the  cort ical  cup dur ing  
filling can be reduced fu r t he r  if the  in te r io r  of  the  cup is 
sprayed wi th  Tef lon  before  i m p l a n t a t i o n .  

So lu t ions  are injected f rom a micro l i t e r  syringe in to  the  
cup t h rough  an in te rna l  cannula  assembly  (Fig. 1) tha t  is 
inser ted  in to  the 22 gauge stainless steel guide tube  which  
passes t h r o u g h  the  top  of the cup.  A n o t h e r  hole in the  top  
of  the cup allows air to  escape f rom the  cup dur ing  filling. 
The  per fusa te  is col lected at intervals  by suc t ion  in to  a 
co l lec t ion  vial s i tua ted  be tween  the  in terna l  cannu la  assem- 
bly and a 5 ml syringe.  The  in te rna l  cannu la  is r emoved  
be tween  col lec t ions  so tha t  the  rat is comple t e ly  unre-  
s t ra ined.  Between e x p e r i m e n t s  the  cup is sealed by  screwing 
a dust  cap over  the top  (Fig. 1). 

Implantation Procedure 

Female  Sprague-Dawley rats,  weighing 2 4 0 - 2 7 0  g at the  
t ime of  surgery were used. Each rat  received a t rop ine  sul- 
fate 5 mg/kg  IP, 20 min before  e the r  anes thes ia .  The  head 
of  the  anes the t i zed  rat  was held in a rat  s t e reo tax ic  ins t ru-  
m e n t  and the  skin was cut  a long the  sagit tal  su ture  f rom the  
eyes to the  base o f . the  skull.  The  skin was re t rac ted  and  the  
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c ran ium was scraped clean of tissue, An ou t l ine  of  the  base 
of  the  cort ical  cup was t raced on  the  skull ,  on b o t h  sides of  
the  sagittal  su ture .  A denta l  drill was used to drill a long the  
ou t l ine  and,  when  the  b o n e  was pl iable,  the  area of  b o n e  
inside the ou t l ine  was removed .  The  dura  was left  in tac t .  
Three  holes  ( two  rostral  and one  caudal  to the  cor t ical  cup  
siles) were dril led in the bone  and 1/8 in x 080  stainless 
steel screws were tu rned  in to  tile skull.  The cort ical  cups 
were placed in pos i t ion  to rest l ightly on  thc  dura ,  and 
denta l  acry la te  was spread over the  skull ,  a r o u n d  the  base 
of  the cups and over the screws. The acry la te  was al lowed 
to dry for 2 0 m i n ,  the  area was dus ted  wi th  an an t ib io t i c  
powder ,  and the  rat was given 30 ,000  uni ts  of  p roca ine  
penici l l in  IM to retard infec t ion .  The  cups  were filled wi th  
Locke ' s  so lu t ion  con ta in ing  penici l l in  G (100  u n i t s / m l ) a n d  
a m p h o t e r i c i n  (2 u g / m l )  to  prevent  bacter ia l  ove rg rowth  on 
tile dura.  The  rats were housed  individual ly  in an air- 
cond i t i oned  room.  

Experimental Procedure 

Thi r ty  m inu t e s  before  the  s tar t  of an expe r imen t ,  the 
Locke ' s  so lu t ion  tha t  con t a ined  the an t ib io t i cs  was replaced 
wi th  Locke ' s  so lu t ion  con ta in ing  physos t igmine ,  100 ug /ml .  
During the  e x p e r i m e n t ,  the  so lu t ions  in the cort ical  cup 
were removed  and  replaced wi th  fresh so lu t ions  every 
15 rain.  The  samples  f rom the  two cort ical  cups for each 
col lec t ion  per iod  were pooled .  The ace ty lcho l ine  c o n t e n t  of  
the  col lected samples  was d e t e r m i n e d  using a leech muscle  
bioassay 13}. The  agonist  was ident i f ied  as ace ty lcho l ine  
because:  (a) the  act ivi ty  on  the  leech muscle  was abol i shed  
if physos t igmine  was o m i t t e d  f rom the  Locke ' s  so lu t ion ;  
(b)  the agonist  was uns tab le  when  the  samples  were s tored 
at room t e m p e r a t u r e ;  and,  (c) earlier work by Szerb [7]  
has shown  that  such act ivi ty  seen in cerebral  tissue per- 
fusates is p robab ly  due to ace ty lcho l ine ,  

Af te r  de t e rmin ing  the con t ro l  levels of  ace ty l cho l ine  
f rom the cerebral  co r t ex  of  6 rats in two 15 min collec- 
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FIG. 2. Nicotine-induced alteration of acetylcholine collected from the rat cerebral cortex. 
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t ions,  n ico t ine  (0.4 mg/kg)  was in jected IP to s t imula te  the  
release of ace ty lchol ine ,  as repor ted  by Armitage  et  al. [2 ] .  
Four  1 5 min samples were col lected af te r  n i co t ine  admini -  
s t ra t ion .  

RESULTS 

Transpa ren t  ny lon  cortical  cups imp lan t ed  as descr ibed 
above rarely became  dislodged and most  were still usable 
two m o n t h s  af ter  imp lan ta t ion .  

The  mean  con t ro l  level of  ace ty lcho l ine  f rom the cere- 
bral cor tex  of  6 rats was 1.53 ± 0.17 ng /cm ~ /min  (±S. E.). 
Nicot ine  p roduced  an increase in free ace ty lcho l ine ,  wi th  
the  highest  level occurr ing  dur ing  the first 15 rain af ter  
in ject ion,  and decreas ing levels every 15 min  the rea f t e r  for 
the  r ema inde r  of  an h o u r  (Fig. 2). Ace ty lcho l ine  levels af ter  
n ico t ine  were p lo t t ed  as mean  percent  of  cont ro l .  

DISCUSSION 

Studies  on  the release of pu ta t ive  n e u r o t r a n s m i t t e r s  

f rom the cerebral  cor tex  of rats are not  p lent i fu l  in the 
l i tera ture .  Aqui lon ius  et  al. [ 1 ] have repor ted  on the  use of  
a uni la teral  Perspex cup in rats to collect  ace ty lcho l ine  in 
awake rats, bu t  no detai led descr ip t ion  of  the  cups was 
given. In the  present  e x p e r i m e n t  we have shown tha t  suffi- 
c ient  ace ty lcho l ine  to be measured  by the  leech muscle 
bioassay can be col lected f rom the  cor tex  of rats, and tha t  
the levels of  cort ical  ace ty lcho l ine  in rats can be modif ied  
by  drug ac t ion .  The rat is the  most  popula r  animal  for 
behaviora l  s tudies  and this  t e chn ique  will be useful for 
measur ing  drug- or env i ronmen t - i nduced  changes  in the  
levels of free ace ty lcho l ine  dur ing  on-going behavior .  In 
add i t ion ,  the  t echn ique  is po ten t ia l ly  useful  for col lec t ing 
o t h e r  puta t ive  n e u r o t r a n s m i t t e r s  released f rom the cor tex  
of the rat ,  when  c o m b i n e d  wi th  appropr ia t e  chemical  or 
bioassay me thods .  
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