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electrodes E~ and  E 2 (Figure 1). The cu r ren t  is set  by  
means  of a var iable  resistor.  Bo th  switches  are d r iven  by  
bui l t  in dr ivers  tha t ,  in the  case of the  CMOS Siliconix 
DG-200, are closed by  a logic low. A simple way  of dr iving 
these  swi tch dr ivers  wi th  a convent iona l  e lectrophysiolog-  
ical s t imula to r  is to app ly  + 2 V  to one inpu t  of a 7400 
NAND,  while the  o ther  i npu t  is t ied to + 5 V .  The resul t ing 
logic low o u t p u t  is then  used to drive the  switches.  There  
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Fig. 2. End plate potential of a frog sartorius neuronmscular junction 
recorded using the fluid electrode technique LThe nerve was stimulated 
by the CI~[OS-switch SIU and the response was recorded with a 
DC amplifier with a band of 40 kHz. Notice the small size of the 
stimulus artifact, although the size of the response was 0.1 inV. 

are several  o the r  CMOS switches  (like Analog Devices 
AD 7513) t h a t  can pe r fo rm the  same func t ion  w i t h  
equal ly  good results .  

The ground isolat ion (as well as t he  res is tance be tween  
the  te rmina ls  dur ing the  off s tate)  is >109 ,Q. The 
capaci tance  to  g round  dur ing  the  on s ta te  is ~ 2 5  p F  and  
the  f requency  response  goes f rom DC to ,~ i00 kHz.  The 
max ima l  vol tage o u t p u t  is =k 16 V and  the  max ima l  
cu r ren t  is 40 mA. The t off (delay be tween  the  50% po in t  
of t he  posi t ive  edge of the  control  signal and  the  10% 
output)  increases by  increasing the  electrical  res is tance  
between the  electrodes and ground:  For  this  reason the  
CMO S SIU should be used wi th  low resis tance s t imula t ing  
electrodes ( < 1 0 0  k) and  the  p repa ra t ion  should be 
grounded  (Figure 2). However, the  ground  e lect rode 
should no t  be in direct  con tac t  wi th  any of the  s t imula t ing  
electrodes,  to avoid des t roy ing  the  isolation. I f  these  
simple p recau t ions  are taken,  t off will cons i s ten t ly  be 
< 20 ~zsec. 

Summary. A simple s t imulus  isolation uni t  for ex t ra -  
cellular s t imula t ion  is described.  The cur ren t  is p rov ided  
by a b a t t e r y  and is control led by  a dual  CMOS swi tch  
and  a variable resistor.  
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A Rapid Method for the Verif ication of D r u g  
of the Rat 

The s tudy  of ca teeholamines  metabo l i sm in t he  bra in  
is a t  p resen t  carried out  main ly  by  the  in t roduc t ion  
of these  subs tances  into the  cerebral  ven t r icu la r  sys tem.  
Likewise, in order  to inves t iga te  the  effects of d i f ferent  
drugs act ing on the  cent ra l  nervous  system,  the  in ject ion 
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Fig. 1. HN, Hypodermic needle placed ill stereotaxic coordinates 
(x, y, z); {xlS, microliter syringe; TR, pressure to electrical signal 
transducer; Rec, single-channel recorder; A, position of the 3-way 
stopcock to connect HN to TR. B, position of the 3-way stopcock to 
connect HN to [zlS. 

Injection into the Cerebral  Ventricular S y s t e m  

of these subs tances  into d i f ferent  regions of the  cranial  
cerebro-spinal  fluid sys t em is of ten  used. Whi le  some 
inves t iga tors  have  used s te reotaxic  techniques1-4,  o thers  
have  injected the  drugs according to several  ana tomica l  
reference poin ts  s-s. In  b o t h  cases, however ,  i t  is necessary  
to  be sure t h a t  t he  drug  was in jec ted  in the  previous ly  
selected site, especial ly when  difficult  and pro longed 
exper iments  are carr ied out  (i.e. e lectrophysiological  
s tudies on the  act ion of some subs tances  on the  cen t ra l  
nervous  system).  W h e n  these sor ts  of expe r imen t s  are 
done in large animals  like dogs, ca ts  and rabbi ts ,  the  
proof  t h a t  the  drug was in jec ted  in the  selected t a rge t  is 
easily checked by  the  ex t rac t ion  of a smal l  volume of 
cerebro-spinal  fluid. However ,  when  exper imen t s  are 
done in small  animals  like guinea-pigs,  ra ts  and  mice, 
th is  approach  is no t  possible and  the  usual  way  to  check 
t h a t  the  drug has  been in jec ted  in to  the  selected t a rge t  is 
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Control ~ Morphine ~ Nolorphine 

A g C O F 

EXPERIENTI A 31/12 

Fig. 2. Upper trace: Electro- 
cortieographic modifications: con- 
trol, 5 min. after 10 mg/kg mor- 
phine i.v. injection, 5 min after an 
intraventricular (4th ventricle) 
injection of 50 [xg nalorphine. 
Lower trace: Pressure variations 
registered in the recorder system: 
A-B, level of the base line; B-C, 
negative pressure during the 
penetration of the needle into the 
brain; C-D, intraventrieular posi- 
tive pressure; D, instant of the 
intraventrieular injection; D-E, 
intraventricular pressure after in- 
jection of nalorphine solution. 

b y  m e a n s  of his tological  s tudies.  Th i s  is a n  i m p e r a t i v e  
r equ i r emen t ,  especial ly  w h e n  a n a e s t h e t i z e d  an ima l s  are 
used, since ove r t  b e h a v i o u r  effects are absen t .  

I n  t h i s  c o m m u n i c a t i o n ,  we r epo r t  a m e t h o d  t h a t  gives 
abso lu te  c e r t a i n t y  for t h e  in jec t ion  of a d rug  a t  a pre-  
v ious ly  selected s i te  on  t he  ce rebra l  v e n t r i c u l a r  sys tem.  
F u r t h e r m o r e ,  t he  m e t h o d  descr ibed pe rmi t s  t he  g raph ic  
record  of changes  on  t he  i n t r a v e n t r i c u l a r  pressure  a f t e r  
t he  in jec t ion  of t he  drug.  W i t h  th i s  t echn ique ,  s u b s e q u e n t  
h is to logica l  s tudies  are  avoided.  

A 27-gauge h y p o d e r m i c  needle  is p laced  in a s tereo-  
t ax i c  a p p a r a t u s  (Hors ley-Clarke  type)  and connec t ed  
to  a 3-way s topcock  b y  a t h i n  p o l y e t h y l e n e  t u b i n g ;  
t he  o the r  2 ways  of t h e  s topcock  are connec ted  to a 10 ~xl 
syr inge  a n d  to a S a n b o r n  268 t3 pressure  t r ansduce r ,  
respect ively .  The  e lect r ica l  s ignals  are recorded  in a 
S a n b o r n  301 s ing le -channe l  d i r ec t -wr i t e r  a p p a r a t u s  
(Figure 1). The  s y s t e m  formed  b y  h y p o d e r m i c  needle,  
tub ing ,  s topcock,  t r a n s d u c e r  a n d  syr inge  is filled w i t h  the  
so lu t ion  to  be  in jec ted ;  t he  recorder  is r egu la t ed  to 
regis ter  t h e  pressure  in  m m  of Hg  a n d  c e n t r e d  to  t he  zero 
base  line. A conscious a n i m a l  immobi l i zed  w i t h  D-tubo-  
cura r ine  or a n  a n a e s t h e t i z e d  a n i m a l  u n d e r  ar t i f ic ia l  
ven t i l a t i on  is p laced  on  the  s t e reo tax ic  a p p a r a t u s .  A mid-  
sag i t t a l  incis ion is m a d e  f rom the  eyes to  t he  ears an d  
t he  c ran ia l  bones  are exposed.  A 2-3 m m  d i a m e t e r  hole  
is m a d e  w i t h  a d e n t a l  engine  on t he  selected site un t i l  
r e ach ing  t h e  d u r a m a t t e r ;  t h i s  pe r fo r a t i on  allows t h e  
i n t r o d u c t i o n  of t he  needle.  

The  3-way s topcock  is m o v e d  to  t h e  A pos i t ion  a n d  
t he  needle  is s lowly descended  w i t h i n  t he  b r a i n  to  t h e  
s t e reo tax ic  selected site, This  slow descen t  is recorded  
like a n e g a t i v e  pressure ,  a n d  i t  cor responds  to  a h y d r o -  
s ta t i ca l  pressure  change  in t he  c h a m b e r  of t he  t r ansduce r .  
W h e n  t h e  p o i n t  of t h e  needIe con t ac t s  w i t h  t h e  cerebro-  
sp ina l  fluid, t h e  recorder  de tec t s  a 5 to  10 m m  of H g  
pos i t ive  pressure .  Then ,  t he  3-way s topcock  is ch an g ed  
to  p o s i t i o n  13 a n d  a desi red q u a n t i t y  of t h e  d rug  is 
in jec ted .  Mov ing  t h e  3-way s topcock  b a c k  to  t h e  A 
posi t ion,  i t  is possible  to  record  t he  i n t r a v e n t r i c u l a r  
p ressure  a t t a i n e d  a f t e r  t he  in jec t ion  of t h e  d rug  du r ing  
t h e  whole  expe r imen t .  

F igure  2 Shows t h e  s y n c h r o n i z a t i o n  of t he  c o r t e x - E E G  
in a conscious  r a t  a f t e r  i .v  in j ec t ion  of 10 m g / k g  morph ine ,  
a n d  t h e  a n t a g o n i s t i c  effect  p roduced  b y  t h e  in jec t ion  of 
10 txl of a 5 % n a l o r p h i n e  so lu t ion  in to  t he  4 th  ven t r i c le  ~. 
A 300 g w h i t e  r a t  (s t ra in  U C h - A ) w a s  used, in i t i a l ly  
a n a e s t h e t i z e d  b y  e the r  a n d  s u b s e q u e n t l y  immobi l i zed  
w i t h  D- tubocura r ine  a n d  m a i n t a i n e d  u n d e r  ar t i f ic ia l  
ven t i l a t i on .  M o r p h i n e  was in jec ted  30 m i n  a f te r  t h e  
r ecovery  of t h e  r a t  f rom the  e the r  act ion,  a n d  t he  in t r a -  
v e n t r i c u l a r  in j ec t ion  of n a l o r p h i n e  was m a d e  10 mi n  
later .  

The  s t e reo tax ic  coord ina tes  (A: --3.0, L :  0.0, V:  
--4.0, in  ram) co r respond ing  to  t h e  4 t h  ven t r i c l e  of t h e  

r a t  b r a i n  were  t a k e n  f rom t h e  PELLEGRINO a n d  CUSH~IAN 
a t l a s  10. 

The  e lec t rocor t ica l  a c t i v i t y  was con t i rmous ly  moni -  
t o r e d  us ing  a Grass  i nk -wr i t i ng  m u l t i c h a n n e l  E E G  
a p p a r a t u s ,  b y  t h e  app l i ca t i on  of 2 e lec t rodes  to  t h e  
co r t ex  surface,  a f t e r  t h e  w i t h d r a w a l  of a p o r t i o n  of a 
pa r i e t a l  bone.  

F igure  2 also shows t h e  pressure  changes  recorded  
d u r i n g  t h e  p e n e t r a t i o n  of t h e  h y p o d e r m i c  needle  in to  t h e  
b r a i n  (line b e t w e e n  B an d  C) a n d  t h e  s u d d e n  pressure  
increase  regis tered  w h e n  t h e  h y p o d e r m i c  needle  con t ac t s  
w i t h  t h e  ce rebro-sp ina l  fluid of t h e  4 th  ven t r i c l e  (line 
be tween  C an d  D);  t h e  res t  of t h e  record  (line b e t ween  
D a n d  E) cor responds  to t h e  i n t r a v e n t r i c u l a r  pressure  
level  r eached  a f t e r  t h e  in jec t ion  of na lo rph ine .  

B y  m e a n s  of t h i s  me t h o d ,  s imi la r  e x p e r i m e n t s  were 
p e r f o r m e d  b y  in j ec t ing  d rug  so lu t ions  in to  t h e  aquaeduc -  
tus ,  3rd a n d  la te ra l  ventr ic les .  I n  all  cases solut ions  were 
i n j ec t ed  w i t h o u t  d i f f icul ty  a n d  t h e  records  of t h e  i n t r a -  
v e n t r i c u l a r  pressure  p roved  t h a t  t h e  in jec ted  d r u g  
reached  the  desi red a n a t o n i c a l  site. 

Summary. A precise m e t h o d  for t h e  in j ec t ion  of d rugs  
in to  t h e  c e r e b r o v e n t r i c u l a r  s y s t e m  of smal l  an i ma l s  used 
for  e x p e r i m e n t a t i o n  is descr ibed.  This  me t h o d ,  based  on 
t h e  i n t r a v e n t r i c u l a r  pressure  record,  gives abso lu te  
c e r t a i n t y  for t h e  in jec t ion  of a d rug  in to  a p rev ious ly  
selected si te  a n d  t h u s  avoids  t h e  s u b s e q u e n t  h is to logica l  
s tudies .  
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