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CRISWELL, H. E. A simple chronic microinfection system for use with chemitrodes. PHARMAC. BIOCHEM. BEHAV. 
6(2) 237-238,  1977. - An inexpensive, electrically operated microinjection system is described which is small enough to 
be mounted on the animal side of a standard Mercury commutator. This eliminates the troublesome swivel joint needed for 
chronic microinjection in freely moving animals. This system allows simultaneous electrical stimulation or recording and 
chemical stimulation via a chemitrode using a standard 4-channel Mercury commutator. 
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A N U M B E R  of c h e m i t r o d e s  are available which  p e r m i t  
s imu l t aneous  in jec t ion  of  chemica ls  and electr ical  s t im- 
u la t ion  or r ecord ing  at discrete  bra in  sites [2, 3, 4 ] .  A 
fac to r  which  has  h i n d e r e d  the  use of  these  sys tems in freely 
behaving  an imals  is the  lack of  a s imple and reliable m e t h o d  
of  c o m b i n i n g  an electr ical  c o m m u t a t o r  for  s t imu la t i on  and 
record ing  wi th  a swivel m o u n t  for  Chemical in jec t ion .  
Wi thou t  some provis ion  to allow the i r  r o t a t i o n ,  the  cables 
con ta in ing  the  wires and tub ing  rapid ly  b e c o m e  twis ted  and  
long- te rm s t imu la t i on  or r ecord ing  is impossible .  This  is 
especially t rue  w h e n  the  s t imu la t i on  p roduces  circling 
behavior .  The  p resen t  pape r  descr ibes  a s imple scheme  to 
e l imina te  the  need  for  a swivel for  mic ro in jec t ion .  This  is 
useful  w h e n  mic ro in j ec t i ons  mus t  be carr ied ou t  over  a 
p ro longed  t ime  per iod  and  when  c o n c o m i t a n t  e lectr ical  
s t imu la t i on  or  record ing  is desired.  The sys tem is easily 
cons t ruc t ed  f rom c o m m o n l y  available l a b o r a t o r y  supplies  
and,  as it is ope ra t ed  by  s imply  passing a c o n s t a n t  cu r ren t  
t h r o u g h  the  appara tus ,  it is easily a u t o m a t e d .  

The  e l im ina t i on  of the  t r o u b l e s o m e  swivel j o i n t  which  
typical ly  does  no t  t u rn  easily or leaks is accompl i shed  by  
using an electr ical ly  o p e r a t e d  in jec t ion  sys tem small  e n o u g h  
to be m o u n t e d  on  the  an imal  side of  a s t andard  Mercury  
c o m m u t a t o r .  Such a sys tem is shown  in Fig. 1. The  
min ia tu re  in j ec to r  is shown  in the  inser t  (B). It consis ts  of  
the  tip and  last cm of  a d isposable  t ube rcu l in  syringe. Two 
27 gauge silver wires are inser ted  in to  the  syringe and  sealed 
in place wi th  den ta l  acrylic. These  wires are t hen  soldered 
to a c o n n e c t o r  (A)  which  will ma te  to  the c o m m u t a t o r .  At  
this po in t ,  a second  in jec to r  m ay  be bui l t  and b o t h  b o n d e d  
to the  c o n n e c t o r  wi th  den ta l  acrylic as s h o w n  in Fig. 1, or  
one in jec to r  can be b o n d e d  to the  c o n n e c t o r  leaving the  
o the r  two leads for  e lectr ical  s t i m u l a t i on  or recording.  
Fo r ming  a seal b e t w e e n  the  syringe and Silver wires has  no t  
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FIG. 1. Schematic diagram of a dual injection system consisting of a 
4 pin Jones Plug (A) which attaches to a 4 channel Mercury 
commutator, two electrolysis cells (B) and two disposable 27 -30  
gauge blunt hypodermic needles (C). The needles are press fit into 
30 gauge tubing (PE-10) which lead to an implantable cannula or 

chemitrode (D). 
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proven  to be a p r ob l em  using Duzall  den ta l  acrylic. 
However ,  Duzall  does  n o t  b o n d  well to  p o l y e t h y l e n e  or  
Silver and  to min imize  the  poss ibi l i ty  of  leakage care mus t  
be exerc ized to insure tha t  at least  a 5 m m  leng th  of  the  
syringe and  wire is covered  and t ha t  stress is no t  appl ied to 
the seal dur ing  use. At  the  beg inn ing  of  an e x p e r i m e n t a l  
session, the  in jec to r  (B) is filled wi th  i so ton ic  saline and  a 
27 30 gauge b l u n t  h y p o d e r m i c  needle  (C) is filled wi th  
saline and m a t e d  to the  in jec to r  wi th  care t aken  to 
e l iminate  any  air bubb l e s  in the  system.  A length  of  PE-10 
tub ing  is t hen  m a t e d  to an in jec t ion  cannu la  or c h e m i t r o d e  
(D) and filled wi th  the  subs tance  to be in jected.  A small  air 
bubb le  is i n t r o d u c e d  in to  the  open  end  of  the  tub ing  and it 
is press fi t  o n t o  the needle  (C). The  air b u b b l e  p reven ts  
d i f fus ion b e t w e e n  the  subs tance  to be in jec ted  and  the  
saline so lu t ion  in the  in jec to r  and  the  occur rence  of  an 
in jec t ion  can be verif ied by m o n i t o r i n g  m o v e m e n t  of the  
bubble .  The  mic ro in j ec t i on  cannu la  is t hen  inser ted  in to  a 
guideshaf t  which  has been  previously  i m p l a n t e d  in to  the  
animal ' s  bra in  and the e x p e r i m e n t a l  session is begun.  When 
a mic ro in j ec t ion  is desired,  a cu r r en t  is passed b e t w e e n  the  
two silver wires. AgC1 will be fo rmed  on one  and  H 2 evolved 
at the o ther .  The rate  of  f o r m a t i o n  of  Hydrogen  gas 
is en t i re ly  d e p e n d e n t  u p o n  cu r r en t  wi th  one molecule  of  
H 2 f o r m e d  for  each  two e lec t rons .  Thus ,  in an ideal cell at 
20°C 1 ma for  1 sec will evolve 0.12 ul of H2. In prac t ice ,  
the fo rmu la  ul = 0.12 x m a x  sec ho lds  wi th in  10% 
be tween  100 uA which  will in ject  1 ul over a pe r iod  of  83 + 
8 seconds  and  2 ma which  will in ject  one  ~1 over  a per iod  of  
4.2 _+ 0.4 sec. At h igher  cur rents ,  local hea t ing  causes a 
t e m p o r a r y  increase in H2 vo lume and at lower  cur rents ,  the 
slow revers ibi l i ty  of  the  Ag AgC1-H: ba t t e r y  which  is 
fo rmed  by the  reac t ion  causes a s ignif icant  decrease  in the  
vo lume  of  H 2 evolved. The in jec t ion  sys tem can be used at 
lower  ra tes  bu t  each cell mus t  be empir ica l ly  ca l ibra ted .  At  
rates  above  1 ~1/4 hours  in jec t ion  vo lumes  are repea tab le  
wi th in  10% for a given cu r ren t - t ime  c o m b i n a t i o n  once  
original  ca l ib ra t ion  has been  pe r fo rmed .  Lower  rates  were 
no t  tested.  

The slow loss of  H 2 in the  in jec to r  due to chemica l  
r e c o m b i n a t i o n  can b e c o m e  a p r ob l em  if mul t ip le  in jec t ions  
are admin i s t e red  at long t ime intervals.  This  p r ob l em can be 
e l imina ted  if a cu r r en t  of  5 uA is m a i n t a i n e d  t h r o u g h  the  
in jec to r  b e t w e e n  inject ions .  This  cu r r en t  is suf f ic ient  to 
ma in ta in  the  vo lume  of  gas original ly genera ted  w i t h o u t  

genera t ing  s ignif icant  new gas. Of  10 in jec tors  tes ted,  the 
m a x i m u m  increase in vo lume  over a 24 hr  per iod at 5 ~A 
was 1/2 ul. This in jec t ion  vo lume  is p r o b a b l y  less t han  the 
a m o u n t  of  subs tance  which  would  diffuse ou t  t h r o u g h  a 30 
gauge needle  over  the same t ime per iod.  In no  case was a 
decrease in vo lume observed at this cur ren t .  

As wi th  any mic ro in j ec t ion  sys tem,  the  in jec t ion  
pressure depends  u p o n  the  compress ib i l i ty  of  the  subs tance  
being in jec ted  and the elast ici ty of  the to ta l  in jec t ion  
system.  It is, t he re fo re ,  i m p o r t a n t  to remove any un-  
necessary air bubb le s  f rom the  sys tem and use as shor t  a 
piece of  tub ing  as is pract ical .  Each in jec t ion  in t roduces  a 
vo lume  of  gas equal  to the  vo lume  of the in jec t ion  and this 
places an u p p e r  l imit  u p o n  the  n u m b e r  of in jec t ions  which  
can be made  before  the  in jec t ion  pressure  drops  to a po in t  
where  the  in jec t ion  vo lume  is unre l iable .  We have found  
tha t  in jec t ion  vo lume  var iabi l i ty  is u n d e r  10% for the first  
four  in jec t ions  of  a given vo lume  in to  rat  or mouse  brain.  
Beyond  tha t  n u m b e r ,  var iabi l i ty  increases rapidly as injec- 
t ion pressure is relat ively low. 

It is i m p o r t a n t  t ha t  the Hydrogen  e lec t rode  be clean at 
the  t ime of  in jec t ion  as impur i t i es  on  the  e lec t rode  may 
react  wi th  the  nascen t  Hydrogen  and p reven t  the  evo lu t ion  
of gas. Cleanliness of  the e lec t rode  can be insured by  filling 
the  in jec to r  wi th  saline so lu t ion  and passing a 1 to 2 m A  
cur ren t  t h r o u g h  the e lec tordes  for  20 sec pr ior  to each 
in jec t ion  session. The gas fo rmed  mus t  then  be f lushed ou t  
wi th  more  saline before  use and for  best  accuracy to be 
ma in ta ined ,  a c o n s t a n t  5 uA cur ren t  should  be m a i n t a i n e d  
t h r o u g h  the  in jec to r  unt i l  the t ime of  the in ject ion.  As the  
system is used, one e lec t rode  is gradual ly  conve r t ed  in to  
AgC1. This  process  is r a the r  slow and several h u n d r e d  
microle ters  may be in jec ted  before  e lec t rode  de t e r io ra t ion  
becomes  a p rob l em.  At  t ha t  po in t ,  the  ch lor ided  silver wire 
mus t  be replaced.  

If a freely tu rn ing  Mercury  c o m m u t a t o r  is used,  2 
lengths  of  PE-10 tub ing  as shown  in Fig. 1 provide  
suff ic ient  s t i ffness to tu rn  the c o m m u t a t o r  when  the  animal  
turns.  If a single length  of tub ing  is e m p l o y e d  a 27 gauge 
wire can be taped to the tub ing  to provide  added  rigidity 
and p reven t  twis t ing of the tube.  This  sys tem is l ight  and 
f lexible enough  tha t  it can be used wi th  young  rats  or mice 
and subs tances  can be i n t r o d u c e d  in to  the vascular  system 
via the  mid-sagital  s inus [ 1 ] as well as in to  the brain.  
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