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SMITH, J. E., W. R. LECKRONE AND C. T. CO. A combination operant conditionhlg - liquM nitrogen immersion 
chamber for studying neurotransmitter systems and behavior. PHARMAC. BIOCHEM. BEHAV. 7(2) 167 172, 1977. - 
Studies of neurochemical events associated with behavior require a method of tissue fixation that is rapid and does not 
itself produce neurochemical changes. An apparatus is described that permits immediate immersion of an unrestrained 
behaving animal into liquid nitrogen. This method of tissue fixation has the greatest versatility for studying multiple 
neurotransmitter systems. In addition to the measurement of neurotransmitter content and turnover, investigation of 
neurotransmitter receptors, enriched nerve ending fractions and enzyme activities are possible. The operant conditioning 

- liquid nitrogen immersion chamber described here can be used for studying these neurotransmitter systems as they 
relate to animal's responding on operant schedules of reinforcement. 
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I N V E S T I G A T I O N S  of  b ra in  n e u r o t r a n s m i t t e r s  require  
m e t h o d s  of  tissue f ixa t ion  t h a t  will rap id ly  t e rmina t e  the  
act ivi ty  of  e n z y m e s  t ha t  are respons ib le  for  the  synthes i s  
and  degrada t ion  of  these  i m p o r t a n t  c o m p o u n d s .  Decapi ta-  
t ion  is no t  an  adequa te  m e t h o d  for  t e r m i n a t i n g  the  
act iv i ty  of  these  enzymes .  Ace ty l cho l ine  [20]  (ACh) ,  
g a m m a - a m i n o b u t y r i c  acid [1]  (GABA) ,  d o p a m i n e  (DA) 
and  n o r e p i n e p h r i n e  (NE) ( u n p u b l i s h e d  observa t ions  f rom 
this  l a b o r a t o r y )  c o n t e n t  has  been  shown  to be s ignif icant-  
ly lower  in the  bra ins  of  decap i t a t ed  an imals  c o m p a r e d  to 
animals  sacr i f iced by  o t h e r  m e t h o d s  t ha t  t e r m i n a t e  en- 
zyme  act iv i ty  more  rapidly.  F reeze-b lowing  [ 2 2 ] ,  micro-  
wave i r rad ia t ion  [18]  and near-  or to ta l - f reez ing  in l iquid 
n i t rogen  [20]  are more  sa t i s fac tory  m e t h o d s  of tissue 
f ixa t ion  for  s t u d y i n g  mos t  bra in  n e u r o t r a n s m i t t e r s .  Each 
of these  p rocedures  has  cer ta in  advan tages  and  dis- 
advantages  tha t  mus t  be cons ide red  by  the  inves t iga tor  
and  the  bes t  m e t h o d  for  each  app l ica t ion  chosen.  

This  pape r  descr ibes  an appa ra tus  t h a t  can be used for  
the near-  or to ta l - f reez ing  m e t h o d  of  tissue f ixa t ion  tha t  
is special ly designed for  inves t iga t ions  of  bra in  neu ro t r ans -  
m i t t e r  sys tems  and an imal  behavior .  An o p e r a n t  condi-  

t ion ing  c h a m b e r  t ha t  doub les  as a freezing c h a m b e r  for 
rapid immers ion  of  the behaving  an imal  in to  l iquid n i t ro-  
gen (or  o t h e r  l iquid f ixa t ion  media )  is descr ibed tha t  
permi ts  tissue f ixa t ion  wi th in  a few seconds  of  the 
emi t t ed  behav io r  w i t h o u t  i n t roduc ing  add i t iona l  handl ing ,  
stressful  res t ra in t  or a p ro longed  t ime delay. 

METHOD 

The majo r  c o m p o n e n t s  of  the  ope ran t  cond i t ion ing-  
near- f reez ing c h a m b e r  are shown  in Fig. 1. The levers, 
s t imulus  lights,  food  magazines ,  etc.,  are in modu la r  form 
and compr ise  two walls (a similar appara tus  is commerc ia l ly  
available f rom C o u l b o u r n  In s t rumen t s ,  Inc.). The f loor  
and ceiling are the  d ipping  c o m p o n e n t s  of  the system. 
The en t i re  appa ra tus  is con t a ined  in a s o u n d - p r o o f  cham- 
ber  wi th  a r emovab le  f loor  and sawdust  pan  wh ich  when  
removed  exposes  a c o n t a i n e r  of  l iquid n i t rogen .  

Apparatus 

Stationary operant conditioning subunit. The s ta t ion-  
ary walls of  the c h a m b e r  ( shown in Fig. 1A) con ta in  the 
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HG. 1. Operant conditioning liquid nitrogen immersion chamber. A. The stationary operant-conditioning subunit composed of two 
aluminum walls containing the operanda, stimulus and reinforcement modules and two Plexiglas walls with front hinged door. B. Movable 
dipping subunit consisting of the rigid floor and ceiling (on right) and movable hardware cloth ceiling (on left). C. Assembled dipping 

apparatus and stationary operant-conditioning subunit. D. Assembled operant-conditioning - liquid nitrogen immersion chamber. 

ope randa  and s t imulus  modu le s  (levers, s t imulus  lights,  
pel let  magazine ,  e tc . )  and are c o n s t r u c t e d  f rom l ight  
weight  a l u m i n u m  and Plexiglas w i th  overall  m e a s u r e m e n t s  
of 29 × 27 x 30 cm. The two walls con ta in ing  the  
modules  are divided i n to  three  8 cm wide sec t ions  by four  
a l u m i n u m  posts  (1.3 square  x 30 cm)  wi th  grooves for  
the easy inse r t ion  of  the  o p e r a n d a  and s t imulus  modules .  
The f ron t  and  back  of  the  c h a m b e r  are Plexiglas (0.6 x 
29 × 30 cm)  wi th  a h inged  doo r  which  allows easy access 
to the  c h a m b e r  f rom the  f ron t .  

Movable dipping subunit. The d ipp ing  p o r t i o n  of  the  
c h a m b e r  consis ts  of  two c o m p o n e n t s  - a rigid f loor  and 
ceiling and a movab le  e x p a n d e d  meta l  ceiling (Fig. 1B). 
The  rigid f loor  assembly  consis ts  of  a grid f loor  made  of 
brass rods (0.3 × 28 cm)  inser ted  i n to  Tef lon  bush ings  
which  are themse lves  pressed in to  an a l u m i n u m  suppor t  
bar  (0.3 × 1.6 × 28 cm).  With  this  c o n s t r u c t i o n  the f loor  
can be used for  grid shock p resen ta t ion .  The corners  of  
the  d ipping  appa ra tus  are four  a l u m i n u m  posts  (0.6 
square  × 30 cm)  which  c o n n e c t  the grid f loor  to  the  rigid 
ceiling made  of  20 gauge a l u m i n u m  28 × 26 cm. A 52 cm 

piece of  1.6 cm stainless steel pipe is a t t ached  to the 
cen te r  of  the  rigid ceiling. The movable  ceiling made  of 
stainless steel e x p a n d e d  meta l  is a t t a ched  to a brass 
1.0 cm rod,  76 cm long. In the  assembled appa ra tus  this  
rod is inside the  me ta l  pipe which  is a t t ached  to the  rigid 
a l u m i n u m  ceiling. 

Dipping Procedure 

In the  d ipping  process  the mobi le  ceiling is lowered 
unt i l  it mee ts  the  grid f loor  (Fig. 2B) fo rming  a c o m p a c t  
c losed d ipping chamber .  The  sawdust  pan f loor  is re- 
moved  earl ier  and  replaced by  a piece of  st iff  a l u m i n u m  
foil. A n o t h e r  piece also covers  the l iquid n i t rogen  con-  
ta iner  to  decrease evapora t ion .  The pipe a t t a ched  to the  
s t a t iona ry  ceiling is then  lowered unt i l  the d ipping  cham- 
ber  moves  ou t  the  b o t t o m  of the  sound -p roo f  c h a m b e r  
and in to  a c o n t a i n e r  of  l iquid n i t rogen  (Fig. 2C and D). 
The c h a m b e r  is u n d e r  posi t ive pressure f rom the b lower  
ven t i l a t ion  sys tem (visible in the uppe r  left  corner  of 
Fig. 2D) so tha t  the l iquid n i t rogen  does no t  p roduce  a 
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FIG. 2. Liquid nitrogen dipping procedure. A. Rat with chronic indwelling jugular catheter, harness and swivel in chamber prior to dipping. B. 
Movable expanded metal ceiling has been lowered to form compact dipping chamber. C. The rigid floor-ceiling subunit of the dipping 
apparatus is lowered out the bottom of the sound-proof chamber. Compact dipping chamber containing the rat is clearly visible. D. Liquid 

nitrogen container in place with rat in compact dipping chamber submerged in liquid nitrogen. 

decrease in temperature that is detectable in the con- 
ditioning unit. A small hole with wide angle magnifying 
optics is installed in the door of the soundproof outer 
chamber so that the whole dipping process can be com- 
pleted without opening the chamber in one smooth 
motion that takes about 2 sec. 

Neurochemical Procedure 

Fifteen naive adult male Wistar rats (90 -120  days old) 
were used for brain neurotransmitter measurements with 
the near-freezing tissue fixation procedure. With this 
method the rats are sacrificed by being immersed in liquid 
nitrogen for approximately 9 sec with deep brain struc- 
tures reaching 0°C by this time [20]. The brains were 
dissected at 18°C in a cold box into cerebral cortex, 
striatum, hippocampus, diencephalon (thalamus plus 
hypothalamus), mesencephalon and ports-medulla ob- 

longata. The brain parts were immersed in liquid nitrogen 
and stored at - 7 0 ° C  until assayed. The tissue samples 
were individually pulverized in liquid nitrogen in a stain- 
less steel mortar on dry ice. In one study where only DA, 
NE and serotonin (5-HT) were measured (N= 6), the 
tissue powder was extracted with 20 volumes of ice-cold 
1N formic acid/acetone (v/v-J5:85) (FA/A). Lipids were 
re moved with a three volume heptane/chloroform 
(v/v-8:l)  wash. The organic phase was aspirated and 
discarded and the aqueous phase taken to dryness under 
nitrogen at 37°C. DA, NE and 5-HT were extracted and 
concurrently assayed in the individual brain regions by a 
previously described procedure [ 17]. 

In another study (N = 9) part of the tissue powder from 
the cerebral cortex and diencephalon was extracted with 
FA/A and ACh, DA, NE and 5-HT were concurrently 
measured with the method just described [17]. Another 
portion of the tissue powder was extracted with 5% TCA 
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T A B L E  1 

CONTENT OF SEROTONIN, NOREPINEPHR1NE AND DOPAMINE IN THE CEREBRAL CORTEX, DIENCEPHALON, 
MESENCEPHALON, STRIATUM, HIPPOCAMPUS AND PONS-MEDULLA OF NAIVE RATS SACRIFICED BY THE NEAR- 

FREEZING METHOD 

Content(nmoles /g)  
Cerebral Cortex Diencephalon Mesencephalon Striatum Hippocampus Pons-Medulla 

5-HT 2.62 ± 0.51 4.74 _+ 0.68 4.33 ± 1.33 2.41 ± 1.25 2.12 _+ 0.26 5.13 ± 1.37 

NE 2.00 ± 0.39 4.42 _+ 0.77 2.85 + 0.78 2.03 ± 0.67* 2.06 +_ 0.63* 4.15 ± 0.47 

DA 2.97 + 0.96 1.59 ± 0.62 1.09 +_ 0.43* 27.91 ± 1.27 0.33 ± 0.28* 1.10 -+ 0.33* 

Values are means ± standard deviations for N = 6. 
*Fluorescence readings were less than twice the blank value. 

and the  levels of  aspar ta te  (Asp),  ~-alanine (~-Ala), 
g a m m a - a m i n o b u t y r i c  acid (GABA) ,  g lu tamine  (Glu-NH2) ,  
g lu t ama te  (Glu),  glycine (Gly)  and serine (Ser)  measured  
wi th  a mod i f i ca t i on  of  a previous ly  descr ibed p rocedu re  
[11 ] .  

T A B L E 2  

CONTENT OF ACETYLCHOLINE, DOPAMINE, NOREPINEPHRINE, 
SEROTONIN, ASPARTATE, GLUTAMATE,  GLYC1NE, GABA, 
/3-ALANINE, GLUTAMINE AND SERINE CONCURRENTLY MEA- 
SURED IN THE CEREBRAL CORTEX AND DIENCEPHALON OF 

NAIVE RATS SACRIFICED BY THE NEAR-FREEZING METHOD 

RESULTS 

In Table  1 c o n t e n t  values for DA, NE and  5-HT f rom 
six brain  areas of  naive rats  sacrif iced by  the  near - f reez ing  ACh 
m e t h o d  are shown.  The levels of  the  b iogenic  m o n o -  
amines  r epor ted  in this  s tudy  are in ag reemen t  w i th  o t h e r  DA 
repor ted  values when  similar bra in  areas have been  NE 
assayed. The  c o n t e n t  of NE is cons i s t en t  w i th  previously  5-HT 
repor ted  values for  the  cor tex  ( 1 4 , 2 3 ] ,  h i p p o c a m p u s  [3, 
19, 23, 2 4 ] ,  s t r i a tum [3, 14, 19, 23, 24] and mesenceph-  Asp 
alon [ 3 ] .  The  c o n t e n t  of DA is cons i s t en t  w i th  previous ly  
r epor ted  values for  the  s t r i a tum [3, 5, 14, 19, 23] and Glu 
h i p p o c a m p u s  [19,  23 ] .  The levels of 5-HT are in agree- Gly 
m e n t  wi th  previous ly  r epo r t ed  values for  the cor tex ,  GABA 
s t r i a tum [ 3 , 1 4 ] ,  h i p p o c a m p u s  [ 3 , 9 ] ,  m e s e n c e p h a l o n  [3] fl-Ala 
and pons -medu l l a  ob longa t a  [ 14] .  Glu-NH., 

Table 2 shows c o n t e n t  values for ACh, DA, NE, 5-HT, 
Asp, Glu, Gly, GABA,  ~-Ala, Glu-NH~ and Ser concur -  Ser 
ren t ly  measured  in the  cerebral  cor tex  and the  d iencepha-  
lon ( h y p o t h a l a m u s  and t h a l a m u s )  of  naive rats sacrif iced 
by the near- f reez ing m e t h o d .  The ACh c o n t e n t  in the  
co r t ex  and d i encepha l on  is similar to previous ly  r epo r t ed  
values for  these  brain  regions [ 1 2 ] .  

DISCUSSION 

Accura te  assessment  of  some n e u r o t r a n s m i t t e r  sys tems 
in bra in  requi res  a m e t h o d  of t issue f ixa t ion  t ha t  will 
rapidly  t e r m i n a t e  all n e u r o c h e m i c a l  events .  Decap i t a t ion  is 
no t  an adequa te  f ixa t ion  m e t h o d .  ACh [20]  and G A B A  
[1] have been  s h o w n  to be s ignif icant ly  lower  in decapi-  
t a ted  an imals  t han  in animals  sacrif iced by  m e t h o d s  tha t  
t e rmina t e  e n z y m e  act ivi ty  more  rapidly.  We recen t ly  
found  tha t  DA and NE were s ignif icant ly  lower  in whole  
bra ins  of  decap i t a t ed  rats  than  in rats  sacrif iced by  the  
near- f reezing p rocedure  (NE-decap i t a t ed ,  1.97 + 0.27 
nmoles /g ;  near-freezing,  2.19 * 0 .22 nmoles /g :  t = 2 . 6 2 ,  
32 df;  DA-decap i ta ted ,  3 .70 • 0.51 nmoles /g ;  near-  
freezing,  4 .25 + 0.73 nmoles /g :  t = 2.60,  33 dr).  More rapid 
p rocedures  for  t e r m i n a t i n g  e n z y m e  act iv i ty  are 

Cerebral Cortex Diencephalon 

nmoles/g 

14.4 +0 .9  16.4 ±2 .9  

4.5 +0 .6  1.9 ±0 .6  

2.1 ±0.3 4.0 +0 .8  
2.0 +0.3 3.1 ±0 .6  

~moles/g 

2.7 ±0 .2  2.1 +0.3  

4.4 ± 1.0 4.4 -+0.5 

4.3 ± 1.1 0.6 +0 .2  

1.2 2 0 . 2  2.1 + 0 . 4  

0.14 ± 0.12 0.15 -+ 0.05 

10.1 ± 1.1 6.8 ± 1.0 

0.9 ±0 .2  0.6 _+0.1 

Values are means + standard deviation for N - 9. 

required for accura te  assessment  of  bra in  neu ro t r ans -  
mi t ters .  Microwave f ixa t ion  [ 1 8 ] ,  f reeze-b lowing  [22]  
and near-  or to ta l - f reez ing  by  immers ion  in l iquid n i t rogen  
[20] are three  such m e t h o d s  tha t  are cu r ren t ly  be ing  
used. Microwave f ixa t ion  is the  mos t  rapid means  of  
t e rmina t ing  e n z y m e  act ivi ty in brain  tissue. For  s tudies  of  
bra in  n e u r o t r a n s m i t t e r  c o n t e n t  or tu rnover ,  n l icrowave 
f ixa t ion  is p r o b a b l y  the m e t h o d  of choice.  However ,  
because of  the d e n a t u r a t i o n  of  p ro te in  and the f rac tur ing  
of  m e m b r a n e s  this  m e t h o d  c a n n o t  be used in s tudies  
using subcel lu lar  f r ac t iona t ion ,  s tudies of recep tor  b inding  
or s tudies  of e n z y m e  activities.  This m e t h o d  may  also not  
be useful  for  s tudies  of n e u r o t r a n s m i t t e r  micro localiza- 
t ion  since an ar t i fac tua l  r ed i s t r ibu t ion  of  NE and I)A was 
recent ly  shown  to occur  as a result  of  microwave  f ixa t ion  
[7] .  Microwave f ixa t ion  may also have l imi ta t ions  in 
s tudies of  n e u r o t r a n s m i t t e r  changes  cor re la ted  wi th  animal  
behav io r  since tha t  m e t h o d  requires  p l acemen t  of the 
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animal  i n t o  a res t ra in ing  device t ha t  could  possibly  in t ro-  
duce stress a r t i fac ts  or resul t  in a t ime  delay be t ween  the  
emi t t ed  ope ran t  and tissue f ixa t ion.  

Freeze-b lowing  [22]  is the  second mos t  rapid m e t h o d  
of t e r m i n a t i n g  e n z y m e  act ivi ty  in b ra in  tissue. This  
m e t h o d  also requi res  a res t ra in ing  device bu t  its greates t  
d r awback  is t h a t  s tudies  of  def ined  n e u r o a n a t o m i c a l  bra in  
regions or  subce l lu la r  f r ac t i ona t i on  are no t  possible.  

The near-  or to ta l - f reez ing  m e t h o d  is the  nex t  mos t  
rapid m e t h o d  for  t e r m i n a t i n g  bra in  e n z y m e  act ivi ty.  How- 
ever, in the  past  i t  was necessary  to t r ans fe r  the an imal  
f rom the ope ran t  c o n d i t i o n i n g  c h a m b e r  to  a special 
d ipp ing  appa ra tu s  resu l t ing  in a t ime delay and exposure  
to a d i f fe ren t  e n v i r o n m e n t  be t w een  the em i t t ed  behav io r  
being s tud ied  and  tissue f ixa t ion  [3, 13, 16] .  With this  
f ixa t ion  m e t h o d  s tudies  using subcel lu lar  f r ac t iona t ion ,  
r e cep to r  b ind ing  as well as analysis  of  e n z y m e  act ivi t ies  
are possible  in def ined  bra in  regions.  However ,  ACh 
c o n t e n t  in deep bra in  s t ruc tu res  such as the  s t r i a tum 
appear  to  be lower  in animals  sacrif iced by this  p rocedure  
than  in an imals  sacrif iced by  mic rowave  i r rad ia t ion .  These  
h igher  levels of  ACh in deep s t ruc tu res  found  a f te r  
mic rowave  f ixa t ion  are p r o b a b l y  the resul t  of  the in- 
creased t ime  required for  e n z y m e s  in these s t ruc tu res  to  
be inac t iva ted  ( reach  0 °) by  the near- f reez ing m e t h o d .  
However ,  it is also possible t h a t  these increased  levels may  
be the  resul t  of  the  res t ra in t  stress induced  by the  ho ld ing  
appa ra tus  requ i red  for  mic rowave  f ixat ion.  

Even t h o u g h  ACh c o n t e n t  in deep s t ruc tu res  may  be 
lower  wi th  near- f reezing,  o t h e r  n e u r o t r a n s m i t t e r s  do no t  
seem to be af fec ted .  The  levels of DA in the  s t r i a tum 
o b t a i n e d  af te r  near- f reez ing (Table  1) are the  same as tha t  
r epo r t ed  wi th  mic rowave  i r rad ia t ion  [5 ] .  We have recent -  
ly c o m p l e t e d  a s tudy  of  DA t u r n o v e r  in the  s t r i a tum 
[ 15] and  o b t a i n e d  t u r n o v e r  ra tes  wi th  near- f reez ing (24.3 
-+ 1.1S.D. nmoles  g-' h r  -~ ) which  are the same as those  
r epor t ing  using mic rowave  f ixa t ion  (23 -+ 6.5SE M nmoles  
g~ h r '  [ 2 5 ] .  S e r o t o n i n  levels in the h i p p o c a m p u s  
(Table  1) wi th  near- f reez ing are also the  same as those  

ob ta ined  wi th  mic rowave  i r rad ia t ion  [9 ] .  It would appear  
tha t  the advantages  of  mic rowave  f ixa t ion  may  be in the 
m e a s u r e m e n t  of  ACh c o n t e n t ,  and the h igher  levels seen 
wi th  tha t  m e t h o d  may  be par t ia l ly  due to the res t ra in t  
stress p r o d u c e d  by  tha t  p rocedure .  It is also possible tha t  
mic rowave  i r rad ia t ion  m a y  p roduce  an a r t i fac tua l  dif- 
fusion of  n e u r o t r a n s m i t t e r s  in to  su r round ing  areas [7 ] .  
Near-freezing allows greater  l a t i tude  in the types  of  
neu rochemica l  inves t iga t ions  tha t  are possible (subcel lu lar  
f r ac t iona t ion  studies,  r ecep to r  b ind ing  s tudies ,  and en- 
zyme  act ivi ty  studies) .  However ,  the d isadvantages  of  each 
m e t h o d  mus t  be cons idered  wi th  the advantages  and the 
best  m e t h o d  for each app l ica t ion  chosen.  

The c o m b i n a t i o n  operan t  c o n d i t i o n i n g  near- f reezing 
c h a m b e r  descr ibed here permi t s  the rapid immers ion  in to  
l iquid n i t rogen  of  an animal  r e spond ing  on an ope ran t  
schedule  w i t h o u t  i n t r o d u c i n g  a t ime delay or exposure  to 
a new e n v i r o n m e n t .  In our  l abo ra to ry  ch ron ic  indwell ing 
jugular  ca the te r s  are imp lan t ed  in to  rats for in t r avenous  
m o r p h i n e  se l f -adminis t ra t ion .  These same ca the te r s  can be 
used for  the  i n t r avenous  in jec t ion  of  radioac t ive  pre- 
cursors  of  bra in  n e u r o t r a n s m i t t e r s  in to  unres t ra ined-  
behaving an imals  p roduc ing  a min imal  d i s rup t ion  of be- 
havior.  The rat shown in Fig. 2 has such a ch ron ic  
indwel l ing jugular  c a t h e t e r  wi th  harness  and swivel as- 
semblies  which  are a t t ached  to a coun te r -ba lance  on the 
a l u m i n u m  ceiling. A po lyv iny lch lo r ide  tub ing  exi ts  
t h r o u g h  the top of  the c h a m b e r  and is a t t a ched  to an 
in fus ion  pump .  With the  jugular  c a t h e t e r  for drug or 
radioac t ive  p recursor  admin i s t r a t i on  and the operan t  con- 
d i t ion ing  l iquid n i t rogen  d ipping  appara tus ,  soph is t i ca ted  
s tudies  of  n e u r o t r a n s m i t t e r  sys tems and behav io r  are 
possible.  
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