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IMPROVED METHOD FOR DETERMINATION 
OF ACETYLCHOLINE, CHOLINE, AND OTHER 

BlOGENlC AMINES IN A SINGLE BRAIN 
TISSUE SAMPLE USING HIGH PERFORMANCE 

L IQUlD CHROMATOGRAPHY AND 
ELECTROCHEMICAL DETECTION 

Alain Beley l ,  Abderrahman Zekhninil , 
Serge Lartillot2, Dominique Fage+, and Jean Bralet 1 
ILaboratoire de Pharmacodynamie et Physiologie pharmaceutique 

7 bd Jeanne d'Arc 
21 033 Dijon Cedex, France 

2Institut universitaire de Technologie 
Departement de Biologie applique 

BP 51 0 21014 
Dijon Cedex, France 

3Laboratoires d 'Etudes et de Recherches Synthelabo 
Departement de Biologie 

31 av. Paul Vaillant Couturier 
92220 Bagneux, France 

A simple method for d e t e r m i n a t i o n  of ACh, Ch, NA,  DA, 5-HT 
and t h e i r  related metabolites on t h e  same b r a i n  t i s s u e  sample was 
developed  by  HPLC-ED. The e l e c t r o c h e m i c a l  d e t e c t i o n  system is 
equipped wi th  a p la t inum electrode for ACh and Ch d e t e c t i o n ,  or a 
g l a s s y  ca rbon  electrode f o r  CA and 5-HT d e t e c t i o n .  ACh and Ch can 
be separated wi th  bonded s i l i ca  or p o l y s t y r e n e  r e v e r s e  phase  
columns, using a pH 7 mobile phase.  They are conver t ed  to  H 0 by 
t h e  pas sage  of t h e  e f f l u e n t  through a n  i n  l i n e  post $o?umn 
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2978 BELEY ET AL. 

reactor wi th  cova len t ly  bonded A C h  e s t e r a s e  and Ch oxidase.  This  
s t e p  ensu res  s e n s i t i v i t y ,  r e l i a b i l i t y  and enzyme economy. Tissue 
p repa ra t ion  c o n s i s t s  of formic acid/acetone e x t r a c t i o n  and 
p u r i f i c a t i o n  by t e t r apheny l  boron exchange with high 
r ep roduc t ib l e  recoveries .  The t i m e  necessary f o r  t h e  whole 
procedure is s h o r t ,  making i t  w e l l  adapted to large series. CA, 
5-HT and r e l a t e d  metabolites can be simply analysed on an a l i q u o t  
of t h e  t i s s u e  e x t r a c t .  

High performance liquid chromatography coupled to 
electrochemical  d e t e c t i o n  (HPLC-ED) was first proposed by Potter 

et al .  (1) for a n a l y s i s  of p o l e  q u a n t i t i e s  of a c e t y l c h o l i n e  

(ACh) and c h o l i n e  (Ch).  The method is based on ACh/Ch reve r se  
phase s e p a r a t i o n ,  followed by enzymatic conversion of t h e  e l u a t e s  
by means of continuous ACh esterase and Ch oxidase a d d i t i o n  to 

t h e  e f f l u e n t .  The r e s u l t i n g  hydrogen peroxide is detected 

electrochemical ly .  

However, while  usable, t h e  method is n o t  s u i t e d  to r o u t i n e  

a n a l y s i s ,  because of t h e  high consumption of enzymes. To Overcme 
t h i s  problem d i f f e r e n t  a t tempts  were made i n  order t o  immobilize 

t h e  enzymes on post column reactors by ion  exchange ( 2 , 3 )  or by  

cova len t  bonding (4-7) .  Chromatographic cond i t ions  differ 

according to  t h e  authors .  Ion exchange si l ica ( 4 )  or reve r se  

phase si l ica (1 ,5 -9 )  a n a l y t i c a l  columns are subject to 
degradat ion a t  t h e  a l c a l i n e  necessary for opt imal  enzyme 

a c t i v i t y .  Mobile phases with rt-1 < 7 need post column b u f f e r  

a d d i t i o n  v i a  a second pump (1,5-9); t h i s  can be source  of base 

l i n e  i n s t a b i l i t y .  Polystyrene r e v e r s e  phase columns ( 2 , 3 )  are 
canpatible with a l c a l i n e  mobile phases,  b u t  are p o t e n t i a l l y  less 

r e s i s t a n t  to  compression than s i l i c a s .  Another problem concerns 

ACh/Ch e x t r a c t i o n  from t i s s u e .  Simple techniques,  e.g. direct 
a n a l y s i s  of unpur i f i ed  p e r c h l o r i c  ( 4 )  or formic acid/acetone 
e x t r a c t s  (81, may be complicated ( 7 )  by i n t e r f e r i n g  responses due 
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ACETYLCHOLINE, CHOLINE, AND OTHER BIOGENIC AMINES 2979 

to catecholamines (CAI. ACh/Ch Reineckate s a l t  p r e c i p i t a t i o n  

(1-3) is more s e l e c t i v e ,  b u t  time-consuming and l e a d s  t o  poor and 
variable recoveries .  

Fu tu re  a n a l y s i s  of ACh/Ch by HPLC-ED depends on workable 

methods for r o u t i n e  ana lys i s .  Our purpose w a s  to develop a-rapid, 

reliable and l o w  cost assay,  compatible with the a n a l y s i s  of CA, 
5-hydroxytryptamine (5-HT) and t h e i r  related metabolites on t h e  

same sample of t i s s u e .  We i n v e s t i g a t e d  d i f f e r e n t  procedures and 

were able to  o b t a i n  s a t i s f a c t o r y  r e s u l t s  using d i f f e r e n t  

commercial r e v e r s e  phase columns and a post column r e a c t o r  with 

c o v a l e n t l y  bonded enzymes. Tissue e x t r a c t s  were p u r i f i e d  with 

high r ep roduc t ib l e  r ecove r i e s  by means of a rapid o rgan ic  phase 

e x t r a c t i o n  procedure. 

R e a g e n t s  
ACh c h l o r i d e ,  Ch c h l o r i d e ,  ACh esterase type  I11 (electric 

eel), Ch oxidase (Alca l igenes ) ,  noradrenal ine ( N A )  bitartrate, 
dopamine (DA)  hydrochlor ide,  5-HT o x a l a t e ,  5-hydroxyindole acetic 

acid (S-HIAA) and 3-4 dihydroxybenzylamine hydrochlor ide (DHBA, 

i n t e r n a l  standard for CA and 5-HT) were purchased from Sigma 

Chemical ( S t  Louis,  MO, U.S.A.). Ethylhcinocholine bromide (EHCh, 

i n t e r n a l  s t anda rd  for ACh and Ch) was syn the t i zed  (1) from 

3-dimethyl-amino-1-propanol (Aldrich, Strasbourg,  France) and 

b rmoe thane  (Ald r i ch ) .  A l l  o t h e r  chemicals were reagent  grade. 

Porous glass beads (200-400 mesh, pore size 350 1 w e r e  

purchased from Sigma Chemical. 

A w a t u s  

A l i qu id  chromatographic system from Waters Associates 
(Milford, MA, U.S .A. )  w a s  used. The electrochemical  detector 
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2980 BELEY ET AL. 

(Chromatofield,  Chateauneuf-les-Martigues, France) w a s  equipped 

either with a platinum electrode (Bioanaly t ica l  Systems, 

W Lafayet te ,  I N ,  U . S . A . )  f o r  ACh, Ch assay,  o r  with a g l a s s y  

carbon electrode (Chrcmatofield) for CA, 5-HT assay.  The 

oxida t ion  p o t e n t i a l  was + 0.5 V for ACh and Ch, and + 0.8 V for 

CA and 5-HT versus  an Ag/AgC1 e lec t rode .  

Enzyme Reactors 
Two reactors w e r e  comparatively tested. I n  t h e  first case 

t h e  enzymes were adsorbed ( 2 , 3 )  on a 3 c m  10 pm Aquapore AX 300 
anion exchange cartridge (Brownlee L a b s ,  Santa  Clara, CA, 

U . S . A . ) .  Ch oxidase (100 U )  was dissolved i n  2 m l  of mobile phase 

and in jec ted  onto  t h e  cartridge v i a  a teflon tube connected to 

t h e  cartridge holder .  Af te r  washing t h e  cartridge w i t h  the mobile 

phase,  ACh esterase (100 U )  was adsorbed according to t h e  same 
procedure. 

I n  t h e  second c a s e ,  Ch oxidase and ACh esterase were 

immobilized covalen t ly  with glutaraldehyde onto  alkylamino. glass 

beads (10 ,  11). Porous glass beads were heated i n  5% ( V / V )  n i t r i c  

acid a t  100°C f o r  1 min, washed with water, dried and heated a t  

115 "C for 1 2  h i n  toluene containing 10% ( V / V )  of 

3-aminopropyltriethoxysilane. They w e r e  coupled w i t h  

g lutaraldehyde by resuspending for 2 a 

2% (W/V) glutaraldehyde aqueous s o l u t i o n .  ACh esterase and Ch 

oxidase (100 U )  were d isso lved  i n  1 m l  of 0.05 M phosphate 

b u f f e r  p 7 and immobilized covalen t ly  by periodical shaking with 

120 mg of t h e  a c t i v a t e d  beads. The glass beads conta in ing  the 
immobilized enzymes were used to pack a 2 mm i.d. x 2 cm reac tor .  

h a t  room temperature i n  

Chranatographic Conditions 

- ACh and Ch 

Two bonded s i l ica  reverse  phase columns (Spherisorb ODs-2 5 

p ,  4.6  rnm i ,d. x 15 c m  from Biochrm, Champniers, France, and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ACETYLCHOLINE, CHOLINE, AND OTHER BIOGENIC AMINES 298 1 

Hypersil ODs 5 pm, 4.6 mm i.d. x 25 cm from Gynkotek, Munchen, 

Germany) and t w o  polymeric reverse phase columns (PLRP-S 5 pm, 

4.6 mm i .d.  x 15 cm from Polymer L a b s ,  Shropshire ,  U . K ; ,  and 

PRP-1 5 p ,  4.1 mm i .d .  x 15 cm from Hamil ton ,  Reno, M I ,  U.S .A . )  

were tested for ACh and Ch ana lys i s .  They were pro tec ted  either 

by C 18 (Waters Associates)  or PRP-1 (Brownlee) guard c a r t r i d g e s .  

The d i f f e r e n t  columns required d i f f e r e n t  mobile phases f o r  

complete separa t ion  of ACh, Ch and EHCh. These phases cons is ted  

of 0.1M KH PO containing 0 t o  50 m g / l  of sodium octane s u l f a t e  

and 150 (polymeric columns) or 500 to 700 mg/l (bonded silicas) 

of tetramethylammonium c h l o r i d e  (?MA) .  F i n a l  was adjus ted  to 7 

and sometimes to 8 (polymeric columns) with 5 N  KOH. 

I n  order t o  minimize enzyme losses, t h e  assays w i t h  t h e  

anion exchange r e a c t o r  were performed using a l o w e r  s a l t  

concentrat ion e l u t i o n  system ( 2 , 3 ) . I t  cons is ted  of 20 mM TRIS-HC1 

b u f f e r  a t  ptl 7 containing 10 mg of sodium octane s u l f a t e  and 

150 mg/l of ‘IMA. 

2 4  

- CA. 5-HT and related metabolites 

The separa t ion  of CA, 5-HT, and related metabolites w a s  
performed using a Radial Nova-pack C 18 c a r t r i d g e  from Waters 

Associates ( 4  p n ,  8 mm i . d . x  10 cm) equipped with a C 18 guard 

cartridge. The mobile phase cons is ted  of 0.1M KH2P04 adjusted to 

pH 4 with 5N H3P04, containing 40 mg/l of EDTA, 1.37  mg/l of 

sodium heptane s u l f a t e  and 12% ( V / V )  of methanol. 

Tissue Preparation 

Male Sprague Dawley r a t s  weighing about 300 g were divided 

i n t o  t h r e e  groups. The r a t s  of t h e  first group were decapi ta ted  

and t h e  brains quick ly  removed glass. 

The cerebral hemispheres and b r a i n  stem w e r e  i m e d i a t e l y  f rozen 

i n  l i q u i d  ni t rogen.  The b r a i n s  of t h e  second group of rats were 
f rozen  with l iquid ni t rogen using t h e  i n  s i t u  f r e e z i n g  technique 

and d i s s e c t e d  on ice cold 
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2982 BELEY ET AL. 

(12) which allows blood pe r fus ion  of t h e  cerebral t i s s u e  unt i l  
f r e e z i n g  t i m e .  The r a t s  of t h e  t h i r d  group were d e c a p i t a t e d  and 

t h e  heads immediately f rozen  i n  l i q u i d  ni t rogen.  The b r a i n s  from 
both i n  s i t u  f rozen  and frozen head groups w e r e  chiselled o u t  

and dissected i n  t h e  frozen s ta te  dur ing  l i q u i d  n i t rogen  

i r r i g a t i o n .  A l l  specimens were stored a t  - 80 O C  u n t i l  ACh/Ch 

e x t r a c t i o n .  

The e x t r a c t i o n  procedure is summarized i n  Fig.  1. The 

cerebral t i s s u e  was son ica t ed  with 1 O V  of N formic acid/acetone 

(15V/85V) con ta in ing  t h e  i n t e r n a l  standards EHCh and DHBA. After 

c e n t r i f u g a t i o n  a t  20,000 CJ a t  4OC, 0.5 m l  of t h e  supe rna tan t  were 
t r a n s f e r r e d  i n t o  a c o n i c a l  c e n t r i f u g a t i o n - t u b e  and vortexed with 

2 m l  of heptane/chloroform (8V/lV). The o rgan ic  l a y e r  was removed 

and 15 p l  of t h e  aqueous f r a c t i o n  were i n j e c t e d  i n t o  t h e  CA/S-HT 

chranatcgraphic  system. ACh, Ch and EHCh were e x t r a c t e d  from the 

remaining aqueous f r a c t i o n  by t e t r apheny l  boron exchange (13) 

i n t o  250 ~1 of 3-heptanone con ta in ing  3 m g h l  of sodium 
t e t r a p h e n y l b o r o n .  Two hundred p1 of t h e  upper l a y e r  were 

transferred i n t o  a second con ica l  tube. ACh, Ch and EHCh were 
f i n a l l y  extracted with Sop1 of N HC1. The hydroch lo r i c  e x t a c t s  

were dried under vacuum a f t e r  removing the o rgan ic  l aye r .  D r i e d  

samples can be stored a t  - 80 OC u n t i l  ana lys i s .  They were 
d i s so lved  i n  t h e  mobile phase immediately before i n j e c t i o n  i n t o  

t h e  ACh/Ch chromatographic system. 

RESULTS AND DISCUSSION 

Chranatogra@ic Conditions for ACh and Ch An lys i s  

S a t i s f a c t o r y  s e p a r a t i o n  of ACh, Ch and EHCh could be 

obtained us ing  t h e  four columns tested. However, compression of 

t h e  s t a t i o n a r y  phase and r a p i d  loss of e f f i c i e n c y  was observed 

wi th  sme PLRP-S columns, even when used b e l o w  t h e  p re s su re  l i m i t  
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ACETYLCHOLINE, CHOLINE, AND OTHER BIOGENIC AMINES 2983 

Brain tissue 

1OV of N formic acid/acetone (lSV/SSV) 
containing DHBA, EHCh 

homogenization 

0.51111 

centrifugation 20,000 g ,  + 4Oc 
supernatant 

2 ml heptane/chloroform (8V/lV); Vortex, discard 

aqueous layer -----------, 15 ,id, CA/5-HT HPLC system 

250 ul 3-heptanone/tetraphenyl boron, Vortex 

200 pl of the organic layer 
I 

50 ~1 N HC1, Vortex 

organic layer, 
discard 

t 
I-. 

aqueous layer, 
discard 

aqueous layer 
evaporation + mobile phase 

I 
ACh/Ch HPLC system 

F'IQIRE 1. Flow chart for the extraction procedure. 
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2984 BELEY ET AL. 

indicated b y  t h e  manufac turer .  With bonded s i l i ca  columns, f i n a l  

pH 7 of t h e  mobile phase  is a cmprmise between optimal enzyme 

f u n c t i o n  and s t a b i l i t y  of t h e  column material, which d i s s o l v e s  a t  
pH 7. Polymer ic  s u p p o r t s  allow t h e  use of @I 8 mobile phases, 

co r re spond ing  t o  optimal a c t i v i t y  of t h e  enzymes (5 ) .  However, 

i n c r e a s i n g  t h e  pH to  8 was not found to improve the s e n s i t i v i t y  

under  t h e  c o n d i t i o n s  tested (glass bead reactor, 200 po le s  

i n j e c t e d ) ,  p robably  due  to t h e  large q u a n t i t i e s  of immobilized 

enzymes. 

As it h a s  been  of ten reported p r e v i o u s l y ,  ACh was found t o  

adsorb s t r o n g l y  to  bonded s i l i ca  s u p p o r t s ,  r e s u l t i n g  i n  broad ,  

t a i l i n g  peaks.  TMA, which competes wi th  ACh and Ch for t h e  

s t a t i o n a r y  phase,  improves t h e  peak shape. Enzyme i n h i b i t i o n  was 
reported for "MA c o n c e n t r a t i o n s  100-200 mg/1, when ACh esterase 

and Ch o x i d a s e  were added t o  t h e  e f f l u e n t  (1). However, h i g h e r  

c o n c e n t r a t i o n s  can be used  wi th  post column reactors (4). Under 

our exper imenta l  c o n d i t i o n s ,  peak t a i l i n g  was s a t i s f a c t o r i l l y  

reduced  b y  i n c r e a s i n y  TMA up  t o  500-700 my/l, wi thout  a f f e c t i n g  

t h e  s e n s i t i v i t y ,  s i n c e  t h e  peak h e i g h t s  w e r e  i nc reased .  

Enzyme Reactors 

I o n  exchange and a c t i v a t e d  glass bead reactors r e t a i n e d  

enzyme a c t i v i t y  to  a d i f f e r e n t  e x t e n t .  After i o n  exchange 

immobi l i za t ion ,  acceptable r e t e n t i o n  of Ch ox idase  a c t i v i t y  w a s  

observed  f o r  3 weeks, b u t  ACh esterase a c t i v i t y  d i d  n o t  exceed 1 

week.  Due to  cont inuous  ACh esterase e l u t i o n ,  d a i l y  c o r r e c t i o n  

f o r  ACh s e n s i t i v i t y  was necessa ry  by  i n s e r t i o n  of s t a n d a r d s  
between t h e  assays .  

Glass bead reactors were r e c e n t l y  described (51, u s i n g  a 
d i f f e r e n t  chromatographic system wi th  ari acid mobile phase  which 

necessitates post column a d d i t i o n  of buffer i n  order t o  allow 

enzyme a c t i v i t y .  I n  t h i s  type of  reactor long  s p a c e r  arms for 

enzyme immobi l iza t ion  g a r a n t e e  h igh  a c t i v i t y  of t h e  enzymes. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ACETYLCHOLINE, CHOLINE, AND OTHER BIOGENIC AMINES 2985 

Covalent  l i n k s  between enzymes and t h e  s u p p o r t  are ext remely  

stable ( 5 )  and v i r t u a l l y  free of breakdown. Our e x p e r i e n c e  is 

t h a t  t h e  same r e a c t o r ,  tested d a i l y  wi th  200 po le s  of ACh, 

p rov ides  a r e sponse  s imilar  t o  its o r i g i n a l  r e sponse  after 3 

months of u t i l i z a t i o n  a t  room tempera ture  wi th  con t inous  

c i r c u l a t i o n  of t h e  e l u e n t .  Peak h e i g h t s  of Ch are approx ima t ive ly  

twice and f o u r  times t h a t  of t h e  same number of p o l e s  of ACh and 

EtXh. The r e p r o d u c i b i l i t y  of t h e  method t e s t e d  by repeated 

i n j e c t i o n  of the same sample ( n = 6 ) ,  i n d i c a t e d  i n t r a  a s s a y  

c o e f f i c i e n t s  o f  v a r i a t i o n  of 1.1% f o r  ACh, 2.5% f o r  EHCh and 2.% 

f o r  Ch. Sandard  c u r v c s ,  present4 i n  F ig .  2 ,  show t h e  l i n e a r i t y  

o f  t h e  de t ec t - ion .  The  s e n s i t . i v i t y  of t h e  method was e s s e n t i a l l y  

restricted by t h e  n o i s e  l e v e l  of t h e  b a s e l i n e  and on ly  s l i g h t l y  

i n f l u e n c e d  by  t h e  composi t ion  of t h e  mobile phase.  Rou t ine ly ,  w e  

can  q u a n t i f y  1 p o l e  of Ch and 2 p o l e s  of ACh. Higher 

s e n s i t i v i t y ,  up to  0.3 and 0.G p o l e s ,  can  be ob ta ined  under  

optimal c o n d i t i o n s .  

Tissue Analys i s  

- ACh and Ch 

Ext raneous  endogenous compounds may i n t e r f e r e  wi th  ACh and 

Ch ( 1 , 7 ) ,  n e c e s s i t a t i n g  t i s s u e  extract p u r i f i c a t i o n .  Te t r apheny l  

boron  exchange was chosen for r m o v i n g  ACh and Ch f o r  the 

fo l lowing  r easons :  a )  ttie i s o l a t i o n  procedure  1s simp,le and 

s h o r t  ( a b o u t  20 m i n ) ,  b)  i t  avo ids  manipula t ion  of insoluble 

d e r i v a t e s  of ACh arid C h ,  which can  be a s o u r c e  of product  loss, 

c) ACh and Ch samples arc no t  d i l u t e d .  Recoveries were 

87.4 +- 4.0 % for ACh, 76.9 & d : . l  % f o r  Ch for 

ElICh (means t SEM, t i  = 7 ) .  I n j e c t i o n s  of t i s s u e  extracts g i v e  

s h a r p  s o l v e n t  f r o n t s  (F ig .  3 B ) ;  no ex t r aneous  peaks w e r e  found 

when a reactor f i l l e d  wi th  uncoupled glass beads was i n s t a l l e d  

(F ig .  3 C ) .  

and 6 6 . 4  ?; 2 . 8  % 
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.j / 

/ ACh 

/ EHCh9 

FICURE 2. Calibration curves for A C h ,  Ch and ESICh. 
Standards of ACh, Ch arid ElICh w e r e  i n j e c t e d  i n t o  t h e  a n a l y t i c a l  
system q u i p p e d  w i t h  the cova lcn t ly  bonded enzyme r e a c t o r  (see 
Methods). Mobile phase, 0.1M KI1 PO4 @I 7 con ta in ing  10 mg/l o€ 
sodium oc tane  su1fat.e arid 600 my71 of TMA; f low rate, 1 m l / m i r i .  
Ana ly t i ca l  column, Gyrikotck f lypersi l  ODS 5 pm. Data are t h e  means 
2 SEM, 11 = 3. 

ACh and Ch con ten t s  i n  t h e  t h r e e  groups of rats are 
presented i n  Table  1. Freezing of t h e  bra’in i n  s i t u  is a s u i t a b l e  

technique for measurements of labile cerebral metabolites. Table  

2 shows, for example, t h e  values obtained for cerebral 

phosphocreatine (PCr ) ,  A l l ?  and glucose after f r e e z i n g  of t h e  

brain i n  s i t u ,  and of  the head immediately after 

d e c a p i t a t i o n  ( 1 4 ) .  PCr, ATP arid g lucose  values  were much lower i n  

t h e  f rozen  head group,  showing t h a t  i n  s i t u  f r e e z i n g  is t h e  only 

va luab le  technique for these  labile metabolites. I n  t h e  p r e s e n t  

work, ACh and Ch l e v e l s  did not differ s i g n i f i c a n t l y  ( T a b l e  1) 

a f t e r  f r e e z i n g  
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C 

FICXJRE 3. HPLC a n a l y s i s  of ACh and Ch. 
A ,  s tandard  sample containing 40 moles of Ch, and 80 poles  of 
A C h  and EfiCh, 20 m l  jrijccted; B, e x t r a c t  of t h e  c e r e b r a l  
hemisphere from a frozeri rat. head containing 70 po le s  of EHCh, 
30 ~1 i n j e c t e d ;  C, in jec t lo t i  of 15 yl of t h e  same extract using 
a n  i n a c t i v e  post column reactor. Chromatographic condi t ions  a s  
descr ibed i n  F i g .  2. 

between frozen head and i n  s i t u  f rozen  samples, and were i n  t h e  

same range as those reported a f t e r  microwave i r r a d i a t i o n  

(5,7,8). Therefore ,  these  t w o  f r e e z i n g  techniques appear s u i t a b l e  

for ACh/Ch a n a l y s i s ,  whereas decapitation and ice cold d i s s e c t i o n  

showed a tendency to  lowered ACh va lues ,  reaching - 32% i n  t h e  

b r a i n  stem (pc0.05, when compared to  t h e  i n  s i t u  frozen group).  
However, t h e  most r e m a r k a b l e  d i f f e r e n c e  cons is ted  i n  2-3 t i m e s  
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TABLE 1 

ACh and Ch content  (rmole/g) i n  rat b r a i n  

BELEY ET AL.  

Groups Cerebral  Hemispheres Brain s t e m  
of r a t s  ACh Ch ACh Ch 

I n  s i t u  frozen 36.5 & 1 . 8  29.9 f 2 . 1  25.8 2 1.0  23.1 2 2.7 

Frozen head 33.5 f 3.3 33.1 f 1 . 6  24.4 3.2 22.9 2 1.1 

Decapitated 29.0 -1; 3.7 71.9 -f. 2.8* 17.6 3.4* 76.8 15.2* 

--- 

Data are t h e  means SEM, n = 6. Brains  from t h e  decapi ta ted  
group were frozen i n  l i q u i d  ni t rogen a f t e r  c e r e b r a l  d i s s e c t i o n  on 
ice cold g l a s s .  Brains  from t h e  i n  s i t u  f rozen group were frozen 
with i n t a c t  blood c i r c u l a t i o n  (=Animals of t h e  frozen head 
group were decapi ta ted  and t h e  heads immediately frozen i n  l iquid 
ni t rogen.  Cerebra1 s t r u c t u r e s  of both i n  s i t u  and frozen head 
groups were dissected i n  t h e  frozen state. 
* p -= 0.05 versus  t h e  i n  s i t u  f rozen group. 

Influence of bra in  freezing conditions on the cerebral labile 
metabolites ECr, A T P  and glucose. 

Metabolite content  (pmole/g) 

I n  s i t u  f rozen group Frozen head group 

PCr 4.75 0.15 1 .02  -f. 0.14 * 
ATP 3.03 0.14 2.30 -f. 0.12 * 

Glucose 4.70 2 0.45 0.30 f 0.05 * 

Data a r e  t h e  means f SEM, n = 8. The f r e e z i n g  procedures a r e  
descr ibed i n  Table 1. Quant i f ica t ion  of metabolites was performed 
i n  t h e  cerebral cortex dissected i n  t h e  frozen state. * p eO.01. 
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7 
0 II 

1 
I 
C 

I- 
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I 
In 

I _ _  I 
10 2 0  30 

TIME (mlnutee) 

F I M E  4. HPLC analysis  of Cn, 5-IIT and metabolites. 
I n j e c t i o n ,  15 u-11 of tissue e x t r a c t  of t h e  cerebral hemisphere 
from a f r o z e n  rat  head containing 3 . 5  p o l e s  of DtlBA. Mobile 
phase, 0.1M K I i  PO p1 4 c o n t a i n i n g  40 m g / l  of EDTA, 1 . 4  g/1 of 
sodium h c p t a n e 2 s u f f a t e  and 12% of methanol;  flow rate, 2 m l h i n .  
A n a l y t i c a l  column, Radial Nova-pack C18 4 p n .  
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i n c r e a s e  of Ch. Ten fold i n c r e a s e  of Ch was reported prev ious ly  

after d e c a p i t a t i o n  ( 8 ) .  Such inc reases  cannot r e s u l t  from ACh 

post mortem hydro lys i s ,  b u t  may reflect a l t e r a t i o n s  of 

phosphat idylchol ine metabolism. 

- CA, 5-HT and r e l a t e d  metabolites 

Measurements were c a r r i e d  o u t  i n  t h e  cerebral hemispheres of 

t h e  f rozen  head group of r a t s .  Fig.  4 shows a typical 
chromatogram obtained by i n j e c t i n g  an a l i q u o t  of t h e  formic 
acid/acetone e x t r a c t  i n t o  t h e  CA/5-HT system as described i n  

Methods. Means i n  nmole/g SEM ( n  = 6 )  were as follows: 

N A ,  2.16 f 0.11; DA, 7.01 f 0.25; DOPAC, 1 .21  i 0.17; 

H V A ,  0.88 0.15; 5-HT, 2.85 i 0.14 and 5-HIAA, 2.45 0.25. 

I n  conclusion,  t h e  procedure developed i n  the  p r e s e n t  work 

o f f e r s  s e v e r a l  advantages which a re  u s e f u l  f o r  ACh/Ch a n a l y s i s  by 

r1PLC-ED. The choice of an i n  l i n e  p o s t  column reactor w i t h  

extremely stable enzyme immobilization ensu res  r e l i a b i l i t y  and 

l o w  c o s t  of t h e  assay. Iligti immobilized enzyme a c t i v i t y  allows 
t h e  use  of mobile phase pi compatible with many commercial 

columns without  a f f e c t i n g  t h e  s e n s i t i v i t y .  Therefore ,  

supplementary e q u i p e n t  for post column b u f f e r  a d d i t i o n  is not 
necessary.  Ex t r ac t ion  of ACh and Ch, and f u r t h e r  p u r i f i c a t i o n  by 

t e t r apheny l  boron exchange with high r ep roduc t ib l e  r ecove r i e s  is 

r a p i d  , simple and w e l l .  adapted to 'large series. Another 

advantage is t h a t  t h e  procedure is compatible with CA and 5-HT 
measurements on t h e  same e x t r a c t .  
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