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ANALYSIS OF TRACE AMOUNTS OF 
CATECHOLAMINES AND RELATED COMPOUNDS IN 

BRAIN TISSUE: A STUDY NEAR THE DETECTION LIMIT 
OF LIQUID CHROMATOGRAPHY WITH ELECTROCHEMICAL 

DETECTION 

Ben H.C. Westerink 

Pharmaceutical Laboratories, Department of 
Medicinal Chemistry, University of 

Groningen, A. Deusinglaan 2, 9713 AW Groningen 
The Netherlands 

ABSTRACT 

Analysis of catecholamines and related metabolites is often 
based on direct injection on the HPLC column of supernatants of 
centrifuged brain homogenates. In this study we have investigated 
to what extent direct injection techniques are also useful for 
analysis in the picogram-range. The use of Sephadex G 10 (which 
allows a rapid sample purification for 1 1  compounds) appeared an 
attractive alternative when direct injection techniques cannot be 
applied. Various aspects of the routine use of the electrochemi- 
cal detector at a sensitive setting are discussed. Finally the 
identity of small peaks in the chromatogram is addressed. 

INTRODUCTION 

An increasing number of methods based on liquid chromato- 
graphy and electrochemical detection (LC-ED) have been described 
for analysis of monoamines and related metabolites in brain 
tissue (1,2). These methods were mainly concerned with the assay 
of the neurotransmitters dopamine (DA), noradrenaline (NA), 5- 
hydroxytryptamine (5-HT) and their metabolites 3,4-dihydroxyphe- 
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nylacetic acid (DOPAC), homovanillic acid (HVA) and 5-hydroxy- 
indolacetic acid (5-HIAA) in various brain regions. Concentrations 
of these compounds are in the nanogram to microgram-range (0.2 - 
12 vg/g; amounts of tissue available usually less than 50 mg). 
However, various other metabolites of DA and NA such as 3-methoxy- 
tyramine (3-MT), 3,4-dihydroxyphenylethyleneglycol (DOPEG), 3- 
methoxy-4-hydroxyphenylethyleneglycol (MOPEG), 3,4-dihydroxyphe- 
nylalanine (DOPA) and normetanephrine (NM) are found in the brain 
in the picogram-range (3-30 ng/g). In the same order of magnitude 
are the levels of DA, DOPAC and HVA in the so-called non-dopami- 
nergic areas (brain regions with a relatively small dopaminergic 
innervation such as the frontal cortex, stem, hippocampus and 
cerebellum). Quantification of these amounts, which are two or- 
ders of magnitude less than the usually studied contents, require 
a careful analytical approach as these assays reach the detection 
limits of the routinely performed LC-ED techniques. 

direct injection on the HPLCcolumnof the supernatant of centri- 
fuged brain homogenates (3,4,5). These methods combine an easy 
sample handling with a high analytical recovery, and allow quan- 
tification of a large series of compounds (4-6) in a single chro- 
matographic run. However, when this analytical approach is appli- 
cated to the analysis in the pg-range, interfering peaks in the 
chromatograms are to be expected. Purification of the brain 
samples is the classical answer to this analytical problem, and 
a number of purification procedures for monoamines and related 
metabolites are found in the literature (6,7,8). 

jection techniques are also useful for analysis in the pg-range. 
When these techniques could not be used, pretreatment of samples 
on Sephadex G 10 was performed. This paper is also concerned with 
two aspects which require special care when the assay is in the 
pg-range: the routine use of an electrochemical detector at the 
highest sensitive setting, and the identity of small peaks in the 
chroma togram. 

Various authors have described attractive methods based on 

In this study we have investigated to what extent direct in- 

METHODS 

Reagents 

Materials and their sources were as follows: dopamine.HC1, 
nor adrenal ine b i tar tr a te , 3 , 4-d ihy dr oxyp heny la lan ine , 3,4- d ihy - 
droxyphenylethyleneglycol, normetanephrine (Sigma), 3,4-dihydro- 
xyphenylacetic acid, homovanillic acid, and 5-hydroxyindolacetic 
acid (Fluka). A l l  other chemicals were of analytical reagent grade 
and were purchased from E. Merck. A l l  aqueous solutions were pre- 
pared from deionized water distilled in glass. Stock solutions of 
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the  var ious compounds consis ted of 100 ug/ml i n  0.01 M formic ac id  
and 0.1 mM EDTA and were s tored  i n  port ions of approx. 1 m l  i n  t he  
f reezer  ( - 8 0 " ) .  Standard so lu t ions  were prepared every 2 weeks 
from a port ion of the  stock so lu t ions  a f t e r  appropriate  d i lu t ion  
i n  0.01 M formic ac id  and 0.1 mM EDTA. Ascorbic ac id  ( f i n a l  con- 
cent ra t ion  0.01 mM) w a s  added t o  the  stock solut ion of 5-HIAA. 
The mobile phases used f o r  the var ious assays a r e  summarized i n  
Table 1 .  The so lu t ions  were f i l t e r e d  before use (0.5 pm Mil l ipore 
f i l t e r ) .  

Animals, drug treatment and d issec t ion  

Male albino r a t s  of 175-200 g weight (Wistar, C.D.L., Gro- 
ningen, The Netherlands) were used. Pargyline .HC1 was administe- 
red in t raper i tonea l ly .  The animals were k i l l e d  by decapi ta t ion.  
The bra in  s t ruc tu res  dissected included the  f ron ta l  cor tex,  
s t r ia tum, hypothalamus, hippocampus, bra in  stem and cerebellum. 
The t i s s u e  samples were frozen on so l id  COP. Samples were kept 
a t  -8OOC u n t i l  assayed. 

I so la t ion  procedure on Sephadex G 10 

Several columns (a t  l e a s t  40)  can be handled i n  one run with 
the  help of automated p ipe t t e s .  Before use the  columns were 
washed with 3.0 m l  0.02 M ammonia and 3.0 m l  0.01 M formic ac id .  
Tissue samples (up t o  150 mg) were homogenised i n  1.0 m l  0.1 M 
perchlor ic  ac id .  Following cent r i fuga t ion  (4000 g; 4 ° C )  t he  super- 
na tan ts  were put on Sephadex G 10 columns (5 x 70 mm) prepared 
i n  long-size Pasteur p ipe t t e s .  Two d i f f e ren t  rou tes  of pur i f ica-  
t i o n  a r e  possible  ( route  I and route  11). 
Route I: After  t i s s u e  ex t r ac t s  have passed through the  columns, 
1.0 m l  0.01 M formic ac id  and 1.5 m l  0.02 M ammonia (containing 
0.01 mM ascorbic  ac id  and 0.1 mM EDTA) w e r e  added. NA, DA, 3-MT, 
DOPAC, HVA and 5-HIAA a r e  then e lu ted  with 1.5 m l  0.02 M ammonia 
(containing 0.01 mM ascorbic  acid and 0.1 mM EDTA). Because of 
i n s t a b i l i t y  of catecholamines i n  ammonia t h i s  f r ac t ion  i s  col lec-  
ted  i n  a v i a l  t o  which 50 p 1  concentrated formic ac id  was added. 
Route 11: After  t i s s u e  ex t r ac t s  have passed through the  columns, 
2.0 m l  of a so lu t ion  of 0.01 M formic ac id  and 0.1 mM EDTA w a s  
added. Tyrosine (TYR), DOPA, DA, NA, NM, 3-MT, DOPEG and MOPEG 
were then e lu t ed  with 1.0 ml of the  formic ac id  so lu t ion  followed 
by 1.5 m l  of a phosphate solut ion (5 mM Na2HP04.2H20 and 0.1 mM 
EDTA). DOPAC, HVA and 5-HIAA were subsequently e lu ted  with 2.0 m l  
of a so lu t ion  containing 0.02 M ammonia, 0.1 mM EDTA and 0.01 mM 
ascorbic  ac id .  This f r a c t i o n  was co l lec ted  i n  a v i a l  t o  which 
50 p 1  concentrated formic ac id  w a s  added. 

cedure i s  summarized i n  Fig.  1 .  The columns do not need regene- 
r a t ion ;  they a r e  r e f i l l e d  a f t e r  6 months use.  

The columns a r e  s tored i n  0.02 M ammonia. The i s o l a t i o n  pro- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



T w
 

sc
 
0
 

Ta
bl
e 

1.
 

Op
ti
mi
se
d 
ch
ro
ma
to
gr
ap
hi
c 
co
nd
it
io
ns
 f
or
 t
he
 v
ar
io
us
 a
ss
ay
s.
 

Co
mp
ou
nd
 

% 
me
th
an
ol
 

ty
pe
 e
lu
en
t 

PH
 

po
te
nt
ia
l 
se
tt
in
g 
(m
v)
 

TY
R 

0
 

ac
et
at
el
ph
os
ph
at
e 

DO
PA

 
0
 

0.
1 

M
 T
CA
 

DA
Y 
NA
Y 
DO
PA
C,
 5
-H
IA
A 

15
-2
0%
 

0.
1 

M 
TC
A 

HV
A,
 3
-M
T 

15
-2
0%
 

0.
1 

M 
TC
A 

fr
ee
 D
OP
EG
, 
to
ta
l 
DO
PE
G 

0
 

ci
tr
at
el
ph
os
ph
at
e 

or
 

ac
et
at
e/
ph
os
ph
at
e 

fr
ee
 M
OP
EG
, 
to
ta
l 
MO
PE
G 

0-
3%
 

ac
et
at
el
ph
os
ph
at
e 

NM
 

5 
0

.1
 
M 
TC
A 

5.
8-
6.
0 

3
.1

 

3.
9 

3.
9 

4.
8-
5.
9 

4.
6-
5.
0 

4.
6-
5.
0 

3.
4 

8
 50
 

55
0 

55
0 

70
0 

55
0 

75
0 

85
0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CATECHOLAMINES IN BRAIN TISSUE 

wash with 
10 mlaO1 MHCOOH 

2341 

wash with 
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PROCEDURE 

HOMOGENATES 

REUSE v 
Fig. 1 .  Flow chart of the isolation procedures. 

Chromatography 

A Waters (model 6000A) liquid chromatograph was employed in 
conjunction with an electrochemical detector. A detector based on 
a rotating disc electrode was used (9). A potentiostat from Bio- 
analytical Systems, type LC-ZA, has been used. The detector po- 
tentials for the various assays are summarized in Table 1. 
The column (150 x 4.6 mm i.d.) was packed with a slurry of Nu- 
cleosil 5 C 18 (Mackerey-Nagel, DGren, F.G.R.) reverse-phase 
material in methanollcarbon tetrachloride (20180, vlv) .  The slur- 
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ry (10% w/v), degassed in an ultrasonic generator, was pumped 
into the chromatographic column at the highest possible flow 
rate. Columns were washed by passing 200 ml of methanol and fur- 
ther equilibrated with the mobile phase. Columns were refilled 
after 5-6 months of use. To maintain the integrity of the micro- 
particulate column a precolumn (70 x 4.6 mm i.d.; filled with 
Nucleosil 5 C 18) was placed between the pump and the injection 
valve. The precolumn was packed according to the same procedure 
as the analytical column. Analyses were performed at a flow rate 
of 60 mllh at room temperature. When supernatants of brain homo- 
genates were directly injected into the chromatograph, a guard 
column filled with reverse phase material (Chrompack; 75 x 2.1 mm 
i.d.) was placed between the injection valve and the analytical 
column. Material was injected with a high-pressure injection 
valve (Rheodyne) fitted with a 50-500 111 sample loop. Concentra- 
tions in brain samples were calculated with the aid of (linear) 
calibration curves obtained after the injection of pure standards. 
Recoveries of the various compounds were determined by analysing 
spiked brain tissue. If the Sephadex eluates had to be preserved 
till the next day, they were stored at 4°C. The chromatographic 
conditions for the various assays have been described earlier 
(9,10,11,12) and are summarized in Table 1. 

RESULTS AND DISCUSSION 

The necessity of Sephadex G 10 as purification step 

HPLC of catecholamines and related compounds is usually 
carried out with alkylsulphonate-containing mobile phases and a 
reverse phase column (1,2,3,4,5). Alkylsulphonates give the re- 
verse phase material cation-exchanging properties ("soap"-chroma- 
tography) and for this protonated catecholamines are strongly 
retarded on the HPLC column. Asmus and Freed (13) have described 
the use of trichloracetic acid (TCA) containing eluents as alter- 
native to the alkylsulphonates. TCA is thought to form ion-pair 
complexes with protonated catecholamines and these ion-pairs are 
retarded on the reverse phase material. It is our experience that 
the use of TCA-solutions results in a somewhat better chromato- 
graphic separation of the studied compounds when compared with 
eluents based on alkylsulphonates. Moreover the noise level of 
the detector signal was more favourable in the case of TCA-solu- 
tions. During this study we have developed a TCA-containing 
eluent which could be used for simultaneous assay of 6 compounds. 
When the pH of the eluent was 3.9 k 0.1, separation was achieved 
between NA, DOPAC, DA, 5-HIAAY HVA and 3-MT (Fig. 2). InFig. 2a a 
chromatogram obtained after direct-injection of a homogenate of 
str iatal tissue is depicted. 
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0 10 

Fig. 2 .  (a) Chromatogram of 40 mg s t r i a t a l  t i s s u e  a f t e r  d i r e c t  
i n j ec t ion  of centr i fuged homogenate. (b) Chromatogram of 48 mg 
s t r i a t a l  t i s s u e  a f t e r  i s o l a t i o n  on Sephadex G 10 ( route  I). 
(c)  Chromatogram of 42 mg hypothalamic t i s s u e  a f t e r  i so l a t ion  on 
Sephadex G 10. Chromatographic conditions:  mobile phase: 78% 0.1 
M TCA, pH 3.9, 22% methanol; flow 1.0 ml/min; 100 p1 sample loop; 
po ten t i a l  s e t t i n g  750 mV. 

It i s  c l e a r  from t h i s  f i gu re  t h a t  i n  case of s t r i a t a l  t i s s u e  the  
d i rec t - in jec t ion  method i s  acceptable f o r  quant i f ica t ion  of 
DOPAC, DA, 5-HIAA and 5-HT; but  not  f o r  NA. The 5-HT and 5-HIAA 
content i s  i n  the  same order  of magnitude throughout the  b ra in  
(Table 2),  which means t h a t  f o r  these compounds the  d i r e c t  injec-  
t i o n  technique i s  always the  method of choice. However, i n  seve- 
ral a reas  of the bra in  the  concentrations of DAY DOPAC and HVA 
are 20-100 t i m e s  lower than i n  the s t r ia tum (Table 2 ) .  When these 
amounts a r e  t o  be determined a t tenuat ion  of the de tec tor  s igna l  
t o  20-100 times t h a t  of Fig. 2 is necessary. Fig.  2 i nd ica t e s  
t h a t  a t  such a sens i t i ve  detector  s e t t i n g  the broad and t a i l i n g  
f r o n t  of t he  chromatogram w i l l  se r ious ly  d i s tu rb  the quant i ta t ion  
of DA, DOPAC and ( t o  a l e s s  ex ten t )  HVA. The q u a l i t y  of the  chro- 
matogram w a s  much improved when the  bra in  samples were pre t rea ted  
on Sephadex G 10 columns (Fig.  2b,c).  Note t h a t  quant i f ica t ion  of 
NA i s  now a l s o  poss ib le .  Only 5-HT cannot be determined a s  t h i s  
compound i s  s t rongly bound t o  the  Sephadex r e s in .  The assays of 
t he  NA metabol i tes  DOPEG and MOPEG a r e  o ther  examples of assays 
i n  which d i r e c t  i n j ec t ions  of homogenates cannot be used. Retar- 
dat ion on a reverse-phase column with TCA o r  alkylsulphonate is 
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not possible with alcoholic derivatives such as DOPEG or MOPEG. 
That pretreatment of samples on Sephadex G 10 is required for 
quantification of DOPEG is illustrated in Fig. 3a and 3b. Deter- 
mination of free DOPEG was achieved with a phosphate-acetate 
buffer (Table 1 ;  manuscript in preparation). The need of sample 
purification was also established for the determination of DOPEG 
sulphate, free MOPEG, MOPEG sulphate, DOPA and NM (results not 
shown). 

The procedure of purification of samples on Sephadex G 10 
columns is depicted in Fig. 1 .  Two different routes are possible. 
Route I, which was developed during this study, concentrates DA, 
NA, 3-MT, tyrosine (TYR), DOPAC, HVA and 5-HIAA in a relatively 
small fraction of 1.5 ml. DOPEG and MOPEG are not quantitatively 
recovered in this fraction, whereas chromatographic separation 
of NM, DOPA and interfering compounds was not complete. Route I1 
has been described in an earlier study (9). Purification via this 
route is more complete, as the r2thod affords two fractions. The 
first fraction contains the catecholamines, DOPEG and MOPEG. 
Endogenous levels of DOPA and NM can also be quantified from this 
fraction according to the appropriate chromatographic conditions 
(Table 1) .  The acidic metabolites are now found in a second 

i r  DA T 
1 ‘nA  
1 

vt 

3A 

1 I I I I I  I I I I I  1 1 1 1 1 ~ ~ ~ 1 1 1 1 1  
0 10 20 0 10 

mi n 

Fig. 3. 
injection of centrifuged homogenate. (b) Chromatogram of 60 mg 
striatal tissue after isolation on Sephadex G 10 (route 11). 
Chromatographic conditions: mobile phase citrate/phosphate buffer 
0.35 M, pH 5.8; 50 l.11 sample loop; flow 1.0 ml/min; potential 
setting 550 mV. 

(a) Chromatogram of 55 mg striatal tissue after direct 
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f r ac t ion .  Route 11, which i s  somewhat more time-consuming than 
route  I, r e s u l t s  i n  a b e t t e r  pu r i f i ca t ion  of bra in  samples. The 
ana ly t i ca l  recoveries  of both routes  w e r e  between 80 and 90%. 
In te rna l  standards w e r e  not used, From 18 r a t  b ra ins  we have ana- 
lyzed the b i l a t e r a l  s t r ia ta l  s t ruc tu res  with the  d i r e c t  i n j ec t ion  
method ( l e f t  s t r ia tum) and with the method including Sephadex G 
10 ( route  I ) ( r i g h t  s t r ia tum).  The r e s u l t s  (pg/g & S.E.M., n = l a ) ,  
were, DA: 9.7 f 0.4 ( l e f t )  and 9.7 & 0.3 ( r i g h t ) ;  DOPAC: 0.57 f 
0.03 ( l e f t )  and 0.55 f 0.02 ( r i g h t ) ;  HVA: 0.73 f 0.03 ( l e f t )  and 
0.68 k 0.03 ( r i g h t ) .  From these data  i t  is  concluded tha t  both 
methods y i e ld  similar recoveries .  

t ion  techniques cannot be used. The use of small Sephadex G 10 
columns i s  then an a t t r a c t i v e  a l t e rna t ive .  The e lua t e s  of t he  
Sephadex procedure cons is t  of r e l a t i v e l y  clean so lu t ions  and 
allow the  de tec t ion  of small amounts of compounds with minimal 
in te r fe rence  of o ther  b io logica l  substances. Pur i f ica t ion  on Sep- 
hadex G 10 is  possible  f o r  a t o t a l  number of 1 1  compounds. This 
v e r s a t i l e  appl ica t ion  i s  an advantage t o  cu r ren t ly  used purif ica-  
t i o n  methods such a s  alumina pretreatment,  ion-exchange chromato- 
graphy, o r  solvent-solvent ex t rac t ion  (6,7,8) ,  a s  the  l a t t e r  
methods a r e  r e s t r i c t e d  t o  catechol-containing compounds. A s  the  
columns can be used during many months and f o r  a va r i e ty  of as- 
says, they a r e  very su i t ab le  f o r  rout ine  determinations.  Handling 
of the  columns with the  help of automated p ipe t t e s  takes  only 
some seconds per column. New Sephadex G 10 mater ia l  may contain 
some compounds t h a t  i n t e r f e r e  with the chromatographic separat ion.  
These compounds disappear a f t e r  excessive washing of t he  r e s i n  o r  
during rout ine use of t he  columns. 

In  summary, t he re  a r e  several  condi t ions when d i r e c t  injec-  

Routine use of the  electrochemical de tec tor  

In  our laboratory the  HPLC i s  ca r r i ed  out  with a ro ta t ing-  
disk electrochemical de tec tor .  The rotating-disk de tec tor  pro- 
sesses  some advantages over the  widely used thin-layer cel ls  tha t  
a r e  of importance f o r  determination of compounds i n  the  pg-range 
(9) .  The ro t a t ion  of the  e lec t rode  r e s u l t s  i n  an increased sensi-  
t i v i t y  of t he  detect ion (by 250-600%, depending of the compound). 
The s e n s i t i v i t y  of t he  de tec tor  i s  i n  the  range of 3-6 nA/ng f o r  
the  compounds i n  t h i s  study (50-200 p 1  sample loop; r e t en t ion  
time less than 10 min). The most s ens i t i ve  s e t t i n g  during rout ine  
use was 2 nAIV. I f  we assume 1 %  of the  f u l l  scale  value a s  detec- 
t i o n  l i m i t ,  i t  means t h a t  0.01 x 2 nA = 20 pA can be detected.  
20 pA corresponds t o  3-7 pg per  in jec t ion .  When a 200 p l  sample 
loop is  used and assuming t h a t  t he  compounds are e lu ted  i n  1.5 
m l ,  i t  can be ca lcu la ted  tha t  1.5 

is the  detect ion l i m i t  of the method during rout ine use. The di-  

0.2 x (3-7) = about 25-50 pg/sample 
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l u t i o n  of t he  sample during the  Sephadex G 10 procedure i s  a li- 
mi ta t ion  of the  method. However, several  assays (HVA, 5-HIAA, 
3-MT) permit the  use of a 500 pl sample loop with v i r t u a l l y  no 
peak broadening. 

When pg amounts are t o  be detected,  spec ia l  a t t e n t i o n  should 
be given t o  the  following aspects :  

--When var ious mobile phases were compared, the  signal-to-noise 
l eve l s  var ied a s  follows: phosphate/ci t ra te  buf fer  = phosphate/ 
ace t a t e  buf fer  > t r i c h l o r a c e t i c  ac id  containing e luent  b alkyl-  
sulphonate containing e luent .  In  general  the  noise  level in- 
creased with a decreasing pH value.  It was of ten  not iced t h a t  a 
mobile phase of pH < 4 r e su l t ed  i n  an unstable  base l ine .  These 
base l ine  f luc tua t ions  ( i n  which the  pump-pulsation w a s  some- 
t i m e s  recognized) could be overcome by the addi t ion  of EDTA t o  
the  mobile phase ( f i n a l  concentration: M) . This ind ica t e s  
formation of Fez+ i n  the  HPLC equipment, probably caused by the  
r e l a t i v e l y  low pH of the  buf fer .  

--External sources of e l e c t r i c a l  noise  can ser ious ly  d i s tu rb  the  
base l ine  of the  de tec tor ,  e spec ia l ly  a t  a sens i t i ve  se t t i ng .  
This problem i s  usua l ly  overcome by placing e l ec t ron ic  f i l t e r s  
between the  HPLC equipment and the  mains supply. 

--The var ious p a r t s  of the  HPLC and de tec tor  equipment should be 
ear thed properly.  A Faraday cage around the de tec tor  should be 
used when the  ana lys i s  i s  i n  the  pg-range. 

--An unfavourable signal-to-noise l eve l  i s  not  always solved by 
repacking the  carbon pas te  e lec t rode .  A carbon e lec t rode  can be 
used during several  weekslmonths. A high res idua l  cur ren t  and 
an in s t ab le  base l ine  are indica t ions  t h a t  the  e lec t rode  needs 
repacking (when o ther  sources of base l ine  noise  are excluded). 

It should be noted t h a t  these precautions do not  prevent the  
f a c t  t h a t  o f ten  an inexpl icable  day-to-day f luc tua t ion  i n  the  
amount of e l e c t r i c a l  noise  w a s  not iced.  

Iden t i f i ca t ion  of small amounts i n  chromatograms 

Determination of compounds near t he  de tec t ion  l i m i t  usua l ly  
means quant i f ica t ion  of one of t he  smallest peaks i n  the  chromato- 
gram. It i s  therefore  of utmost importance t o  have s u f f i c i e n t  cer- 
t a i n t y  about the  iden t i ty  of t he  peak t o  be ca lcu la ted .  Apart 
from the  typ ica l  chromatographic behaviour, t he re  a r e  i n  general  
t h ree  poss ib le  ways t o  confirm the  iden t i ty  of these compounds. 
a)  Determinations of a voltammogram. Chromatograms of both a puri-  

f i e d  b ra in  ex t r ac t  and a standard so lu t ion  a r e  recorded a t  
various oxidat ion po ten t i a l s .  The s tudied compound and the  
au thent ic  one should have s imi la r  electrochemical behaviour. 
In  Fig.  4 the  electrochemical behaviour of endogenous DOPA, 
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Fig. 4 .  
ponse of au thent ic  DOPA, DOPEG, MOPEG and NM (open symbols) and 
on the  compounds i so l a t ed  from b ra in  t i s s u e  (closed symbols). 

Inf luence of t he  e lec t rode  po ten t i a l  s e t t i n g  on the  res-  

f r e e  DOPEG, f r e e  MOPEG and NM i so l a t ed  from the  b ra in  t i s sue ,  
i s  compared with corresponding standard solut ions.  The simila- 
r i t y  of t he  voltammograms supports t he  s p e c i f i c i t y  of t he  
assay. 

b) Catecholamines and r e l a t e d  amino ac ids  are retarded on Sepha- 
dex G 10 columns a s  ion-pair complexes with perchlorate  (9 ) .  
I f  b r a i n  samples a r e  homogenised i n  0.1 M H C 1  ins tead  of per- 
ch lo r i c  acid,  the former compounds do not  bind t o  the  Sephadex 
r e s i n  and disappear from the  chromatograms (acids  such a s  HVA, 
5-HIAA and DOPAC do not  requi re  perchlora te  and these  compounds 
remain i n  the  chromatogram). This method has  been used i n  our 
laboratory t o  support the  i d e n t i t y  of endogenous DOPA, NM and 
3-MT i n  b ra in  samples. 

pound i s  the  use of s e l ec t ive  enzyme inh ib i to r s .  Inh ib i t i on  of 
t he  enzymatic r eac t ion  can remove c e r t a i n  metabol i tes  from the  
bra in  (and subsequently from the  chromatograms). Concentrations 
of oxidat ive deaminated metabol i tes  such as DOPEG, MOPEG, 

c)  The most e legant  way t o  cont r ibu te  t o  the  iden t i ty  of a com- 
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Table 3. 

Effect of monoamine oxidase inhibition (75 mg/kg pargyline, i.p.1 
on the levels of the oxidative desarninated metabolites of DA and 
NA in the striatum of rats. Values are given in ng/g f S.E.M. (n). 

Compound time of pre- controls pargyline treated 
treatment with 
pargyline (h) 

DOPAC 1 873 f42 (5) 22 f 5.9 ( 3 )  

HVA 1 1044 f27 (5) 141 f14.6 ( 3 )  

free DOPEG 3 7.2f 0.5 (6) < 5  
total DOPEG 3 25.0f 0.5 (4) < 5  
free MOPEG 3 11.3f 1.8 (4) < 5  
total MOPEG 3 61 f 6.5 (6) 23.W 4.2 ( 3 )  

D A  

D A  

DOPEG I --- 
0 10 0 10 0 l o  

min 

Fig. 5. (a) Chromatogram of 64 mg hypothalamic tissue (50% of the 
sample). (b) Chromatogram of the remaining 50% of the same sample 
after thermic hydrolysis (lo', 100°C). (c) Chromatogram of 40 mg 
hypothalamic tissue after thermic hydrolysis ( lo ' ,  100°C). The rat 
was pretreated with pargyline.HC1 (100 mg/kg) for 3 hours. Chroma- 
tographic conditions: isolation on Sephadex G 10 (route II), HPLC 
conditions see legend to Fig. 3 .  
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DOPAC; HVA and 5-HIAA are considerably reduced after monoamine 
oxidase inhibition (Table 3). Fig. Sb shows the chromatogram 
of a brain extract after thermic hydrolysis. The hydrolysis 
induced a pronounced rise in the "DOPEG" peak (probably caused 
by hydrolysis of DOPEG-sulphate), but the chromatogram does 
not seem very reliable as various compounds eluted with reten- 
tion times near that of DOPEG. Pretreatment of the rat with a 
monoamine oxidase inhibitor (pargyline.HC1; 100 mg/kg), virtu- 
ally removed "DOPEG" from the chromatogram, thereby confirming 
its identity (Fig. 5'). 

Other pharmacological tools which can be used for identification 
of compounds are tropolone and reserpine. The catechol-0-methyl 
transferase inhibitor tropolone induces a selective and pronounced 
decrease (>  90%) in brain concentrations of'methylated metabolites 
such as 3-MT and HVA. Reserpine is known to deplete (> 90%) cate- 
cholamine, stores in nervous tissue. 
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