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KOTAKE, C , T HEFFNER, G. VOSMER AND L SELDEN Determmatton ofdopamme, norepmephrme, serotonm 
and thetr major metabohc products in rat bram by reverse-phase ton-parr htgh performance hqu:d chromatography wtth 
ele~trochemtcal detectton PHARMACOL BIOCHEM BEHAV 22(1) 85-89, 1985--A method ts described for the 
separation and quant~tatlon of catecholammes, serotonm, and thetr major metabohtes wtth use of reverse-phase, ton-parr 
hquld chromatography wtth electrochemical detectton This method employs columns packed with a mtcroparticulate C-18 
resin, octyl sodmm sulfate as the ~on-pa~rmg agent, and ~socrattc elutlon wtth a cttrate-phosphate buffer containing 
methanol Conditions are described for the separatton of norepmephnne, normetanephnne, 3-methoxy- 
4-hydroxyphenylglycol, epmephrme, metanephrme, dopamme, 3,4-dthydroxyphenylacettc acid, homovamlhc actd, 
serotonm, and 5-hydroxymdole-3-acettc actd and for their quantltatton in extracts of rat brain ttssue 

H~gh performance hqmd chromatography Catecholamme analysts Serotonm Amine metabohtes 

THE use of high performance llqutd chromatography 
(HPLC) for the quantltatlon of b,ogemc amines has been 
described m a number of reports (e g., [5,8]). With use of 
reverse-phase ion-pair HPLC coupled with electrochemical 
detection, noreplnephrme (NE), dopamme (DA), serotonm 
(5-HT) and metabohtes of these compounds can be deter- 
mined m b,ologlcal tissues [2,9]. However, most avadable 
methods for the determmat,on of these compounds require 
preparative chromatographic procedures prior to apphcatlon 
of ttssue extracts onto a HPLC column Such methods re- 
qmre that several fractions from the ortglnal tissue extract be 
analyzed by separate HPLC procedures 

The purpose of the present study was to determine ff an 
HPLC method could be dev,sed which would permit quantl- 
tatlon of endogenous amines and metabohtes from homoge- 
nates of rat brain parts w~thout the use of extenswe prehm~- 
nary fractlonat~on procedures The method described em- 
ploys HPLC columns packed with a mlcropartlculate C-18 
resm, octyl sodmm sulfate as the ,on-pa~nng agent, and ~so- 
crat~c eluUon w~th a c~trate-phosphate buffer. Th~s method 
proved statable for the determination of NE, DA, 5-HT, epl- 

1Requests for reprmts should be addressed to L Selden 

nephrme (E), 3,4-dlhydroxyphenylacetlc acid (DOPAC), 
homovandhc acid (HVA), and 5-hydroxymdole-3-acetlc acid 
(5-HIAA) m deprotelmzed homogenates of rat hypothalamus 
or caudate putamen. The method may also be statable for the 
determination of normetanephrlne (NMN) and 3-methoxy- 
4-hydroxyphenylglycol (MHPG) m rat brain parts Although 
development of such chromatograms required 90 minutes, 
more rapid determinations could be achieved by separating 
the homogenate into two portions, the catechols were de- 
termined m one portion after alumina absorption whde 5HT, 
5HIAA and HVA were determined m the remaining portion 
with use of a mobile phase containing methanol. 

METHOD 

Chemtcals 

The following standards were purchased from the Sigma 
Chemical Co (St Lores, MO) d,l-norepinephrme (NE) hy- 
drochlorlde, 3-methoxy-4-hydroxyphenylglycol (MHPG) 
piperazme, d,l-normetanephrine (NMN) hydrochlonde, 
L3,4-dlhydroxyphenylalanme (DOPA), 1-epinephrine (E) 
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bltartrate, 3,4-dihydroxybenzylamlne (DHBA) hydrobro- 
mide, dopamlne (DA) hydrochlonde, 3,4-dihydroxy- 
phenylacetlc acid (DOPAC), homovanllhc acid (HVA), 
3-methoxytyramme (3MT) hydrochlorlde, serotonln (5-HT) 
creatlnine sulfate, 5-hydroxylndole-3-acetlc acid (5-HIAA), 
and d,l-metanephrine (MN) hydrochlorlde. Octyl sodium 
sulfate (OSS) was purchased from Eastman Kodak Co 
(Rochester, NY) Aluminum oxide (Woelm, activity grade l) 
was purchased from ICN Nutritional Biochemlcals (Cleve- 
land, OH) N-trls-hydroxymethyl-methylglyclne (Trlclne) 
was purchased from Sigma Chemical Co (St Louis, MO) 
All other chemicals were reagent grade and were purchased 
from Fisher Scientific Co (Pittsburgh, PA) 

Chromatography 

The chromatography systems consisted of Milton Roy 
mlmpumps (Milton Roy Co., Riviera Beach, FL) equipped 
with pulse dampeners (Bloanalytlcal Systems I n c ,  
Lafayette, IN), Model 7010 stainless steel sample Injectors 
(Rheodyne Co., Cotati, CA) equipped with 100 /zl sample 
loops, and stainless steel columns (2 50×4.6 mm) packed 
with RSIL, C18HL reverse phase resin, 5 micron particle 
size (Alltech Associates I n c ,  Deerfield, IL) The elec- 
trochemical detectors were purchased from Bloanalytlcal 
Systems Inc (Lafayette, IN) and consisted of Model LC-3 
amperometnc detectors, TL5 glassy carbon working elec- 
trodes, and RE-1 silver sdver chloride reference electrodes 
Peaks due to the oxidation of compounds in the column 
eluates were recorded on strip chart recorders (Model 355, 
Linear Instrument Corp ,  Irvme, CA) The working elec- 
trode was maintained at a potentml of +0.9 V relative to the 
reference electrode 

The mobile phase contained 125 mM citric acid, 125 mM 
sodium phosphate, 0.01% (w/v) ethylenediamine tetracetlc 
acid (EDTA) and OSS (10, 20 or 30 mg per hter). The pH of 
the mobile phase was 3 7, m some cases, the pH was ad- 
justed to 2 5 with phosphoric acid (85%) The mobile phase 
was passed through a fdter with 0 45/xm pores (Type HATF, 
Milhpore Corp , Bedford, MA) and was degassed under vac- 
uum In some cases, absolute methanol (degassed by sonl- 
cation) was added to the filtered, degassed mobde phase in 
place of equal volumes of water to provide concentrations of 
5, 7 5, l0 or 15% (v/v) methanol The mobde phase was 
pumped through the column at a rate of 1 ml per mln 

The HPLC columns were washed with 100 ml of absolute 
methanol and then with 100 ml of distilled, delonlzed water 
Adaptation of the columns to mobile phases containing OSS 
was accomplished by passing 1.5 hters of mobile phase 
through the columns For increasing the OSS concentration 
in the mobile phase, 1 liter of new mobile phase was passed 
over the columns, for decreasing the OSS concentration, the 
columns were washed in succession with 50 ml of water, 50 
ml of methanol, and 50 ml of water prior to adapting the 
columns to 1 5 liters of the new mobile phase Adaptation of 
the columns to a mobile phase containing methanol or to a 
change m the pH of the mobile phase was accomplished by 
passing 200 ml of the new mobile phase through the columns 

Tissue Preparatton 

Rats obtained from the Holtzman Co (Madison, WI) 
were sacrificed by decapitation and the brains were removed 
and rapidly dissected [4] to provide hypothalamus and cau- 
date putamen Brain regions were stored at -80°C until 
analyzed Brain tissue (30--50 rag, wet weight) was 

homogenized with use of a sonic tissue disruptor (Heat Sys- 
tems Inc , Melville, NY) in 1 ml of 0 4 N perchlorlc acid 
containing 0 05% (w/v) EDTA, 0 1% (w/v) sodium 
metabisulfite, and DHBA as an internal standard After cen- 
trffugatlon (20,000×g, 30 mln, 4°C), 100/zl of the supernat- 
ants were in some cases applied directly to the HPLC col- 
umns In other instances, catechols present in the supernat- 
ant were first Isolated with alumina [3] Ahquots of the 
supernatants (0 5-1 ml) were combined with 20 mg of ac- 
tivated alumina in 15 ml conical plastic tubes and the pH was 
adjusted to 8 6 with 0 1 M triclne containing 2 5% (w/v) 
EDTA and 2 1% (w/v) sodium hydroxide After mechan- 
ically shaking the tubes for 5 rain, the alumina was 
sedlmented by centnfugatlon (1000×g, 2 mln, 4°C) and the 
supernatant was aspirated and discarded The alumina was 
then washed three times with 5 ml of water by vortex mixing 
for 5 sec and aspirating and discarding the supernatant The 
catechols were eluted from the alumina in 150--500/xl of 0 l 
M phosphoric acid by shaking the tubes mechanically for 5 
mln After centrlfugatlon (1000×g, 2 mln, 4°C), the eluates 
were aspirated and stored at -80°C until analyzed The tis- 
sue pellets obtained after centrifugatlon of the homogenates 
were suspended in 0 1 M sodium hydroxide and protein was 
determined by the Biuret procedure [6] 

Calculations 

The amounts of amines eluted from the HPLC columns 
were calculated from comparisons between the heights of the 
recorded peaks from standards and tissue extracts Re- 
covery of compounds was estimated from the recovery of 
known amounts of DHBA added dunng tissue homogeniza- 
tion. Preliminary studies established that the recovery of 
each of the catechols from alumina was within 5% of the 
recovery of DHBA and that the recorded peak heights were 
proportional to the amount of sample applied to the columns 
The amounts of amines in tissue were corrected for re- 
coveries and were expressed as ng/mg of protein The reten- 
tion of the compounds by the HPLC columns was expressed 
in minutes 

RESULTS 

For each of three concentrations of OSS in the mobile 
phase (10, 20, or 30 mg per liter), retention was determined 
under five concentrations of methanol (0, 5, 7 5, 10, and 
15%, v/v) at each of two pHs (3 7 and 2 5) The presence of 
OSS in the mobile phase improved the resolution of the 
compounds examined Increasing the concentration of OSS 
from 10 to 30 mg per liter increased the retention times of 
most compounds by 38-69%, except for DOPAC and 
5HIAA, the retention times of which were relatively unaf- 
fected by this change, and MHPG and HVA, the retention 
times of which were slightly reduced (14-24%) by increasing 
amounts of OSS As shown in Fig 1, decreasing the pH from 
3 7 to 2 5 decreased the retention times of most compounds 
from 20-60%, with the exception that the retention time of 
DOPA was increased by 20% The addition of methanol to 
the mobile phase decreased the retention times of all com- 
pounds examined, increasing the methanol concentration 
from 0 to 15% (v/v), reduced retention times by 32-89% with 
the compounds that normally displayed the strongest reten- 
tion (MN, 5HIAA, 5HT, 3MT and HVA), and showed the 
greatest reduction in retention time in the presence of 
methanol Increasing the methanol concentration to 15% 
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TABLE 1 

CONCENTRATION OF CATECHOLS IN RAT BRAIN REGIONS DETERMINED WITH 
USE OF ALUMINA 

Tissue NE E DA DOPAC 

Hypothalamus 20 65 +- 0 84 0 92 _+ 0 10 2 33 ± 0 10 0.82 ± 0 06 
Caudate 2.97+_015 NM* 1069 ± 7 5  15 29± 1 13 

putamen 

*Not measurable 
The mobde phase contained 30 mg OSS per hter and no methanol, the pH was 2 5 An 

alumina eluate, m 0.1 M H3PO4, was reJected on the column 
Values represent the mean and S.E M,  expressed m ng per mg of protein, from 8 rats 
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FIG 1 The effect of increased pH on retenUon time is shown here 
for NE, E, DHBA, DA and DOPAC The mobile phase contained 20 
mg OSS per hter and no methanol Increasing the pH of the mobile 
phase from 2 5 to pH 3 7 results m increased retention times for all 
compounds but DOPA Although not dlustrated, an increased pH 
slmdarly affected the mobile phase systems containing 10 or 30 mg 
OSS/I and vanous concentrations of methanol. 

(v/v) or greater resulted m loss of  resolution for many com- 
pounds. 

The mobile phase best suited for the determmatmn of the 
catechols (NE, E, DHBA, DA, and DOPAC) m alumina 
eluates was a citrate-phosphate buffer (pH 2.5) containing 30 
mg OSS per hter, pH 2.5, without methanol. Lower amounts 
of OSS resulted in poor resolutmn of NE from the large 
solvent front obtained with use of t~ssue extracts as well as 
broadening of  later peaks due to DA and DOPAC. The mean 
(---S E.M.) recovery of  DHBA with use of the alumina pro- 
cedure was 64.2___4 2% for the caudate putamen (n=6) Typi- 
cal concentrations of catechols m brain tissue determmed 
w~th use of  the alumina procedure are shown m Table 1. 
Those values are m close agreement wtth previously re- 
ported values [5, 7, 9] including those determined m our 
laboratones with use of a radmenzymatlc assay procedure [4] 

For the determinatmn of DA metabohtes not ~solated wtth 
use of alumina as well as 5-HT and 5-HIAA, the supernat- 
ants from tissue homogenates were apphed dtrectly to HPLC 
columns adapted to a mobde phase containing 20 mg OSS 
per hter (pH 2 5) and 10% (v/v) methanol As shown m Fig. 
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DHBA 
OA 
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FIG 2 Thts chromatogram was obtained following direct mjecUon 
of caudate tissue homogenate Thirty two (32) mg of Ussue was 
homogemzed tn 1 ml 0 4 N PCA containing 200 ng DHBA The 
mobile phase contained 20 mg OSS/hter and 10% (v/v) methanol at 
pH 2 5 The flow rate was 1 ml/mln and the potential of the working 
electrode was maintained at +0 9 V relative to the reference elec- 
trode 

TABLE 2 

CONCENTRATION OF DA, 5-HT AND THEIR MAJOR METABOLITES 
IN RAT CAUDATE PUTAMEN 

DA DOPAC HVA 5-HT 5-HIAA 

Mean 112 0 17 28 9 37 3 77 4 92 
S E M  85 123 079 025 036 

The mobde phase contained 20 mg OSS per hter and 10% (v/v) 
methanol, the pH was 2 5 A supernatant from Ussue homogenate, m 
0 4 N HC104, was injected on the column 

Values represent the mean and S E M,  expressed mng per mg of 
protem, from 8 rats 

2, peaks corresponding to DHBA, DA, DOPAC, 5-HT, 
5-HIAA and HVA are resolved from other ldentLfied and 
umdent~fied peaks with use of  this mobile phase. Although 
5-HT and 3-MT are not resolved with use of this mobile 
phase, the low levels of 3-MT present in rat brain do not 
normally present a problem for the determination of 5-HT. 
The mean (---S.E M.) recovery of DHBA from the hypotha- 
lamlc and caudate tissue homogenates (n=6) was 87.3---3,9% 
and 86.0---4.7%, respectively. Typical concentraUons of the 
five compounds determined m rat candate putamen and 
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T A B L E  3 

CONCENTRATION OF NE, DA, 5-HT AND THEIR METABOLITES IN RAT HYPOTHALAMUS 

NE NMN MHPG E DA DOPAC 5-HT 5-HIAA 

Mean 25 62 0 46 0 08 1 08 2 40 0 96 7 33 6 12 
S E M  l 63 006  001 0 l0 0 16 084  047  037  

The mobile phase contained 30 mg OSS per hter (pH 2 5) without methanol A supernatant 
from tissue homogenate, m 0 4 N HCLO4 was rejected on the column 

Values represent the mean and S E M ,  expressed in ng per mg of protein from 8 rats 

h y p o t h a l a m u s  are s h o w n  m Tab le  2 T h e s e  va lues  are in 
a g r e e m e n t  wi th  p rev ious  r epor t s  [2, 4, 9, 12] 

A l though  the  c o n c e n t r a t i o n s  of  DA,  D O P A C ,  5-HT,  
5 - H I A A  and  H V A  in the  h y p o t h a l a m u s  could  be  d e t e r m i n e d  
wi th  use  o f  a mobi le  phase  con ta in ing  20 mg  OSS pe r  h te r  
(pH 2 5) and  20% me thano l ,  c o m p o u n d s  wi th  r e t en t i on  t imes  
s h o r t e r  t han  DA were  e i the r  not  r e so lved  f rom the  so lven t  
f ront  (NE,  E) or  were  not  r e so lved  f rom unident i f ied  peaks  
found  in t i ssue  ( N M N ,  M H P G )  In o rde r  to d e t e r m i n e  NE ,  
E, D H B A ,  DA,  D O P A C ,  5-HT,  5 - H I A A ,  and  H V A  m h s s u e  
ex t rac t s ,  the  s u p e r n a t a n t  f rom the  t~ssue h o m o g e n a t e  can  be 
d iv ided  into two  a h q u o t s  One  a l iquot  can  be used  for  the 
d e t e r m i n a t i o n  of  ca t echo l s  wi th  use of  a lumina ,  as desc r ibed  
a b o v e ,  while  the  o the r  a l iquot  can  be in jec ted  d i rec t ly  on to  a 
c o l u m n  adap ted  to a mobi le  phase  con ta in ing  10% me thano l  
for  the  d e t e r m i n a t i o n  o f  5-HT,  5 - H I A A  and  H V A  This  
m e t h o d ,  h o w e v e r ,  does  no t  p rov ide  for  the  d e t e r m i n a t i o n  of  
N M N ,  M H P G  and M N  In an  a t t em p t  to d e t e r m i n e  these  
c o m p o u n d s  in hypo tha l am l c  ex t rac t s ,  the  s u p e r n a t a n t  f rom a 
h y p o t h a l a m l c  h o m o g e n a t e  was  in jec ted  di rect ly  on to  a col- 
u m n  adap ted  to a mobi le  phase  con ta in ing  30 mg OSS per  
l i ter  (pH 2 5) w i thou t  m e t h a n o l  The  s t rong r e t en t ion  of  
H V A  by the  res in  adap ted  to this  mobi le  phase  resu l ted  in a 
late,  ve ry  b road  peak  wh ich  was  not  sui table  for  quan t l t a t lon  
of  this  c o m p o u n d  Table  3 shows  the  c o n c e n t r a t m n s  o f h y p o -  
tha lamlc  N E ,  E,  N M N ,  M H P G ,  DA, D O P A C ,  5-HT and  
5 - H I A A  d e t e r m m e d  in this  m a n n e r  These  values  are  m gen- 
eral  a g r e e m e n t  wi th  p rev ious  r epo r t s  [2, 4, 5, 7, 9, I l] The  
c o n c e n t r a t i o n  of  N M N  wi th in  the  h y p o t h a l a m u s  was less 
t han  the  sens i t iv i ty  of  this  a s say  p rocedure  

DISCUSSION 

The  p re sen t  resu l t s  d e m o n s t r a t e  the  sui tabi l i ty  o f  R S I L  

r eve r se -phase  co lumns  for  the  analys is  of  b logenlc  amines  in 
b ra in  t i ssue  The  sens i t iv i ty  of  th is  m e t h o d  was e s t ima ted  by 
d e t e r m i n i n g  the  a m o u n t s  of  s t anda rds  neces sa ry  to provide  
peaks  which  were  twice  the  height  of  the max imal  var ia t ion  
in base l ine  record ings  dur ing  ana lys i s  of  t issue samples  The  
e s t ima ted  sensi t iv i t ies  range  f rom 40-120 pg The  amine  and 
m e t a b o h t e  va lues  d e t e r m i n e d  in rat  bra in  h s s u e s  are in close 
a g r e e m e n t  wi th  p rev ious ly  pub l i shed  values  

A p rob lem with  the  p re sen t  me thod  is tha t  3MT can not  
be r e so lved  f rom 5-HT,  or  in some cases ,  5 - H I A A  While  the  
low levels  of  3MT p resen t  in bra in  permi t  the  accura te  
a s s e s s m e n t  of  t i ssue  levels  of  5 -HT and  5 -HIAA,  3MT itself  
can  not  be d e t e r m i n e d  wi th  use  of  any  of  the  mobi le  phases  
tes ted  A poss ible  m e t h o d  for  de t e rmina t i on  o f  3MT could 
involve  an  initial c h r o m a t o g r a p h y  p rocedure  to separa te  
5-HT and  5 - H I A A  from 3MT [9] 

The  p resen t  m e t h o d  appea r s  sui table  for the  de t e rmina -  
t ion of  a n u m b e r  of  c o m p o u n d s  in rat  bra in  t issue During 
rout ine  use for  amine  ana lyses  in ou r  labora tor ies ,  we have  
found  that  the  co lumns  are useful  for  4 -6  mon ths ,  wi th  oc- 
cas ional  r ep l acemen t  of  the  c o n t a m i n a t e d  resin on top  of  the 
co lumns  The  re t en t ion  t imes  of  the c o m p o u n d s  desc r ibed  on 
new co lumns  ( n = 2 0 )  v a n e d  on the  ave rage  of  6% These  
m e t h o d s  a p p e a r  to be appl icable  to the  de t e rmina t i on  of  
amines  and  the i r  m e t a b o h t e s  in the  cauda te  p u t a m e n  and  
h y p o t h a l a m u s ,  as well as in o the r  rat  bra in  regions  
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