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DETERMINATION OF BlOGENlC AMINES 
AND THEIR METABOLITES IN REGIONAL 

TISSUE OF MOUSE BRAIN BY HIGH 
PERFORMANCE L I  UID CHROMATOGRAPHY 

USING AN ULT s AVIOLET DETECTOR 

J U N K 0  KOMURA AND MICHIKO SAKAMOTO 
Department o f  Envirorrmerrlal Science 

Faculty o f  Pharmaceutical Science 
Hokuriktr Uiriversity 

No-3  Kaiiagatva-machi 
K ~ I I ~ z ~ w ~  920-1 I ,  Japan 

ABSTRACT 

A simple method based on high-performance liquid 
chromatography with ultraviolet detection using octadecyl column 
is described for the simultaneous determination of 
norepinephrine, epinephrine and dopamine levels in mouse brain. 
Mouse brain was dissected into seven regions, striatum, 
hypothalamus, cerebellum, cerebral cortex, hippocampus, midbrain 
and medulla oblongata. The supernatant of a tissue homogenate was 
injected directly into a column, omitting the commonly performed 
adsorption step. The influence of pH, addition of acetonitrile 
and ion-pair reagents on chromatographic performance was studied. 
Assay sensitivities were sufficient for at least 20 pg of the 
above compounds in a mouse brain sample. The procedure is also 
readily applicable to determination of metabolites of 
catecholamines and serotonin levels. 

INTRODUCTION 

Changes in the activity of adrenergic nervous system have 
been implicated in many nutritional, physical, toxicological and 
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1292 K O M U R A  A N D  S A K A M O T O  

pathological states [ 1 , 2 ] .  Three substances very important to the 

system are dopamine (DA), norepinephrine (NE) and epinephrine 

(E). Their functions are quite diverse, depending on where they 

are located in the organism. Procedures have been reported for 

catecholamine determinations based on high-performance liquid 

chromatography (HPLC) with either ultraviolet ( W )  radiation 

detection [3], W detection after sample extraction by n-butanol 

[ 4 ] ,  natural fluorescence detection and fluorescence detection 

with post-column 9-phthalaldehyde derivation [ 5 ]  or dansylation 

for fluorescence [ 61, or electrochemical detection (ECD) [ 7-91. 
However, natural fluorescence detection and UV detection are not 

sufficiently sensitive. Fluorescence detection by the post-column 

method is applicable only to primary amines and not their 

metabolites. Ultraviolet radiation detection and ECD are too 

complicated for routine analysis. 

The present paper describes a method based on the 

simultaneous assay of NE, DA, serotonin (5-HT) and their 

metabolites in a single analysis. The method requires minimal 

sample work-up and has sufficient sensitivity for the 

determination of these substances in discrete brain regions. 

Though for ECD, the surface of electrode must be polished about 

once a week, using a W detector, this method facilitates the 

analysis of catechol- and indoleamines, this being the most 

outstanding merit. 

MATERIALS 

Materials and their sources are as follows : 3,4- 

dihydroxybenzylamine (DHBA) (Aldrich, WI) ; homovanillic acid 

(HVA) and 3-methoxytyramine (3-MT) (Sigma, U.S.A.) : NE, E, DA 

and 5-HT (Tokyo Chem. Indust., Japan). One-heptane sulfonic acid 

(PIC B-7) and 1-octane sulfonic acid (PIC B - 8 )  was purchased from 

Waters (U.S.A. 1. 
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Chromatography was performed with a Model 510 liquid 

chromatograph (LC) (Waters) with a Lambda-Max Model 481 LC 

spectrophotometer (Waters), and was equipped with a 25 cm x 

4 . 2  nun i.d. Cosmosil 5 C column (particle size 5 pm) (Nacalai 

Tesque, Japan). The detector wave length was 280 nm. The mobile 

phase consisted of 0.1 M-citrate buffer (pH 3-5, ionic strength 

0.2) , acetonitrile (0-20%) and ion-pair reagents (0- 15 mM). The 

flow rate was maintained at 1 . 0  ml/min and the column 

temperature, at 30°C by water bath. 

18 

METHODS 

Male ddY strain mice ( 6  weeks, body weight 2 8 . 2  0.7 g) 

were killed by decapitaion. The brains were rapidly removed 

according to the method of Glowinski &. [ l o ] .  Sample 

preparation for chromatography was performed by the modified 

method of Magnusson et al. [ 7 ] .  For ana 

(10-50 mg) were weighed in conical 1.5 

solution (PCA solution, 200-500 1) of 0 

M sodium bisulfite, and the interna 
was pipetted into each tube, followed by 

ysis, pieces of tissue 

rnl test-tubes. A mixed 

1 M perchloric acid, 4 x 

standard DHBA (1 pg/ml) 

sonication at 200 W for 

about 10 sec on ice. The homogenate was centrifuged for 2 min at 

9,000 g. An aliquot of the supernatant was filtered (pore size 

0.45  pm). Fifty 1 of filtered solution were injected into the 

chromatographic column. 

RESULTS AND DISCUSSION 

The present method was developed to assess regional levels 

of catechol- and indoleamines in mouse brain. Peak symmetries 

were satisfactory at low pH but increased with pH, slightly for 
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PH 

Figure 1 

Mobile phase, 0.1 M citrate buffer. 
0, NE; 0 ,  E;  *, DHBA; A ,  DA; A, HVA; 0 ,  3-MT; ., 5-HT. Effects of p H  on capacity factors 

acids but greatly for the amines [ 7 ] .  Consequently, the influence 

of low-pH on chromatography was examined. The dependence of 
capacity factors on pH with neat aqueous mobile phases is showed 

in Fig. 1. The HVA capacity factor decreased with rising pH 
(Fig. 1). While most of the amines separated at pH 4 . 5 .  Thus, in 

subsequent experiments, pH 4.5 was used. 
The rather long retention times with neat aqueous buffer 

solutions decreased by the addition of acetonitrile. The elution 
order and selectivities did not change (Fig. 2 ) .  Early eluting 

endogenous peaks interfere with NE and E. The neat aqueous buffer 
solution increased the retention times of the amines by adding 
ion-pair reagents except HVA (Fig. 3 ) .  The addition of octane 
sulfonic acid to neat aqueous buffer prolonged more the capacity 
factors of NE and E than when heptane sulfonic acid was added. 

Octane sulfonic acid was thus used as the ion-pair reagent in the 
buffer. Separation of amines in the mobile phase (mixture of 
buffer, acetonitrile and octane sulfonic acid) depended primarily 
on the organic modifier (Fig. 4 ) .  Octane sulfonic acid was 
partitioned sufficiently in the column at 5 mM. 
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- 
k '  - 

A 

0.1 

0 5 10 15 20 ( v / v  % )  

Conc. of CH3CN 

Figure 2 

Mobile phase, 0.1 M citrate buffer (pH 4 . 5 )  and acetonitrile. 
0 ,  NE; 0 ,  E; f(, DHBA; A ,  DA; A ,  HVA; 0 ,  3-MT; ., 5-HT. Effects of acetonitrile proportions on capacity factors 

k' 

10 

1 

F 

Conc. of 1-heptane sulfonic acid Conc. of 1-octane sulfonic acid 

Figure 3 Effects of ion-pair reagents concentration on capacity 
factors 

Mobile phase, 0.1 M citrate buffer (pH 4 . 5 )  and ion-pair reagent. 
0 ,  NE; 0, E, :'(, DHBA; A ,  DA; A ,  HVA; 0 ,  3-MT; m ,  5-HT. 
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0 '  
A B C D 

C o m p o s i t i o n  of mobile phase 

Figure 4 Effects of mobile phase composition on capacity factors 

A 
B 
C 
D 
Bu 
0 

Buffer : CH CN = 95 
Buffer : CH3CN = 95 
Buffer : CH3CN = 97 
Buffer : CH3CN = 97 
fer , 0.1 M citrate 

NE;  0 , E; ;'', DHBA 

3 : 5 (v/v); 5 mM octane sulfonic acid. 
: 5 (v/v); 2.5 mM octane sulfonic acid. 
5 : 2.5 (v/v); 2.5 mM octane sulfonic acid. 
5 : 2.5 (v/v); 5 mM octane sulfonic acid. 
buffer (pH 4.5). 
A, DA; A ,  HVA; 0 ,  3-MT; I, 5-HT. 

Calibration curves of  standards in the present method were 

found to be linear (correlation coefficient : 0.999-0.995) from 

20 pg to 1 g with NE, E, DA, HVA, 3-MT and 5-HT per tissue 

sample. The detection limit of the standard solution of NE and E 
was 20 pg, DHBA, DA, HVA, 3-MT and 5-HT was 50 pg at 0.005 AUFS. 

Figure 5 shows the separation of pure standards of amines 

and typical chromatograms of sample extraction from the striatum, 

hypothalamus and midbrain. Using the PCA solution for extraction, 

arnine recovery was approximately 87  with 4% relative standard 

deviation. The amounts of biogenic amines found in the various 

brain regions are given in Table 1, and are essentially the same 

as those reported by ECD [ l l - 1 3 1 .  

The above results demonstrate the reproducibility and 

application of HPLC separation, based on UV detector, to 
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r i , I i i  

0 20 40  min 

Hypothalamus 

I 
r t i i i i  

0 20  4 0  m i n  

I I I I ' ,  

0 20 4 0  min 

Midbrain 

I l i l l i  

0 20 40 min 

Figure 5 Chromatograms of standard slution and tissue extracts 
from mouse brain 

Mobile phase, 0.1 M citrate buffer (pH 4.5) containing 
acetonitrile (2.5%) and octane sulphonic acid (5 m M ) .  0.005 A U F S ;  
4 mV per full scale. Standard solution contained 25 ng of N E ,  E ,  
DHBA, HVA and DA, and 50 ng of 3-MT and 5-HT. 
1, NE; 2, E; 3, DHBA; 4 ,  DA; 5, HVA; 6, 3-MT; 7, 5 - H T .  

Table 1 Regional Levels of Biogenic Amines in Mouse Brain 

DA N E  E HVA 5 - H T  3-MT 
(ng/g of wet weight) 

STR 4614t824 213t 9 88+ 3 538t131 82Ot 99 1061+234 
HT 2573 33 1647T195 78T33 153; 41 ND ND 
MB 209t 48 134; 5 53; 2 328; 19 1012t 2 ND 
cc 457; 91 172; 60 33; 6 153; 22 519; 63 ND 
HC 136; 9 371j 47 32; 3 ND 604; 19 ND 
CER 227; 13 3181 41 48; 1 41t 2 316; 23 312+ 1 
MO 143; 37 148+ 54 491 5 ND 9823146 480' 39 

mean S D ,  ND : not detected, n = 6. 
STR, striatum; HT,  hypothalamus; MB, midbrain; C C ,  cerebral 
cortex; HC,  hippocampus; C E R ,  cerebellum; MO, medulla oblongata. 
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1298 KOMURA A N D  SAKAMOTO 

measurement of major neuroactive monoamines and some of their 

metabolites. The adsorption procedure with alumina or ion- 

exchange resins is not required, greatly lessening the time for 

HPLC sample preparation. By the generally used W for the 
detection of amines, analysis can be started quickly. Moreover, 

operating and maintaining the equipment is easier than ECD. 
Though a single analysis run including 5-HT is less than 50 min, 
the method is suitable for analysis of biogenic amines. 

REFERENCES 

1. 

2 .  

3 .  

4 .  

5. 

6. 

7 .  

Curzon, G., Serotonin in Health and Disease : The Centra 
Nervous System, Essman, W. B., eds., Spectrum Publications 
New York, 1978, 2, p. 403.  

Murphy, D.L., Campbell, I. and Costa, J.L. 
Psychopharmacology : A Generation of Progress, Lipton, M. A., 
DiMascio, A. and Killam, K. F. eds., Raven Press, New York, 
1978, p.i235 

Mell, L.D. and Gustafson, A.B., Urinary Free Norepinephrine 
and Dopamine Determined by Reverse-Phase High-pressure Liquid 
Chromatography, Clin. Chem., 12, 473 ,  1977. 

Liu, H.-J., Sato, K., Shih, H.-C., Shibuya, T., Kawamoto, 
H. and Kitagawa, H., Pharmacologic Studies of the Central 
Action of Zopiclone : Effects on Locomotor Activity and Brain 
Monoamines in Rats, Int. J. Clin. Pharmacol., 12, 121, 1985 

Yui, Y. and Kawai, C., Comparison of the Sensitivity of 
Various Post-Column Methods for Catecholamine Analysis by 
High-Performance Liquid Chromatography, J. Chromatogr., 206, 
586, 1981. 

Tsuchiya, H., Tatsumi, M., Takagi, N., Koike, T., Yamaguchi, 
H. and Hayashi, T., Determination of Catecholamines in Rat 
Tissues by High-Performance Liquid Chromatography Using a 
Precolumn Fluorescence Labeling Method, J. Pharmacol. 
Methods, 11, 263,  1987. 

Magnusson, O., Nilsson, L.B. and Westerlund, D., Simultaneous 
Determination of Dopamine, DOPAC and Homovanillic Acid - 

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



BIOGENIC AMINES IN MOUSE BRAIN 1299 

Direct Injection of Supernatants from Brain Tissue 
Homogenates in a Liquid Chromatography-Electrochemical 
Detection System, J .  Chromatogr., 221, 237, 1980. 

8. Trouvin, J.H., Gardier, A., Gemayel, G.E1. and Jacquot, C., 
Rapid and Specific Determination of Serotonin, Its Precursors 
and Metabolites in Rat Brain Tissue by Liquid Chromatography 
with Electrochemical Detection, J. Liq. Chromatogr., lo, 
121, 1987. 

9. Peaston, R.T., Routine Determination of Urinary Free 
Catecholamines by High-Performance Liquid Chromatography with 
Electrochemical Detection, J. Chromatogr., 424, 263, 1988 

30f 10. Glowinski, J.  and Iversen, L.L., Regional Studies 
Catecholamines in she Rat Brain-I : The [ HI 
Norepinephrine, [ H] Dopamine and [3H] DOPA in Various 
Regions of the Brain, J .  Neurochem., 13, 655, 1966. 

Disposition of 

11. Buu, N.T., Duhaime, J., Savard, C., Truong, L. and Kuchel, 
O., Presence of Conjugated Catecholamines in Rat Brain : A 
New Method of Analysis of Catecholamine Sulfates, J .  
Neurochem., - 36, 769, 1981. 

12. Westerink, B.H.C., Analysis of Trace Amounts of 
Catecholamines and Related Compounds in Brain Tissue : A 
Study Near the Detection Limit of Liquid Chromatography 
with Electrochemical Detection, J. Liq. Chromatogr., 6, 
2337, 1983. 

13. Hadfield, M.G., Milio, C. and Narasimhachari, N., 
Simultaneous HPLC Analysis of Catecholamines and Indoleamines 
in Mouse Brain Tissue Following Acetate Extraction and 
Treatment with Ascorbate Oxidase, J. Liq. Chromatogr., lo, 
2439. 1987 

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


