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HPLC DETERMINATION OF MONOAMINES IN 
RAT BRAIN AFTER ENZYMATIC TREATMENT 
WITH ASCORBATE OXIDASE AND SULFATASE 

M. Gary Hadfield and Christine Milio 
Neurochemistry Research Laboratory 

Depart rn en t of Pa tho logy 
Medical College of Virginia 

Virginia Common wealth University 
Richmond, Virginia 23298 

ABSTRACT 

The s imul taneous a n a l y s i s  o f  no rep inephr ine ,  dopamine and 
s e r o t o n i n  a long  w i t h  t h e i r  r e s p e c t i v e  m e t a b o l i t e s ,  MHPG, DOPAC and 
5HIAA i s  accomplished i n  r a t  b r a i n  by u s i n g  a r e c e n t l y  developed 
HPLC technique.  S u l f a t e d  MHPG i s  decongegated w i t h  sul f a t a s e  f o r  
d e t e c t i o n  purposes and endogenous ascorbate i s  d im in i shed  w i t h  
asco rba te  ox idase t o  reduce t h e  f r o n t .  

INTRODUCTION 

I n  r e f i n i n g  o u r  HPLC techniques f o r  t h e  s imul taneous 

d e t e c t i o n  o f  seve ra l  monoamines i n  mouse b r a i n  (1,2),  ascorbate 

ox idase was added t o  reduce t h e  s i z e  o f  t h e  f r o n t  ( 3 , 4 ) .  However, 

when t h i s  techn ique  was a p p l i e d  t o  t h e  r a t  b r a i n ,  t h e  l e v e l s  of 

asco rba te  were so h i g h  t h a t  t h e  f r o n t  obscured t h e  l o c i  where b o t h  

NE and MHPG shou ld  e l u t e  i n  t h e  chromatogram. Moreover, s i n c e  

MHPG i s  l a r g e l y  s u l f a t e d  i n  t h e  r a t  b r a i n ,  i t  cannot  be p r o p e r l y  

analyzed i n  t h i s  species w i t h o u t  p r i o r  enzymatic h y d r o l y s i s  ( 5 ) .  
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Because o f  t hese  problems, seve ra l  i n v e s t i g a t o r s  have foregone 

measurement o f  MHPG i n  r a t  b r a i n  t i s s u e  (6 -9 ) .  Th i s  has prevented 

t h e  accu ra te  assessment o f  t h e  no rad renerg i c  system under t h e  

exper imenta l  c o n d i t i o n s  se lec ted .  I n  t h e  p resen t  s tudy,  we a r e  

r e p o r t i n g  success fu l  a p p l i c a t i o n  o f  HPLC t o  t h e  a n a l y s i s  o f  

monoamines i n  r a t  b r a i n ,  i n c l u d i n g  MHPG. 

METHODS 

The p resen t  HPLC methodology and i t s  a p p l i c a t i o n  t o  mouse 

b r a i n  t i s s u e  have been r e p o r t e d  i n  d e t a i l  p r e v i o u s l y  (1-3)  b u t  

m o d i f i c a t i o n s  of t h e  e x t r a c t i o n  procedure were needed f o r  t h e  r a t  

b r a i n .  The c o n c e n t r a t i o n  o f  asco rba te  ox idase was inc reased  t o  2 

mg/ml due t o  t h e  h i g h e r  l e v e l s  o f  ascorbate i n  r a t  b r a i n .  I n  

a d d i t i o n ,  we employed s u l f a t a s e  Type H-5 (Sigma, S t .  Louis ,  MO) i n  

o r d e r  t o  l i b e r a t e  conjugated MHPG i n t o  i t s  f r e e  form so t h a t  i t  

c o u l d  be d e t e c t e d  under o u r  chromatographic c o n d i t i o n s .  We have 

f o l l o w e d  t h e  s u l f a t a s e  method o f  Warnoff ( 5 )  b u t  w i t h  a h i g h e r  

c o n c e n t r a t i o n  o f  s u l  f a t a s e  (15 mg/ml ) .  
The b r a i n s  were weighed, homogenized, and e x t r a c t e d  i n  200 I.I~ 

o f  a sodium a c e t a t e  b u f f e r  pH 5.0 (3.09 sodium a c e t a t e  and 4.3 m l  

g l a c i a l  a c e t i c  a c i d  p e r  1 i t e r )  c o n t a i n i n g  t h e  i n t e r n a l  s tandard  

(20 ng/ml 1P). The homogenate was f i l t e r e d  th rough  I s o l a b  m ic ro -  

columns (Akron, Ohio) d u r i n g  c e n t r i f u g a t i o n  (2,300 G/5 m in ) .  The 

f i l t r a t e  was d i l u t e d  i n  a 1:l r a t i o  w i t h  t h e  e x t r a c t i o n  medium and 

d i v i d e d  i n t o  two a l i q u o t s .  One a l i q u o t  was incuba ted  w i t h  25 u1 
s u l f a t a s e  a t  37°C f o r  3 hours, and then  coo led  i n  an i c e  b a t h  f o r  

one minute.  The o t h e r  a l i q u o t  d i d  n o t  r e c e i v e  s u l f a t a s e .  

Ascorbate ox idase was added t o  b o t h  a l i q u o t s  45 minutes p r i o r  t o  

t h e  f i r s t  i n j e c t i o n  so t h a t  t h e  r e a c t i o n  c o u l d  go t o  comp le t i on  

( a t  4°C). 

RESULTS AND DISCUSSION 

The chromatogram i l l u s t r a t i n g  t h e  s tandard  r u n  i s  d e p i c t e d  i n  

F ig .  1. It demonstrates t h e  r e s o l u t i o n  o f  e leven  compounds d u r i n g  

a p e r i o d  o f  l e s s  than  twen ty  minutes.  Note t h a t  NE i s  t h e  f i r s t  
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FIGURE I 
STANDARDS 

compound t o  emerge and t h a t  NE i s  f o l l owed  d i r e c t l y  by MHPG. I n  

F ig .  2, an ascorbate ox idase t r e a t e d  b r a i n  sample (septum), w i t h -  

o u t  s u l f a t a s e ,  i s  i l l u s t r a t e d  t o  demonstrate t h e  s e p a r a t i o n  o f  NE 

f rom t h e  f r o n t  and t h e  absence o f  d e t e c t a b l e  l e v e l s  o f  MHPG and 

DOPAC. F i v e  compounds a r e  de tec ted  and reso lved .  I n  F ig .  3, 

samples t r e a t e d  w i t h  s u l f a t a s e  r e v e a l  t h e  a d d i t i o n a l  presence o f  
MHPG (as a d i s t i n c t ,  measurable peak behind NE)  and DOPAC. 

I n  Table 1, t h e  va lues f o r  t h e  compounds analyzed i n  septa1 

t i s s u e  a r e  g i v e n  i n  ng/gm t i s s u e  before and a f t e r  s u l f a t a s e  hydro- 

l y s i s .  MHPG appears i n  t h e  s u l f a t a s e  t r e a t e d  samples i n  t h e  

amount o f  80 f 6.3'ng/gm t i s s u e .  

Note a l s o  t h a t  seve ra l  o t h e r  compounds t r e a t e d  w i t h  s u l f a t a s e  

a r e  a l t e r e d .  T h i s  may be due i n  p a r t  t o  s u l f a t e  decongegation b u t  

some o f  t h e  d i f f e r e n c e s  may be due t o  metabol ism caused by t h e  
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F IGURE 2 
WITHOUT SULFATASE T R E A T M E N T  

I 4 8 12 16 20 

MINUTES 

FIGURE 3 
WITH SULFATASE TREATMENT 
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TABLE 1 

COMPOUNDS NE MHPG DA DOPAC 5HT 5HIAA 

Wi thou t  S u l f a t a s e  280 - 143 - 54 31 
Treatment +20 - 213 - +11 k5.3 

Wi th  S u l f a t a s e  240 80  101 42 a2 248 
Treatment i30 k6.3 +13 +5 28.8 + l a  

i n c u b a t i o n .  Therefore,  one may w ish  t o  u t i l i z e  t h e  p r e i n c u b a t i o n  

va lues f o r  r e p o r t i n g  purposes, excep t  f o r  MHPG, and t o  s tandard i ze  

t h e  p o s t - i n c u b a t i o n  MHPG va lues by reduc ing  them t o  p r e d i c t e d  p re -  

i n c u b a t i o n  l e v e l s .  T h i s  can be accomplished by u s i n g  t h e  r a t i o  o f  

t h e  p r e - i n c u b a t i o n  and p o s t - i n c u b a t i o n  NE va lues as a r e d u c t i o n  

f a c t o r .  Never the less,  Warnhoff ( 5 )  r e p o r t s  t h e  p o s t - i n c u b a t i o n  

va lues f o r  a l l  compounds and t h i s  r e s u l t s  i n  complete u n i f o r m i t y .  

He a l s o  p rov ides  s e n s i t i v i t y  and s e l e c t i v i t y  va lues f o r  t h e  p re -  

sen t  s u l f a t a s e  techn ique  ( 5 ) .  

I n  conc lus ion ,  t h i s  HPLC method f o r  d e t e c t i o n  o f  monoamines 

and m e t a b o l i t e s  i n  r a t  b r a i n  t i s s u e ,  i n c l u d i n g  MHPG, shou ld  prove 

h e l p f u l  where t h e  simultaneous a n a l y s i s  o f  noradrenerg ic ,  dopami- 

n e r g i c  and s e r o t o n e r g i c  compounds i s  d e s i r e d  under i d e n t i c a l  

exper imen ta l  c o n d i t i o n s  i n  a s h o r t  p e r i o d  o f  t ime .  
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