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The development of high-performance liquid chromatography (HPLC), together with the introduction of 
electrochemical detectors (ED), has made the procedure of determination of monoamines and their precursors 
and metabol i tes  in brain samples weighing only a few mi l l ig rams  universal ly  available. Ear ly  studies [8, 9] 
were based on cation-exchange chromatography with g lass  or  metal columns 300-1000 mm long. The effec- 
t iveness of these columns for catecholamines was shown to be relat ively low. Columns packed w[th a re-  
versed  phase, in combination with a mobile phase containing an ion-pair  agent, were found to be much more  
suitable [2, 10]. 

To analyze monoamines  the wr i t e r s  have used a m[crocolumn version of HPLC which has several  ad- 
vantages, especial ly when tissue samples of small size are used [1]. The internal d iameter  of the stainless 
steel columns was 2 mm and their  length 60 or  120 ram. The eluant was supplied in some exper iments  by a 
"Du Pont 8800" pump (USA), in others  by means of a pump of syringe type with e lectromeehanical  drive from 
an MSFP-3 mic rospec t rophotomete r  (made by Novos[birsk Institute of Organic Chemistry,  Siberian Branch, 
Academy of Sciences of the USSR). The sample was introduced ei ther through a "Rheodyne 7124" injector 
(USA) or  through the sample introducing unit of the "Milikhrom" chromatograph.  

Concentrat ions of monoamines in the peaks were measured  by means  of an ED with g las s -ca rbon  work- 
ing surface of the cell. The cell was designed and made on the basis  of drafts  and f rom mater ia l s  descr ibed 
in the l i terature  [4, 5, 10]. The electronic  circui t  of the instrument  is s imi lar  to that given by Keller  et aI.[,~], 
with minor  modifications.  The g lass -ca rbon  plate was cut out of chemical  crucible g lass  of Soviet manufacture.  

In this paper  we examine the questions of packing the columns with sorbent, choice of stat ionary and mo- 
bile phases,  prepara t ion of specimens and standards, and reduction of the noise level during chromatography 
of monoamines  in brain samples weighing a few mil l igrams.  

S t a t i o n a r y  P h a s e  

We compared the proper t ies  of four types of sorbents:  L ichrosorb  RPt8 (from Merck, West Germany), 
Silasorb C18 and C 8 (from Lachema,  Czechoslovakia), and Nueleosil C 8 (Maeherey, Nagel, West Germany). All 
sorbents  had a par t ic le  d iameter  of 5 p. Analysis showed that for catechoiamines L ichrosorb  R Pt8 and Siia- 
sorb C18 have approximately identical proper t ies  for  use with eateeholamines.  Under selected conditions of 
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chromatography ,  without the use of an i on -pa i r  agent, they gave fa i r  revolut ion (height of t heo re t i ca l  p la te  be-  
tween 6 and 15 d i a m e t e r s  of sorbent  pa r t i c l e s ) .  The sphe r i ca l  sorbent  Nueleos i l  was 1.5 t i m e s  more  effect ive 
for  ca t eeho lamines  and had a column life 2-5 t imes  longer .  The sorbent  S i lasorb  C 8 occupies  an in t e rmed ia t e  
posi t ion as  r e g a r d s  qual i ty  of separa t ion  of amines .  The r eason  for  d i f f e r ences  in the p r o p e r t i e s  of the s o r -  
bents  is  probabIy a d i f ference  in the technologies  of product ion of the s i t i ea  ge l s  and the i r  modif icat ion.  

C o l u m n  P a c k i n g  

A 1% or  2% suspension of the sorbent  in acetone was poured  into a spec ia l  h i g h - p r e s s u r e  cy l inder  500 
mm long and 9 mm in d i ame te r ,  to the top pa r t  of which a well  washed column was fixed by means  of a con- 
ne t t ing  nut. The quanti ty of suspension poured in was chosen so that the weight of sorbent  in it was 10% 
g r e a t e r  than the weight of sorbent  introduced into the column (with a dens i ty  of about 1). Acetone was pumped 
through the cy l inder  and column f rom below upward with an NMC pump (Czechoslovakia)  at the ra te  of 0.5-3 
m l / m i n  under  p r e s s u r e  control .  When the p r e s s u r e  reached  about 200 aim the speed was chosen to be suffi- 
e ient  to mainta in  th is  p r e s s u r e .  Al together  60 ml of acetone was pumped through. Next, 30 ml of methanol  
was pumped through under a p r e s s u r e  of 300-350 atm. The column was washed under  the same p r e s s u r e  with 
a mix ture  of wate r  and methanol (121) and the p rocedure  ended with equi l ib ra t ion  of the column with the mo-  
bi le  phase,  i .e . ,  pumping through the eluant  for  1-2 h at the ra te  of 0.1-0.2 m l / m i n .  

N o b i l e  P h a s e  

A c e t a t e - c i t r a t e  buffer,  used as the mobile  phase,  was made up as  follows- 0.1 mole  of sodium ace ta te  
was d i sso lved  in 700 ml of b id is t i l i ed  water ,  and 100 m[ me[hanoi and 50 ml aee ton i t r i l e  were  added, followed 
by 2-4 m m o l e s  of sodium oetylsulfonate  and 0.05 mmole  EDTA. The pH was adjus ted  to 4.8 with c i t r i c  acid 
and b id[s t i l l ed  wate r  was added up to 1 l i t e r .  All  r e a g e n t s  were  of the h ighes t  g rade  of pur i ty .  After  p r e p a r -  
ation of the eluant  it was f i l t e r ed  through N i l l i p o r e  (USA) or  Synpor (Czechoslovakia)  f i l t e r s  with po re  s ize 
of 0.3-0.45 #. The day volume of eluant  was degassed  in vaeuo. 

Compar i son  of the p r o p e r t i e s  of the eluant  with the widely used phosphate buffer showed that  both have 
the i r  advantages  and d isadvantages .  A c e t a t e - c i t r a t e  buffer  has  a much lower  ED noise level .  Sens i t iv i ty  
during working with th is  buffer  is  a lmos t  th ree  t i m e s  higher .  However,  ace ta te  buffer  cannot be used at  pH 
value s below 4.2, because  the pK a for  ace t ic  acid is  4.75. This makes  i t  diff icult  to de t e rmine  some  of the p rod -  
ucts  of ca techolamine  metabo l i sm.  In our  case ,  however,  these  I imi ta t io~s  could be d i s r e g a r d e d  in favor  of 
the h igher  sens i t iv i ty .  The ion-pa i r  agent,  sodium octylsul fonate ,  was syn thes ized  and pur i f ied  by the 

method in [7]. 

L o w e r i n g  t h e  N o i s e  L e v e l  

Since contaminat ion of the eluant with m e t a l s  cons ide rab ly  i n c r e a s e s  de t ec to r  noise and l i m i t s  the sen-  
sitivity- of the method, reduct ion of contact  between eluant  and meta l  of the ch roma tog raph  is  ve ry  impor tant .  
It is  p a r t i c u l a r l y  impor tan t  for  microco lumn chromatography ,  in which the r a t e  of flow of the eluant  along 
meta l  channels  is  slow. To reduce noise,  the eluant  was atlowed to stand in the appa ra tus  for  16-15 h, and 
was then poured out with the column disconnected.  About once a week the sy s t em also was washed out with 
buffer with a high EDTA concentra t ion (10 m]VI). 

When push-pul l  pumps (Du Pont 8800 or  NNC)  were  used t~ supply the eluant,  a gas  d a m p e r  was f i t ted 
along the path of the eluant in o r d e r  to s u p p r e s s  the pu lsa t ions  to which the ED is  highly sens i t ive .  In i ts  de-  
sign the damper  cons is ted  of a h i g h - p r e s s u r e  tube in which a bubble of argon or  a i r  was c o m p r e s s e d  to the 

working p r e s s u r e  of the etuant. 

P r e p a r a t i o n  o f  S p e c i m e n  

The r a t s  were  decapi ta ted,  the b ra in  removed  in the cour se  of about 1 rain, and i m m e r s e d  for  2-5 sec 
in liquid ni trogen.  The sol id i f ied  t i s sue  was thawed to a state sui table  for  p r epa ra t i on  of s labs  1.5-2 mm 
thick, cut in the f ronta l  plane. The bra in  a r ea  of in te res t ,  identif ied by the a t l a s  [6], was cut out of the s l abs  
with a tube 1.8 mm in d i ame te r  with sharpened  edges .  The spec imen  was weighed and homogenized on an ice 
bath in 0.1 M p e r c h l o r i e  acid,  by means  of a UDTN-1 o r  MSE (England) u l t r a s o n i c  homogenize r .  The homo- 
genate was centr i fuged for  15-20 rain at  11,000 rpm on a K-24 centr i fuge (Eas t  Germany) .  The superna tan t  
was drawn off and 10-20 #1 of i t  was in t roduced d i r e c t l y  into the chromatograph .  In the next e xpe r i men t s ,  to 
i n c r e a s e  the column life,  the supernatant  was addi t ional ly  f i l t e r e d  by centr i fugat ion through a conical  f i l t e r ,  
packed with GFC g la s s  f i l t e r  m a t e r i a l  (What-man, England) by the method in [10]. 
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Fig. 1. Chromatograms  of mixture of s tandards (A) and 
tissue sample f rom amygdaloid complex weighing 9 mg 
(B). Abscissa,  t ime (in min); ordinate, response of de- 
tector  (in hA). 1} DOPA~ 2) dihydroxyphenylaeetie acid~ 3) 
5-hydroxytryptophan; 4) noradrenalin;  5) homovanillic 
acid; 6) 5-hydroxyindoleacetic acid; 7) dopamiae; 8) iso- 
proterenol  (internal standard); 9) 3-methoxytyramine;  10) 
serotonin, unidentified peaks marked by as ter isk .  Arrow 
indicates application of sample. Standards of homovanillic 
acid and isoprotereno[ were used in concentrat ions of 400 �9 
t0 -9 and 300" 10 -9 g /ml  respectively,  o thers  in a concentra-  
tion of 200" 10 -9 g /ml .  

S t a n d a r d s  

Concentrated solutions of standards were prepared in the proport ion of 1 mg of base to 1 ml of 0.1 M 
I-IC10 t and kept at - 70~ for up to 6 months. Solutions of working concentrat ions (200 ng/ml) were prepared 
every  2-3 days and kept at 2-4~ Isopropylnoradrenal in,  a synthetic preparat ion with the t rade name of 
"Izadrin" (isoproterenol) was used as the internal standard. The retention time of this substance is not the 
same as that of any of the substances in which we are interested, and it is therefore  very  convenient for  use 
to calibrate ehromatograms .  

The concentration of a substance in the sample was calculated by the equation: 

K s = H~a �9 H st 

~S where CSa and C'Sst denote concentrat ions of the test  substance in the sample and standards respectively;  Hsa 
and HSst the heights o f t hepeakso f  the substance in the sample and standards; HsS[ and I~s t the heights of the 
peaks of the internal standard in the standards and sample respect ively.  The change from CsSa to the concen- 
trat ion of the substance in the brain sample presents  no difficulty. 

Tr ia l s  of the system in use showed that resolution of the chromatograph is sufficient for isolating 8-10 
peaks of monoamines and their  p r e c u r s o r s  and metaboli tes (Fig. 1). The [inearity of the measurements  is 
not below 5% within the concentrat ion range 500-50,000 pg/m[.  Reproducibili ty is about 3-5~ of deviation of 
amplitude. Columns 120 mm long and with a volume of 400 pl can be used to analyze about 600 samples  re-  
quiring minimal preparat ion.  

Mierocolumn HPLC was thus found to be substantially more  suitable for  brain eateeholam[nes than the 
ordinary  method using columns 4.6 mm in d iameter  and 25 cm long from the standpoint of economy of sorbent 
and also of reagents  and time required to prepare  the eluant and samples.  
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