
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Rapid and Specific Determination of Serotonin, Its Precursors and
Metabolites in Rat Brain Tissue by Liquid Chromatography with
Electrochemical Detection
J. H. Trouvina; A. Gardiera; G. El. Gemayela; C. Jacquota

a Lab. Pharmacol. Fac. Pharmacie, Chatenay, Malabry, France

To cite this Article Trouvin, J. H. , Gardier, A. , Gemayel, G. El. and Jacquot, C.(1987) 'Rapid and Specific Determination of
Serotonin, Its Precursors and Metabolites in Rat Brain Tissue by Liquid Chromatography with Electrochemical
Detection', Journal of Liquid Chromatography & Related Technologies, 10: 1, 121 — 136
To link to this Article: DOI: 10.1080/01483918708074196
URL: http://dx.doi.org/10.1080/01483918708074196

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918708074196
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 10(1), 121-136 (1987) 
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SEROTONIN, ITS PRECURSORS AND 

METABOLITES IN RAT BRAIN TISSUE 
BY LIQUID CHROMATOGRAPHY WITH 

ELECTROCHEMICAL DETECTION 

J.  H. Trouviri, A. Gardier, G. El. Gemayel, 
and C. Jacquot 

Lab. Pharmacol. Fac. Pharmacie. 
F-92290 Chatenay-Malabry, France 

ABSTRACT 

A liquid chromatographic  analysis  with e lec t rochemica l  d e t e c t i o n  
i s  p r o p o s e d  f o r  s i m u l t a n e o u s  d e t e r m i n a t i o n  of f o u r  i n d o l s  (i.e. 
t ryptophan,  5-hydroxytryptophan, serotonin and 5-hydroxyindoleacetic 
acid) in var ious r a t  brain a reas .  Opt imal  e lut ion condi t ions have  been  
de termined  by s tudying chromatographic  p a r a m e t e r s  : pH, buf fer  sa l t ,  
c o u n t e r - i o n ,  o r g a n i c  m o d i f i e r .  E v e n t u a l  i n t e r f e r e n c e s  w i t h  t h e  
ca techolaminerg ic  compounds (i.e. norepinephrine, dopamine and  the i r  
major  metabol i tes )  known to b e  d e t e c t a b l e  in t h e  s a m e  conditions, have  
b e e n  e l i m i n a t e d .  T h e  s p e c i f i c i t y  o f  t h e  f o u r  indol  d e t e c t i o n  w a s  
d e m o n s t r a t e d  by chromatographic ,  e lec t rochemica l  and pharmacological  
proofs. 

INTRODUCTION 

Liquid chromatographic  methods  with e lec t rochemica l  d e t e c t i o n  

(LC-ECD) a r e  now widely accessible  for  laborator ies  in te res ted  in 
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TROUVIN ET AL. 122 

biogenic a m i n e  metabol ism studies. Various ana ly t ica l  procedures  have 

been descr ibed t h a t  permi t  s imultaneous quant i ta t ion  of ca techolamines  

and indoleamines, the i r  precursors  and  metabol i tes  mainly in brain 

t issues  (1, 2). Among t h e  d i f fe ren t  methods  proposed for  t h e  s tudy of 

indols a lone,  f e w  a u t h o r s  have  repor ted  on  t h e  specif ic i ty  of the i r  

methods  ( 3 ,  4). I t  is essential to  ver i fy  this  par t icu lar  point [even 

though LC-ECD improves t h e  spec i f ic i ty  (5, 6) compared  to U.V or 

f luor imet r ic  de tec t ion]  and  thus  to d e c r e a s e  t h e  in te r fe rence  risk. As a 

m a t t e r  of fact, s o m e  in te r fe rences  have been descr ibed ( I ,  7), which 

might  explain t h e  discrepancies  observed be tween t h e  endogenous levels  

of biogenic a m i n e s  repor ted  by d i f fe ren t  au thors  for t h e  s a m e  brain 

region. 

Among t h e  m o r e  obvious methods  which have been used in judging 

t h e  s p e c i f i c i t y  of a n e w  LC-ECD p r o c e d u r e  o n e  c a n  p r o p o s e  : 

* First, t h e  chromatographic  separa t ion  mechanism being one  of t h e  

f a c t o r s  of specif ic i ty ,  t h e  s tudy of t h e  chromatographic  behaviour of a 

compound in various elut ion condi t ions will confirm its ident i ty  (4, 8, 9, 

10). In t h e  s a m e  manner  t h e  addi t ion of small  a m o u n t s  of s tandard  

der iva t ives  in a brain sample  should not modify t h e  peak shape  but only 

increase  t h e  peak height  (1  I). 

* S e c o n d ,  e v a l u a t i o n  of t h e  e l e c t r o c h e m i c a l  r e s p o n s e  : f o r  t h e  

e lec t rochemica l ly  a c t i v e  subs tances  which could in te r fe r ,  no problem 

occurs  i f  the i r  half-wave potent ia l  is higher than  this  of t h e  s tudied 

compound. In t h e  o ther  case, a dual e lec t rodes  d e t e c t o r  will be  su i tab le  

(12, 13). For a given der ivat ive,  t h e  peak height will be  maximal  in a 

very narrow potent ia l  range, and t h u s  peak ident i ty  will be  usefully 

conf i rmed by s tudying t h e  e lec t rochemica l  response versus  applied 

poten t ia l  ( 3 ,  14). 

* Third, accord ing  to SALLER and SALAMA (14), a pharmacological  

proof of t h e  ident i ty  of t h e  s tudied peaks may be  obtained by using 

s o m e  substances inhibiting var ious e n z y m a t i c  s t e p s  of t h e  metabol ism 

p a t h w a y  i n  c e n t r a l  n e r v o u s  s y s t e m .  T h e  l e v e l s  of t h e  m e a s u r e d  

compounds vary in a predic tab le  manner  a f t e r  various drug  t r e a t m e n t s  
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SEROTONIN IN RAT BRAIN TISSUE 123 

(e.g pargyline, a monoamine oxidase inhibitor, will e l e v a t e  5-HT levels  

and  d e c r e a s e  t h e  levels  of its deaminated  metabol i te) .  The effects of 

t h e s e  substances on  t h e  endogenous levels, eva lua ted  by t h e  new 

method,  will have to be in a g r e e m e n t  with those  e x p e c t e d  (15, 16, 17). 

T h e  i n t e r f e r e n c e  r i s k  m a y  also b e  d e c r e a s e d  by s a m p l e  

p r e t r e a t m e n t  using e i t h e r  a lumina adsorpt ion,  or anion-exchange resin 

or sephadex ( I ,  18, 191, but this  purif icat ion s t e p  is time-consuming thus  

s o m e  a u t h o r s  have proposed a single perchior ic  deproteinizat ion before  

t h e  inject ion o n t o  t h e  chromatographic  column. 

The present  work was designed to propose a new LC-ECD procedure 

allowing t h e  s imultaneous de te rmina t ion  of four indol der iva t ives  : 

t ryp tophan  (Trp), 5 - h y d r o x y t r y p t o p h a n  (5-HTP) ,  5 - h y d r o x y t r y p t a m i n e  

(serotonin,  5-HT) and  5-hydroxyindoleacetic acid (5-HIAA) in cerebra l  

a r e a s .  T h i s  m e t h o d  wil l  h a v e  t o  b e  r a p i d  w i t h o u t  h a n d l i n g  a n d  

t ime-consuming purif icat ion s tep,  sensi t ive and  spec i f ic  enough to avoid 

predict ible  in te r fe rences ,  among 1 I ca techol  der ivat ives  well known to 

coexis t  with t h e  indols a n d  accura te l ly  d e t e c t a b l e  in r a t  brain a reas ,  

accord ing  to resul ts  so f a r  publLshed. 

MATERIALS AND METHODS 

Chemica ls  

All chemica ls  used in t h e  present  s tudy were  of ana ly t ica l  g rade  : 

EDTA-disodium salt (Titriplex III), potassium dihydrogene phosphate, 

sodium acetate and  c i t r i c  ac id  w e r e  purchased from Merck. The  mobile  

phases  A, 5 and C w e r e  prepared with bidistilled desionized water .  

Methanol (PROLABO, Paris)  and ace toni t r i le  (OSI) w e r e  for  liquid 

chromatography.  

All  t h e  s tandard  compounds : norepinephrine (NE), epinephrine (E), 

dopamine  (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), homovanillic 

ac id  (HVA), 3,4-dihydroxyphenylalanine (DOPA), normetanephrine (NMN), 

m e t a n e p h r i n e  (MN),  4 - h y d r o x y ,  3 - m e t h o x y p h e n y l g l y c o I  (MHPG),  

3-methoxytyramine (3-MT), L - t r y p t o p h a n  (Trp) ,  5 - h y d r o x y t r y p t o p h a n  
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124 TROUVIN ET AL. 

(5-HTP), 5-hydroxytryptamine (serotonin, 5-HT), 5-hydroxyindolacetic 

a c i d  (5-HIAA) a n d  rc-hydroxy, 3 m e t h o x y m a n d e l i c  a c i d  (VMA) w e r e  

obta ined  from SIGMA. L-cystein used as ant ioxydant  was  of cel l -cul ture  

qual i ty  (SIGMA). Ion-pairing reagent  was  heptane  sulfonic ac id  in acetic 

solut ion f rom WATERS (Pic  B7). Pargyl ine hydrochloride used as a 
pharmacological  tool  was f rom SIGMA. 

Appara tus  

T h e  LC-ECD a p p a r a t u s  consis ted of a BECKMAN A-I12 solvent  

del ivery sys tem,  a n  a u t o m a t i c  injector  (1%-100, Perkin-Elmer) with a 

r e f r i g e r a t e d  t ray ,  a s ta inless-s teel  column ( 1 5 0 ~ 4 . 5  mm) packed with a 

5pm regular  par t icu la te  bonded-phase ODS (Ultrasphere,  BECKMAN). 

T h e  e l e c t r o c h e r n i c a l  d e t e c t i o n  w a s  p r o v i d e d  by a g l a s s y  c a r b o n  

e l e c t r o d e  versus  a n  Ag/AgCI r e f e r e n c e  e l e c t r o d e  (MET ROHM ED 666). 

T h e  p o t e n t i a l  w a s  set  a t  +0.8 v o l t  u s i n g  a METROHM VA 1 3 5  

poten t ios ta t  and t h e  d e t e c t o r  sensi t ivi ty  at 1 nA full sca le  def lect ion.  

Mobiles Phases  

Throughout this  study, various mobile phase composi t ions w e r e  

used. The  modif icat ions included t h e  following changes  : 

- presence  or a b s e n c e  of counter-ion (P ic  B7) 

- variat ions of pH values  in t h e  range  3.5 - 5.4, 

- n a t u r e  and  molar i ty  of t h e  buffer  sa l t  (1.e. phosphate, acetate or 

c i t ra te ) .  

- n a t u r e  and  proportion of t h e  organic  modifier (1.e. a c e t o n i t r i l e  or  

methanol), 

The  mobile  phases w e r e  f i l t e red  through a 0.45 pm f i l te r  (MILLIPORE) 

and  degassed by vacuum aspiration. 

phase A : th i s  modera te ly  fast elut ion solvent, used for  t h e  separa t ion  

of t h e  e n d o g e n o u s  a m i n e r g i c  d e r i v a t i v e s  w a s  a n  a d a p t a t i o n  of a 
previously descr ibed method (2) : a binary mixture  of K H 2 P 0 4  O.IM, 

containing EDTA O.lmM and sodium h e p t a n e  su l fona te  5mM (Pic  B7), 

with methanol  (92,5/7,5 V/V). pH was adjusted at 3.75 and t h e  f low-ra te  

main ta ined  at Iml/min.  
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SEROTONIN IN RAT BRAIN TISSUE 125 

phase B : th i s  phase was a mixture  of 90 volumes of K H  PO 0.2M, 

containing EDTA O.lmM and 10 volumes of methanol. pH was  adjusted 

at 5.4 and  t h e  flow r a t e  set at I ml/min. 

phase C : th i s  e lut ion solvent  was a mixture  of CH3COONa O.1M and 

K H 2 P 0 4  O.IM containing EDTA O.lmM ( 9 7  volumes) and  ace toni t r i le  ( 3  

volumes). pH was adjusted at 5.4 and  t h e  flow rate was maintained at 

I mI/min. 

T h e  re ten t ion  t i m e  (RT) of e a c h  der iva t ive  injected a l o n e  or  in a 

m i x t u r e  s o l u t i o n  w a s  r e c o r d e d .  K' v a l u e s  ( c a p a c i t y  f a c t o r l w e r e  

c a l c u l a t e d  a n d  e x p r e s s e d  a s  : (RT-TO)/TO w i t h  TO= void  v o l u m e .  

2 4  

Application of t h e  Method 

Quant i ta t ion  of ca techolaminerg ic  and indolaminergic compounds 

in  r a t  c e r e b r a l  a r e a s  w e r e  p e r f o r m e d  u s i n g  a m e t h o d  p r e v i o u s l y  

descr ibed which involved a rapid preparat ion of t h e  cerebra l  a r e a  

d issec ted  and f rozen  at - 8 O O C  until t h e  assay. For t h e  assay,  t h e  brain 

s a m p l e  w a s  h o m o g e n i z e d  in  a p e r c h l o r i c  m e d i u m  ( H C L 0 4  0.2N) 

containing EDTA 0.1%, Na S 0 0.1% and I-cystein 0.1% as ant ioxydant  

(20). A cent r i fuga t ion  al lowed to obta in  a limpid superna tan t  which was  

in jec ted  o n t o  t h e  chromatographic  column with mobile phase C as 

e l u e n t .  S t a n d a r d  s o l u t i o n s  w e r e  i n j e c t e d  a t  c o n s t a n t  i n t e r v a l  f o r  

ca l ibra t ion  of t h e  system. 
F o r  t h e  eva lua t ion  of t h e  pharmacological  effects of pargyline, r a t s  

w e r e  given 75 mg/kg in sal ine solution (1.p. route)  and killed 2 hours 

a f t e r  adminis t ra t ion.  Indol der iva t ives  w e r e  assayed in hypothalamus,  

hippocampus, s t r i a t u m  and  cor tex .  

2 2  5 

RESULTS AND DISCUSSION 

Chromatographic  Condit ions 

Mobile phase A s e p a r a t e d  a mixture  of 15 compounds. As showed 

in f igure 1, t w o  compounds were  e lu ted  in t h e  solvent  f ront  and  13 

der iva t ives  were  s e p a r a t e d  within 30 minutes. This mobile phase is very 
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F I G U R E  1 : C h r o m a t o g r a m  o f  a s t a n d a r d  m i x t u r e  
c o n t a i n i n g  c a t e c h o l  a n d  i n d o l  d e r i v a t i v e s .  

Chromatographic c o n d i t i o n s  : mobi le  phase A, Im l /min .  
D e t e c t i o n  0.85v, InA f u l l  sca le .  
0.4 ng of each compound were i n j e c t e d ,  except 8 ng f o r  Trp. 

6= DA., 9= 5-HIAA., 10= HVA., 11= Trp., 12= 3-MT., 1 3  = 5-HT. 
L-DOPA and VMA were i n  s o l v e n t  f r o n t .  

I =  MHPG., 2= NE., 3= E., 4= 5-HTP., 5= NMN., 6= DOPAC., 7=MN., 
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ef f ic ien t ,  however, it could be  in te res t ing  to  s e p a r a t e  only t h e  indols, 

without  i n t e r f e r e n c e  with t h e  c a t e c h o l s  present  and d e t e c t a b l e  in t h e  

sample. Thus modif icat ions of mobile phase A have been performed.  

* E f f e c t  of PIC 8 7  

The  inf luence of PIC 8 7  w a s  displayed by t h e  RT modif icat ions of e a c h  

s tudied compound. Absence of PIC B7 increased t h e  re ten t ion  t i m e s  of 
t h e  ac id ic  metabol i tes  (DOPAC, 5-HIAA and HVA) whereas  it decreased  

those  of t h e  a m i n a t e d  der iva tes  (NE, DA and 5-HT). 5-HTP and T r p  had 

spec i f ic  behaviour, probably due  to t h e  amino-acid s t r u c t u r e  of t h e s e  

compounds ( tab le  1). With mobile  phase A, containing PIC B7, t w o  indols 

(5-HT and  Trp) a r e  t h e  l a t e s t  e l u t e d  compounds. Thus, mobile phases  

without  PIC B7 w e r e  used to shor ten  t h e  t o t a l  analysis t i m e  of t h e s e  

four  indols without  modifying t h e  elut ion order. 

TABLE I 

E f f e c t  of PIC 8 7  on  Capac i ty  F a c t o r  (K') Values of Catechols  and  
Indols 

K '  = RT-TO/TO with TO = void volume RT = re ten t ion  t ime.  
Chromatographic  condi t ions : K H 2 P 0 4  O.IM + C H 3 0 H  7.5%, pH 3.75 
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128 TROUVIN ET AL. 

F I G U R E  2 : E f f e c t  o f  t h e  m o b i l e  p h a s e  pH o n  c a p a c i t y  
f a c t o r  ( K ' )  o f  f o u r  i n d o l  d e r i v a t i v e s  and  t w o  i n t e r f e r e n t  
c a t e c h o l s  . 
Chromatographic  c o n d i t i o n s  : KH2P04 0.1M 92.5% + Methanol  7.5%, 
f l o w  r a t e  = Iml/min.  

* pH effects 

pH effects w e r e  invest igated without  counter-ion in t h e  mobile  phase. 

pH grea t ly  affects t h e  K' values  and  t h e  elut ion order  : in t h e  pH range  

3.75 - 5.4, according to t h e  pKa values  of t h e  carboxyl ic  groups, t h e  

re ten t ion  t i m e s  of t h e  ac id ic  metabol i tes  (5-HIAA, DOPAC and HVA) 

d e c r e a s e d  with increasing pH. Moreover, we  observed t h a t  t h e  K '  values  

of t h e  hydroxylated compounds as well as t h e  a m i n a t e d  (5-HT, DA, 

NMN, and MN) w e r e  slightly a f f e c t e d  by pH variations. For t h e  indols, 

pH e f f e c t s  w e r e  obvious for  5-HIAA (fig. 2) and with phase B, a t  

pH 5.4 t h e  separa t ion  of t h e  indols was a c h i e v e d  in t h e  following 

order  : DOPAC/5-HTP, 3-MT, 5-HT, 5-HIAA and Trp/HVA. But even  

though th is  phase B allowed rapid separat ion,  t h e  specif ic i ty  was not  

achieved s ince  DOPAC was  s t l l l  coe lu ted  wlth 5-HTP and  HVA with 

Trp. 
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* E f f e c t  of buffer  s a l t s  

The  separa t ion  of indolic compounds o n  t h e  C18 bonded-phase co lumn 

depended on  t h e  ionic s t r e n g t h  and on t h e  n a t u r e  of t h e  buffer  sa l t  in 

t h e  medium. Moreover, s a l t  is necessary to  allow e lec t rochemica l  

response. In order  to modify t h e  molar i ty  of t h e  mobile  phase B, w e  

a c t e d  on  t h e  amount  of KH2P04 .  Increasing t h e  mobile phase ionic 

s t r e n g t h  in t h e  range  0.1-0.2 M did not affect t h e  elut ion order  but  

slightly a c c e l e r a t e d  t h e  elut ion of 5-HT and improved t h e  resolut ion f o r  

5-HT and  5-HIAA. When w e  modified t h e  na ture  of t h e  buffer  sa l t  

( tab le  111, with sodium acetate a f a s t e r  separa t ion  and  a modif icat ion in 

t h e  elut ion order  of 5-HT and  5-HIAA w e r e  obtained. Thus this  sa l t ,  

combined with potassium phosphate  was  chosen for  t h e  next  analysis. 

But, e v e n  with th i s  new combinat ion DOPAC/5-HTP still coeluted.  

* E f f e c t  of organic  modif ier  

As indols a r e  re la t ively non-polar compounds, t h e  addi t ion of var ious 

amount  of organic  modif ier  was  a b l e  to modify RT. T h e  indol c a p a c i t y  

f a c t o r s  decreased  as t h e  concent ra t ion  of methanol  or a c e t o n i t r i l e  

increased. However, t h e  methanol  proportions affect t h e  re ten t ion  of all 

TABLE I1 
E f f e c t  of Buffer  Sal t  Nature  on  K' of Indols and Catechols .  

Chromatographic  condi t ions : buffer  s a l t  91°/0, C H 3 0 H  9%, pH 5.4 
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-------____c_ lo - ,  
3 5 % CH3CN 9 

F I G U R E  3 : E f f e c t  o f  ace toni t r i le  p r o p o r t i o n s  i n  t h e  
m o b i l e  p h a s e ,  o n  t h e  c a p a c i t y  f a c t o r s  ( K ' )  o f  f o u r  
i n d o l  d e r i v a t i v e s .  

C h r o m a t o g r a p h i c  c o n d i t i o n s  : ( K  H 2 P 0 4  0.1 M / a c e t a t e  0. IM) x% 
+ a c e t o n i t r i l e ,  pH= 5.4, flow r a t e  = 1 ml/min.  
To = so lvent  f ront .  

t h e  compounds in t h e  s a m e  d i rec t ion  without  modifying t h e  elut ion 

order .  To improve t h e  separat ion,  w e  changed t h e  n a t u r e  of t h e  organic  

modif ier  and  worked with ace toni t r i le .  Firs t ,  we  have compared  t h e  

effect of a c e t o n i t r i l e  and methanol  in t h e  s a m e  proport ion (9%) and 

inves t iga te  t h e  effects of various proport ions of a c e t o n i t r i l e  (fig. 3). 
Like FEENSTRA et al. (21), w e  have noted with ace toni t r i le  a d e c r e a s e  

by 50% of all RT and  a modif icat ion in t h e  elut ion order. In t h e  

opt imized  condi t ions (phase C), t h e  a c e t o n i t r i l e  proport ion was  reduced 

t i l l  3% (fig. 4). 

By modifying t h e  d i f fe ren t  p a r a m e t e r s  of t h e  mobile phase we 

obta ined  a n  elut ion solvent  which insure t h e  separa t ion  of t h e  four  

indols in less  t h a n  1 4  minutes ,  with a good specif ic i ty .  In fact, most  of 

t h e  c a t e c h o l  der iva t ives  presents  in t h e  tes t -mixture  a r e  e lu ted  in t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEROTONIN IN RAT BRAIN TISSUE 131 

INDOLS 

11 

8 

10 12 

CATECHOLS + INDOLS 

6 4  

1 

5 10 15 5 10 15 5 10 15 

F I G U R E  4 : C h r o m a t o g r a m s  o f  s t a n d a r d  m i x t u r e s  
c o n t a i n i n g  e i t h e r  i n d o l s  o r  c a t e c h o l s  o r  b o t h .  

Chromatographic  c o n d i t i o n s  : m o b i l e  phase  C ,  f l ow  r a t e  = Iml/min.  
D e t e c t i o n  set  a t  0 .8v ,  InA f u l l  scale .  
Q u a n t i t i e s  i n j e c t e d  and number meaning are g i v e n  i n  F i g . 1 .  
1 4  = 3-0-methylDOPA (0.4 ng). 

solvent  f r o n t  and solely 3 minor c a t e c h o l  metabol i tes  ( M H P G ,  HVA and 

3-MT) a r e  stiIl present  in t h e  chromatogram.  However ,  t h e s e  t h r e e  

compounds did not dis turb t h e  analysis  s ince they usually a r e  d e t e c t e d  

as t r a c e s  in  f e w  b r a i n  a r e a s  ( 7 ) .  T h e  5-HTP p e a k  is  c l e a r l y  

dis t inguishable  f rom t h e  solvent  f ront  and 5-HT a p p e a r s  to be  f r e e  f r o m  

3-MT in te r fe r ing  peak. 

Elec t rochemica l  Detec t ion  Study 

T h e  response of t h e  e lec t rochemica l  d e t e c t o r  depends on  t h e  

appl ied vol tage  and on t h e  n a t u r e  of t h e  compound being oxidized. The 
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c a t e c h o l s  (NE, E, DA, DOPAC) and  5-hydroxylated indols (5-HTP, 5-HT 

and  5-HIAA) a r e  readi ly  oxidized at 0.65 volt. At  th i s  vol tage,  t h e  

3-Omethoxylated metabol i tes  (MHPG, NMN, MN, 3-MT and HVA) d o  not  

a p p e a r  but  show maximum response at 0.85 vol t  (7). The hydroxyindols 

give a highest response at 0.85 vol t  whereas  t h e  ca techols  r e a c h  a 

p la teau  in the i r  vo l tammograms ( 7). Tryptophan,  compound of in te res t ,  

g ives  no response at poten t ia l  less t h a n  0.85 volt and has  no l imit  

c u r r e n t  at potent ia l  up  to 1,l vol t s  (5).  Then to choose t h e  right 
potent ia l ,  o n e  must  consider  t h e  d e t e c t i o n  potent ia l  of t h e  s tudied 

compounds. If t h e  chosen potent ia l  is low enough, f e w  in te r fe r ing  

subs tances  will be  co-de tec ted ,  but enhancing potent ia l  decreases  t h e  

specif ic i ty  and  increases  i n t e r f e r e n c e  risk. 

By s e t t i n g  t h e  d e t e c t o r  potent ia l  at d i f fe ren t  vol tages  and  studying t h e  

e lec t rochemica l  d e t e c t i o n  response, addi t ionnal  d e g r e e s  of spec i f ic i ty  

a r e  obtained.  W e  have  measured  t h e  peak height of t h e  indol der iva t ives  

in a s tandard  mixture  and  in brain a r e a s  (hypothalamus,  hippocampus, 

s t r i a t u m  and  cor tex)  at  t w o  d i f fe ren t  po ten t ia l  levels (0.65 and 0.85 

volt). The c u r r e n t  (peak height  h) ob ta ined  at t h e  most  positive vol tage  

is divided by t h e  response (h') obtained at  t h e  lower vol tage,  yielding to 

t h e  c u r r e n t  ra t io  h/h'. This ra t io  must  b e  ident ic  for  e a c h  indol 

measured  in t h e  biological samples ,  compara t ive ly  with t h e  r e f e r e n c e  

compound. The  resul ts  a r e  presented  in t a b l e  111. 

The e lec t rochemica l  d e t e c t i o n  showed maximum response at t h e  s a m e  

oxidat ive potent ia ls  in t h e  samples  and  s tandard  mixture .  Thus, t h e  h/h' 

r a t i o s  pr int  o u t  t h e  specif ic i ty  of t h e  descr ibed method by confirming 

t h e  ident i ty  of t h e  compound. As e x p e c t e d  f rom f e w  authors  (3, 4, 14), 
T r p  was  weakly d e t e c t a b l e  at t h e  usual working potential(0.85 vol t )  and  

should required higher applied vol tage  for  a b e t t e r  d e t e c t i o n  response. 

But such a poten t ia l  may increase  t h e  e x t e n t  of in te r fe r ing  compounds 

in t h e  chromatograms.  Moreover, in brain a reas ,  Trp  levels a r e  10 t i m e s  

higher than  t h e  o t h e r  indols and thus, e v e n  with a weak response, this  

precursor  remains suff icent ly  de tec tab le .  
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5-HTP 5-HIAA 5-HT 

1.84 0.3 1.13 0.1 1.30 - + 0.2 

TABLE Ill 

P e a k  C u r r e n t  R a t i o s  (0 .85v/0.65v)  of H y d r o x y i n d o l s  M e a s u r e d  i n  
S tandard  Solution and Various Rat  Brain a r e a s  

Hypothalamus 

Hippocampus 

2.20 - + 0.7 1.10 - + 0.1 1.08 2 0.1 

1.60 5 0.3 1.50 5 0.2 1.26 - + 0.1 

S t r i a t u m  

C o r t e x  

1.23 + 0.2 1.38 + 0.1 

1.60 0.4 1.14 5 0.1 1.15 5 0.1 

- - N.D. 

C h r o m a t o g r a p h i c  c o n d i t i o n s  : m o b i l e  p h a s e  C, s e n s i t i v i t y  = 1nA.  
Values a r e  means  2 Sd of 3 determinat ions.  N.D. = n o  de tec tab le .  

A p p l i c a t i o n  o f  t h e  m e t h o d  : v a l i d a t i o n  by p h a r m a c o l o g i c a l  proof 
In t a b l e  IV a r e  summar ized  endogenous levels of 5-HT and 5-HIAA 

in var ious r a t  brain a reas ,  as c a n  be  seen,  our values  a r e  in t h e  s a m e  

r a n g e  t h a n  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  t h e  s a m e  a r e a s .  

T h e  ident i ty  of t h e  chromatographic  peaks was f u r t h e r  conf i rmed by 

adding small  a m o u n t s  of s tandard  i n t o  brain samples. C h r o m a t o g r a m s  

obta ined  w e r e  no modified. This new evidence  conf i rms  t h e  absence  of 

f a c t o r  inac t iva t ing  t h e s e  s tandard  or  in te r fe r ing  with t h e  chromatographic  

separa t ion  and/or  t h e  e lec t rochemica l  detect ion.  In f igure  5 a r e  given 

examples  of t rac ings  obtained a f t e r  inject ion of superna tan ts  f r o m  

homogenized hypothalamus,  s t r i a t u m  and hippocampus. As c a n  been 

s e e n ,  i n  s t r i a t u m  e x t r a c t ,  HVA a n d  3-MT d o  n o t  i n t e r f e r e  w i t h  

chromatographic  separa t ion  of 5-HIAA and 5-HT. 

W e  a l so  t e s t e d  by pharmacological  ver i f icat ion,  t h e  au thent ic i ty  of t h e  

indol peaks de tec ted .  A f t e r  pargyline adminis t ra t ion  (a monoamine-oxidase 

i n h i b i t o r ) ,  w e  o b s e r v e d  a n  i n c r e a s e  o f  5-HT l e v e l s  by  100-300% 

depending o n  t h e  a r e a ,  whereas  5-HIAA levels w e r e  decreased  by 
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Hypothalamus Striatum 

7 1 1  
9 

13 

I 
B 1 D 

1 

- -  

Hippocampus 

11 

0 5 10 0 5 10 0 5 10 min. 

FIGURE 5 : C h r o m a t o g r a m s  f r o m  h y p o t h a l a m u s ,  s t r i a t u m  

a n d  h i p p o c a m p u s  o f  c o n t r o l  r a t s .  

C h r o m a t o g r a p h i c  c o n d i t i o n s  : m o b i l e  p h a s e  C ,  Iml/min.  
D e t e c t i o n  set  a t  0 .8v ,  InA f u l l  scale. 
Number meaning are g i v e n  i n  F ig .1 .  

TABLE IV 

Various Endogenous Levels  of 5-HT and  5-HIAA in Rat Brain Areas ,  
Repor ted  by Authors  Using LC-ECD Procedure.  

Hypotha lamus  

S t r i a t u m  

Hypotha lamus  
5-HIAA Hippocampus 

S t r i a t u m  

Values are expressed  as ng/g of 

?dies (1) (16) (18) ( 2 5 )  (26) (27) 

650 - - 1100 350 1800 980 
260 - - - 170 - 570 
500 590 140 - 280 - - 
500 470 - 460 850 410 1060 
240 200 - 270 400 - 720 
500 470 140 290 590 - - 

wet t issues.  
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50-70%. These  drug  effects were  in a g r e e m e n t  wi th  t h o s e  repor ted  in 

previous s tud ies  e i t h e r  with f luor imet r ic  or LC-ECD assays (9, 14, 16, 
18, 19, 22, 23, 24). 

In summary,  for  achieving t h e  opt imal  separat ion,  a l l  mobile phase 

c o m p o n e n t s  h a v e  b e e n  s y s t e m a t i c a l l y  e x a m i n e d .  T h e  i d e n t i t y  of 

chromatographic  peaks obtained in various r a t  brain e x t r a c t s  w e r e  

d e m o n s t r a t e d  in severa l  ways, because  t h e  use of o n e  of t h e m  is likely 

i n s u f f i c i e n t .  T h e  p r e s e n t  m e t h o d ,  a f t e r  b o t h  c h r o m a t o g r a p h i c  a n d  

biological validations, permi ts  to measure  5-HTP, 5-HIAA, 5-HT and Trp  

within 15 minutes. Catecholamines  and o t h e r  very polar compounds a r e  

e l u t e d  very quickly a n d  do not i n t e r f e r e  in t h e  determinat ion.  These  

resu l t s  have  been ver i f ied for I 1  ca techolaminerg ic  compounds likely 

d e t e c t a b l e  in many r a t  brain regions. This method sensitive, re l iable  and 

r e q u i r i n g  m i n i m a l  s a m p l e  h a n d l i n g  a n d  p r e p a r a t i o n  a p p e a r s  v e r y  

e f f i c i e n t  f o r  r a p i d  a n d  s p e c i f i c  b r a i n  i n d o l e a m i n e  d e t e r m i n a t i o n .  
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