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FLUOROME TRI C D E E  RMI NATI ON 0 F 
IIISTAMINE IN BIOLOGICAL FLUIDS AND TISSUE 
BY HI GI- PB RFO RMANCE LIQUI D CHROMA'TOGRAPHY 

Leroy D. Mell, Jr. 
Robert N .  Hawkins 
Robert S. Thompson 

Heat S t r e s s  Divis ion 
Environmental Biosciences Department 

Naval Medical Research I n s t i t u t e  
Bethesda, MD 20014 

ABSTRACT 

High-pressure l i q u i d  chromatography was used t o  s e p a r a t e  t h e  f l u o r e s c e n t  
adduct  formed from the  r e a c t i o n  o f  h i s tamine  wi th  2-phthalaldehyde (OPT) 
from o t h e r  b iogenic  amines i n  t i s s u e ,  cerebrospina l  f l u i d  (CSF), sweat  
and u r i n e  samples. Using off-column d e r i v a t i z a t i o n  and i s o c r a t i c  e l u t i o n  
techniques f l u o r e s c e n t  OPT adducts  can be d e t e c t e d  i n  t h e  low picogram 
range.  P e r c h l o r i c  a c i d  e x t r a c t s  o f  t i s s u e  samples from Aplysia  C a l i f o r n i a  
and u r i n e  specimens c o l l e c t e d  from h e a l t h y  a d u l t  males, i n c l u d i n g  i n t e r n a l  
s tandard ,  were d e r i v a t i z e d  with OPT b u f f e r ,  pH 9.5 and e x t r a c t e d  with 
e t h y l a c e t a t e  t o  i n c r e a s e  s e n s i t i v i t y  and s t a b i l i z a t i o n  of the  f l u o r e s c e n t  
adduct p r i o r  t o  chromatography. Sweat and CSF samples were r e a c t e d  with 
OPT b u f f e r  and a l i q u o t s  of t h i s  mixture  i n j e c t e d  d i r e c t l y  o n t o  the  
chromatographic column (UBondapak CN) wi th  methanollO.08 m o l l l i t e r  a c e t i c  
a c i d  (52/48 by volume) as t h e  mobile phase. 
t a i n i n g  added h is tamine  (1 ug/ml) gave a wi th- in  run c o e f f i c i e n t  
of  v a r i a t i o n  o f  2.5%. The use  o f  2-phtha la ldehyde  as an off-column HPLC 
d e r i v a t i z a t i o n  agent  f o r  f luoromctr ic  de te rmina t ion  o f  low- leve ls  o f  
b iogenic  amines i s  r a p i d ,  s e n s i t i v e  arid e a s i l y  adapted t o  r o u t i n e  use 
i n  a c l i n i c a l  o r  neurobio logica l  l a b o r a t o r y .  

Assay o f  pooled u r i n e  con- 

INTRODUCTION 

Histamine, known t o  be a media tor  o f  immediate h y p e r s e n s i t i v i t y  

r e a c t i o n s  (1-3), is a l s o  be l ieved  t o  be a n e u r o t r a n s m i t t e r  i n  t h e  c e n t r a l  

nervous system o f  mammals (4-6) and i n v e r t e b r a t e s  ( 7 ) .  I n  a d d i t i o n ,  

h i s tamine  formation i n  animals i s  markedly s t i m u l a t e d  by a number o f  

1 3 9 3  
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1394 MELL, HAWKINS, AND THOMPSON 

d i f f e r e n t  st.rcss condi t ions  i n c l  uding chemical compounds, endotuxins ,  and 

of p a r t i c u l a r  import.ancc t o  t h i s  l a b o r a t o r y ,  hypo- and hypcrthcrmic 

environments ( 8 ) .  

p i c  c o n c e n t r a t i o n  of  his tamine and s i m i l a r  h iogenic  amines, i n  

t i s s u c  samples and Iiocly f l u i d s  can bc es t imated  us ing  s c v e r a l  t echniques .  

Fluoresccncc methods, inti1 iiding automated priiccilures (9-11) , havc heen 

used but  l a c k  s e n s i t i v i t y  and s p e c i f i c i t y .  

procedures  inc lude  complex assays  i n  which double- isotopc d e r i v a t i v e  (12) 

and radioenzymatic methods (13, 14) a r c  used. 

Newer and more s e n s i t i v e  

An a l t x r n a t i v e  approach t o  biogenic  amine a n a l y s i s ,  which main ta ins  

adequate  s e n s i t i v i t y  f o r  small volume b i o l o g i c a l  samples, u t i l i z e s  

high-performance l i q u i d  clirornatogrnphy (IIPLC) and d e r i v a t i z a t i o n  

of' primary amincs with - o-phthalaldchyde (OP'I') p r i o r  t o  chromatographic 

s e p a r a t i o n  and f l u o r e s c e n t  d e t e c t i o n .  This technique  was o r i g i n a l l y  

18 a p p l i c d  t o  iirin:iry catecholamines (15) us ing  HPIL  and a pRondapak C 

revcrscd-phasc column. Davis e t  a l .  (16) has shown t h i s  procedure t o  

Iic a p p l  i c a h l e  f o r  t h e  inoasurcmcnt of seven b iogcnic  amines i n  ;ilasma 

i ~ n d  t i s s u e  samples i is ing a two-stcp :;radicnt e l u t i o n  program and a 

~iHondqxrk/phenyl column. I n  a d d i t i o n  t h i s  procedure can he extended t o  

a t  I cas t I i biogenic  amincs, i n c l u d i n g  polyamincs and a convciiient 

i n t e r n a l  s tandard ,  u s i n g  a C18 reversed-phase column and g r a d i e n t  e l u t i o n  

program ( 1 7 ) .  

I n  a l l  the  al)ovc cases, however, h i s tamine  is  e l u t e d  n e a r  t h e  s o l v c n t  

The purpose f r o n t  and i n  the v i c i n i t y  of o t h e r  cndogcnous b iogenic  amines. 

of  this s tudy  i s  t o  dcnons t ra tc  t h a t  a n a l y s i s  of  h i s tamine  can be  achieved 

us ing  off-column f l u o r e s c e n t  d c r i v a t i z a t i o n  w i t h  OPT, a s imple i . s o c r a t i c  

mobile phase, and a VRondapak CN column f o r  s e p a r a t i o n  of t h e  histamine-OPT 

f l u o r e s c e n t  adduct. 'The method i s  a p p l i c a b l e  t o  t h e  detcrmi.nation o f  

his tamine i n  t i s s u c  honozenatcs obta ined  from Aplysia  c a l i f o r i l i a ,  a iviarine 

i n v c r t c b r a t e ,  I I ~ ~ V O I I S  t i s s u e ,  c e r e b r o s p i n a l  f l u i d  obta ined  from hea l thy ,  
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HISTAMINE I N  BIOLOGICAL FLUIDS 1395 

a d u l t  monkeys, and sweat ob ta ined  from h c a l t h y ,  hullan, male s u b j e c t s  under- 

going hypcrthermal s t r e s s .  In a d d i t i o n ,  t h e  a p p l i c a b i l i t y  o f  t h i s  technique 

t o  u r i n e  a n a l y s i s  w i l l  a l so  be d e m n s t r a t c d .  

MATEKIALS AN!) SOLUTIONS 

'Thc mobile phase used f o r  q u a n t i t a t i v e  de te rmina t ion  of h is tamine  

was methanol/0.08 m o l / l i t e r  a c e t i c  a c i d  (pH 2.9) mixture  (52/48 by vol . ) .  

A 1 1  s o l u t i o n s  were riade wi th  de- jonized,  g l a s s - d i s t i l l e d  water. The 

mobile phase was f i l t e r e d  through a 0.45 Dm f i l t e r  and degassed immediately 

bcfore  use. 

- 0-phthalaldehyde,  3,4-dihydroxybcnzylamine hydrogen bromide, c t h y l  

a c e t a t e ,  t a u r i n e ,  h i s tamine  and a l l  m i n o  a c i d s  were obta ined  from Aldr ich  

Chemical Co., Kilwaukee, WI. A l l  o t h c r  b iogenic  amines were o b t a i n e d  

from Calbiochem, La J o l l a ,  CA. Xercaptocthanol  was obta ined  from Sigma 

Chemical Co., S t .  Louis ,  MJ. S tandard  s o l u t i o n s  (100 m g / l i t e r )  o f  each 

biogcnic  amine, i n c l u d i n g  in te rnaL s tandard  (3,4-dihydroxybenzylamine), 

wcre prepared  by d i s s o l v i n g  t h e s e  compounds i n  methanol. A l l  s o l u t i o n s  

were f i l t c r e d  through a 0.4.5 pm f . L l t e r  before  use. 

- 0-phthalaldehyde d e r i v a t i z i n g  reagent  was prepared  f r e s h  d a i l y  by 

d i s s o l v i n g  160 mg o f  OPT i n  3 m l  e thanol  and 0.2 m l  2-mercaptoethanol 

under  a w e l l - v e n t i l a t e d  hood. This s o l u t i o n  was added t o  100 m l  o f  

0.4 m o l / l i t e r  b o r i c  a c i d  which had been a d j u s t e d  t o  pH 9.5 wi th  

potassium hydroxide. 

ME'IHODS 

Liquid Chromatography 

A Model 204 Liquid Chromatograph with Models 6000 A Solvent  Del ivery 

System and U 6 K  Universal  I n j e c t o r  (Waters Assoc ia tes ,  Inc., Milford,  MA) 

was used f o r  chromatography. 

e l u e n t  was monitored with a Model .J4-7461 Aminco Fluoromonitor  (American 

Instruments  Co., 8030 Georgia Ave., S i l v e r  Spring,  MD) wi th  a Corning 

7-60 pr imary f i l t e r  ( e x c i t a t i o n  maximum a t  340 nm) and a Wratten 2A 

An i s o c r a t i c  mode was employed and t h e  
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1396 MXLL, HAWKINS, AND 'THOMPSON 

secondary f i l t e r .  

were recorded with a model B-5211-15 s t r i p  c h a r t  r e c o r d e r  (Houston 

Instruments ,  Aus t in ,  TX). Peak h e i g h t ,  a r e a  and r e t e n t i o n  time wcre 

determined by a programmable computing i n t e g r a t o r  (Supergra tor -3 ,  

Columbia S c i e n t i f i c  I n d u s t r i e s ,  Aus t in ,  TX). A Model 1021A E l e c t r o n i c  

F i l t e r  (Spectrum S c i e n t i f i c  Corp., Newark, W L )  was p laced  i n  s e r i e s  between 

the f l u o r e s c e n t  d e t e c t o r  and recorder  f o r  b a s e l i n e  n o i s e  c o r r e c t i o n .  The 

c u t  o f f  frequency o f  the  f i l t e r  was set a t  0.05 Hz and the  gain a d j u s t e d  

as  needed f o r  each de termina t ion  ( u s u a l l y  s e t  a t  2 o r  5 ) .  

condi t ions  are descr ibed  i n  the  f i g u r e  legends.  A Waters VBondapak CN 

reversed-phase column was used f o r  a l l  a n a l y s i s  and f l u s h e d  d a i l y  with 

methanol (Burdich and Jackson Labora tor ies ,  Inc . ,  Muskegon, MI). 

Chromatograms o f  t h e  b iogenic  amine - OPT adducts  

Chromatographic 

Sample Prepara t ion  and D e r i v a t i  z a t i o n  

Chronatograms o f  h i s tamine  and o t h c r  h iogenic  amine s tanclarcls were 

obta ined  by r e a c t i n g  100 u l  o f  OPT d e r i v a t i z i n g  reagent  wi th  v a r i o u s  

amounts (usua l ly  20 ng) o f  s tandard .  A f t e r  2 min incubat ion  a t  room 

temperature ,  var ious  amounts of  d i s t i l l c d  water  (e.g. 100 p l )  wcrc added 

f o r  purposcs  o f  d i l u t i o n ,  and a l i q u o t s  o f  t h i s  mixture  were i n j e c t e d  onto  

the  reversed-phase column. 

For nervous t i s s u e  samples from A. C a l i f o r n i a ,  g a n g l i a  and a u r i c l e s  - 
were removed from t h e  animal, c leaned  of  as much connec t ive  t i s s u e  and 

nervc f i h c r  t r a c t s  as p o s s i b l e ,  b l o t t e d  dry arid weighed. S i n g l e  p i n n u l c s  

with t h e i r  a t tachment  t o  t h e  e f f e r e n t  v e s s e l  wall were d i s s e c t e d  from t h e  

g i l l ,  washed i n  s e a  water  t o  remove mucous and ink ,  dryed and weighed. 

A l l  samples cor is is tcd o f  pooled t i s s u c  from 3 t o  10  animals. A f t e r  

weighing, samples were p laced  i n  0.1N p e r c h l o r i c  a c i d  on i c e ,  homogenized 

by hand i n  ground g l a s s  homogenizers, and f r o z e n  unt i l  use.  

Frozen t i s s u e  samples, and pooled u r i n e  specimens c o l l e c t e d  as 

previous ly  descr ibed  (15) ,  were thawed a t  room temperature ,  mixed thoroughly,  

and c e n t r i f u g e d  a t  3000 x g f o r  5 min. To 1 m l  o f  t h e  p e r c h l o r i c  a c i d  
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HISTAMINE IN BIOLOGICAL FLUIDS 139 7 

e x t r a c t ,  o r  u r i n e  specimen, 40 1.11 o f  1N NaOH, 1 r n l  o f  OPT d e r i v a t i z i n g  r e a g e n t ,  

and 200 ng o f  i n t e r n a l  s t a n d a r d  were added. 

2 g o f  sodium c h l o r i d e  were added and t h e  mixture  e x t r a c t e d  wi th  3 m l  o f  

e t h y l  a c e t a t e .  The e t h y l  a c e t a t e  f r a c t i o n  was then e x t r a c t e d  w i t h  2 m l  o f  

0.05 m o l / l i t e r  d i b a s i c  sodium phosphate  b u f f e r ,  pH 10 (16). 

f r a c t i o n  was p laced  i n  5 m l  tapered-cone scrcw-cap v i a l s  (K-74900, Kontes, 

Vineland, N J )  and reduced t o  100 p1 under dry  n i t r o g e n  and s t o r e d  a t  4OC 

u n t i l  a n a l y s i s .  P r i o r  t o  chromatography, t h e  e t h y l  a c e t a t e  e x t r a c t  c o n t a i n i n g  

t h e  d e r i v a t i z e d  b iogenic  amines was brought  t o  room temperature  and a l i q u o t s  

i n j e c t e d  onto t h e  r e v e r s e d  phase column f o r  l i q u i d  chromatographic  

de te rmina t ion .  

A f t e r  2 min o f  g e n t l e  shaking ,  

The e t h y l  a c e t a t e  

For cercbrospina l  f l u i d s  and sweat samples, 200 v l  o f  f1ui.d was 

r e a c t e d  d i r e c t l y  with 200 ~1 o f  OPT reagent  and 20 ~l o f  1 N  NaOll. 

o f  t h i s  mixture  were d i r e c t l y  i n j e c t e d  o n t o  the  revcrsed-phase columns. 

Histamine and o t h c r  b iogenic  amines were i d e n t i f i e d  on t h e  b a s i s  o f  

r e t e n t i o n  times by comparison with s t a n d a r d s  and by co-chromatography 

o f  s tandards  with b i o l o g i c a l  samples. Histamine c o n t e n t  f o r  t i s s u e  and 

u r i n e  samples was c a l c u l a t e d  from peak a r e a  r a t i o s  us ing  i n t e r n a l  and 

e x t e r n a l  s tandards .  For example, h i s t a m i n c  conten t  f o r  t i s s u e  samples 

was c a l c u l a t e d  from t h c  fa l lowing  equat ion:  

Al iquots  

(%lI /*IS)std i n j e c t i o n  volume (p1) 1 m l  HC104 mg t i s s u e  

T o t a l  homogonized t i s s u e  
volumc (ml HC104) 

Tissue  w t  (mg) 

X 

For c e r e b r o s p i n a l  f l u i d s  and sweat ,  h i s tamine  c o n t e n t  was c a l c u l a t e d  by 

d i r e c t  comparison o f  h i s tamine  peak a r e a  i n  the  sample t o  a s t a n d a r d  

c a l i b r a t i o n  curve (F igure  3 ) .  
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1398 M E L L ,  HAWKINS, AND THOMPSON 

Ki:sui.'rs 

1 ' i  ~ I I ~ L ; : :  1 arid 2 show t.lic f1imresct :nt  r c s i m i ~ s e  oh ta i i i cd  f o r  h i s tamine ,  

s c l c c r c d  biogoric: ariijncs and aiiijiio a c i d s  Eollowitig d c r i v a t i z a t i o i i  w i t h  

cxcess OPT. No f luoresc( , i t t  rcsponse i s  ollscrvcd i f  d i s t i l l e d  w a t e r  i s  

si1lJst.i tutet l  for. I ~ i o ~ c t i i c  aisiric or amino a c i d .  I l s i n E  t h e  derivnt i z a t i o n  

IS 
1 T Y R  

u -1- 
0 8 16 

MINUTES 

1:igurc 1. 
a i d  s c l c c t c d  b iogcnic  amines. 

Chruiiiatograin o f  f l u o r e s c c n t  0I"l-anrinc adducts  for h i s t a m i n e  

'I'welve iraiiograms of ecicli b iogenic  atirinc were d e r i v a t i z c d  wi th  excess  
O N  der iva t . i  z i n g  r e a g c n t ,  1111 9.5. Coliirrin, iilloridapuk CN: e l u e n t ,  
methaiiol/U.08 t i io I / l i t c r  a c e t i c  a c i d  (5?/48 by volume, pll 2.9) :  flow r a t e ,  
1 . 2  ml/rnin; temperature  , 23°C;  samplc volume, 20 ~ 1 ;  f luorescence  t l c t c c t i o n ,  
x 100, excitation maximum 340 nin  (Corning 7-60 pr imary f i l t e r ) ,  Wratten 2 A  
sccoiidary f i l  t c r ,  a t t e n  x 100: e l e c t r o n i c  f i  l t c r ,  c u t - o f f  Krcqucncy 0.05 
L I Z ,  C ; : i i i i  x 1 . 0 :  N C ,  t iorcpinephri i ic~;  OC'I', octopaniiric; IS ,  iriteriial s t - m d a r d ,  
3,4-~iit~pdroxybciizylaiiiinc; 'WR, tyraiiiinc; 111, histarnine. 
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c 

! 

c 
V 
Y z 

H I  

JTAMIC ACID 

LLANINE 

tENYLALANINf 

1 METHlONlNE 

INE 
1 
lALlNl 

!MINE 

1 I 1 

0 8 24 16 

MINUTES 

Figurc 2 .  
s e l e c t e d  amino a c i d s .  

Chromatogram o f  f l u o r e s c e n t  OPT-amine adducts  f o r  h i s t a m i n e  and 

Twenty-five nanograms of  each amino a c i d  and h i s t a m i n e  were d e r i v a t i  z e d  
Flow r a t e ,  1.0 ml/min: Other  with excess  OPT d e r i v a t i z i n g  r e a g e n t ,  pll 9.5. 

chromatographic  c o n d i t i o n s  a r e  given i n  F igure  1. 
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1400 MELL, HAWKINS, AND THOMPSON 

procedure prev ious ly  o u t l i n e d ,  t h c  l i m i t  o f  d e t e c t i o n  is  approximatcly 

S O  p g  f o r  the  amines shown i n  Pi.gures 1 arid 2.  

b iogenic  amines and amino a c i d s  were shown n o t  t o  i n t e r f e r  with t h e  

hi.st,aniinc assay:  

3-o-methyldopamine, - l euc inc ,  c y s t i n e ,  g lyc ine ,  th reonine ,  l y s i n c ,  aspartic 

a c i d ,  h i s t i d i n e ,  and t ryptophan.  

I n  a d d i t i o n  t h c  fo l lowing  

l,-dopa, nornietancphrine, dopariiinc, phenylethanolamine,  

Linear  responsc curvcs were o b t a i n e d  f o r  h i s tamine  and two o t h e r  

biogenic  amincs a t  concent ra t ions  from 250 pg t o  '3 ng i n j e c t e d  i n t o  

the  column (1:igure 3) .  This  range can be extended t o  30 ng and i s  more 

NANOGRAMS INJECTED ONTO COLUMN 

Figure 3 .  L i n c a r i t y  uf  d e t e c t i o n  f o r  h i s taminc  and  r c l a t e d  b i o g e n i c  
aniincs. 

Sample voluo~c, 10 ~1 conta in ing  i n d i c a t e d  amounts o f  b iogenic  amincs. 
Chroniatographic condj  t i o n s  and a b b r e v i a t i o n s  a r e  given i n  Figure 1. 
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1401 HISTAMINE IN BIOLOGICAL FLUIDS 

than adequate  f o r  t h e  a n a l y s i s  o f  h i s tamine  a t  concent ra t ions  expected 

to  be found i n  t h e  samples prev ious ly  descr ibed .  

Figures  4-7  i l l u s t r a t e  the  chromatograms obta ined  f o r  Aplysia  t i s s u e  

(pedal  gangl ia ) ,  cerebrospina l  f l u i d ,  sweat ,  and pooled u r i n e ,  r e s p e c t i v e l y .  

S 

0 8 16 24 
MINUTES 

Figure 4. 
Pedal gangl ia  homogenate from Aplysia  C a l i f o r n i a .  

Sample volume, 2 ~ 1 ;  1 m l  o f  HClO4 e x t r a c t  o f  Pedal gangl ia  from 3 
animals was e x t r a c t e d  and d e r i v a t i z e d  by the above procedure;  flow rate, 
1 .2  ml/min: f l u o r e s c e n t  s e n s i t i v i t y ,  x 30, e l e c t r o n i c  gain x 2: a l l  
o t h e r  chromatographic condi t ions  a r e  t h e  same a s  given i n  Figure 1. 
conten t  c a l c u l a t e d  t o  b e  2.6 pmol/mg t i s s u e .  

Chromatographic s e p a r a t i o n  o f  b iogenic  amine-OPT adducts  of  

H I  
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1402 MELL, HAWKINS, AND THOMPSON 

u 
1 -L- I 1 I 

0 4 8 12 16 

MINUTES 

1:igurc 5. 
f l u i d  (nonkcy) with OPT. 

Sample volumc, 25 i l l :  'Ikio hundred 111 ol' CSF was r c a c t c d  w i t h  200 111 of  
OPT l r i i f fcr  and 20 ~1 I N  NaOH. Flow r a t e ,  1.5 iml/min: f l u o r c s c c n t  
s e n s i t i v i t y ,  x 30, e l c c t r o n i c  g a i n  x 2 :  a l l  o t h e r  chromatographic 
condi t ions  a r c  the  same a s  Figure 1. 111 c o n t e n t  c a l c u l a t e d  t o  h e  14 .3  
ng/ml. 

Chromatograni oh tn ined  fo l lowing  d c r i v a t i z a t i o n  o f  c e r e b r o s p i n a l  

Uata on w i  th in- run  p r e c i s i o n  wcre determined by p r o c e s s i n g  10 a l i q u o t s  

uf pooled u r i n e ,  conta in ing  1 pg/ml o f  addcd h i s  tarnine, through the  

completv procedure during a s i n g l e  day. Vie his tamine conccnt rn t ion  was 

dctcrniined t o  bc 1.020 + 0.025 (SD), C.V.  2.5%, i n d i c t i n g  an approximate 

endogenous h is tamine  Icvc l  of  2 0  ng/ml. 

c o l l e c t e d  from hea l thy  a d u l t  males ,  t h e  h is tamine  l c v e l  var icd  from 1.5 

ng/inl  t o  ( ~ 5  ng/ml, w i t h i n  t h e  p r e v i o u s l y  repor ted  range cxpccted f o r  

u r i n a r y  l i is tnminc excre t ion  (18) .  Recovery o f  i n t e r n a l  s tandart l  added 

t o  t i s s u e  and u r i n e  samples was 62.5% t 4.2% (,mean ? S.U., n-10). 

For f i v e  o t h e r  u r n i c  specimens 

Table 1 l i s t s  the h is tamine  c o n c e n t r a t i o n s  found i n  major h p l y s i a  

Cal i forn ia  gangl ia  an:ilyzed hy t h e  abovc! procedure.  

found i n  sweat samples c o l l e c t c d  rrom s i x  h e a l t h y  a d u l t  males undcrgoing 

hyperthermal s t r e s s  ranged from 16 .7  2 5 . 2  ng/rnl (mean i S.D.) t o  132 * 
11.5 ng/ml with a mean of  77.5 ng /n l .  I n  a s i m i l a r  manner t h e  hist.amine 

l c v e l  i n  cercbrospina l  f l u i d  c o l l c c t e d  from a h c a l t h y  a d u l t  monkey 

(iaacaca rnulatta) was determined t o  be 13.4 t 4.4 ng/ml (mean ? s . U . ,  n = 7 ) .  

Histamine l e v e l s  

-- 
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L L L - 1  

0 8 16 24 

MINUTES 

Figure 6 .  
(human) wi th  OPT. 

Sample volume, 50 p l :  U e r i v a t i z a t i o n  procedure descr ibed  i n  t e x t  and 
Figure 5. Flow r a t e  1 . 2  m l / m i n :  f l u o r e s c e n t  s e n s i t i v i t y ,  x 30, e l e c t r o n i c  
gain x 2 :  
i l l  c o n t e n t  c a l c u l a t e d  t o  bc 40.0 ng/ml. 

Chromatogram obta ined  fo l lowing  d e r i v a t i z a t i o n  o f  sweat  

A l l  o t h e r  chromatographic c o n d i t i o n s  a r e  t h e  same as Figure  1. 

DISClJSS ION 

The combination o f  reversed  phase high-performance l i q u i d  chromatography 

and off-column f l u o r e s c e n t  d e r i v a t i z a t i o n  with o-phtha la ldehyde  provides  

a r a p i d ,  s c n s i t i v e  means f o r  h i s tamine  a n a l y s i s  i n  b i o l o g i c a l  f l u i d s  and 

t i s s u e .  A d d i t i o n a l l y ,  the  use  of  a piBondapak C N  Column p'ovides increased  

r e s o l u t i o n  of  h i s tamine  from o t h e r  important  pr imary amines i n  t h e s e  

complex b i o l o g i c a l  samples without  the  use  o f  multi-component o r  g r a d i e n t  

e l u t i o n  techniques .  For more complex b i o l o g i c a l  m a t r i c e s  such as u r i n e  

o r  t i s s u e  samples, e x t r a c t i o n  and c o n c c n t r a t i o n  o f  t h e  amine-OPT adduct  

with e t h y l a c e t a t e ,  p rovides  a f u r t h e r  i n c r e a s e  i n  s e n s i t i v i t y  a s  wel l  as 

s t a b l i z a t i o n  o f  the  f l u o r e s c e n t  adduct .  
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Figure 7. 
conta in ing  added h is tamine  (1 ug /ml ) .  

Chromatogram obta ined  fol lowing d e r i v a t i z a t i o n  o f  poolcd u r i n e  

Sample volumc 50 p l :  flow r a t e  1.5 ml/min: f l u o r e s c e n t  s e n s i t i v i t y ,  
x 100, e l e c t r o n i c  gain x 2 :  a l l  o t h e r  chromatographic condi t ions  are  
t h e  samc a s  f i g u r e  1. 111 content  c a l c u l a t e d  t o  be 1.025 U g / m l .  

TABLE 1 

Histamine Concentrat ions (pmol/mg wet wt) of Aplysia  C a l i f o r n i a  gangl ia  

ABWMlNAL 

PLUKAL 

PEDAL 

CEREBRAL 

BUCCAL 

AURICLES 

PINNllLES 

0.82 2 0.06a 

0.30 f 0.06 

2.50 t 0.14 

0.08 f 0.02 

1.50 i 0.30 

0.16 f 0.02 

0.19 i 0.02 
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HISTAMINE IN BIOLOGICAL FLUIDS 1405 

While measurement o f  c o n t e n t  a lone  i s  n o t  adequate  t o  determine i f  

a subs tance  i s  b i o l o g i c a l l y  important  (e.g. a n e u r o t r a n s m i t t e r  o r  

thermoregulatory a g e n t ) ,  a knowledge of  c o n t e n t  and d i s t r i b u t i o n  i s  o f  

c r i t i c a l  importance.  A s  such, t h e  a p p l i c a t i o n  o f  t h i s  technique  t o  o t h e r  

b i o l o g i c a l l y  a c t i v e  primary amines has g r e a t  promise. The a n a l y s i s  o f  

octopamine, a b iogenic  amine t h a t  i n  i n v e r t e b r a t e  nervous systems may 

f u n c t i o n  as a n e u r o t r a n s m i t t e r ,  i s  be ing  i n v e s t i g a t e d  by t h i s  l a b o r a t o r y .  

Addi t iona l  s t u d i e s  have shown t h a t  t a u r i n e  and most primary amino a c i d s  

can be d e t e c t e d  a t  picogram s e n s i t i v i t a s  u s i n g  t h i s  technique.  
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