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FORMATION OF ISOINDOLE DERIVATIVES 
OF SULFIDOPEPTIDE LEUKOTRIENES BY 

SEPARATION BY REVERSE PHASE HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY 

REACTION WITH 0-PHTHALALDEHYDE AND 

Rick T. Dobrowsky 1 , Gerard O’Sullivan2, 
Lawrence M. Ballas1 , Lloyd N. Fleisherl , 

and Neil C. Olson1 

2Department of Microbiology, Pathology, and Parasitology 
North Carolina State University 
School of Veterinary Medicine 
Raleigh, North Carolina 2 7606 

1Department of Anatomy, Physiological Sciences and Radiology 

ABSTRACT 

A method is described for the formation of fluorescent con- 
jugates of the sulfidopeptlde leukotrienes (LTC4, LTD4, and LTE4) 
by reaction of the primary amine moiety o f  these metabolites with 
o-phthalaldehyde. Separation o f  the fluorescent derivatives was 
achieved by reverse-phase high performance 1 iquid chromatography 
in less than 30 minutes using a convex gradient of methanol-50 mM 
Na Acetate-5% Tetrahydrofuran pH 5.5. Detection limits realized 
under the conditions described were 0.35 ng, 3.8 ng and 3.7 ng for 
LTC4, LTD4, and LTE4, respectively. This represents an increased 
sensitivity over detection of these metabolites by ultra-violet 
spectroscopy. The leukotriene-0PA derivatives are fully stable for 
50 minutes at 23OC and for at least 4 hours at OOC. The method is 
applied to the detection of LTC4 generated by zymosan stimulated 
murine peritoneal rnacrophages. 
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138 DOBROWSKY ET AL. 

INTRODUCTION 

Leuko t r i enes  C4, 04. and E4, recogn ized  as t h e  s l o w - r e a c t i n g  

substance o f  anaphylax is ,  e x e r t  p o t e n t  e f f e c t s  on a v a r i e t y  o f  

t i s s u e s .  These and o t h e r  p roduc ts  o f  t h e  l ipoxygenase-pathway 

have been i m p l i c a t e d  i n  t h e  pa tho logy  o f  asthma and hypersen- 

s i t i v i t y  r e a c t i o n s  (1,2). 

o f  t h e  l e u k o t r i e n e s  has n e c e s s i t a t e d  t h e  development o f  s e n s i t i v e  

and r e l i a b l e  methods f o r  t h e  d e t e c t i o n  o f  these m e t a b o l i t e s .  To 

d a t e  t h e  p r i m a r y  d e t e c t i o n  methods a v a i l a b l e  f o r  t h e  a n a l y s i s  o f  

l e u k o t r i e n e s  i n c l u d e  reverse-phase h i g h  performance l i q u i d  chroma- 

tography (RP-HPLC) w i th  d e t e c t i o n  by u l  t r a - v i o l e t  (UV) absorbance, 

b ioassay w i th  t h e  guinea p i g  i leum, mass spect rometry ,  and 

radioimmunoassay (RIA) (3,4). Though R I A  o f f e r s  an e x q u i s i t e  

degree o f  s e n s i t i v i t y  i t s  s p e c i f i c i t y  i s  ques t i onab le ,  due t o  

c r o s s - r e a c t i v i t y  w i t h  o t h e r  a rach idona te  m e t a b o l i t e s .  

UV absorbance subsequent t o  RP-HPLC a f f o r d s  s e l e c t i v i t y ,  but l a c k s  

a h i g h  degree o f  s e n s i t i v i t y .  

s e l e c t i v i t y  a t  s p e c i f i c  e x c i t a t i o n  and emiss ion wavelengths, w h i l e  

i n c r e a s i n g  t h e  s e n s i t i v i t y  ove r  UV l i m i t s  (13).  

The r e c e n t  i n t e r e s t  i n  t h e  b i o c h e m i s t r y  

The use o f  

Fluorescence d e t e c t i o n  o f f e r s  

The l i m i t s  on t h e  spec t roscop ic  d e t e c t i o n  o f  s u l f i d o p e p t i d e  

l e u k o t r i e n e s  may be i nc reased  by r e a c t i o n  o f  

LTC4, LTD4, and LTE4 i n  t h e  fo rma t ion  o f  a f l u o r e s c e n t  con juga te .  

The f l u o r o g e n i c  r e a c t i o n  o f  p r i m a r y  amines w i t h  o-phthala ldehyde 

(OPA) i n  t h e  presence o f  a t h i o l  y i e l d s  s t r o n g l y  f l u o r e s c e n t  1,2 

d i s u b s t i t u t e d  i s o i n d o l e s  (5-9). Pre-column d e r i v a t i z a t i o n  o f  p r i -  

mary amines w i t h  OPA i n  t h e  presence o f  2-mercaptoethanol f o l l o w e d  

t h e  p r i m a r y  amine o f  
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DERIVATIVES OF SULFIDOPEPTIDE LEUKOTRIENES 139 

by RP-HPLC has become a popu la r  method f o r  t h e  d e t e c t i o n  o f  amino 

a c i d s  (10-12) and catecholamines (13). Though o t h e r  reagents can 

r e a c t  s i m i l a r l y  with p r i m a r y  amines t o  form f l u o r e s c e n t  con juga tes  

t h e  use o f  OPA has been found t o  be s u p e r i o r  t o  e i t h e r  f l u o r e s c a -  

mine (13,14) o r  n i n h y d r i n  (11). 

The p r e s e n t  r e p o r t  demonstrates t h e  r e l a t i v e  ease and sen- 

s i t i v i t y  o f  u s i n g  OPA as  a pre-column d e r i v a t i z a t i o n  reagen t  f o r  

d e t e c t i o n  o f  p e p t i d o l e u k o t r i e n e s .  The method i s  a p p l i e d  t o  t h e  

d e t e c t i o n  o f  LTC4 r e l e a s e d  f rom zymosan s t i m u l a t e d  mouse p e r i t o -  

nea l  macrophages (15). 

MATERIALS 

S y n t h e t i c  LTC4, LTD4, and LTE4 were a g i f t  o f  D r .  J. 

Rokach, Merck-Frosst ,  Quebec, Canada. C3H] LTC4, r3H] LTD4, C3H] 

LTE4 

PHI 
MA. 

ob ta  

[3H] LTB4, [3H] 15-HETE1 [3H] 12-HETE, [3H] 5-HETE and 

a r a c h i d o n i c  a c i d  were p roduc ts  o f  New England Nuclear ,  Boston, 

o-Phthalaldehyde, 7-glutamyltranspeptidase and zymosan were 

ned f rom Sigma Chemical Co., S t .  Lou is ,  MO. A l l  o t h e r  

reagen ts  were o f  HPLC grade q u a l i t y .  

The HPLC system c o n s i s t e d  o f  two Waters model 510 pumps 

opera ted  th rough  a Waters Automated Grad ien t  C o n t r o l l e r  and 

Autochrom s o l v e n t  s e l e c t o r .  I n j e c t i o n s  were made w i th  a Waters U6K 

i n j e c t o r  and d e t e c t i o n  mon i to red  i n  s e r i e s  w i t h  a Waters model 481 

v a r i a b l e  wavelength d e t e c t o r  s e t  a t  280 nm and a McPherson model 

749 f l o w - t h r o u g h  spec t ro f l uo romete r  s e t  a t  an exc t a t i o n  and 

emiss ion wavelength o f  340 nm and 455 nm, respec t  v e l y .  The c e l l  

volume was 0.02 m l .  Separat ions were achieved on a 4.6 x 250 mm 

A l t e x  5 pm Utrasphere-ODS column. 
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140 DOBROWSKY ET AL. 

Aqueous mobile phase was prepared by d i sso l v ing  6.804 g o f  Na 

Acetate i n  700 m l  o f  double d i s t l l l e d  water. F i f t y  m l  o f  

Tetrahydrofuran (THF) was added and the  so lu t i on  mixed. 

so lvent  was adjusted t o  pH 5.5 w i t h  12N HC1 and the  volume 

adjusted t o  1 l i t e r .  

methanol. Mobile phases w e r e  f i l t e r e d  and degassed d a i l y  under 

vacuum. 

The 

Organic mobile phase consisted o f  100% 

o-Phthalaldehyde was prepared e s s e n t i a l l y  as described (12). 

B r i e f l y ,  270 mg OPA, i n  absolute ethanol, was added t o  40 m l  o f  

0.4M b o r i c  a c i d  and the pH adjusted t o  9.5 w i t h  5N NaOH. To t h i s  

was added 0.2 m l ,  o f  2-mercaptoethanol and the  volume brought t o  50 

m l  w i t h  b u f f e r .  

s t rength  maintained by the  add i t i on  o f  0.02 m l  o f  2-mercapto- 

ethanol every 4 days. The reagent was used f o r  approximately one 

month. 

The so lu t i on  was shielded from l i g h t  and reagent 

The concentrat ions o f  stock so lu t ions  o f  leukot r iene stan- 

dards were  determined immediately p r i o r  t o  use by absorbance a t  

280 nm and assuming a molar e x t i n c t i o n  c o e f f i c i e n t  o f  40,000 

M - 1  (3) .  

kept a t  4OC f o r  one week. The 11-trans isomer o f  LTC4 was prepared 

as descr ibed (16) and the  N-acetyl d e r i v a t i v e  o f  [3H] LTE4 was 

synthesized by reac t i on  w i t h  ace t i c  anhydride i n  Na2C03 (17).  

A l l  d i l u t i o n s  were  made w i t h  double d i s t i l l e d  water and 

METHODS 

Mixed so lu t ions  o f  leukot r iene standards were reacted w i t h  a t  

l e a s t  a 400-fold mole excess o f  OPA f o r  2 minutes a t  room tem- 

perature.  An a l i q u o t  o f  the  reac t i on  mixture,  2-10 pl ,  was then 
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DERIVATIVES OF SULFIDOPEPTIDE LEUKOTRIENES 141 

injected and separated by gradient elution at ambient temperature 

at a flow rate of 1 ml/min. Initial elution was at 50% 

methanol-50% 50 mM Na Acetate-5% THF pH 5.5 for 4 minutes after 

which a convex gradient (curve 3) was initiated to 75% 

methanol-25% 50 mM Na Acetate-5% THF pH 5 . 5  over 10 minutes and 

held constant for an additional 9 minutes. The column was then 

washed with 100% methanol for 10 minutes and brought to initial 

conditions by increasing the aqueous percentage of mobile phase at 

the rate of 10% per minute. Total run time including reequilibra- 

tion was 45 minutes. 

LTC4 was treated with 7-glutamyl transpeptidase (7-GTPase) 

prior to derivatization with OPA. 

8.0, was reacted with 0.1 mg of 7-GTPase for 30 minutes at 37OC 

with constant shaking. The reaction was terminated by the addi- 

tion of 0.5 volume of 0.5% acetic acid i n  methanol. 

centrifugation, an aliquot of the supernatant was reacted with 0.5 

volume of OPA for 2 minutes. Control reactions received protein 

after quenching and were derivatized as above. 

LTC4 (32 vM) i n  0.1M KH2P04 pH 

Following 

Mouse macrophages were obtained by peritoneal lavage as 

described (15). 

medium containing 10% fetal calf serum at a density of 2 x 106 

cells per well. 

nonadherent cells were removed by PBS washings. Adherent cells 

were incubated overnight in RPMI medium containing 10% fetal calf 

serum with 1 VCi of [3H] arachidonic acid. Following incubation, 

the medium was removed and the cells incubated in RPMI medium 

Cells were plated on 35 mm plastic dishes i n  RPMI 

After 2-3 hours at 37OC i n  5% C02 in air the 
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142 DOBROWSKY ET AL. 

c o n t a i n i n g  0.40 mg o f  zymosan f o r  2 hours.  The supernatant  was 

c e n t r i f u g e d  and e x t r a c t e d  i n t o  e thano l  (16). 

RESULTS AND DISCUSSION 

O p t i m i z a t i o n  o f  React ion and ChromatosraDhv Cond i t i ons  

P rev ious  r e p o r t s  have determined t h a t  t h e  response o f  OPA 

d e r i v a t i v e s  o f  amino a c i d s  i s  independent o f  reagen t  composi t ion 

as l o n g  as a t  l e a s t  a 2 0 0 - f o l d  excess o f  reagen t  i s  ma in ta ined  

(12). 

f l uo rescence  o f  t h e  leukotr iene-0PA (LT-OPA) d e r i v a t i v e s  was 

maximal a t  a 300 t o  4 0 0 - f o l d  mole excess o f  reagen t  t o  a n a l y t e .  

For  a f i x e d  r e a c t i o n  t i m e  o f  2 minutes t h e  r e l a t i v e  

The e f f e c t  o f  mob i l e  phase pH on t h e  f l uo rescence  and separa- 

t i o n  o f  t h e  LT-OPA d e r i v a t i v e s  was i n v e s t i g a t e d  f rom pH 3.0 t o  pH 

6.5. Maximal f l uo rescence  and r e s o l u t i o n  was observed a t  a mob i l e  

phase pH o f  5.5. The percentage o f  methanol and THF p resen t  i n  

t h e  mob i l e  phase y i e l d e d  op t ima l  r e s o l u t i o n  o f  a l l  LT-OPA con- 

j u g a t e s  a t  a f i n a l  c o n c e n t r a t i o n  o f  75% and 1.25%, r e s p e c t i v e l y .  

H ighe r  c o n c e n t r a t i o n s  o f  e i t h e r  methanol ( i . e .  76-100%) o r  THF 

( i . e .  10-35%) i n t e r f e r e d  w i t h  t h e  r e s o l u t i o n  o f  LTD4-OPA f rom 

LTE4-OPA. 

The f l uo rescence  e x c i t a t i o n  and emiss ion wavelengths were 

v a r i e d  f rom 310 nm t o  350 nm and 435 nm t o  465 nm, r e s p e c t i v e l y .  

Maximal response was ob ta ined  w i t h  an e x c i t a t i o n  wavelength 

between 330 t o  350 nm and an emiss ion wavelength o f  455 nm. 

The r e a c t i o n  was judged t o  be e s s e n t i a l l y  complete a f t e r  2 

minutes a t  room temperature when t h e  a p p r o p r i a t e  r a t i o  o f  
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DERIVATIVES OF SULFIDOPEPTIDE LEUKOTRIENES 143 

reagent  t o  a n a l y t e  was used. T h i s  was determined by t h e  absence o f  

an UV response corresponding t o  an u n d e r i v a t i z e d  standard. As 

expected, f o r m a t i o n  o f  t h e  LT-OPA con juga te  i nc reased  t h e  

h y d r o p h o b i c i t y  o f  t h e  molecule and i t s  r e t e n t i o n  on t h e  column 

m a t r i x .  

system. 

U n d e r i v a t i z e d  LTD4 and LTE4 were n o t  separated i n  t h i s  

F i g u r e  1 shows t h e  separa t i on  ob ta ined  f o r  t h e  OPA con juga tes  

o f  t h e  p e p t i d o l e u k o t r i e n e s .  Separa t i on  was achieved i n  about  25 

minutes w i t h  complete r e s o l u t i o n  o f  t h e  t h r e e  conjugates.  Peaks 

l a b e l e d  1 and 2 were i d e n t i f i e d  as g lu tamate and g l y c i n e ,  respec- 

t i v e l y .  

minutes was n o t  asce r ta ined ,  Use o f  r a d i o l a b e l e d  l e u k o t r i e n e  s tan-  

da rds  found l e s s  than  10% o f  t h e  r a d i o a c t i v i t y  e l u t i n g  i n  t h i s  

r e g i o n .  Peaks l a b e l e d  3, 4, 5, and 6 rep resen t  t h e  OPA con juga tes  

o f  LTC4, 11 - t rans  LTC4, LTD4, and LTE4 r e s p e c t i v e l y ,  as i d e n t i f i e d  

by t h e  c o m i g r a t i o n  o f  a f l u o r e s c e n t  response wi th  t h e  ma jo r  f r a c -  

t i o n  o f  r a d i o l a b e l .  Recoveries o f  t h e  t r i t i u m  l a b e l  c o e l u t i n g  

w i th  f l u o r e s c e n t  peaks f o r  LTC4, LTDq, and LTE4 were found t o  be 

86%, 56%, and 83%, r e s p e c t i v e l y .  The [3H] LTD4 p r e p a r a t i o n  a l s o  

showed about  12% o f  t h e  l a b e l  m i g r a t i n g  as LTE4-OPA. Separa t i on  

o f  11 - t rans  LTC4-OPA was n o t  achieved i n  t h i s  system and appears 

as a smal l  shoulder  on t h e  LTC4-OPA peak. I d e n t i f i c a t i o n  o f  t h e  

d e r i v a t i v e s  was f u r t h e r  c h a r a c t e r i z e d  by UV spectroscopy, enzyma- 

t i c ,  and chemical t rea tmen t  o f  l e u k o t r i e n e  s tandards p r i o r  t o  

d e r i v a t i z a t i o n .  

The i d e n t i t y  o f  f l u o r e s c e n t  peaks e l u t i n g  between 11-16 

The UV spec t ra  o f  t h e  i s o l a t e d  LT-OPA d e r i v a t i v e s  a r e  shown 

i n  F i g u r e  2. Bo th  LTC4-OPA and LTD4-OPA e x h i b i t  t h e  charac- 
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FIGURE 1. E l u t i o n  P r o f i l e  o f  [3H] Leukotriene-OPA Der i va t i ves .  [3H] LTC4 (0.86 
nmol), 11- t rans LTC4 (0.40 nmol), [3H] LTD4 (1.30 nmol) and [3H] LTE4 (0.91 
nmol) were reac ted  w i t h  1.6 pmols o f  OPA f o r  2 minutes a t  23OC. An a l i q u o t  o f  
t h e  r e a c t i o n  mix was chromatographed as descr ibed i n  METHODS and f r a c t i o n s  o f  1 
m l  c o l l e c t e d  and q u a n t i t a t e d  by s c i n t i l l a t i o n  spectrometry. F luorescent  (-) 
and r a d i o a c t i v e  (----) peaks were i d e n t i f i e d  as (1) glutamate, (2)  g l y c i n e ,  ( 3 )  
LTC4-OPA, (4)  11- t rans LTC4-OPA, (5) LTD4-OPA and (6)  LTE4-OPA. 
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FIGURE 2. U l t r a - V i o l e t  Spectra o f  Leukotriene-OPA D e r i v a t i v e s .  (A) Spect ra o f  
0.30 nmols o f  LTC4 be fo re  (-) and a f t e r  (----) d e r i v a t i z a t i o n  w i t h  80 nmols 
o f  OPA. (B) Spectra o f  0.40 nmols o f  LTD4 be fo re  (-) and o f  0.20 nmols o f  
LTD4 a f t e r  (----) d e r i v a t i z a t i o n  w i t h  80 nmols o f  OPA. 
nmols o f  LTE4 be fo re  (-) and a f t e r  (----) d e r i v a t i z a t i o n  w i t h  90 nmols o f  
OPA. A l l  spec t ra  were taken i n  0.25M bo ra te  pH 9.5 w i t h  NaOH be fo re  and a f t e r  a 
2 minute r e a c t i o n  a t  23OC i n  a volume o f  0.5 m l  us ing  a Beckman 2000 
Spectrophotorneter. 

( C )  Spectra o f  0.46 

(continued) 
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t e r i s t i c  a b s o r p t i o n  maximum a t  280 nm w i t h  a shoulder  a t  292 nm. 

However, t h e  absence o f  a shoulder  a t  271 nm was observed w i t h  t h e  

LTCg-OPA conjugate,  w h i l e  a broad shoulder  was apparent  a t  272 nm 

w i t h  i n c r e a s i n g  absorbance a t  s h o r t e r  wavelengths w i t h  t h e  

LT04-OPA d e r i v a t i v e .  The a b s o r p t i o n  spectrum o f  LTE4-OPA d i s p l a y s  

t h e  c h a r a c t e r i s t i c  sh 

sochromic s h i f t  o f  22 

w i t h  t h e  tri ti um 1 abe 

LTE4 and t h e  above UV 

u l d e r  a t  292 nm, b u t  e x h i b i t s  a s t r o n g  hyp- 

nm. The c o e l u t i o n  o f  a f l u o r e s c e n t  peak 

o f  a u t h e n t i c  s tandards o f  LTC4, LTD4, and 

s p e c t r a l  d a t a  s t r o n g l y  suppor ts  t h e  s t r u c -  

t u r e  o f  t h e  p roduc ts  as be ing  a 1-alkylthio-2-glutathionyl, 

c y s t e i n y l g l c y l ,  o r  cys te iny l -5 -hyd roxy  e f c o s a t e t r a n o a t e  s u b s t i -  

t u t e d  i s o i n d o l e  (5,9) ( F i g u r e  3). 

p roduc ts  by UV spectroscopy i n d i c a t e s  t h a t  i s o i n d o l e  f o r m a t i o n  has 

no e f f e c t  on t h e  a b s o r p t i o n  maximum e l i c i t e d  by t h e  a - s u b s t i t u t e d  

con juga ted  t r i e n e  o f  LTC4 and LTD4. However, i s o i n d o l e  f o r m a t i o n  

does i n t e r f e r e  w i t h  t h e  a b s o r p t i o n  a t  h i g h e r  f requenc ies .  T h i s  may 

be due t o  an i n c r e a s i n g  l o s s  i n  c o p l a n a r i t y  o f  t h e  bonds o f  t h e  

p a r e n t  l i p i d  as t h e  p e p t i d e  s u b s t i t u e n t s  a r e  removed and s t e r i c  

e f f e c t s  i nc rease .  T h i s  phenomenon would account  f o r  t h e  22 nm hyp- 

sochromic s h i f t  r e s u l t i n g  f rom f o r m a t i o n  o f  t h e  LTE4 i s o i n d o l e ,  

which should be t h e  most s t e r i c a l l y  h inde red  o f  t h e  d e r i v a t i v e s  

( F i g u r e  3) (18). 

The c h a r a c t e r i z a t i o n  o f  these 

Enzymatic r e a c t i o n  o f  LTC4 by 7-GTPase p r i o r  t o  d e r i v a t i z a -  

t i o n  hyd ro l yzed  90% o f  t h e  subs t ra te .  T h i s  was es t ima ted  by com- 

p a r i n g  t h e  unhydro lyzed LTC4 (F ig .  4a) w i th  t h e  e n z y m a t i c a l l y  

t r e a t e d  LTC4, and t h e  appearance o f  a peak w i t h  a r e t e n t i o n  t i m e  
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cl 

dl 

FHCONHCH2COOH 
N HCO (CH2)2CH COOH 

I 

qHCONHCH2COOH 

OH COOH 

FIGURE 3. Postulated Structures o f  Leukotriene-OPA Der iva t ives .  Subst i tuted 
iso indo le  ( a ) ,  LTC4-OPA (b ) ,  LTD4-OPA ( c ) ,  and LTE4-OPA (d ) .  
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s i m i  1 a r  t o  LTD4-OPA ( F i g u r e  4b). 

based on i t s  UV spectrum and m i g r a t i o n  as a r a d i o l a b e l e d  

f l u o r e s c e n t  peak w i t h  a r e t e n t i o n  t i m e  between t h a t  o f  LTC4-OPA 

and LTE4-OPA. The i d e n t i f i c a t i o n  o f  t h e  LTE4-OPA con juga te  was 

f u r t h e r  v e r i f i e d  by r e a c t i n g  C3H] LTE4 w i th  a c e t i c  anhydr ide  (17). 

T h i s  renders  t h e  molecule r e s i s t a n t  t o  r e a c t i o n  w i t h  OPA. E l u t f o n  

o f  N-acetyl[sH] LTE4 was a t  18 minutes and lacked  a f l u o r e s c e n t  

response ( F i g u r e  4). 

L i n e a r i t y  and Conjuqate S t a b i l i t y  

I d e n t i f i c a t i o n  o f  LTDq-OPA was 

F i g u r e  5 d e p i c t s  t h e  response o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  

t h e  l e u k o t r i e n e s  f o l l o w i n g  d e r i v a t i z a t i o n .  

f rom 0.6 ng t o  22 ng f o r  LTC4-OPA, f rom 3.8 ng t o  26 ng f o r  

LTD4-OPA and f rom 3.7 ng t o  28 ng f o r  LTE4-OPA. The d e t e c t i o n  

l i m i t s  o f  t h e  l e u k o t r i e n e s  under t h e  c o n d i t i o n s  desc r ibed  were 

0.57 pmols (0.35 ng), 7.6 pmols (3 .8  ng), and 9.0 pmols (3.7 ng) 

f o r  LTC4, LTD4 and LTE4, r e s p e c t i v e l y .  React ion o f  equ imo la r  

amounts o f  l e u k o t r i e n e  d i d  n o t  r e s u l t  i n  a f l u o r e s c e n t  response o f  

equal  i n t e n s i t y ,  even though t h e  r e a c t i o n  o f  each was judged  t o  be 

complete. 

L i n e a r i t y  i s  seen 

The s t a b i l i t y  o f  t h e  LT-OPA conjugates was mon i to red  f o r  4-5 

hours a t  23OC and O°C ( F i g u r e  6 and Table I). 

j u g a t e s  appear r e l a t i v e l y  s t a b l e  f o r  about 1 hour, a f t e r  wh ich  a 

steady r a t e  o f  deg rada t ion  i s  apparent. 

i n i t i a l  f l uo rescence  was l o s t  a f t e r  5 hours. A f t e r  d e r i v a t i z a -  

t i o n ,  w h i l e  m a i n t a i n i n g  t h e  con juga tes  a t  O O C ,  t h e  f l uo rescence  o f  

t h e  LTC4 and LTD4 d e r i v a t i v e s  appeared f u l l y  s t a b l e  f o r  a t  l e a s t  

A t  23OC t h e  con- 

Approx imate ly  66% o f  t h e  
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FIGURE 5. L i n e a r i t y  o f  Response o f  LTC4, LT04 and LTE4-OPA D e r i v a t i v e s .  
(32 n g , A ) ,  LTD4 (40 ng ,O) ,  and LTE4 (46 .1  n g , o )  were reac ted  w i t h  80 nmols 
o f  OPA, t h e  r e a c t i o n  mix d i l u t e d  w i t h  water ,  and 0.002 m l  i n j e c t e d  t o  g i v e  t h e  
t h e  i n d i c a t e d  amounts. 

LTC4 

Chromatography was performed a s  descr ibed i n  METHODS. 

TABLE 1 

S t a b i l i t y  o f  LT-OPA Conjugates. 
were reacted w i t h  0.070 m l  o f  OPA f o r  2 minutes a t  23OC i n  a f i n a l  
volume o f  0.1 m l  and kept a t  O O C .  I n j e c t i o n s  o f  0.01 m l  were made 
a t  the  i nd i ca ted  t imes and chromatographed as described i n  
METHODS. 

LTC4 (1.6 ng) and LTD4 (2.7 ng) 

Time a f t e r  LT-OPA conjugate formation (minutes) 

0 48 94 140 228 

Conjuqate % Remaininq 

LTC4 -0PA 100 104 102 101 102 

LTO4 -0PA 100 110 108 110 110 
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FIGURE 6. S t a b i l i t y  o f  LTC4, LTD4 and LTE4-OPA D e r i v a t i v e s  a t  23OC. 
n g , A ) ,  LTD4 (408 ng,D ) and LTE4 (237 n g , o )  were reac ted  w i t h  2.8 pmols o f  OPA 
i n  a f i n a l  volume o f  0.10 m l .  An a l i q u o t ,  0.01 ml, was i n j e c t e d  a f t e r  2 minutes, 
t h e  remain ing mix kep t  a t  23OC, and 0.01 ml i n j e c t i o n s  made a t  t h e  i n d i c a t e d  
t imes.  Data i s  presented as percent  response remain ing a f t e r  i n i t i a l  2 minute 
i n j e c t i o n  ( t i m e  0). 

LTC4 (321 

228 minutes. 

revealed an unusual degree o f  s t a b i l i t y  f o r  subs t i tu ted  iso indo les  

(5,9). Previous repo r t s  have noted t h a t  s l i g h t  increases i n  sta- 

b i l i t y  occur as the  N-subst i tuents o f  the  iso indo le  become l a r g e r  

(Figure 3) as w e l l  as when the  N-subst i tuent i s  a d d i t i o n a l l y  

subs t i t u ted  a t  carbon-10 (5,12). Also, increased s t a b i l i t y  o f  

i so indo les  has been observed i f  the subs t i tuent  a t  C-10 was a car-  

The r a t e  o f  degradation o f  the  LT-OPA conjugates 
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154 DOBROWSKY ET AL. 

b o x y l a t e  an ion  (5,12,19). 

f u l l f i l  b o t h  o f  t hese  requi rements,  w h i l e  t h e  LTD4 con juga te  l a c k s  

a ca rboxy l  group a t  t h e  C-10 p o s i t i o n  ( F i g u r e  3 ) .  However, t h e  

s t a b i l i t y  o f  LTC4-OPA < LTD4-OPA < LTE4-OPA (F igu re  6). 

i s  p o s t u l a t e d  t h a t  t h e  b u l k y  l i p i d  mo ie ty  o f  these conjugates se r -  

ves t o  s t a b i l i z e  t h e  molecule more than  t h e  presence o f  a c a r -  

b o x y l a t e  an ion a t  C-10 o f  t h e  N - s u b s t i t u e n t .  When t h e  p e p t i d e  

m o i e t i e s  a re  removed, s t a b i l i t y  i s  enhanced due t o  i nc reased  

s t e r i c  e f f e c t s  (5) .  It i s  p o s s i b l e  t h a t  t h e  s t a b i l i t y  o f  these 

molecules can be f u r t h e r  enhanced by t h e  use o f  a b u l k i e r  t h i o l  

compound (5,9). 

The LT-OPA con juga tes  o f  LTC4 and LTE4 

Thus, i t  

B i o l o q i c a l  A p p l i c a t i o n  

The u t i l i t y  o f  t h i s  method i n  d e t e c t i n g  b i o l o g i c a l l y  d e r i v e d  

LTC4 was demonstrated u s i n g  zymosan s t i m u l a t e d  

macrophages (15 ) .  

a l i q u o t  o f  t h e  macrophage e x t r a c t  b e f o r e  and a f t e r  t rea tmen t  w i t h  

7-GTPase. 

ment t o  min imize background f l uo rescence  due t o  OPA r e a c t i n g  w i t h  

endogenous p r i m a r y  amines. Enzyme t rea tmen t  abo l i shed  72% o f  t h e  

response, compared t o  t h e  non t rea ted  c o n t r o l .  Chromatography o f  

t h e  e x t r a c t  i n  a s tep  g r a d i e n t  o f  methano1:water:acetic a c i d  

(60:40:0.08 v / v ) ,  pH 6.2 w i t h  NH40H, t o  100% methanol over  60 

minutes (16) separated t h e  l e u k o t r i e n e s  and d ihyd roxy  e i c o s a t e t r a -  

noates 

t h e  t o t a l  r a d i o a c t i v i t y  m i g r a t i n g  w i th  a r e t e n t i o n  t i m e  s i m i l a r  t o  

mouse p e r i t o n e a l  

F i g u r e  7 shows t h e  f l u o r e s c e n t  response o f  an 

The samples were d i l u t e d  1 2 0 - f o l d  a f t e r  enzyme t r e a t -  

produced by t h e  s t i m u l a t e d  c e l l s  (15) and showed 25% o f  
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I 

Minutes 

A 

FIGURE 7. 
w i t h  I-GTPase. An 0.01 m l  a l i q u o t  o f  t h e  e x t r a c t e d  macrophage supernatant  was 
r e a c t e d  wi th  0.10 mg o f  I-GTPase i n  0.05 m l  o f  0.1M KH2 PO4 pH 8.0 f o r  30 
minutes a t  37°C. 
a c i d  i n  methanol and t h e  mix c e n t r i f u g e d .  The c o n t r o l  r e a c t i o n  r e c e i v e d  enzyme 
a f t e r  quenching. Bo th  mixes were d i l u t e d  2 0 - f o l d  w i t h  water, 0.01 m l  r eac ted  
w i t h  80 nmols o f  OPA f o r  2 mlnutes a t  23OC, and 2 p 1  o f  t h e  r e a c t i o n  mix chroma- 
tographed as desc r ibed  i n  METHODS. The response o f  LTC4 i n  the  enzyme c o n t r o l  
(A)  and enzyme t rea tmen t  (B) co-chromatographed w i t h  a u t h e n t i c  LTC4-OPA. 

O e r i v a t i z a t i o n  o f  Mouse Macrophage E x t r a c t  Before and A f t e r  Treatment 

The r e a c t i o n  was te rm ina ted  by adding 1 volume o f  0.5% a c e t i c  
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L 0 

Minutes 

h 

FIGURE 7B 

a u t h e n t i c  [3H] LTC4 ( F i g u r e  8). 

con f i rmed  i n  b o t h  systems. The a b i l i t y  o f  t h e  e x t r a c t  t o  induce a 

sus ta ined  c o n t r a c t i o n  on an i s o l a t e d  segment o f  guinea p i g  i l eum,  

i n h i b i t a b l e  by t h e  l e u k o t r i e n e  r e c e p t o r  a n t a g o n i s t  FPL 55712, 

f u r t h e r  con f i rmed  t h e  presence o f  b i o l o g i c a l l y  a c t i v e  slow- 

r e a c t i n g  substance o f  anaphy lax i s  (da ta  n o t  shown) (3,4). 

The absence o f  LTD4 and LTE4 was 

I n  summary, OPA may be used t o  fo rm h i g h l y  f l u o r e s c e n t  

d e r i v a t i v e s  of p e p t i d o l e u k o t r i e n e s ,  which can be separated by 

RP-HPLC i n  less t h a n  30 minutes.  The d e r i v a t i v e s  a r e  formed i n  a 

2 minute r e a c t i o n  i n  aqueous s o l u t i o n  and appear t o  be f u l l y  
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FIGURE 8.  Rad ioac t i ve  E l u t i o n  P r o f i l e  o f  Products o f  Zymosan S t imu la ted  Mouse 
Macrophages. A 0.75 m l  a l i q u o t  o f  t h e  f i n a l  methanol e x t r a c t  was concentrated 
under argon, brought  t o  0 . 1  m l  w i t h  30% methanol, and chromatographed i n  a s tep 
g r a d i e n t  o f  methanol :water :acet ic  a c i d  (60:40:0.08 v/v/v) pH 6.2 w i t h  NH40H f o r  
30 minutes t o  methano1:water:acetic a c i d  (70:30:0.08 v/v/v) pH 6.2 f o r  30 min- 
u tes  t o  100% methanol. Products present  i n  t h e  macrophage e x t r a c t  (-) were 
i d e n t i f i e d  by comig ra t i on  w i t h  t r i t i a t e d  standards (----). Peak 1, LTC4; Peak 2, 
LTD4; Peak 3, LTB4; Peak 4, LTE4; Peak 5, 15-HETE; Peak 6, 12-HETE; Peak 7, 
5-HETE; and Peak 8,arachidonic  ac id .  
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s t a b l e  f o r  1 hour  a t  room temperature.  

s i v e ,  a f f o r d s  an i nc reased  s e n s i t i v i t y  ove r  UV d e t e c t i o n ,  espe- 

c i a l l y  f o r  LTC4, and o f f e r s  another  means f o r  t h e  p h y s i c a l  

c h a r a c t e r i z a t i o n  o f  b i  ogeni  c a l  l y  d e r i v e d  p e p t i d o l  e u k o t r i  enes . 

The procedure i s  inexpen- 
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