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ABSTRACT 

Leuko t r i ene  B4 (LTB4) was d e r i v a t i z e d  w i t h  p- (9-anthroy loxy)phenyl  
bromide f o r m i n g  t h e  panacyl  e s t e r .  The y i e l d  from t h i s  r e a c t i o n  was 95 
pe rcen t .  
p e r f o m a n c e  l i q u i d  chromatography r e s u l t e d  i n  a g r e a t e r  t han  10 f o l d  i n c r e a s e  
i n  s e n s i t i v i t y  as measured d i r e c t l y  w i t h  u l t r a v i o l e t  l i g h t  ( a b s o r p t i o n  a t  254 
nm). S e n s i t i v i t y  was 1 6  n g  and e l u t i o n  t i m e  was l e s s  t h a n  15  minutes.  
a p p l i e d  t h i s  technique t o  q u a n t i f i c a t i o n  o f  LTB4 p r o d u c t i o n  by human 
polymorphonuclear  leucocytes.  

Subsequent s e p a r a t i o n  o f  t h i s  e s t e r  u s i n g  reve rsed  phase h igh -  

We 

INTRODUCTION 

Leuko t r i enes  a re  m e t a b o l i t e s  of a r a c h i d o n i c  a c i d  produced by t h e  

l ipoxygenase pathway. L e u k o t r i e n e s  induce a v a r i e t y  o f  b i o l o g i c a l  e f f e c t s  

i n c l u d i n g  i n f l ammat ion ,  c o n t r a c t i o n  o f  smooth muscle and s e c r e t i o n  o f  mucous, 

a t  v e r y  low concen t ra t i ons .  

l e u k o t r i e n e  w i t h  a number o f  b i o l o g i c a l  a c t i o n s .  I t  a f f e c t s  adhesion o f  

L e u k o t r i e n e  B4 (LTB4) i s  a non -pep t idy l  

2205 
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2206 WILLIAMSON ET AL. 

neut roph i l s  ( l ) ,  i s  a potent chemotactic agent (1,2), and possesses ionophor ic 

a c t i v i t y  (3)  . 
The a c t i v i t y  o f  LTB4 i n  a v a r i e t y  o f  c e l l  systems suggests t h a t  i t s  

measurement i n  b i o l o g i c a l  f l u i d s  may be important. Bioassay i s  non-speci f ic  

i n  t h a t  a b i o l o g i c a l  response may be generated by an i n t e r f e r i n g  substance 

w i t h i n  t h e  so lu t i on  being tes ted  (4 ) .  Radioimmunoassay i s  q u i t e  sens i t i ve  

(4,5) and when combined w i t h  high-performance l i q u i d  chromatography (HPLC), i s  

f a i r l y  s p e c i f i c .  However, i t  i s  tedious and sub jec t  t o  the  a v a i l a b i l i t y  o f  

antibodies. Furthermore, most o f  the po lyc lona l  ant ibodies c u r r e n t l y  

ava i l ab le  cross reac t  w i t h  o ther  leukotr ienes, d i  hydroxyeicosatetraenoic 

acids, and perhaps other u n i d e n t i f i e d  molecules i n  a b i o l o g i c a l  sample. Thus, 

radioimmunological assays f requen t l y  must be combined w i t h  HPLC. LTB4 absorbs 

u l t r a v i o l e t  (uv) l i g h t  maximally a t  272 nm w i t h  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  50,000 cm-1 M-I. Although the re  are c la ims o f  s e n s i t i v i t y  o f  1-2.5 ng/ml 

using HPLC and u l t r a v i o l e t  absorpt ion (6,7), our experience w i t h  t h i s  

technique has cons is ten t l y  provided a s e n s i t i v i t y  o f  approximately 200 

ng/ml. 

measurement o f  monohydroxyeicosatetraenoic acids (mono-HETEs) (8).  Therefore, 

t o  improve s e n s i t i v i t y ,  e s t e r i f i c a t i o n  o f  t he  dihydroxyeicosatetraenoic ac id  

LTB4 w i t h  p-(9-anthroyloxy) phenacyl bromide (PAB) forming the  panacyl esters 

was c a r r i e d  ou t .  The es te r  was separated using reversed phase HPLC and 

monitored by uv absorpt ion d i r e c t l y  a t  254 nm. 

1 6  ng/ml using t h i s  technique. 

ca t i on  o f  LTB4 by human per iphera l  b lood polynorphonuclear leucocytes (PMN). 

We have prev ious ly  demonstrated the  u t i l i t y  o f  d e r i v a t i z a t i o n  i n  the  

S e n s i t i v i t y  was increased t o  

This technique was app l ied  t o  the  q u a n t i f i -  

WTERIALS AND METHODS 

Chemicals 

Leukotriene B4 was synthesized and generously provided by D r .  John 

Gleason, Smith K l i n e  and French Laborator ies and was greater than 98% pure as 
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QUANTIFICATION OF LEUKOTRIENE B4 2207 

determined by HPLC. 

Nuclear ,  Boston, MA. 

O r .  Wal ter  Morozowich, The Upjohn Company, Kalamazoo, M I .  Water, 

a c e t o n i t r i l e ,  e thanol ,  a c e t i c  ac id ,  t r i e t h y l a m i n e  (TEA) and t e t r a h y d r o f u r a n  

(THF) were a l l  HPLC-grade ( F i s h e r  S c i e n t i f i c ,  K i n g  of P russ ia ,  PA) .  

3H-LTB4 (30-60 Ci/mmol) was purchased f rom New England 

p-(9-anthroyloxy)phenacyl bromide (PAB) was a g i f t  f r om 

I ns t rument  a t  i on 

HPLC (Waters Associates,  M i l f o r d ,  MA) was per formed w i t h  t h e  f o l l o w i n g  

components: two Model 6000-A S o l v e n t  D e l i v e r y  Systems, a Model 660 So lven t  

Programmer o r  a 720 Systems C o n t r o l l e r ,  a Model 7lOB Waters I n t e l l i g e n t  

Sampling Processor, a Z Module R a d i a l  Compression S e p a r a t i o n  System, a Model 

441 F i x e d  Wavelength U l t r a v i o l e t  Absorbance D e t e c t o r  equipped w i t h  a mercury 

lamp and a 254 nm f i l t e r ,  and a Model 7000 Da ta  Module. Separa t i ons  were 

per formed on  an 8 mm i n t e r n a l - d i a m e t e r  ( &nm x 20 cm) o c t a d e c y l s i l y l  (ODS) 

( 4  p p a r t i c l e  d iamete r )  R a d i a l  Pak column (Waters Associates,  M i l f o r d ,  MA). 

The sample i n j e c t i o n  va lue  was 200 u l .  The m o b i l e  phase was a c e t o n i t r i l e  

and 0.1% aqueous a c e t i c  a c i d .  The i n i t i a l  c o n d i t i o n  o f  t h e  g r a d i e n t  was 56% 

a c e t o n i t r i l e .  

2 o f  t h e  s o l v e n t  programmer. A f l o w  r a t e  o f  5 m l  p e r  min was used throughout .  

T h i s  was inc reased  t o  78% a c e t o n i t r i l e  over  20 m i n  u s i n g  cu rve  

Der i  v a t i  z a t i  on 

LTB4 and 3H-LTB4 i n  methanol were d r i e d  under a s t ream o f  N2. 

d i s s o l v e d  i n  a s o l u t i o n  o f  acetonitri1e:tetrahydrofuran (4:1, v:v). PAB 

s o l u t i o n  (1 m l )  and 3 u l  t r i e t h y l a m i n e  were added t o  each a l i q u o t  t o  be 

e s t e r i f i e d .  The s t o i c h i m e t r y  was a d j u s t e d  such t h a t  t h e  mo la r  r a t i o  o f  PAB 

t o  LTB4 was a t  l e a s t  4: l .  

and i n c u b a t e d  a t  37OC f o r  2 4  h r .  

p reven t  h y d r o l y s i s  o f  t h e  e s t e r  back t o  t h e  ac id .  

PAB was 

Standards were p l a c e d  i n  te f l on -capped  g lass  v i a l s  

Anyhydrous c o n d i t i o n s  a r e  r e q u i r e d  t o  
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C e l l s  

Heparinized per iphera l  venous blood was obtained from normal volunteers 

and PMN were prepared by isopycnic cen t r i f uga t ion  using a Ficoll-Hypaque 

gradient,  fo l lowed by sedimentation i n  6% dextran (8 ) .  

e ry th rocy tes  were removed by hypotonic l y s i s  and low-speed cent r i fugat ion .  

More than 98% of  t h e  recovered c e l l s  were PMN as determined by Wright s ta in ,  

and greater than 95% o f  the c e l l s  were v iab le  as determined by t rypan blue 

exclusion. Ce l l s  were suspended i n  Hanks Balanced S a l t  So lu t ion  (GIBCO, Grand 

Is land, NY) .  

Contaminating 

RESULTS AND DISCUSSION 

To show d e r i v a t i z a t i o n  and t o  quan t i f y  the  recovery from the der iva- 

t i z a t i o n ,  3H-LTB4 was used (F ig .  1). The upper panel shows the  absorbance o f  

de r i va t i zed  LTB4. A l iquots  o f  2.5 u l  f rac t i ons  were co l l ec ted  and the  rad io -  

a c t i v i t y  was counted using Beckman HpB f l u o r .  The r e s u l t s  were p l o t t e d  as a 

func t i on  o f  t ime f o r  nonder ivat ized 3H-LTB4 (middle panel of  Fig,  1) and 

de r i va t i zed  3H-LTB4 (lower panel o f  Fig.  1). 

resu l ted  i n  a p red ic tab le  increase i n  r e t e n t i o n  t ime since the  panacyl es te r  

i s  less  po la r  than t h e  f r e e  acid, and should be re ta ined  on the  column longer 

i n  a reversed-phase system. I n  addi t ion,  i t  was determined i n  th ree  separate 

experiments t h a t  greater than 95 percent o f  t h e  t o t a l  3H-LTB4 was der iva t ized .  

Der i va t i za t i on  of 3H-LT84 

A convex grad ien t  (curve 2) was u t i l i z e d  t o  e l u t e  panacyl-LTB4 a t  10.86 

min i n  a sharp s j m e t r i c a l  peak, thus op t im iz ing  f o r  s e n s i t i v i t y  and 

separat ing de r i va t i zed  LTB4 from reac t ion  impur i t i es  and byproducts. The 

maximum s e n s i t i v i t y  achieved by t h i s  technique was 1 6  ng/ml. Th is  technique 

was appl ied t o  q u a n t i f i c a t i o n  of LTB4 produc t ion  by human PMN: product ion o f  

approximately 300 ng/5 x lo6 c e l l s  a f t e r  s t imu la t i on  w i th  1 uM calcium 

ionophore A23187 f o r  5 min (Fig. 2) was noted. Quan t i f i ca t i on  o f  LTB4 

product ion by t h i s  technique i s  a t  l eas t  t en - fo ld  g rea ter  than t h a t  reported 

by o ther  i nves t i ga to rs  using d i f f e r e n t  systems (10 , l l ) .  
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DERlVlTlZED LTE4 
( 3.2 ng ) 

F igure  1 

TIME 

NONDERlVlTlZED 3H-LTB, -: - :/;.;*;*, , , , , , 

a 
0 1  ........ 0 . .  

2 4 6 8 10 12 14 16 18 

FRACTION 

DERlVlTlZED 3H-LTB4 

.*... I.. .....- 0 .  

2 4 6 8 10 12 14 16 18 

f RACTtON 

Oer iva t ized  TB4 (upper panel)  and f r a c t i o n  co l l ec t ’ on  o f  non- 

panel)  i n j e c t e d  i n t o  chrmatograph: 
ace ton i t r i le :O. l% a c e t i c  acid, 56 t o  78% o f  t h e  former curve 2 over 
20 min. Column i s  a 4 u par t i c le -d iameter  ODs. 

de r i va t i zed  5 H-LTB4 (middle panel)  and der iva t ized  jH-LTB4 ( lower 
F l o w  r a t e  5.0 ml/min, 
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2210 WILLIAMSON ET AL. 

Figure  2. Der i va t i za t i on  and measurement o f  LTB4 (RT=10.87 min) and 5-HETE 
(RT=18.93 min) from normal human per iphera l  blood polymorphonuclear 
leukocytes f o l l o w i n g  s t imu la t i on  w i t h  1 uM calcium ionophore A23187 
fo r  5 min. 
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QUANTIFICATION OF LEUKOTRIENE B4 221 1 

Der i va t i za t i on  may be useful  f o r  improving de tec t ion  by l i q u i d  

I t  has been repor ted  t h a t  prostanoids and mono-HETEs can chromatography (12) .  

be de r i va t i zed  using PAB and measured by HPLC (8,13). 

demonstrate t h a t  LTB4, a di-HETE, can also be de r i va t i zed  and measured by t h i s  

procedure. Th is  technique can be appl ied t o  measurement of these compounds i n  

b i o l o g i c a l  samples (Fig.  2 ) .  

procedure allows de tec t ion  o f  a1 1 eicosanoids, except pep t idy l  leukotr ienes, 

using a s i n g l e  wave length  detector.  

I n  t h i s  repo r t  we 

I n  add i t i on  t o  improved s e n s i t i v i t y ,  t h e  

SUMMARY 

LTB4 was de r i  v a t i  zed w i t h  p-( 9-anthroy1oxy)penacyl bromide forming the  

panacyl es te r  o f  LTB4. Using HPLC and d i r e c t  u l t r a v i o l e t  absorpt ion a t  254 

nm, a s e n s i t i v i t y  o f  16 ng/ml was achieved. The technique i s  app l i cab le  t o  

the  analysis o f  b i o l o g i c a l  specimens, i nc lud ing  LTB4 product ion by human PMN. 

Acknowledqnents. Supported i n  pa r t  by grants from N I H  (HL-07027) and the  
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