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SYNTHESIS OF 2H~-LEUKOTRIENE B4 
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A semi-synthetic method for the preparation of deuterated 

leukotriene B4 (2H8-LTB4) from eicosatetraynoic acid (ETYA) is 

described which involves reduction of ETYA to deuterated arachi - 
donic acid (2H8-AA) with deuterium gas and then biological 

con’version of this material to 2H8-LTB4 by rat peritoneal 

pol ymorphonuc lear 1 eukocytes (PMNs) . 
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INTRODUCTION 

Leukotriene B4 (LTB4), a dihydroxy metabolite of arachidonic 

acid (AA) is a mediator implicated in inflammatory diseases such 

as rheumatoid arthritis. It has a variety of pharmacological 

effects which include aggregation of PMNs, chemotaxis of PMNs and 

increased venular permeability(’). LTB4 not only has effects on 
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PMNs but is synthesised from membrane hound arachidonate by PMNs. 

The enzyme responsible for release of membrane bound arachidonate 

is phospholipase A 2  and the released AAis convertedtoLTB4by a 

group of enzymes called lipoxygenase. Exogenous AA incubated 

with PMNs is also converted to LTB4 and many agents such as 

calcium ionophore A23187, N-formyl-Met-Leu-Phe (FMLP), complement 

component CSa, and serum treated zymosan (STX) will stimulate 

PMNs to produce LTB4. 

chromatography/tandem mass spectrometry (GC/MS/MS) assay for LTB4 

in various inflammatory exudates, we required stable isotope 

labelled LTB4 for use as the internal standard. As complete 

chemical synthesis of 2H8-LTB4 would be very difficult and 

inordinately expensive, we have adopted a semi-synthetic approach 

to the problem. There is currently no reported quantitative 

GC/MS assay for LTB4 in biological fluids, and the other methods 

used for analysis such as HPLCf2), radioimmunoa~say(~f and 

bioassay(4) either lack the required sensitivity, or may lack 

specificity. 

For the development of a gas 

ExPmInmzu 

Synthesis of Deuterated Arachidonic Acid. To a solution of 

eicosatetraynoic acid (ETYA) (50 mg) (Roche, Australia) in 

benzene (10 mL) was added 5% Pd/CaC03 (10 mg). 

suspension was stirred under deuterium gas at room temperature 

and pressure. Upon consumption of the theoretical amount of 

deuterium gas the reaction was stopped by venting to the 

atmosphere. The catalyst was removed by filtration and the 

solvent removed under a gentle stream of nitrugen to give a 

yellow semi-solid. TLC of the reaction product indicated the 

presence of five compounds including material co-chromatographing 

with ETYA and AA. Mass spectrometry (Finnigan TSQ-46) of a 

sample of the pentafluorobenzyl (PFB) ester of the crude product 

The resulting 
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showed t h a t  it was composed of 2H8-AA and o t h e r  less s a t u r a t e d  

compounds. The crude mixture  was p u r i f i e d  by h igh  performance 

l i q u i d  chromatography (HPLC). The product  was d i s s o l v e d  i n  

me thano l  and a l i q u o t s  were i n j e c t e d  o n t o  a 250 mm l o n g  x 4.2 mm 

i.d. column packed with 10 pm Spher i sorb  C 1 8  s t a t i o n a r y  phase. 

The f l o w  r a t e  was1.7 mL/minwhichgave  a c o l u m n p r e s s u r e o f l l 0 0  

ps i .  The mobile  phase was 75% a c e t o n i t r i l e ,  25% water and 0.02% 

acetic a c i d  ad jus t ed  t o  pH 6.8 with  ammonium hydroxide,  and t h e  

d e t e c t o r  was set  a t  200 nm. The f r a c t i o n  corresponding t o  t h e  

a rachidonic  a c i d  peak was c o l l e c t e d ,  d i l u t e d  wi th  f i v e  times t h a t  

volume of water ,  and passed through a SEP PAK C18 e x t r a c t i o n  

c a r t r i d g e  (Waters Assoc ia tes ) .  The c a r t r i d g e  was then  washed 

w i t h  40 mL Of Water and t h e  2H8-a rach idon ic  a c i d  was e l u t e d  w i t h  

methanol. The concen t r a t ion  of a rachidonic  ac id  i n  t h e  r e s u l t i n g  

s o l u t i o n  was determined by re -ana lys ing  a s m a l l  a l i q u o t  by HPLC. 

The e x t e n t  of i nco rpora t ion  was determined by nega t ive  ion  

chemical i o n i z a t i o n  mass spec t romet ry  of t h e  pentaf luorobenzyl  

ester of t h e  ma te r i a l .  The base peak (m/z 311) corresponds t o  

t h e  anion formed a f t e r  loss of t h e  PFB group, and t h e  absence of 

ions  i n  t h e  range m/z 303 t o  310 i n d i c a t e d  t h a t  t h e  p u r i f i e d  

m a t e r i a l  was pure 2H8-arachidonic acid.  Proton nmr i n  CDC13 

( J e o l  FX-90Q) of t h e  deu te ra t ed  m a t e r i a l  showed a very  s i m i l a r  

spectrum t o  t h a t  of pure a rachidonic  a c i d  (Sigma), except  t h a t  

t h e  resonances due t o  t h e  e i g h t  o l e f i n i c  pro tons  were missing 

(5.42 ppm), and t h a t  no s p l i t t i n g  of t h e  v i n y l i c  pro tons  (2.82 

ppm) was observed. 

s y n t h e s i s  of Deuterated Leukot r iene  B4 Male wi s t a r  r a t s  

(3009) were i n j e c t e d  i n t r a p e r i t o n e a l l y  wi th  20 mL of a 3% peptone 

s o l u t i o n  i n  0.9% s a l i n e  and t h e  PMNs were harves ted  5 hours l a t e r  

by p e r i t o n e a l  lavage .  The c e l l s  were c o l l e c t e d  i n t o  ca lc ium and 

magnesium f r e e  Hank's bu f fe r  s o l u t i o n ,  and were i s o l a t e d  by 

c e n t r i f u g a t i o n  and p u r i f i e d  by f u r t h e r  washing and c e n t r i -  



294 M. Dawson el al. 

f u g a t i o n .  The c e l l s  were suspended i n  t h e  b u f f e r  s o l u t i o n  t o  

g i v e  a c o n c e n t r a t i o n  of  c e l l s  o f  1 x l g 7  p e r  a. 
c o n t a i n i n g  1 mL of t h e  c e l l  s u s p e n s i o n  were added c a l c i u m  

c h l o r i d e ,  magnesium s u l p h a t e ,  FMLP and 2H8-m t o  g i v e  f i n a l  

c o n c e n t r a t i o n s  of 2 mM, 8 m M ,  0.1 mM and 0.1 mM r e s p e c t i v e l y .  

The c e l l s  were i n c u b a t e d  a t37 'C f o r  20 m i n u t e s ,  a t  which  t ime 

t h e  s u s p e n s i o n  was c e n t r i f u g e d  and t h e  s u p e r n a t a n t  passed  t h r o u g h  

a SEP-PAK C18 c a r t r i d g e  as d e s c r i b e d  above. The c a r t r i d g e  was 

washed w i t h  20 mL water, and d r i e d  by p a s s i n g  n i t r o g e n  g a s  

through it  a t  60 p s i .  The c a r t r i d g e  was t h e n  washed w i t h  1 mL of 

h e x a n e  a n d 1 m L o f  d i c h l o r o m e t h a n e , a n d t h e  p r o d u c t e l u t e d w i t h  2 

mL of methanol  which was e v a p o r t e d  t o  d r y n e s s  under n i t r o g e n .  

The r e s i d u e  was d i s s o l v e d  i n 1 0 0  

s e p a r a t e d  from t h e  o t h e r  i n c u b a t i o n  p r o d u c t s  by HPLC. The 

f r a c t i o n s  c o r r e s p o n d i n g  t o  LTB4 were c o l l e c t e d  and e x t r a c t e d  as 

d e s c r i b e d  above. The HPLC system was s imi la r  t o  t h a t  used f o r  

t h e  p u r i f i c a t i o n  of AA e x c e p t  t h a t  t h e  d e t e c t o r  was s e t  a t  269.5 

n m a n d t h e m o b i l e p h a s e w a s  c o m p o s e d o f  63% m e t h a n o l ,  37% water 

and 0.02% acet ic  a c i d  a t i jus ted  t o  pH 6.8 w i t h  ammonium hydroxide 

s o l u t i o n .  

was determined by HPLC and t h e  r e l a t i v e  amounts of 2H8- and 'H- 

LTB4 were de termined  by n e g a t i v e  i o n  chemica l  i o n i z a t i o n  GC/MS of 

t h e  pentaf  l u o r o b e n z y l  ester t - b u t y l d i m e t h y l s i l y l  (TBDMS) e t h e r  

d e r i v a t i v e  ( F i g u r e  1). The i o n  t races  a t  m/z 571 and 563 

c o r r e s p o n d  t o t h e  a n i o n s  formed a f t e r  l o s s  o f t h e P F B g r o u p  f r o m  

2H8- and 'H-LTB4 r e s p e c t i v e l y .  

To s i x  t u b e s  

p L o f  m e t h a n o l ,  and t h e  LTB4 was 

The c o n c e n t r a t i o n  of  LTB4 i n  t h e  SEP-PAK C18 e lua t e  

DISCUSSION 

B i o s y n t h e s i s  of d e u t e r a t e d  LTB4 by PMNs f o l l o w i n g  

s t i m u l a t i o n  w i t h  FMLP and added 2H8-arachidonic a c i d  r e s u l t s  i n  

t h e  f o r m a t i o n  of deuter ium l a b e l l e d  LTB4 w i t h  o n l y  3.5% 

contaminat ion  w i t h  'H-LTB4 ( F i g u r e  1). 

t h a t  t h e  bonded phase c a p i l l a r y  GC column used is c a p a b l e  of 

I t  is i n t e r e s t i n g  t o  n o t e  
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1882. 
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Figure 1. Ion traces for m/z 563 and 571 from deuterated LTB4 

slight separation of 2H8- and 'H-LTB4; the maximum of the 2H8- 

LTB4 peak occurs at scan number 510, while that of 'H-LTB4 occurs 

at scan number 512 (Figure 1). 

The deuterated LTB4 synthesised by stimulation of PMNs with 

FMLP is suitable for use as an internal standard for the 

quantitative analysis of LTB4. The small amount of 'H-LTB4 added 

to unknown samples can be compensated for during standard curve 

construction. Table 1 shows the standard curve data obtained 

after injection of 2 UL aliquots of solutions containing 10-400 

pg/pL of PFB-TBDMS-LTB4 and 100 pg/pL of 2H8-~TB4 onto a bonded 

phase capillary GC column with the mass spectrometer operating in 

chemical ionization negative ion, collision activated 

decomposition mode, monitoring the daughter ions of m/z 563 and 

571 at m/z 299 and 305 respectively. 
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T a b l e  1. Standard  curve  d a t a  o b t a i n e d  a f t e r  i n j e c t i o n  of 10-400pg 

Of LTBl and 100 pg O f  2H8-LTB4 o n t o  t h e  COlUIWl.  
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y = 0.00662 x - 0.0187 1: = 0.9997 
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