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ON THE BIOSYNTHESIS AND THE STRUCTURE OF LIPOXIN B 

Brian J. Fitzslmmons* and Joshua Rokach 
Merck Frosst Canada Inc. P.O. Box 1005, Pointe Clalre-Oorval. Quebec, H9R 4PB 

Data are presented which shows that the llpoxlns are formed via a tetraene epoxlde. supportlng 
the asslgnment of the all trans tetraene geometry to llpoxin B. 

The lipoxlns are novel metabolltes of arachldonic acid first reported by Serhan, Hamberg and 

Samuelsson In the Sprlng of 1984.l Two types of llpoxlns were Identified at that time: lipoxln 

A and llpoxln B (Fig. 1). Recently the structure of l'tpoxln A was determined to be the 55. 6s. 

155, 11-cls Isomer 1 2.3 by comparison to synthetic standards. 
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Llpoxin B has also been ldentlfied by the same protocol 4.5 , however, in thls case there Is a 

discrepancy between the structures asslgned to this interesting metabollte by two dlfferent groups 

(Fig. 2). The Merck Frosst group asslgned the two all trans structures 2 and 3 to 

naturally-derived llpoxln wlth the 14R Isomer 2 belng the major component4. While the Harvard 

group has assigned the two 8-a structures 4 and 5 to the natural material with the 14s 

isomer 5 being the major component5. In this paper we present further data that support our 

asslgnment of the all trans structures 2 and 3 to lipoxln B and elucidates the biosynthesis of 

the llpoxlns. 
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flgure 2: LIPOXIN B ISOMERS 
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The llpoxlns could be generated by one of two posslble biosynthetic pathways described In 

detall In our asslgnment of the structure of llpoxin A*. The first pathway would involve the 

generatlon of the tetraene epoxlde 6 from 15-HPETE, as shown In Scheme I, analogous to the 

formation of LTA4 from arachldonlc acid, and Its hydrolysls to give the llpoxlns. The second 

pathway would also pass via a 5.15 dloxygenated arachldonlc acid derlvatlve. Generatlon of a 

carbon centered radical at C-10 of 5.15 DiHPETE (or DIHETE) and trapplng of molecular oxygen at 

C-6 would yield llpoxln A, whlle trapping at C-14 would yleld llpoxin B. The lntermedlacy of a 

5,15 dioxygenated arachldonlc acid metabollte Is Implicated by the detectlon of substantlal 

amounts of 5.15 diHETE In the orlglnal Isolation of the llpoxlns. 

Scheme I 
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To test these possible blosynthetlc routes, two experlments were performed. In the first 

experlment the tetraene epoxlde L6 was Incubated wlth human leukocytes under the condltlons 

orlglnally used to generate the llpoxlns from 15-HPETE'. to determlne If the same products 

resulted. The second experiment conslsted of attemptlng three successive llpoxygenatlons of 



arachldonlc acid uslng a purlfled llpoxygenase enzyme, uhlch Is known to perform the first two 

oxygenatlons analogously to the human enzyme.’ The purpose of the latter experlment was to 
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determine what the products of trlple llpoxygenatlon of arachldonlc acid would be. 

lncubatlon of the tetraene epoxlde 6 with human leukocytes provided the ldentlcal llpoxlns 

In similar relative proportlons to those obtained from the Incubation of 15-HPETE under the same 

condl tlons. Thls 1s strong evidence for the lntermedlacy of thls epoxlde in the blosynthetlc 

scheme, however, we wished further conflrmatlon. Since the lncubatlons are quenched wlth methanol 

and acldlfled, the less polar fraction of both lncubatlons were examined in an attempt to ldentlfy 

methanol openlng products of the Intermediate tetraene epoxlde (methoxy-llpoxlns). Indeed these 

products were detected in both the lncubatlon of IS-HPETE and of the tetraene epoxlde 6 with 

human leukocytes in slmllar relatlve proportions (Fig. 3). Furthermore, treatment of the tetraene 

epoxlde 6 wlth acldlc methanol yielded a vlrtually identical chromatogram to traces A and B 

(Fig. 3).7 These experlments provlde direct and conclusive evidence for the lntermedlacy of the 

tetraene epoxlde 6 In the blotransformatlon of 15-HPETE to the llpoxlns. This biosynthetic 

pathway vla the tetraene epoxlde 6, should lead to 11-m llpoxln A’s by vlclnal hydrolysis of 

the epoxlde. It should also lead to the all trans llpoxln B’s by non-enzymatic hydrolysis of the 

epoxlde, by analogy to non-enzymatic hydrolysls of LTA4. 

Flgure 3: RP-HPLC of the methoxy-llpoxlns. Waters C-1B PBondpak (7.8 nnn x 30 cm). 65:35:0.05 
methanol/water/acetic acid. flow = 1.5 mL/mln. 

Methoxy-llpoxlns from the lncubatlon of 15-HPETE wlth 
human leukocytes. 

Rethoxy-llpoxlns from the Incubation of the tetraene 
epoxlde 6 with human leukocytes. 

The Incubation of arachldonlc acid with soybean llpoxygenase In pH9 borate buffer ylelded two 

llpoxlns. These were the 5S, 6lj. 15s ll-cls llpoxln A and the 5s. 14R. 155 B-cls llpoxln B 4 . 

Therefore the thlrd oxygen 1s Introduced In such a manner to create a R stereocenter. Thls 1s 

consistent wlth the llpoxygenase enzyme’s actlon on other substrates and an analogous reactlon In 

the literature uslng human enzyme.* These data lndlcate that the 5S., 14R, 15s B-cls and not 
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the 5S_. 142, 15s I-cis llpoxin B Isomer Is llkely to be formed by the trlple llpoxygenatlon 

pathway. 

In addition to these experiments the synthetic and natural llpoxln B Isomers were re-examlned 

by RP-HPLC using the column and conditions described by the Harvard group. The retention tjmes 

obtained for these Isomers are shown In Table 1. The Identlflcatlon of leukocyte-derived llpoxln 

B using these condltlons was the same as prevlously reported by us. The UV spectra of natural 

lipoxin B was tndlstfnguishable from that of our synthetic all-trans llpoxln B isomers. In 

addltlon, In our hands no identlflable amounts of elther the B-cls llpoxln B Isomers 4 or 5 

were found. 

TABLE 1 

Llpoxln B Isomer Retentlon Time (Waters 15 cm ClB-Novapak 

Methyl Ester 60:40 Methanol/Water, 2 mL/mln) 

6 S, 14 5, 15 5 all trans 3 8.5 mln 

5 5, 14 5. 15 5 all trans 2 9.6 mln* 

5 S. 14 R, 15 28-e 4 9.6 mln* 

5 5, 14 5, 15 S 8-cls 5 17.2 mln 

*These Isomers are easlly separated using 40:60:0.05 acetonltrlle/water/acetlc acid. 

In conclusion, It has been shown that the llpoxlns are formed via the tetraene epoxlde 6 and 

that the llpoxln B produced by trlple llpoxygenatlon would be the 55, 14R. 15s 8-a lsomer 4 . 

These data support the assignment of the all trans structures 2 and 3 to llpoxln B and counter 

lndlcates the asslgnment of the 5s. 14s. 15s 8-a Isomer 5 as the major llpoxln B produced 

naturally. Also re-examlnatlon of the leukocyte-derlved llpoxlns ylelded no Identlflable amounts 

of the 8-cls llpoxln B's. The detalls of the blosynthetlc experiments will be reported In a full 

paper elsewhere. 
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