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A review of possible roles of the platelet
12-lipoxygenase
ALAN R. BRASH, PH.D.

THE 12-LIPOXYGENASE ENZYME of platelets was
the first lipoxygenase to be discovered in animal tis-
sue,1 yet its physiologic significance remains far from
clear. The enzyme catalyzes the reaction of arachi-
donic acid with molecular oxygen to form 12(S)-hy-
droperoxy-eicosatetraenoic acid (1 2-HPETE); under
most conditions the majority of the hydroperoxide is
reduced to the hydroxy form (1 2-HETE) and released
from the cell. What is the function of this very simple
transformation? At present we have no definitive an-
swer. The pathways of arachidonic acid metabolism
that are understood lead to the formation of potent
biological mediators such as the prostaglandins and
leukotrienes. However, there is no obvious analogy to
these mediators in the 12-lipoxygenase pathway. For
this reason, even the most elementary consequences of
the platelet 12-lipoxygenase reaction are included in
the following list of possible functions of the pathway:

(1) Reaction forms 12-HPETE or 12-HETE as a
specific mediator?

(2) Reaction consumes molecular oxygen.
(3) Reaction consumes free arachidonic acid.
(4) Reaction forms a hydroperoxide.
(5) Specific mediators are formed from 12-HPETE

(or 15-HPETE)?
(6) Involvement in cell-cell interactions?
Figure 1 illustrates the overall reaction in its most

elementary form. Lipoxygenases react the polyunsat-
urated lipid substrate (LH in figure 1) with molecular
oxygen to form a lipid hydroperoxide (L-OOH). The
cyclooxygenase reaction involves two steps of lipoxy-
genase-like oxygenation. For comparison, figure 1
also shows the simple equation for p-450. This enzyme
complex can be regarded both as a monooxygenase
(formation of L-OH) and as a mixed-function oxidase
(multiple cosubstrates are used in the reduction of mo-
lecular oxygen to water). Note that a reducing cofactor
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is required by p-450 but not by the lipoxygenase or
cyclooxygenase.

In the following review of the 12-lipoxygenase, the
possible physiologic functions are considered by refer-
ence to six consequences of the simple reaction:

LH + 02 -* L-OOH

Reaction forms 12-HPETE or 12-HETE as a specific me-
diator? This section is a review of the evidence that
12(S)-HPETE or 12(S)-HETE functions as a specific
biological agonist acting via specific receptors. (The
possible importance of the hydroperoxide group of 12-
HPETE will be considered later.) Certainly, it can be
argued that specific receptors for such simple struc-
tures could exist. For example, specific radioimmuno-
assays have been developed for 12-HETE.2 However,
there is very little evidence to support the notion that
the primary products of the 12-lipoxygenase pathway
are specific agonists. Furthermore, there is no con-
vincing precedent for this with related structural ana-
logs such as the other HPETEs. Notably, submicro-
molar concentrations of 12-H(P)ETE are inactive in
eliciting contraction or relaxation of smooth muscle. In
contrast, the prostaglandins and leukotrienes each ex-
hibit a distinct profile of myotropic activity in the
nanomolar range. Although the very first report of
chemotactic activity for leukocytes among the eicosa-
noids concerned 12-HETE,3 and 12-HPETE was later
found to be more active,4 both products are now recog-
nized as extremely weak agonists compared with
LTB4.s More recently, a series of studies by Nakao et
al.6 have suggested that 12-HETE induces migration of
aortic smooth muscle cells at the astoundingly low
concentration of 10- `5 M. An unresolved question
concerning these experiments is the fact that all incu-
bations contained 5% to 10% fetal calf serum. Because
bovine platelets synthesize 12-HETE,7 the serum po-
tentially could contain roughly 106 times more 12-
HETE than is subsequently added to induce chemo-
taxis of the smooth muscle cells. However, if these
findings are confirmed, they stand as an important
exception to the current impression that 12-HETE is a
biologically inactive compound.
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FIGURE 1. Oxygenation of lipid substrates (LH) by lipoxygenase,
cyclooxygenase, and p-450.

Several studies have pursued the possibilities for
specific interaction of 12-HETE on platelet function.
Invariably, micromolar concentrations are required to
elicit any effect, and this is a higher concentration than
is likely to be achieved in vivo. Potentially, studies
with 12-lipoxygenase inhibitors hold the key to under-
standing the role of the pathway. However, it has yet to
be demonstrated that the available 1 2-lipoxygenase in-
hibitors are suitable for tests of cellular function. This
problem is exemplified by the series of acetylenic ana-

logs of arachidonic acid. The most widely used mem-
ber of this series, 5,8,11,14-eicosatetraynoic acid
(ETYA), is both a lipoxygenase and cyclooxygenase
inhibitor, and it has been used to test platelet function
in several studies. 9̀ Although ETYA will inhibit both
these enzymes, there are analogs with selective lipoxy-
genase or cyclooxygenase inhibitory10 l activities and
therefore this problem can be circumvented. However,
there are yet other analogs that inhibit neither enzyme,
and these analogs are equipotent with the enzyme in-
hibitors in modifying indexes of platelet`2 and leuko-
cyte function. 13 It remains to be seen whether this same
problem will arise with the more recently developed
12-lipoxygenase inhibitors such as the flavonoids re-

lated to esculetin.14
Currently, the balance of evidence weighs heavily

against 12-H(P)ETE acting as a specific agonist acting
via specific receptors. There is no evidence for specific
modification of the aggregation, adhesion, or secre-

tory functions of platelets. This must be considered as

one of the least likely functions of the platelet 12-

lipoxygenase.
Reaction consumes molecular oxygen. Several years

ago this was considered as a possible function of the
lipoxygenases commonly found in plants,"5 although
little evidence has been presented to substantiate the
possibility. With regard to the 12-lipoxygenase of
platelets, it is relevant to point out the potentially high
capacity to oxygenate arachidonic acid and hence the
corresponding capacity to deplete cellular levels of
oxygen. In a well-stirred system such as the circulating
blood or in platelet-rich plasma in vitro it is inconceiv-
able that a significant depletion of oxygen could be
attained. The only realistic possibility for oxygen de-
pletion is within a mass of clumped platelets. For ex-
ample, within a platelet plug on a blood vessel wall,
the activity of the 12-lipoxygenase might render the
system anaerobic.

Several articles have drawn attention to the fact that
the 1 2-lipoxygenase is slow to be activated in the intact
platelet'6 17 and it remains active well beyond the time
required to aggregate the cells.2' 8 This is in contrast to
the cyclooxygenase, which is inactivated after a short
burst of activity. Although it may appear unlikely that
depletion of oxygen is the physiologic function of the
platelet 12-lipoxygenase, this possibility should not be
rejected out of hand. Clearly, the activation and aggre-
gation of platelets is followed by gross structural and
metabolic changes within the cell. There are no data
one way or the other to indicate whether forced deple-
tion of oxygen by lipoxygenase activity could contrib-
ute to these changes. Nevertheless, if there is signifi-
cant enzymatic activity in a closed system such as a
clump of aggregated cells, then it may well be worth
calculating the rate of oxygen depletion by the lipoxy-
genase and the rate of replenishment by diffusion from
the surrounding fluids.

Reaction consumes arachidonic acid. Potentially, ara-
chidonic acid is a far more potent mediator than 12-
HETE. By conversion to prostaglandins, thromboxane
A2, and leukotrienes it forms highly active agonists. In
contrast, no highly active metabolites of 12-H(P)ETE
have been described. Therefore, there emerges the
very real possibility that the function of the 12-lipoxy-
genase pathway is to inactivate free arachidonic acid
and thus prevent the generation of biologically active
products.

There is another potentially significant consequence
of the metabolism of arachidonic acid to 1 2-H(P)ETE.
In the unactivated platelet, the cell membranes are
relatively rich in esterified arachidonic acid. During
cell activation the structure of the cell membrane is
altered to permit change in shape, adhesion, and secre-
tion. The 1 2-lipoxygenase eliminates free arachidonic
acid, and as stated earlier it continues to function well
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after the immediate events of platelet activation.
Therefore it is quite possible that the 12-lipoxygenase
could act to eliminate arachidonic acid and hence, ei-
ther facilitate structural changes that accompany the
adhesion and secretory process and/or prevent the re-
versal of structural changes in the membrane.

The idea that the platelet lipoxygenase functions as a
metabolic sink for free arachidonic acid may not be
very exciting, but it remains a very real possibility that
is in accord with our current understanding of arachi-
donic acid metabolism and the events that accompany
platelet activation.

Reaction forms a hydroperoxide: effects on cellular me-

tabolism. The platelet 1 2-lipoxygenase forms 12-
HPETE, but under most experimental conditions it is
the hydroxy analog 12-HETE that is released from the
cells. Reduction of the hydroperoxide involves a se-
quence of redox reactions, and ultimately the reducing
equivalents are generated at the expense of glucose. As
the hydroperoxide is reduced, glutathione is oxidized
and then replenished with equivalents from NADPH,
which is itself regenerated via the hexose monophos-
phate shunt. It is therefore apparent that the formation
of a hydroperoxide per se could influence cellular me-
tabolism in the platelet and thus modulate cellular
function. Notably, lipoxygenases generate hydroper-
oxides in a reaction that needs no cofactors; in con-
trast, cellular formation of hydrogen peroxide requires
the reduction of molecular oxygen at the expense of
NAD(P)H.
The quantitative relationship between 12-HPETE

formation, hydroperoxide reduction, and platelet re-
dox balance was examined by Bryant et al.'8 They
found that the synthesis and subsequent reduction of 3
to 10 nmol (1 to 3 gg) of 12-HPETE by 3 x 101
platelets required the consumption of 10 times more
reduced glutathione (GSH) than was present in the
resting cell. In other words, a very rapid regeneration
of GSH is required to enable the cells to deal with this
amount of hydroperoxide.

Could a temporary depletion of GSH exert (indirect)
effects on cellular function? Bosia et al. 9 have shown
that chemical agents that deplete cellular GSH cause
inhibition of platelet aggregation and secretion. Cross-
binding of disulfide proteins was also shown to accom-
pany GSH depletion and this may be related to the
antiaggregatory effects.'9 If these findings have any
relevance to the formation of 12-HPETE in platelets,
then 12-HPETE and other lipid hydroperoxides should
inhibit aggregation and secretion. In fact there are con-
flicting reports in the literature. There is some evi-
dence to suggest that an intact 12-lipoxygenase path-

way is required for the normal process of platelet
aggregation in the rat8 and in man.9 This idea is sup-

ported by reports that 12-HPETE can enhance cy-

clooxygenase metabolism. 16. 20 In contrast, Aharony et
al.2` and Vericel and Lagarde22 found that 12-HPETE
and 15-HPETE exerted an antiaggregatory and antise-
cretory effect on human platelets with median inhibi-
tory concentrations in the range of 2 to 6 piM; these
effects are compatible with the concept of GSH deple-
tion by hydroperoxide, leading to an inhibitory effect
on platelet function. However, the hydroxy analogs
(1 2-HETE and 1 5-HETE) also exhibited significant
activity (median inhibitory concentration 10 gM2'),
and therefore GSH depletion can only be a partial
explanation of these findings.

The important question in terms of a cellular control
mechanism is whether 12-lipoxygenase activity could
significantly deplete cellular GSH under physiologic
conditions. This must remain doubtful. There is every

indication that platelets are very well equipped to
eliminate peroxide; one important index of this is the
fact that it is very difficult to isolate the hydroperoxide
12-HPETE from platelet suspensions. Extreme cir-

cumstances are required before the cellular redox bal-
ance is seriously disturbed. These extreme circum-
stances might include (1) absence of glucose in the
medium, (2) dietary deficiency of selenium,23 (3) the
rapid formation of large amounts of 1 2-HPETE from
an exogenous source of arachidonic acid, or (4) the
possible contribution of unknown factors that might
strain the GSH regeneration system. These conditions
have to be contrived intentionally in the laboratory and
it seems unlikely they would arise in vivo. The balance
of evidence does not favor the concept that generation
of a hydroperoxide per se is the function of the platelet
12-lipoxygenase.

Specific mediators are formed from 12-HPETE (or 15-
HPETE)? Arachidonic acid can be converted to endo-
peroxides, epoxides, and diH(P)ETEs under the influ-
ence of the platelet 12-lipoxygenase. However, there
is no evidence that any of these products have biologi-
cal activity. Furthermore, the compounds are formed
in extremely low yield. In fact, they have been demon-
strated to be formed only under very contrived condi-
tions in vitro. Their mechanisms of biosynthesis can be
categorized as: (1) Nonenzymatic decomposition of
12-HPETE; this gives epoxy-hydroxy and trihydroxy
products.2>26 There is evidence that the epoxy-hy-

droxy compounds are formed via an unstable endo-
peroxide reaction intermediate.27 (2) Formation of
15(S)-HPETE and further conversion to 15-series leu-
kotrienes. There is evidence that these reactions are
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enzymatic and that the 12-lipoxygenase may be the
enzyme responsible for the transformation.28 It has also
been shown that bradykinin is a specific stimulus for
the synthesis of these products in human platelets.29

Formation of the first group of products, the nonen-
zymatic breakdown products of 12-HPETE, depends
on accumulation of the hydroperoxide in the cells.
Selenium deficiency (glutathione peroxidose deficien-
cy) is one extreme circumstance known to promote this
condition. The demonstration of product formation has
also always depended on addition of exogenous arachi-
donic acid. This is necessary to increase the yield of
12-HPETE and thus to overcome the very efficient
mechanisms for reduction to 12-HETE within the cell.
The nonenzymatic breakdown products are not formed
from 12-HETE.
The second group of products, the 15-series dihy-

droxy leukotrienes, also require the addition of exoge-
nous substrate to form detectable amounts of the com-
pounds. The yields from exogenous arachidonic acid
are very low; addition of 15-HPETE improves the
yield,28 but this is a very artificial condition. The pre-
liminary report that bradykinin stimulates biosynthesis
of these products certainly deserves further attention.
However, our current state of knowledge tends to sug-
gest that all the products considered in this section are
no more than biochemical artifacts formed under ex-
treme conditions in vitro.

Involvement in cell-cell interactions
Inactivation of prostaglandin (PG)Ib synthase. Prostacy-

clin synthesis is very sensitive to inhibition by fatty
acid hydroperoxides.30 Consequently it has been sug-
gested that the 12-lipoxygenase activity of platelets
could result in inhibition of PG12 synthesis in the vas-
cular endothelium. However, there are at least two
major problems with this simple hypothesis. First, an
exogenous source of arachidonic acid is needed to gen-
erate large amounts of 12-HPETE. Second, it is ques-
tionable whether the hydroperoxide 12-HPETE can
escape from the platelet without being reduced to 12-
HETE. This particular point was studied by Turk et
al.3' Indomethacin-treated platelets were stirred to-
gether with aortic microsomes. In effect, the PG12
synthase activity of the microsomes served as an assay
for the escape of platelet-derived 12-HPETE into the
extracellular medium. It was found that the synthesis
of PG12 from PGH2 was not compromised by prior
stimulation of the 12-lipoxygenase pathway in intact
platelets. Thus it could be inferred from these results
and the appropriate controls that 12-HPETE was re-
duced to 12-HETE before its release into the medium.

Novel eicosanoid products derived via platelet-leukocyte in-

teractions. The consecutive actions of oxygenases in
separate cell types can lead to the formation of novel
products. This aspect of cell interactions is the subject
of another contribution to this symposium32 and is
reviewed very briefly here. The first of the double
oxygenation products to be identified, 5(S), 12(S)-
DiHETE, was originally detected as a product of por-
cine leukocytes.33 White cells of this species contain
both 5-lipoxygenase and 12-lipoxygenase activities.
Subsequently, the formation of 5(S) 12(S)-DiHETE
was studied in mixtures of human platelets and leuko-
cytes.34 3 More recently, the w,1-oxidation metabolite
of 12-HETE, namely 12,20-DiHETE, was detected in
platelet-leukocyte mixtures.36' 37 As yet, these products
have not been shown to exhibit marked biological
activity.

Platelet lipoxygenase products and vascular relaxation. We
have investigated the biological activity of lipoxygen-
ase-derived products in causing relaxation of vascular
smooth muscle. It seemed possible that a 12-lipoxy-
genase or 15-lipoxygenase product could account for
the biological activity known as "endothelial cell de-
rived relaxing factor," EDRF.35 We have taken two
approaches to testing the ability of lipoxygenase prod-
ucts to relax arterial smooth muscle. First, we have
tested the biological activity of authentic standards.
These included 14, 15-LTA4 and its derivatives, which
were prepared in our laboratory. In this way we were
able to discount the involvement of all the prostaglan-
dins and leukotrienes. The 15-lipoxygenase products
tested included 14, 15-LTA4, 14, 15-LTC4, 14,15-
DiHETE, 8, 15-DiH(P)ETES, and 5, 15-DiHPETE.
None were active in concentrations up to 5 ,uM.*

Our second approach was to encourage the genera-
tion of unstable lipoxygenase products and by-prod-
ucts in situ in the bioassay tissue bath. This was
accomplished with hemoglobin to catalyze the autoxi-
dation of authentic HPETEs added to the buffer. He-
moglobin is well known to promote the autoxidative
breakdown of HPETEs to hydroxy, epoxy, and peroxy
derivatives.39 In this way unstable products can be
formed in the tissue bath and their biological activity
measured. However, the results proved to be negative.
As shown in figure 2 (top), addition of 15-HPETE (5
gM) and then hemoglobin (50 gg/ml) to a ring of
rabbit aorta precontracted with 10 M norepinephrine
led to an immediate relaxation. This relaxation is an
artifact caused by the autoxidative destruction of the
norepinephrine; however, this does indicate that the
expected autoxidation takes place when 15-HPETE

*Murray JJ, Brash AR: Unpublished observations.
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and hemoglobin are mixed together in the buffer.
When a stable agonist was used to precontract the
rabbit aorta (PGF2., 10-5 M), it can be seen that the
autoxidation catalyzed by the mixture of 15-HPETE
and hemoglobin had no effect on the tone of the vascu-
lar smooth muscle (figure 2, bottom). Subsequent ad-
dition of acetylcholine (10 6M) effected a pronounced
relaxation typical of the endothelial cell-dependent
response.

Further work is in progress on the possible involve-
ment of lipoxygenase products in the endothelial cell-

15-HPETE
Hb

NE

15-HPETE
1Hb Ach

1~~

*
PGF

FIGURE 2. Effect of autoxidized 15-HPETE on vascular tone. Top,
Rabbit aorta precontracted with 10-7 M norepinephrine then treated
with 5 ,uM 15-HPETE and 50 jug/ml hemoglobin. Bottom, Precontrac-
tion with 10 -5M PGF2., treatment with same concentrations 15-
HPETE and hemoglobin and then 10-6 M acetylcholine.
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dependent relaxation of blood vessels. This topic is
also addressed by Vanhoutte and Houston.40

Conclusion. The problem of assigning a physiologic
role to the platelet 12-lipoxygenase is somewhat simi-
lar to the unsolved question of the role of lipoxygen-
ases in plants. In the case of the plant lipoxygenases,
the main substrate is linoleic acid, the simplest mem-
ber of the series of polyunsaturated fatty acids. The
plant enzymes convert linoleic acid either to its 9-
hydroperoxy or 13-hydroperoxy derivative. Because
linoleic acid has only two double bonds, there is no
possibility for its further metabolism to prostaglandin
or leukotriene-like structures. Thus, in plant tissues
and in platelets, both rich in lipoxygenase activity,
polyunsaturated fatty acid is converted to a simple
hydroperoxy derivative. In neither case does it appear
that the objective is to form biological mediators analo-
gous to the prostaglandins and leukotrienes.

Six potential consequences of platelet 12-lipoxygen-
ase activity have been considered in this review. Un-
doubtedly some of these are farfetched. Nevertheless it
is worth adding up the evidence for and against before
rejecting the hypothesis. It does seem improbable that
12-HPETE or any of its minor dihydroxy or other
derivatives acts as a specific mediator or agonist. Fur-
thermore, the concept that lipoxygenase activity could
deplete cellular oxygen or cellular gluthathione de-
mands that there is an exceptionally high turnover of
the enzyme. In fact, it is difficult to make a convincing
case that the 12-lipoxygenase of platelets is involved in
the rapid series of events that results in adhesion, ag-
gregation, and secretion of the granular contents of the
cell. Rather, the evidence points to the fact that the 12-
lipoxygenase continues to turnover well after the cells
are fully aggregated. This may be related to some
aspect of cell-cell interaction, or possibly it marks the
metabolism of the potent biological mediator arachi-
donic acid to the relatively innocuous product 12-
H(P)ETE.

References
1. Hamberg M, Samuelsson B: Prostaglandin endoperoxides: novel

transformations of arachidonic acid in human platelets. Proc Natl
Acad Sci USA 721: 3400, 1974

2. Hwang DH: Characteristics of the formation of the platelet lipoxy-
genase product from endogenous arachidonic acid. Lipids 17: 845,
1982

3. Goetzl EJ, Woods JM, Gorman RR: Stimulation of human eosino-
phil and neutrophil polymorphonuclear leukocyte chemotaxis and
random migration by 12-L-hydroxy-5,8, 10, 14-eicosatetraenoic
acid. J Clin Invest 59: 179, 1977

4. Goetzl EJ, Hill HR, Gorman RR: Unique aspects of the modulation
of human neutrophil function by 12-L-hydroperoxy-5,8, 10, 14-ei-
cosatetraenoic acid. Prostaglandins 19: 71, 1980

5. Ford-Hutchinson AW, Bray MA. Doig MV, Shipley ME, Smith
MJH: Leukotriene B4, a potent chemokinetic and aggregating sub-

CIRCULATION

 by guest on O
ctober 6, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


PLATELETS AND VASCULAR OCCLUSION

stance released from polymorphonuclear leukocytes. Nature (Lon-
don) 286: 264, 1980

6. Nakao J, Ito H, Koshihara Y, Murota S: Age-related increase in the
migration of aortic smooth muscle cells induced by 12-L-hydroxy-
5,8,10,14-eicosatetraenoic acid. Atherosclerosis 51: 179, 1984

7. Nugteren DH: Arachidonate lipoxygenase in blood platelets. Bio-
chim Biophys Acta 380: 299, 1975

8. Dutilh CE, Haddeman E, Jouvenaz GH, ten Hoor F, Nugteren DH:
Study of the two pathways for arachidonate oxygenation in blood
platelets. Lipids 14: 241, 1979

9. Dutilh CE, Haddeman E, Don JA, ten Hoor F: The role of arachi-
donate lipoxygenase and fatty acids during irreversible blood ag-
gregation in vitro. Prostaglandins Med 6: 111, 1981

10. Wilhelm TE, Sankarappa SK, VanRollins M, Sprecher H: Selec-
tive inhibitors of platelet lipoxygenase: 4,7,10,13-icosatetraynoic
acid and 5,8,11,14-henicosatetraynoic acid. Prostaglandins 21:
323, 1981

11. Sun FF, McGuire JC, Morton DR, Pike JE, Sprecher H, Kunau
WH: Inhibition of platelet arachidonic acid 12-lipoxygenase by
acetylenic acid compounds. Prostaglandins 21: 333, 1981

12. Sams AR, Sprecher H, Sankarappa SK, Needleman P: Selective
inhibitors of platelet arachidonic acid metabolism: aggregation
independent of lipoxygenase. Adv Prostaglandin Thromboxane
Leuk Res 9: 19, 1982

13. Smith RJ, Sun FF, Iden SS, Bowman BJ, Sprecher H, McGuire JC:
An evaluation of the relationship between arachidonic acid lipoxy-
genation and human neutrophil degranulation. Clin Immunol Im-
munopathol 20: 157, 1981

14. Seyika K, Okuda H, Arichi S: Selective inhibition of platelet lipox-
ygenase by esculetin. Biochim Biophys Acta 713: 68, 1982

15. Garssen GJ, Vliegenthart JFG, Boldingh J: An anaerobic reaction
between lipoxygenase, linoleic acid and its hydroperoxides. Bio-
chem J 122: 327, 1971

16. Hamberg M, Hamberg G: On the mechanism of oxygenation of
arachidonic acid by human platelet lipoxygenase. Biochem
Biophys Res Commun 95: 1090, 1980

17. Schafer AI, Turner NA, Handin RI: Platelet lipoxygenase-depen-
dent oxygen burst: evidence for differential activation of lipoxy-
genase in intact and disrupted human platelets. Biochim Biophys
Acta 712: 535, 1982

18. Bryant RW, Simon TC, Bailey JM: Role of glutathione peroxidase
and hexose monophosphate shunt in the platelet lipoxygenase path-
way. J Biol Chem 257: 14937, 1982

19. Bosia A, Spangenberg P, Losche W. Arese P, Till V: The role of
the GSH-disulfide status in the reversible and irreversible aggrega-
tion of human platelets. Thromb Res 30: 137, 1983

20. Morita I, Takahashi R, Saito Y, Murota S: Stimulation of eicosa-
pentaenoic acid metabolism in washed human platelets by 12-
hydroperoxyeicosatetraenoic acid. J Biol Chem 258: 10197, 1983

21. Ahorony D, Smith JB, Silver MJ: Regulation of arachidonate-
induced platelet aggregation by the lipoxygenase product, 12-hy-
droperoxyeicosatetraenoic acid. Biochim Biophys Acta 718: 193,
1982

22. Vericel E, Lagarde M: 15-Hydroperoxyeicosatetraenoic acid inhib-
its human platelet aggregation. Lipids 15: 472, 1980

23. Bryant RW, Bailey JM: Altered lipoxygenase metabolism and de-
creased glutathione peroxidase activity in platelets from selenium-
deficient rats. Biochem Biophys Res Commun 92: 268, 1980

24. Falardeau P, Hamberg M, Samuelsson B: Metabolism of 8,11,14-

eicosatrienoic acid in human platelets. Biochim Biophys Acta 441:
193, 1976

25. Jones RL, Kerry PJ, Poyser NL, Walker IC, Wilson NH: The
identification of trihydroxy-eicosatrienoic acids as products from
the incubation of arachidonic acid with washed blood platelets.
Prostaglandins 16: 583, 1978

26. Bryant RW, Bailey JM: Isolation of a new lipoxygenase metabolite
of arachidonic acid, 8,11,12-trihydroxy-5,9,14-eicosatrienoic acid
from human platelets. Prostaglandins 17: 9, 1979

27. Pace-Asciak CR, Granstrom E, Samuelsson B: Arachidonic acid
epoxides: isolation and structure of two hydroxy epoxide interme-
diates in the formation of 8,11,12- and 10,11, 12-trihydroxy-eico-
satrienoic acids. J Biol Chem 258: 6835, 1983

28. Maas RL, Brash AR: Evidence for a lipoxygenase mechanism in
the biosynthesis of epoxide and dihydroxy leukotrienes from 15(S)-
hydroperoxyeicosatetraenoic acid by human platelets and porcine
leukocytes. Proc Natl Acad Sci USA 80: 2884, 1983

29. Wong PY-K, Westlund P, Granstrom E, Hamberg M, Chao PH-
W, Samuelsson B: Effects of bradykinin on the metabolism of
arachidonic acid in human platelets and leukocytes: formation of
14,15-DiHETE and 12,20-DiHETE. Thromb Haemost 50: 129,
1983

30. Gryglewski RJ, Bunting S, Moncada S, Flower RJ, Vane JR:
Arterial walls are protected against deposition of platelet thrombi
by a substance (prostaglandin X) which they make from prostaglan-
din endoperoxides. Prostaglandins 12: 685, 1976

31. Turk J, Wyche A, Needleman P: Inactivation of vascular prostacy-
clin synthetase by platelet lipoxygenase products. Biochem
Biophys Res Commun 95: 1628, 1980

32. Marcus AJ, Safier LB, Ullman HL, Broekman MJ, Islam N, Og-
lesby TD, Gorman RR, Ward JW: Inhibition of platelet function in
thrombosis. Circulation 72: 698, 1985

33. Borgeat P, Picard S, Vallerand P, Sirois P: Transformation of
arachidonic acid in leukocytes: isolation and structural analysis of a
novel dihydroxy derivative. Prostaglandins Med 6: 557, 1981

34. Borgeat P, Fruteau deLaclos B, Picard S, Drapeau J, Vallerand P,
Corey EJ: Studies on the mechanism of formation of the 5S,12S-
dihydroxy-6,8,10,14 (E,Z,E,Z)-icosatetraenoic acid in leuko-
cytes. Prostaglandins 23: 713, 1982

35. Marcus AJ, Broekman MJ, Safier LB, Ullman HL, Islam N: For-
mation of leukotrienes and other hydroxy acids during platelet-
neutrophil interactions in vitro. Biochem Biophys Res Commun
109: 130, 1982

36. Marcus AJ, Safier LB, Ullman HL, Broekman MJ, Islam N, Og-
lesby TD, Gorman RR: 12S,20-Dihydroxyicosatetraenoic acid: a
new icosanoid synthesized by neutrophils from 12S-hydroxyicosa-
tetraenoic acid produced by thrombin- or collagen-stimulated plate-
lets. Proc Natl Acad Sci USA 81: 903, 1984

37. Wong PY-K. Westlund P, Hamberg M, Granstrom E, Chao PH-W,
Samuelsson B: co-Hydroxylation of 1 2L-hydroxy-5,8, 10, 14-eico-
satetraenoic acid in human polymorphonuclear leukocytes. J Biol
Chem 259: 2683, 1984

38. Furchgott RF, Zawadzki JV: The obligatory role of endothelial
cells in the relaxation of arterial smooth muscle by acetylcholine.
Nature 288: 373, 1979

39. Hamberg M: Decomposition of unsaturated fatty acid hydroperox-
ides by hemoglobin: structures of major products of 13L-hydroper-
oxy-9,1 1-octadecadienoic acid. Lipids 10: 87, 1975

40. Vanhoutte PM, Houston DS: Platelets, endothelium, and vaso-
spasm. Circulation 72: 728, 1985

Vol. 72, No. 4, October 1985 707

 by guest on O
ctober 6, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


A R Brash
A review of possible roles of the platelet 12-lipoxygenase.

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 1985 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/01.CIR.72.4.702

1985;72:702-707Circulation. 

 http://circ.ahajournals.org/content/72/4/702.citation
the World Wide Web at: 

The online version of this article, along with updated information and services, is located on

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer information about this process is available in the

located, click Request Permissions in the middle column of the Web page under Services. Further
Editorial Office. Once the online version of the published article for which permission is being requested is 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not theCirculationpublished in
 Requests for permissions to reproduce figures, tables, or portions of articles originallyPermissions:

 by guest on O
ctober 6, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/content/72/4/702.citation
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



