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Extracts of feverfew may inhibit platelet behaviour
via neutralization of sulphydryl groups

S. HEPTINSTALL™, W. A. GROENEWEGEN, P. SPANGENBERGT AND W. LOESCHET

Department of Medicine, University Hospital, Queen’s Medical Centre, Nottingham NG7 2UH, UK, and flnstitute of
Pathological Biochemistry, Medical Academy of Erfurt, Erfurt, GDR
It has been suggested that extracts of feverfew may inhibit platelet behaviour via effects on
platelet sulphydryl groups. In the present study we have obtained evidence for such a mode
of action. (i) Compounds that contain sulphydryl groups such as cysteine and N-(2-
mercaptopropionyl)glycine prevented the inhibition of platelet behaviour by feverfew. (ii)
Feverfew and parthenolide &)ne of the active components of feverfew) dramatically reduced
the number of acid-soluble sulphydryl groups in platelets. This effect occurred at
concentrations similar to those that inhibited platelet secretory activity. (iii) Feverfew itself
did not induce the formation of disulphide-linked protein polymers in platelets but polymer
formation occurred when aggregating agents were added to feverfew-treated platelets. (iv)
Feverfew evoked changes in the metabolism of arachidonic acid that were similar to those

observed in glutathione-depleted platelets.

Extracts of feverfew ( Tanacetum parthenium) inhibit
both platelet aggregation and release of 5-hydroxy-
tryptamine (5-HT) from platelets (Heptinstall et al
1985) and such inhibition may be relevant to the
beneficial effects of the herb in migraine and other
conditions (Johnson et al 1985; Editorial 1985).
Fractionation of an extract of feverfew followed by
analysis of the fractions obtained, indicated that the
components of feverfew that are responsible for its
anti-secretory activity are sesquiterpene lactones
(Groenewegen et al 1986). Examples of sesquiter-
pene lactones that are found in feverfew are parth-
enolide, 3-B-hydroxyparthenolide, seco-tanapartho-
de A, canin and artecanin, all of which contain an
“-n}ethylenebutyrolactone unit as an integral part of
their Chemical structure. The activated methylene
gr(‘nfp In this unit renders it susceptible to nucleo-
gllllllc attack via Michael addition, and it has been
8gested that the anti-secretory activity displayed
qul “Ompounds that contain this unit may be conse-
su]em to interaction with molecules that contain
Phydryl groups (Groenewegen et al 1986).

€ purpose of this investigation was to gain
ence for such a mechanism of action. Four
atercem approaches were used. First, compounds
cir contalp sulphydryl groups were examined for
feVerfeaPaCIty to neutralize the inhibitory effects of
S‘hydr:l extract. on platelet aggregation and
fCVerfe‘:ytl‘yptamme release. Secpnd, the effects of
on. eXtract and of parthenolide on acid soluble
Protein, mainly reduced glutathione) and acid-
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insoluble (protein) suiphydryl groups present in
platelets were determined, and the amounts of
feverfew extract or parthenolide that were needed to
reduce the number of sulphydryl groups were
compared with the amounts that were required for
anti-secretory activity. Third, platelets were treated
with feverfew extract in the absence and presence of
platelet aggregating agents and the effects of the
treatments on the protein composition of platelets
were determined by gel electrophoresis. Finally, the
effects of feverfew extract on the ability of platelets
to metabolize exogenous [14Clarachidonic acid
([**CJAA) were investigated.

MATERIALS AND METHODS
Preparation of feverfew extracts
Leaves that had been taken from actively growing
plants in the Department of Botany, University of
Nottingham, were air-dried and extracted using
phosphate-buffered saline (250 mg mL-! of PBS).
The solid material was removed by filtration and the
filtrate was then extracted with chloroform. The
organic phase was evaporated to dryness and the
solid residue was suspended in PBS. The volume of
PBS used at this stage was the same as the volume of
filtrate obtained after the first extraction. Finally,
any material that remained undissolved was again
removed by filtration.

Preparation of a solution of parthenolide
A sample of parthenolide (a gift from Dr P. I
Hylands) was dissolved in 2% (v/v) ethanol in PBS at
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a concentration of 1 mM. This was further diluted
using 2% ethano! in PBS as required. When par-
thenolide was added to platelet preparations (see
below) the final concentration of ethanol was always
0-33% (v/v).

Blood collection and platelet preparation

Aliquots (9 mL) of venous blood from healthy
volunteers were collected into tubes that contained
3-8% (w/v) trisodium citrate dihydrate (1 mL) as
anticoagulant and platelet-rich plasma (PRP) was
prepared by centrifugation (Heptinstall & Fox 1983).
When measurements of the platelet release reaction
were to be performed, [14C]5-hydroxytryptamine
creatinine sulphate ([14C]5-HT, 6 uL of a solution of
specific activity 55 mCi mmol-1, 50 uCi mL-1 from
Amersham International) was added to the anti-
coagulant before the blood was collected and centri-
fuged. In the PRP that was obtained, more than 90%
of the [14C]5-HT was found to be intracellular
(Heptinstall & Fox 1983).

In some experiments platelets were washed and
suspended in a physiological salt solution before
investigation. For this, blood was collected into
isotonic acid-citrate-dextrose, pH 6-5 as anticoagu-
lant and PRP was prepared by centrifugation. The
PRP was incubated at 37°C for 15 min and then
mixed with an equal volume of ACD. It was then
centrifuged at 1000g for 15 min and the supernatant
removed. The pellet was resuspended in a volume of
HEPES-buffered saline (NaCl 145 mM, KCl 5muM,
MgSO, 1 mM, glucose 10 mm, 4-(2-hydroxyethyl)-1-
piperazine-ethane-sulphonic acid 10mmMm, pH 7-4)
sufficient to give a platelet concentration of about
5 x 108 mL-1.

Platelet aggregation and release reaction

Platelet aggregation was monitored by following the
changes in light absorbance that occurred after
adding an aggregating agent to PRP or a suspension
of washed platelets stirred at 37°C. The platelet
release reaction was quantified by measuring the
amount of [14C]5-HT that had been released from
labelled platelets in response to the aggregating
agent (Heptinstall & Fox 1983). The amount of
[14C]5-HT released was expressed as a percentage of
the amount taken up into the platelets during the
labelling procedure. Platelet aggregating agents that
were used were arachidonic acid (AA), adrenaline,
collagen and phorbol 12-myristate 13-acetate
(PMA).
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Quantification of the number of acid-soluble angq
acid-insoluble solphydryl groups in platelets

Samples of PRP were incubated with feverfew
extract or parthenolide and then the number of
acid-soluble and acid-insoluble sulphydry! groups ip
the platelets were determined using the method of
Beutler et al (1963) as modified by Hofmann et ]
(1983). The method involves the use of dithiobis-p.
nitrobenzoic acid which forms a complex with
sulphydryl groups which absorbs at 405 nm.

Protein electrophoresis

Platelets (in PRP) that had been treated in various
ways were washed, resuspended in buffered saline
(pH 7-4) and then solubilized using 1% (w/v) sodium
dodecyl sulphate (SDS) as described by Ostermann
et al (1982). Sulphydryl groups were protected from
oxidation by 10 mwm N-ethylmaleimide. Poly-
acylamide gel electrophoresis (PAGE) was perfor-
med in 0'3% agarose-3-5% acrylamide gels accord-
ing to Liu et al (1977).

Analysis of platelet suspensions for [14C]AA metabol-
ites

Samples (0-25 mL) of the platelet suspensions that
had been incubated with [14C]AA were acidified by
adding 25 pL of 2 M formic acid and then extracted
three times with ethyl acetate (0-5 mL). The com-
bined extracts were washed twice with H,O (0-5mL)
and then dried by adding a small amount of
anhydrous MgSO,. The extracts were then dried
under N,, redissolved in ethyl acetate (50 ul.) and
transferred to silica gel thin layer chromatography
(TLC) plates (Kavalier, Czechoslovakia). The plates
were developed using the upper phase of ethyl-
acetate-iso-octane-acetic acid-H,O (11:5:2:10)
(Bryant & Bailey 1980a). After drying, the plates
were sprayed with a solution of potassium iodide to
locate peroxide-positive material (Oette 1965) and
then 0-5 cm sections of the lanes of the plates were
transferred to vials for liquid scintillation counting-

RESULTS
The effect of feverfew extract on the platelet aggrega-
tion and release reaction induced by some aggregating
agents
To confirm that the feverfew extract exerted ap
inhibitory effect on aggregation and 5-HT release,
aliquots (100 uL) of the extract {or PBS as control)
were added to PRP (460 uL) and the extent of the
aggregation and release induced by the subsequent
addition of a solution (40 uL) of arachidonic acid
(AA, final concentration 1 mM) or adrenaline (final
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concentration 180 um) was determined. The aggre-
ating agent was added to some samples of PRP
jmmediately following the addition of feverfew
extract and added to others after the PRP had been
incubated with extract at 37°C for 15 min. The
aggregation and release that occurred are shown in
Fig. 1. It can be seen that the feverfew extract
inhibited the aggregation and release induced by
both aggregating agents and that greater inhibition
was achieved after pre-incubation with the extract.
In other experiments samples of platelets that had
been removed from plasma and resuspended in
HEPES-buffered saline were incubated with fever-
few extract and collagen or AA was then added. The
extract inhibited the platelet aggregation and release
of [“C}5-HT induced by collagen and AA at
concentrations similar to those needed to inhibit
aggregation and release in PRP (data not shown).
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FiG. 1. Effects of feverfew extract on platelet aggregation
and S-HT release. Feverfew extract or saline (as control)
Wwas added to PRP and the extent of aggregation and 5-HT
release that occurred in response to adrenaline (Adr) or
4 was determined. Adrenaline or AA was added
Immediately (0 min) after adding the extract to the PRP or

er incubating the PRP with extract for 15 min. The
amounts of 5-HT (%) that were released from the platelets
are shown at the end of the aggregation traces.

The effect of reagents containing sulphydryl groups
on platelet aggregation and release in the presence of
feverfew extract

An experiment was performed to determine the
effect of reagents containing sulphydryl groups on
Plate]et aggregation and release of [1C]5-HT in the
Presence of feverfew extract. Samples of PRP
(460 uL) were incubated with feverfew extract
(100 ML) or cysteine (25 pL, final concentration
1 M) or both feverfew and cysteine at 37°C for 2
Mun. Adrenaline (24 uL, final concentration 100 um)
Was then added and the effects of the various
additions op aggregation and release were deter-
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mined. The results are given in Fig. 2. Fig. 2 also
contains the results of adding N-(2-mercaptopro-
pionyl)glycine (2-MPG, 10 uL, final concentration
1-25 mM) in place of cysteine. It can be seen that
both of these sulphydryl agents protected the
platelets against inhibition of aggregation and
release by feverfew. Similar results (not shown) were
obtained when arachidonic acid was used in place of
adrenaline. Neither glycine, serine, lysine, ornithine
nor histidine (all at a concentration of 1 mm) used in
place of cysteine or 2-MPG protected the platelets
against inhibition of aggregation and release by
feverfew extract.
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Fic. 2. Effects of 2-MPG and cysteine (C) on platelet
aggregation and 5-HT release induced by adrenaline in the
absence (—) and presence (+) of feverfew extract (FE).
The various additions and the amounts of 5-HT (%) that
were released from the platelets are shown at the end of the
aggregation traces.

The effect of feverfew extract on the number of acid-
soluble and acid-insoluble sulphydryl groups in
platelets

Samples of PRP (500 uL) were incubated with
feverfew extract (25, 50 or 100 pL) for different
lengths of time and the number of acid-soluble and
acid-insoluble sulphydryl groups were then deter-
mined. Feverfew induced a dose- and time-depen-
dent fall in the number of acid-soluble sulphydryl
groups in platelets (Fig. 3). There was also a small
but inconsistent reduction in the number of acid-
insoluble sulphydryl groups (data not shown).

In other experiments, we incubated samples of
PRP with various amounts of feverfew extract or
parthenolide (for 30 min) and then determined the
number of acid-soluble and acid-insoluble sulphydryl
groups present. It can be seen that adding partheno-
lide led to a dramatic reduction in the number of
acid-soluble sulphydryl groups (Fig. 4a) and, again,
there was a small effect on acid-insoluble sulphydryl
groups. Very similar results to those obtained using
parthenolide were obtained using feverfew extract
(data not shown).
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Fic. 3. Effects of different amounts of feverfew extract (FE)
on the number of acid-soluble sulphydryl (SSH) groups in
platelets. Samples of PRP were incubated with FE for
different lengths of time and the results (mean * s.d. n = 3)
are expressed as a percentage of the number of SSH groups
before incubation. The amounts of FE used were 25 ul
(@), 50 uL (A) and 100 uL/500 uL PRP (A).
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Parthenolide (uM)

Fic. 4. Effects of different concentrations of parthenolide
on (a) the number of acid-soluble sulphvdrvl (SSH) groups
in platelets. and the amount (%) of [HC]S-HT released
from plateletsin response to (b) AA and (¢) PMAL In cach
case data from two experiments using different samples ot

PRP arc shown
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We also determined the effects of fevertew extracy
and parthenolide on the ability of arachidonic acjg
(final concentration 1 my) and PMA (0-8 um) tq
induce a release reaction in samples of PRP. The
experiments were carried out in exactly the same way
as those to determine the effects of feverfew extract
and parthenolide on the number of sulphydry]
groups present. The results obtained for parthen.
olide are shown in Fig. 4b. c. It can be seen that
secretion induced by PMA Is more sensitive tg
inhibition by parthenolide than is the secretiop
induced bv AA. Nevertheless. the amounts of
parthenolide needed to inhibit secretion were similar
to the amounts needed to reduce the number of
sulphvdryl groups in platelets. Again. very similar
results to those obtained using parthenolide were
obtained using feverfew extract (data not shown).

The effect of cysteine on the number of acid-soluble
sulphydryl groups in the presence of feverfew extract
Since cysteine (but not glycine. serine or several
other amino acids) can protect platelets against the
inhibitory effects of feverfew extract on platelet
aggregation and release of [*C]5-HT. the influence
of cysteine. glycine and serine on the number of
soluble sulphydrvl groups in platelets in the presence
of feverfew extract was determined. The amino acids
were added to feverfew extract or PBS (at a
concentration of 2 mu) and the solutions were
incubated at 37 °C for 53 min. Aliquots (100 ul.) were
then added to PRP (1 mL) and the samples incubated
at 37°C for 30 min. The number of acid-soluble
sulphydryl groups in the platelets were then detel-
mined. In a parallel experiment in which samples of
PRP were treated in exactly the same way the effects
of the agents on the platelet aggregation induced by
adrenaline (final concentration 180 um) were deter
mined. It can be seen (Table 1) that feverfew extract
reduced the number of acid-soluble sulphydf}’l

Table 1. Effect of cysteine in comparison with glvcine and
serine on the number of acid-soluble sulphvdryl (SS
groups in platelets in the absence and presence of fevert®
extract (FE).

SSH
-FE +FE
No addition 100 20
Cysteine 109 82
Glvene H2 20
Serine 0 03

-

Resubts are expressed s ol control
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 groups to 20% of.the Coptrol. that cysteine prptected
the platelets against this '10§s, but that gly.cme .and
serine were ineffective. Similarly feverfew inhibited

jatelet aggregation, and cysteine (but not glycine or
serine) protected the platelets from this inhibitory
effect (data not shown).

The effect of feverfew extract on platelet proteins
Samples of PRP (500 uL) were incubated with
feverfew extract (25 to 100 uL for 15 min), the
platelets were then washed and solubilized and the
products subjected to gel electrophoresis. In a
parallel experiment a sample of PRP was incubated
with diamide (azodicarboxylic acid- bis-dimethyl-
amide, 0:5mum for 30 min). Diamide is an agent
that oxidizes sulphydryl groups (Kosower et al
1969) and causes formation of disulphide-linked
polymers of platelet proteins (Bosia et al 1983;
Spangenberg et al 1984). The results of our experi-
ments using feverfew and diamide are shown in Fig.
5. As expected, incubation with diamide led to a
reduction in the amount of actin-binding protein
(ABP), P230 and myosin heavy chain (MYQ) with
formation of new high molecular weight proteins P,
and P_ as previously described by Spangenberg et al
(1984). In contrast, after incubation with feverfew
extract the gel electrophoretogram did not differ
from the control.

— e [«

ABP

P230
MYO

! 2 3 4 5 )

F
pIAG‘G5~ Patterns of platelet proteins obtained by S$DS-
PR after treating PRP in different ways: 1 untreated
With ; treatment with diamide (0-5 mwm), 3-6 treatment
o Cverfew extract (23, 50. 75 and 100 nL/500 ul. PRP).
(200 Molecylar weights of the various proteins are: MYQO
P ). P230 (230000). ABP (260 000). TSP (360000).
abpro: 00000y, P, (>1 million). See text for explanation of
Teviations.
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However, feverfew did produce changes in the
protein pattern after the platelets had been treated
subsequently with aggregating agents (Fig. 6).
Adrenaline (final concentration 180 um) or AA (final
concentration 1 mum) was added to PRP and platelet
aggregation allowed to proceed for 5 min before the
reaction was terminated for analysis of platelet
proteins. To other samples of PRP, feverfew extract
(100 uL) was added and the PRP incubated for 15
min before stimulation with adrenaline or AA (for 5
min). After aggregation of the platelets with AA or
adrenaline alone the only notable change was a
decrease in the amount of thrombospondin (TSP) in
the platelets. Preincubation with extract led to
formation of some P, and prevented release of
thrombospondin from the platelets. The presence of
disulphide bonds in the P, was confirmed by reduc-
ing the product with dithiothreitol before protein
analysis. After reduction the P, was absent.

ABP
P230

MYG

t 2 3 4 5

Fic. 6. Patterns of platelet proteins obtained by SDS-
PAGE after treatment of PRP in different ways: 1
treatment with adrenaline, 2 treatment with AA, 3 un-
treated PRP, 4 treatment with adrenaline after addition of
feverfew extract, 5 treatment with AA after addition of
feverfew extract. See text for explanation of abbreviations.

The effect of feverfew extract on the metabolism of
exogenous arachidonic acid by platelets

A sample of washed platelets in HEPES-buffered
saline (480 ul) was incubated with feverfew extract
(120 uL) at 37°C for 15 min: a control sample
contained PBS in place of feverfew extract. The
samples were then transterred to an aggregometer,
stirred. a solution of CaCly (final concentration
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1 mm) was added, and this was followed by [1“C]AA
(5 uL, final concentration 10 um). The light absor-
bance of the control sample fell rapidly as the
platelets aggregated but the light absorbance of the
sample that contained feverfew indicated only a
rapid, transient reversible aggregation response.
After 5 min stirring the samples were analysed for
[14C]A A metabolites by TLC. The results are given
in Fig. 7 and Table 2. Table 2 also contains the results
of a second identical experiment.

‘r HHT
— TXBZ
~
L3 TxB HHT
< HETE
T2F AA
£
£
ol
OL [SY Y Y S T N Y S [T S T
tA B C DIE Fl AB C DEF

I
0 5 10 1B 0 5 10 15
Distance from origin (cm)

Fic. 7. Patterns of AA metabolites obtained by TLC after
treating washed platelets with [14C]AA in the absence (left)
and presence (right) of feverfew extract. Various regions of
the TLC plates are designated A-F.

Table 2. Effects of feverfew extract (FE) on [M“CJAA
metabolism in washed platelets. Amounts of radioactivity
(% of total radioactivity recovered from the plate) in
different regions of the TLC plate (see Fig. 7). Results of
two separate experiments are given.

AA FE + AA
Metabolite Region Exp.1  Exp.2 Exp.1  Exp.2
A 4 2 2 2
TXB, B 32 20 31 19
C 8 4 10 12
HHT D 24 20 27 29
HETE E 15 16 26 23
AA F 16 37 4 14

It can be seen that the levels of thromboxane B,
(TXB,, region B in the chromatogram shown in Fig.
7) did not change with pre-incubation with feverfew
extract, but that the extract brought about increased
conversion of AA (region F) to material in region C,
12-hydroxyheptadecatrienoic acid (HHT, region D)
and 12-hydroxyeicosatetraenoic acid (HETE, region
E). Material in region C is thought to include
trihydroxyeicosatrienoicacid (THETE ) and hydroxy-
epoxyeicosatrienoic acid (HEPA), Bryant & Bailey
1980a,b). After treatment with feverfew extract and
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AA (but not with AA alone) peroxide-positive
material was observed to co-migrate with HETE,
indicating incomplete conversion of 12-hydroperoxy.
eicosatetraenoic acid (HPETE) to HETE in the
presence of feverfew extract (Loesche et al 1984).

DISCUSSION
The structures of the active components of feverfew
suggest that their effects on platelet behaviour may
be via interaction with sulphydryl groups in or on the
platelets (Groenewegen et al 1986). The results of
the present investigation are not incompatible with
such a mode of action.

First, the inhibitory effects of feverfew extract are
prevented by prior treatment with compounds such as
cysteine or 2-MPG which contain sulphydryl groups.
Presumably this is through formation of inactive
Michael addition products via the a-methylene-
butyrolactone unit of the sesquiterpene lactones in
the extract. Several other amino acids that we tested
which contained nucleophilic groups other than
sulphydryl groups (hydroxy and amino groups) did
not prevent the inhibitory effects of feverfew on
platelet behaviour. _

Second, both feverfew extract and parthenolide
(one of the sesquiterpene lactones present in fever-
few) reduce the number of sulphydryl groups in
platelets. Their effect on the acid-soluble sulphydryl
groups (mainly reduced glutathione) is very marked
while there is only a minor reduction in the number
of acid-insoluble sulphydryl groups in the platelets.
Again, it was found that compounds containing
sulphydryl groups can protect platelets against the
sulphydryl-neutralizing effects of feverfew. The
amounts of feverfew extract or parthenolide needed
to alter the number of sulphydryl groups in platelets
are not dissimilar to the amounts needed for inhibi-
tion of [14C]5-HT release in response to arachidonic
acid or PMA.

Diamide is an agent that encourages protein
polymer formation via oxidation of sulphydryl
groups contained within them to form disulphide
linkages (Bosia et al 1983; Spangenberg et al 1984)-
The effect of diamide on platelet proteins is shown i
Fig. 5. In the same Figure it can be seen that feverfew
extract does not induce protein polymer formation
directly. However, protein polymer formation does
occur when platelets are preincubated with feverfew
extract and then treated with a platelet aggregating
agent. It may be concluded that lowering the amount
of reduced glutathione in platelets is insufficient tO
produce disulphide linkages in proteins. However
during platelet aggregation oxidative species ar€
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enerated (Marnett et al 1985) and in the absence of
sufficient glutathione to scavenge such species,
oxidation of protein sulphydryl groups could occur.

Finally incubation of platelets with feverfew
extract lead to a change in [1C]AA metabolism in
washed platelets. The rate of metabolism was
increased with increased production of products of
the lipoxygenase pathway. In addition, there was
evidence of impaired conversion of the primary
lipoxygenase product HPETE to HETE. These are
typical features of metabolism in glutathione-
depleted platelets (Bryant & Bailey 1980b; Bryant et
al 1983; Loesche et al 1984).

Despite the marked effect of feverfew extract and
parthenolide on the number ofacid-solubie sulphydryl
groups (reduced glutathione) in platelets, it is
unlikely that this is the explanation of their inhibitory
effects on platelet behaviour. Iodoacetamide also
alkylates soluble sulphdryl groups in platelets but has
much less effect on platelet behaviour than feverfew
extract or parthenolide (Bosia et al 1983). 1-Chloro-
2,4-dinitrobenzene is another agent that removes
reduced glutathione. However, unlike feverfew, it is
reported to have little effect on platelet behaviour in
PRP (Bosia et al 1985).

Although there are only minor changes in the
number of acid-insoluble (protein) sulphydryl
groups in platelets, it is possible that the inhibitory
effects of feverfew extract on platelet behaviour are
via neutralization of a small number of sulphydryl
groups on specific enzymes of proteins that are
fundamental to platelet aggregation and secretion. It
is interesting that the secretion induced by PMA is
more sensitive to inhibition by feverfew extract and
parthenolide than secretion induced by AA. Perhaps
&reater numbers of sulphydryl groups are required
for PMA to exert its secretory effect.

Clearly attempts should now be made to identify
the particular enzymes or proteins that are the target
of the sesquiterpene lactones present in feverfew.
Their identification would provide more insight into
the mechanisms underlying platelet aggregation and
Secretion and may provide a rational pharmacolog-
Ical approach to inhibition of platelet behaviour.

Acknowledgements
The authors are grateful to Dr J. B. Power of the

465

Department of Botany, University of Nottingham,
for providing facilities to grow Tanacetum parthen-
ium. They are also grateful to Dr P. J. Hylands of
King’s College, University of London, for supplying
a sample of parthenolide and to Dr D. Knight for
helpful discussions. They thank the British Council
and the Ministerium fur Hoch- und Fachschulwesen
for financing exchange visits between Nottingham
and Erfurt. The study was also supported by R. P.
Scherer Ltd and the HFR ‘Hypertonie und ischam-
ische Herzkrankheiten’, GDR.

REFERENCES

Beutler, E., Duron, O., Kelly, B. M. (1963) J. Lab. Clin.
Med. 61: 882-888

Bosia, A., Spangenberg, P., Loesche, W., Arese, P., Till,
U. (1983) Thromb. Res. 30: 137-142

Bosia, A., Spangenberg, P., Ghigo, D., Heller, R.,
Loesche, W., Pescarmona, G. P., Till, U. (1985) Ibid.
37: 423434

Bryant, R. W., Bailey, J. M. (1980a) Biochem. Biophys.
Res. Commun. 92: 268-276

Bryant, R. W., Bailey, J. M. (1980b) in: Samuelsson, B.,
Ramwell, R. W., Paoletti, R. (eds) Advances in Prosta-
glandin and Thromboxane Research. Vol. 6. Raven
Press, New York, pp 95-99

Bryant, R. W., Simm, T. C., Bailey, J. . (1983) J. Biol.
Chem. 257: 14937-14943

Editorial (1985) Lancet i: 1084

Groenewegen, W. A., Knight, D. W., Heptinstall, S.
(1986) J. Pharm. Pharmacol. 38: 709-712

Heptinstall, S., Fox, S. C. (1983) Br. J. Clin. Pharmacol.
15: 318-37S

Heptinstall, S., Williamson, L., White, A., Mitchell,
J. R. A. (1985) Lancet i: 1071-1074

Hofmann, J., Hofmann, B., Arese, P., Till, U. (1983) Z.
Med. Labor.-Diagn. 24: 108-117

Johnson, E. S., Kadam, N. P., Hylands, D. M., Hylands,
P. J. (1985) Br. Med. J. 291: 569-573

Kosower, N. S., Kosower, E. M., Wertheim, B. (1969)
Biochem. Biophys. Res. Commun. 37: 586-593

Liu, S. C, Fairbanks, G., Palek, J. (1977) Biochemistry 16:
4066-4074

Loesche, W., Bosia, A., Caruso, D., Spangenberg, P.,
Pescarmona, G. P., Hofmann, J., Galli, G., Arese, P.,
Paoletti, R., Till, U. (1984) Biomed. Biochim. Acta 43:
$362-S365

Marnett, L. J., Dix, T. A., Siedlik, P. H., Weller, P. (1985)
in: Longenecker, G. L. (ed.) The Platelets: Physiology
and Pharmacology. Academic Press, Orlando, pp 187-
200

Oette, K. (1965) 1. Lipid Res. 6: 449454

Ostermann, G., Spangenberg, P., Meyer, M., Herrmann,
F. H., Till, U. (1982) Acta Haematol. 68: 278-284

Spangenberg, P., Heller, R., Bosia, A., Arese, P., Till, U.
(1984) Thromb. Res. 36: 609618



