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is partly located on the exterior surface.of the cell and (3) that

this component migrates on SDS-polyacrylamide gels in an

anomalous fashion, similar to the glycoprotein- I conclude

that a polypeptide part of the glycoprotein extends through the

oell membrane to the interior surface of the membrane.

Proteins in Membranes
I have previously shown that component a, a 105,000 dalton

polypeptide, is situated in the lipid bilayer in such a way that

diffeient parts of the polypeptide chain reside on opposite sides'

of the membrane barriere. Component a does not rotate in the

membranee. Component ó, the giycoprotein whose molecular

weight is about 31,400, of which only one-third is proteinr,

seeÀs to be similarly built into the membrane: that part of it

carrying the carbohydrate is on the external surface of the cell,

while a different part of the same polypeptide chain resides on

the inner surface of the membrane. Apart from this similarity

in disposition, components a and. b are very different types of

molecules: the size of the protein moiety differs by about a

factor of ten. The fact that both of them extend through the

tipid bilayer-and they seem to be the only major proteins on

the surface of the red cell-suggests that most, if not all,

membrane proteins which are partly on the external surface

of a cell will also extend through the membrane to the inner

surface of the lipid bilaYer.
This glycoprotein contains about twenty-eight residues of

sialic acid per moleculel, from which one may estimate that
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there are about 7 x lOs copies of it per cell (provided that some

l.2o/o of the ghost's mass of 10-12 g is sialic acidrs, of which

about 70o/, is present in this glycoproteinE). This is very close

to my previous estimate of the number of copies of component

a W; cel-about 5 x los (ref. 8). Assuming that each is evenly

spread out over the surface of the erythrocyte, there must be

ròughly one of each of component a and glycoprotein per
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Inhibition of Prostaglandin Synthesis as a
Mechanism of Action for Aspirin-like Drugs
J. R. VANE
Department of Pharmacology, Institute of Basic Medical Sciences, Royal Coltege of Surgeons of England,

Lincoln's Inn Fields, London WC2A 3PN

Experiments with guinea-pig lgos jug-
gest that some of the therapeutig gff-egts
óf sodium salicylate and aspirin-like
drugs are due to inhibition of the syn-
thesis of prostaglandins.

with histamine, SRS-A, prostaglandin Ez (PGEr) and prosta-

glandin F2" (PGFro) (ref. ll), were released- The release of

RCS, which could also be provoked by bradykinin and sRS-4,

was antagonized by aspirinJike drugs, as was the evoked

bronchocónstriction. Because RCS has a short half-life

( < 5 min) it has not been isolated and its chemical nature is

unknown. However, the finding that arachidonic acid, a pro-

staglandin precursor which induces bronchoconstriction, also

,"Èu."r RCS from perfused lungsr2 makes it possible that

RCS is a prostagtandin or has a structure intermediate between

arachidonic acià and PGEz or PGF2'. This release of RCS

and the associated bronchoconstriction are also antagonized

by aspirin-like drugs.- 
Proitaglandin release can often be equated with prostaglan-

din syntÈesis13, for many tissues can be provoked to release

more prostaglandin than they contain. The possibility arises,

therefòre, that anti-inflammatory substances such as aspirin

inhibit the en4zme(s) which generate prostaglandins. The

experiments described below were designed to test this pos-

siuitity. Aspirin and indomethacin strongly inhibit prosta-

glandin syntiresis; this may be the mechanism underlying

some cf ;heir theraPeutic actions"
cell-"lee homogenates of guinea-pig lung synthesize prosta-

Tgrnn have been many attempts to link the anti-inflammatory

actions of substances like aspirin with their ability to inhibit

the activity of endogenous substances. Collierl'2 calls aspirin

an "anti-defensive" d-g, and is largely responsible for studying

its possible antagonism of the activity of endogenous sub-

stances such as kinins3'a, slow reacting substance in anaphyl-

axis (SRS-A) (ref. 5), adenosine triphosphate6, arachidonic

acidT'8 and prostaglandin F2o (refs. 2 and 7)-
A possible mechanism for some of the acrions of anti-

inflammatory acids was discovered by Piper and Vanelo who

found that lungs could release a previously undetected sub-

stance which, because of its action, they called "rabbit aorta

contracting substance" or RCS. When isolated perfused

lungs of sensitized guinea-pigs were challenged, RCS, along

I
I
i
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glandins Ez and F2o from arachidonic acid and the following
is trased on the procedure of Anggàrd and samuerssonrn.
Lungs from four adurt guinea-pigs were excised rapidry and
washed in ice-cold medium (a modified Bucher'medium
containing 20 mM KHzpO+, 72 mM K2HPO4, 27.6 mM
nicorinamide, and.3.6 mM MgClz ; pH 7.aj. ffró fung tissue
was homogenized in an MSE brade homogenizer at fuú speed
for I min with a tissue: medium ratio of i : 4. The resultant
suspension was transferred to a potter-Elvehjem homogenlzer
and further homogenized by six up and down strokes of the'Teflon' pestle. The homogenate was then centrifuged at
9009 for 15 min and the supernatant fluid *u, ur.o.- Fresh
homogenates were made on the morning of eactrexp"iirn.nt.

Arachidonic acid was dissolved in etÉanol tO.f rirfrrÀg) and
diluted with a 0.2% (w/v) sodium carbonate ùrution'iò.9 mr./
mg), thus giving a sorution of arachidonic acid of t'mg/mt.
This was further diluted to 200 pgiml. with the modihed Bucher
medium.

[_og concen trarion (xglml.)

lig. t Concentration (pg/ml.) of indomethacin (O), aspirin(r) a.ng.salicvlate (o) pibtied ón a log scare agàilst'ì-h'd p"r".r,-
tage inhibition of prosragrandin syni-tresiJ (;í*t;a'ui 

'pcÉr"
gl r?t colons). The rines are rhose catcùtatJú-foi-best fifNumbers by the points indicate numbe..f ;E;i.;;tr." Wh"nrhree or more estimates were averaged, ttre stafioaié;;;, of irrè

mean is shown.

Flasks containing l0 pg of arachidonic acid (0.05 ml.) and
lung homogenate (l ml.) were incubated aerobiòaily at 37. c
with gentle shaking for 30 min. A zero-time sample was taken.
The reactions were stopped by heating the flaskì in a boiling
water bath until rhe protein in the sample coagulated (3G-60 sj
and then diluting five or ten-fold with 0.9ol" (*lul saline. The
samples were frozen if kept overnight, or kept on ice until
assayed.

Prostaglandinlike activity was assayedrs on isolated stomach
stripsr. and colonslT from the rat, superfusedrs in series with
Krebs solution containing a mixture of antagonistsre to make
the assay more specific. Activity was assayed by bracketing the
contractions induced by injections of diluted samples between
smaller and larger contractions induced by the stàndards. In
the dose range used (2-20 ng), pGEz coniracted the stomach
strips, but had no effect on the colons, whereas pGF2o con_
tracted the colons but had a much weaker effect than pGEz on
the stomach strips. Activity was assayed on the rat colons in
terms of PGF2" and on the stomach strips in terms of pGEz.
But because PGF2. had a small effect irr the pGE2 assay and
the enzyme preparation also partially irractivated the pGE,
generatedla, less emphasis has been placed on the pcEr_lik;
activity assayed in these experiments.

In some experiments, the reactions were terminated by
acidifying to pH 3 with hydrochroric acid and extracting twice
with ethyl acetate. The cornbined extracts were evilporated to
dryness under reduced pressure. The residue was tuk"n up in
0.2 ml. ethanol and chto, ratographed in the A I systemtd on
thinJayer chromatography plates2r with ma.rkers of 5 pg
authentic prostaglandin Ez and F2o . The strips on the developeA
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chromatograms corresponding to the marker spots were
separated, as was the area in between them. The rest of the
chromatogram was divided into l-3 cm strips. Each section
was scraped into a test tube and shaken with 2 ml. Krebs
solution. The supernatant was assayed on the rat colons ahd
stomach strips.

The zero-time samples contained (per ml.) 60-150 ng of
PGF2oJike activity and l2u7so ng of pGE2-like activity.
This activity varied between samples of the same enryme pre-
paration by less than 5o/" and did not increase when the enzyme
was incubated without arachidonic acid for 3o.min. Incu-
bation with arachidonic acid for 30 min increased pGFzo-
Iike activitv bv zz0-szo ng/ml. and pGE2-like'activity 

-dy

lo0-500 ng/m|., according to the enzyme preparation. vari4-
tion between different control sampres of the same preparation
was less than 7o/o.

Tests for Inhibition
Results were expressed as the genera$on. of pGF2o or

PGE2-like activity (30 min sample activilv minus zeîo-time
sample activity). To test for inhibition of prostaglandin syn-
thesis, varying amounts of indomethacin, sodium acetylsali-
cylate, sodium salicylate or other substanoes were added lo the
incubation flasks in volumes of 0.1 ml. or less; inhibition of
generation by a drug was expressed'as the percentage ínhibition
of thè control generation

Indomethacin, sodium aspirin and sodium saricylate all
inhibited the generation of pGF2"-like activity. The àegree of
inhibition varied from one enryme preparation to anothér, but
with any batch there was a linear relationship betrveen per-
centage inhibition and log conoentration of indomethacin or
aspirin. The media used. to dissolve the anti-inflammatory
substances did not influence prostaglandin synthesis. The
results from all experiments are shown in Fig. l. The ID56
for indomethacin was 0.27 pglmt.(0.7i pM), whereas that for
aspirin was 6.3 pg/ml. (15 frM). Thus, on a weight basis,
indomethacin was twenty-three times more potent than aspirin
as an inhibitor of synthesis o{ PGF26, alìd on a molrr basis
forty-seven times more potent. sodium salicyrate was less
potent than aspirin as an inhibitor of synthesis .of pGF2o-like
activity and there was much more variatios in the resrlb
(Fig- l). Similar results were obtained when the activity of
the samples was assayed on stomach strips in terms of pGEz.

Hydrocortisone (50 pglml.) inhibired synthesis of KF2o
and PGE2Jike activity by lqss than2}a/o; morphine (50.rrg/d]
or mepyramine (50 pg/ml.) had no effect. None,of the drugs
tested decreased the contractions of the assay tissues indud

, by PGE2 or PGF2.; indeed there wzrs sofirctimes a ,small
potentiation of the responses.

Two samples (1.0 ml.) of'enzyme were íncubated without
arachidonic acid: I pg PGF2a was added to one and I pg
PGE2 to the other. After 3O'rnin of incubqtion, the activity
remaining was equivalent to 0.85 pg pGF2? and 0.6 pg pGEi.

In experiments with two different lung homogenates, sampls
containing arachidonic acid (10 frg/ml.) were incubated,
extracted and the activity was separated by thin-layer chrom-
atography in the A I system as described. In the first,experi-
ment, the zones corresponding to the prostaglandin markers
showed substantial activity in the control 30 min incubation
sample (16O ng PGFzo and 50 ng PGE2/ml. original sample),
whereas the zero time sample showed much less (,CI ng pGFi"
and 5 ng PGE2/ml.). Similar samples incubated with indo-
methacin (5 pg/ml.) or aspirin (40 pglml.) sho,wed little or no
increase in PGF2. or PGEr-like activity over thq zero-time
sample.

In the second experiment, lower concentrations of indo-
methacin (l pg/ml.) and aspirin (20 pglml.) were used. As
Fig. 2 shows, indomethacin reduced the generation of activity
in the PGF2' zone to 25Y, of that in the control incubation but
the activity in the PGE2 zone was only reduced to 7go/o. With
aspirin (20 pglml.) activity in the PGF2' zone was reduoed to
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about 560/o andin the PGE2 zone to 5O%. Further identification

"i 
tt" pó-tite activity in these experiments was considered

""""o".*ry, 
for the enzyme system was the same as that used

;;-XúAió u"O Samuelssonl3, who identified PGE2 and
pbf'r" ó the active products of the incubation'
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of inflammation induced by carageenin in the rat. Prostagian-

dins, identified as a mixture of PGEI, PGEz, PGFro and PGF2',

t uuó dso been isolated from fluid perfusing the skin of patients

with allergic eczemazs. In rat or man, PGEr or PGEz iqiected

intiadermllly induces an inflammatory response26' Thus

abolition of prostaglandin synthesis by this group of acidic

,ubrturr"". miy be a basis for their anti-inflammatory action.

Analgesic aótion is less easily explained. Although PGEr

uJ pdf, and larger doses of PGFI' and PGFzo -induce a

*"uf-u"O nur" ,"rfo*" similar to that caused by histamine

,"i"ur" when iqiecied intradermally in man26' the only sub-

jective effect reported was a sensation of warmth and a slight

it"t i"g. It is unlikely, therefore, that any of these prostaglan-

Ainr ti"Oiute skin pain. Thus, unless another untested prosta-

gf""Oi" or RCS ís involved, there seelns no link between a

ilriptt".ut analgesic action of the anti-inflammatory acids and

intribition of prostaglandin synthesis'
prostagilurriin infusions, however, indue headache2T' so the

."fi"f biaspirin-like drugs of such pain (or.of.pain.induced

uy inRammation) may beix^plained by an inhibition of prosta-

gíanOin synthesis. iolliertd develops further the possible link

6"t*""n prostaglandin production and pain'

The anti-bronchoconittictot action may also be due to

i n h i b i t i o n o f t h e s y n t h e t i c p a t h w a y f o r p r o s t a g l a n d i n s .
We have already tttol" that chàlenge of sensitized guinea-pig

f".gt or injectioo of UtuOvkinin or partially-pg{nga SRS-A

into unsensitized-iunesindúces the reiease of RCS, PGEz and

ÉGFr" (refs. l0 uttO t t). Because the release of RCS was

abolished by anti-inflammatory acids, as was the broncho-

constriction induced by bradykinin and SR$A (ref' 1)' we

postulated that ics *uv u" the mediator of the broncho-

constrictor response. Vargaftig and Dao12 have shown that

arachidonic acid- aiso releises RCS and that the release is

inh ib i tedbyasp i r in - l i kedrugsandwehaveconf i rmedth is
(unpublished wòrk). At the time. of our first publication on

itc's (rer. l0), we'were unsure of the contribution that this

substance rnua" to the contractions of the tissues used to assay

simultaneously ttt" release of prostaglandins'^^we have

assessed this contribution recently; whereas^ -Rcs 
contracts

iut .to-u.h strip, it has much less effect on chick rectum or rat

colon (Piper uniÎu""' unpublished work)' Re-examination of

it 
" 

t uòittg. from these 
"*p"ti*tttts 

shows that aspirinlike drugs

not only pr.u"nt"o Rcs rebase but algo reduced activity on

chick rectum anJ rat colon, indicative of a reduced output. -of
PGE2 and PGFzo (see, for instance, Fig17 in Piper and Vanelo)'

próstaglandin Fr" is bronchoconstrictoÍo''n ' so the antagon-

ism of uronctrocoristriction induced by bradykinin, SRS-A'

arachidonic acid and so on mqy be due to antagonism of

release(whichprobablymeanssynthesis)ofRCSorofsynthesis
unJ r"tòur" of-pófr"'or both. The ratio of activities against

u,uavti,,i''-induced bronchoconstriction (indomethacin 2;

;;úi" t, saticviic acid 0-'03;-. ref' l) certainlv fits with the

;;fii"" tuct oíactivity of sodium salicylate-against the form-

ation of pGFzo.-Ú"tií RCS can be stabilized or generated in a

pure form, t o*"nrr, its contribution to the process of anaphyl-

axis and to uio"én*onstriction induced by anaphylactic

mediators cannot be assessed'

Side Effects
Theaspirin-likedrugsallinducegastro.intesjinaJsymptotlls

which -uy in.iuà" Épii. ulcerationto. Prostaglandin synthesis

and relear. *"*É-?iovotea by many different forms of

mechanicaf stiÀufatión, including gentle massagel3' Con-

tractions of tnetastio-intestinal tràci churn the contents' It is

poriiUt", thelrefoie, that the associated mechanical stimulation

of the mucosa t""dr io synthesis intramurally of a prostaglanrlin

which i. ,o-" l"y proiects the m,rcosa from damage. Inhibi-

tion of prortugiuíón sinttresis t,y aspirinJike drugB would
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i-niùUateO forSO -in-",iii àiacniíonic pciO- 1tO pglml.), extracted
*ittt 

"tt 
ir àcetate ;;à 

-;p"àted 
bv thin-lav"t..òltlgy1^of9gll

i; th" A I system. The èhromatogrrm was divided lnto strlps
and the zone cofrespr.Oi.giJit"-pCfzo rlsfkor was assayed
ó".ai óorons in teiils óiFórr"' The-other zones were assaved
|r',;;;"h itrips in terms of FGEr. _The dotted lines represent
th"-il.*i of'pó-rilc;"ti"itt íri the.sample at the start of
i-Éó tnòù-Uuiion. n?omètÉ"Cin (l pe/ml.) andaspirin (20 pe/ml-)
iùu"eo the eeneraión ói-["îil,1l*rl""r:,. 

- 
a, eontror; b,

The results show that the three anti-inflammatory acids

tested inhibit the synthesis of prostaglandins. It -is.not 
yet

kno*r, how the inhibition is brought about. If it is by com-

prtitio" with araÓhidonic acid for the active site of the enzyme'
-this 

might explain why all of these anti-inflammatory substances

*"t"i,i an icidic gróup. It would also explain yhy hvdro-

"ortiroo", 
an anti-inflammatory substance of a different type.

has little- or'no inhibitory a"tiott against the prostaglandin

synthesizing enzYme(s).
\

Correlation with Therapeutic Actions
Anti-inflammatory acids have three principal actions; anti-

pn"tì", anti-inflammatory and analgesic' They also antagonize

Liorrct oconstriction and some other smooth muscle contrac-

iions induced by substances such as bradykinint 1rnd have a

i""J""w to induce gastro-intestinal irritation. Can any of

these uótior* be explained by a direct inhibition of prosta-

glandin sYnthesis?
"- Fi."t, we consider antipyretic action. when injected into the

thire véntricle of cats, pdgr induces fevef22'23. It is the most

pot""t substance yet iound with this action' being much more

active than 5-hyéroxytryptamine, PGE2 or PGF2'; PGFz"

nu, tittf" pyretic-actiuiiy. 
-m" 

antipyretic substance 4-acetamido-

ptittof does not antalonize fevèr induced by PGEI' These

iu"t, ut" compatible *ith the idea that the rise in temperature

in a fever is inouceà by synthesis and release of RCS or of a

il;;" prostaglandin such as pGE1, either in the temperature-

regulating *"u oi tt e hypothalamus or at a place from which

it can reach this area. 
- 

Anti-inflammatory substances mieht

reducetemperatureinafeverbypreventingsuchprostaglandin
,vntrroir. e o"or.u.v coroilary òf such a mechanism of action

is that u pror,uetuirdin whose synthesis is inhibited try these

drugs does not 
-r"gutut" 

nor-uf body temperature, which is

unaffected bY antiPYretic drugs'
Anti. inflammatoryactioncanalsobeexplained.|.nEaype

pr*ìugfu"ai" ir io"íA in exudate2a during the secondary phase

remove this protective mechanism'

Whetherinhibitionofprostaglandinsynthesisaccounts
all the activities of the uttti-infl"tnmutory acids remains to

for
be
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elucidated. clearly, the blood concentrationsr r of indometha-
cin in man after an oral dose of 200 mg (7.5 ug/ml. at peak;
3.2 Uglml. after 4 h), even when 90o,/o binding3l to plasma
proteins is allowed for, are higher than concentrations needed
to inhibit prostaglandin synthesis in these experiments.

One fact that needs explanation is the apparent lack of
activity of sodium salicylate as an inhibitor of prostaglandin
synthesis, for this substance has about the same potency as
aspirin in anti-pyretic and anti-inflammatory testsl. One
possibility is that salicylate is more potent as an inhibitor of
synthesis of PGEl from dihomo-yJinolenic acid than it is of
the synthesis of PGE2 from arachidonic acid. certainly, with
the probability of a series of iso-enzymes synthesizing from
different substrates various prostaglandins (perhaps including
RCS) with widely different pharmacological properties, thè
number of degrees of freedom is more than sufficient to allow
explanation of the variations in potencies and properties within
the whole group of aspirin-like substances.

There are several other implications of these results, some of
which are listed below. First, inhibition of prostaglandin
synthesis, perhaps using a more active enzyme preparation32
than the one used here, together with different substrates, may
provide a simple and rapid primary screen for anti-inflam-
matory drugs of the indomethacin type. Second, one of the few
simple in vitro antagonisms sirown by aspirin-like drugs is
against arachidonic acid-induced contractions of some isolated
smooth muscle preparations such as the guinea-pig ileumT.
This suggests that some of the contractile actions of arachidonic
acid may be brought about by an intramural synthesis of a
prostaglandin. This problem deserves attention, as does the
possibility that bioassay of prostaglandins may be improved by
addition of a synthesis inhibitor, such as indomethacin, to the
fluid bathing the assay tissues.

There is also the possibility that use of anti-inflammatory
acids could be extended to ameliorate conditions thought to be
brought about by prostaglandin release. For example, some
evidence33 suggests that release of PGF2' occurs during labour.
It may therefore be worthwhile testing an anti-inflammatory
acid as an inhibitor of unwanted abortion or miscarriage. It
would also be interesting to know whether these drugs reduce
the efficacy of the intra-uterine device which may work as a
contraceptive through prostaglandin release3a.

These results show that biologists now have a simple means
of preventing prostaglandin synthesis and release and thereby
assessing the functions of prostaglandins in individual cells or
tissues, or in the body as a whole. The conclusions described
here are supported by the results discussed in the next two
ar t ic les3 s '36.
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Aspirin Selectively Inhibits Pros taglandin
Production in Human Platelets
J. B. SMITH & A. L
Department of Pharmacology, Institute of Basic
Lincoln's Inn Fields, London WC2A 3PN

WILLIS*
Medical Sciences, Royal College of Surgeons of England,

Platelets in the blood of volunteers who
have taken aspirin can no longer pro-
duce prostaglandins.
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AsprnrN reduces the adhesiveness to glass of platelets in
citrated plasmal, reduces platelet aggregation by washed con-
nective tissue fragments2, and inhibits the second wave of
aggregation induced by ADP, adrenaline and thrombin3-s.
Aspirin also inh ibi ts the release from washed pig or human plate-
lets of permeability factors which differ from 5-hydroxytrypt-
amíne and histamine and cause contraction of the guinea-pig
ileum6. One of these facfors could be prostaglandin E2
(PGEr). This compound increases vascular permeabilityT'8
and contracts guinea-pig ileume. When washed human


