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lt often happens that features of both acute und chronic 
inflammation appear in the same lesion. 

F. A. Ward 

The title of this commentary is obviously rather 
generalised and needs clarification in the light of our 
use of the terms prostaglandins and chronic 
inflammation. The name prostaglandin (PG) was 
originally limited to a group of fairly stable cyclic 
derivatives of prostanoic acid, first detected in 
seminal fluid. More recently. other short-lived 
intermediates and products in the complex PC 
biosynthetic pathway have been described, which 
also exhibit marked biological activity in relation to 
the inflammatory process [ I]. Thus, any considera- 
tion of “prostaglandins” and chronic inflammation 
must include all implicated bioconversion products 
of arachidonic acid (or related essential fatty acids). 

By custom, chronic inflammation isdifferentiated 
from acute inflammation on the basis of its time 
course. Such a division is inherently contradictory. 
since the features of both conditions frequently 
overlap (as indicated in the motto). Because of this 
overlap, the demarcation point between acute and 
chronic inflammation is rarely sharply defined. 
More objective criteria for the two types of inflam- 
mation are exudation as the hall-mark for the acute 
condition and tissue proliferation for chronic 
inflammation [2]. Such static criteria, however, do 
not take into consideration the dynamic character- 
istic of inflammation, which may, simultaneously, 
involve damage and repair processes. Because of 
this, inflammation has been referred to as a homeo- 
static process-loop system [3]. Bearing in mind this 
homeostatic function of inflammation (“chronic” 
inflammation implying some breakdown in the 
homeostatic loop). we shall consider interactions of 
PGs with individual components of this loop system, 
each component ultimately affecting one or more of 
the others. Rheumatoid arthritis will be considered 

A&rev&ions-PG. prostaglandin; 5HT. S-hydroxytrypt- 
amine; NSAIDs, non-steroidal anti-inflammatory drugs: 
EFAD. essential fatty acid deficient; RA, rheumatoid 
arthritis: TxA,. TxBz. thromboxane API BZ; RIA. radio- 
immunoassay: PMNLs, polymorphonuclear leucocytes; 
MAA. (rabbit) monoarticular arthritis: CAMP, adenosine- 
3’.5’-monophosphate: cGMP. guanosine 3’S’-monophos- 
phate: HETE. 12L-hydroxy-5.8.10,14-eicosatetraenoic 
acid: PGI,, prostacyclin; LK. lymphokine; MIF, macro- 
phage migration inhibiting factor: GAG. glycosamino- 
glycan: 0;. superoxide anion: MK-477, 2 aminomethyl- 
4-t-butyl-6-iodophenol: L8027. 3-(2-isopropyl indolyl) 
3-pyridyl ketone. 

as a clinical model, par excellence, since its chroni- 
city has been proposed to result from a breakdown 
in the homeostatic function of PGs 141. 

Prostaglandins: mediators or modulators? The 
failure to adequately differentiate between acute 
and chronic inflammation has, unfortunately, re- 
sulted in the application of far-reaching conclusions, 
drawn from studies on acute inflammatory models, 
to clinical conditions which aredominated by charac- 
teristics of chronic inflammation. The resulting 
ambiguities in the postulated roles of inflammatory 
mediators have also extended to PC&. Prostaglan- 
dins, particularly those of the E-type, have been 
shown to reproduce several signs of acute inflam- 
mation, including vasodilatation, increased perme- 
ability, local oedema and pain [5]. Using lower, 
more physiological doses, PGs have been shown to 
produce sensitization to the inflammatory properties 
of other mediators, such as histamine, 5HT and 
bradykinin [5. 61. It should be noted that these media- 
tors have been implicated in the very early phase 
of inflammation and PGs have been recovered in 
large amounts from inflammatory exudates which 
are a prominent feature of acute rather than chronic 
inflammation [2). 

The discovery that several non-steroidal anti- 
inflammatory drugs (NSAIDs) inhibit the formation 
of endogenous PGs from their precursor, arachid- 
onic acid, provided a plausible explanation for the 
anti-inflammatory action of acidic NSAIDs and 
suggested an important role for PGs as mediators 
of inflammation[7]. This concept has since been 
strengthened by a large amount of in vitro and in vivo 
data [5]. Clinical data, from arthritic patients, also 
indicated that aspirin inhibits PGE production in 
the synovia [8,9]. However, the presence of large 
amounts of PGs in arthritic synovia does not neces- 
sarily implicate them as pro-inflammatory medi- 
ators. Furthermore, while relieving several signs 
and symptoms, NSAIDs do not reverse rheumatoid 
arthritis. Recent data have indicated that all the 
anti-inflammatory activity of, at least, the salicylate 
group of NSAIDs cannot be entirely explained 
on the basis of inhibition of endogenous PG 
production [IO, I I]. Indeed, a new compound, MK 
447. though being anti-inflammatory in acute animal 
models, actually promotes the production of stable 
PGs [l2]. MK-447 appears to be a scavenger of 
superoxide anion radical, which is produced during 
the conversion of the PG intermediate PGG, to 
PGH2. These findings are supported by in vivo 
studies with antioxidants [ 131. 

The earlier suggestions of an exclusively pro- 
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inflammatory role for PGE must now be tempered 
by the growing realisation that both pro- and anti- 
inflammatory actions are exerted by products of 
arachidonic acid metabolism. Anti-inflammatory 
effects of pharmacological doses of E-type PGs 
themselves have been reported [ 14-211. Moreover, 
our results with essential fatty acid deficient 
(EFAD) rats, have shown that, when endogenous 
PG production is markedly reduced. the exudative 
component of inflammation is decreased (under 
both acute and chronic conditions), whereas the 
proliferative (chronic) component is enhanced [I I. 
22-241. These data (a) invalidate the view that PGs 
are purely inflammagenic and (b) provide circum- 
stantial evidence for a pro-inflammatory role of 
PGs in the acute phase and an anti-inflammatory, 
m~ulating role in the chronic phase of inflamma- 
tion [2S, 261. 

Scope of the commentary. In this commentary we 
shall attempt to reconcile the apparently conflicting 
views on the pro- or anti-inflammatory role of PGs 
during chronic inflammation. The experimental 
animal data are drawn mainly from studies on 
models of connective tissue proliferation and of 
arthritic conditions. Aspects of clinical relevance 
will be centered around rheumatoid arthritis (RA). 
for the following reasons, (I) Since the clinical 
course of RA is easy to investigate [27], the 
majority of the work carried out on PGs and 
chronic inflammation in man has involved studies 
directly or indirectly related to RA. (2) Current anti- 
inflammatory drugs are not only frequently used on 
RA patients, but several of these drugs have been 
developed specifically for this purpose. (3) Joint 
inflammation, particularly RA. seems to involve 
most mechanisms which have been proposed on the 
basis of experimenta studies. including immune 
mechanisms [27]. The proliferative lesion in RA is 
of particular interest, since it involves both con- 
nective and other joint tissues [28]. Obviously. con- 
clusions based upon RA may apply to other clinical 
chronic inflammatory conditions. depending on the 
mechanisms involved. In this context the possible 
interactions of PGs with immune events are only 
considered briefly since this has been the subject of 
another recent review [ 291. 

Presence of prostaglandins in chronic 
inflammation 

Granuiomafous tissue models. These studies have 
b&en conducted exclusively on rats. The commonest 
model, originally called the granuioma-pouch and in 
many recent papers re-named an air-bleb, involves 
the administration of an irritant into a subcutaneous 
pouch formed by air injection [30, 311. Subse- 
quently, a wall of proliferative tissue develops 
surrounding a pocket of exudate. Thus, the model 
displays the two pathologi~ai hall-marks of inflam- 
mation. The exudate can be collected at different 
time points after the irritant injection. varying from 
a few hr to 8 days, thus yielding qualitatively and 
quantitatively different cells and mediators (includ- 
ing PGs). Differences in the inducing irritant also 
explain wide variations and form a possible source 
of contradictions. With respect to the PG content. 
it is notable that the activity of I&-hydroxy- 

dehydrogenase, the enzyme metabolizing stable 
PCs, in the granuloma exudate is very low 1321. 
Granulomata may also be produced by subcutan- 
eousimplantationof polyetherspongepieces,mostly 
soaked beforehand in carrageenin. After removal of 
the sponges (again, at widely varying times!) the 
fluid can be collected either by squeezing or by 
centrifuging [33]. 

PGE, and PGFP, have been reported in 8-72 hr 
exudates of ~arrageenin-pouch granulomata, but in 
24 hr and 8 day sponge granuloma exudates, only 
PGE-like material was detectable by bioassay [24. 
32. 331. One of the major products transformed 
from arachidonate in vitro by 8 day granulation 
tissue was identified as thromboxane I& a stable 
metabolite of thromboxane A, fTxA*) with chemo- 
tactic activity 134, 351. A new PG (9~ f Ia. th- 
trihydroxy-6-oxo-prostenoic acid) was also de- 
tected, with, as yet, unknown biological activity 
[36]. The identification of these stable PGs may 
indicate the release of the more labile intermediate. 
PGG2, which has also been implicated in the 
inflammatory response [ 121. 

Quantitatively, extremely large variations have 
been observed in the PC contents of granulomata. 
These differences may partially be explained on the 
basis of the determination procedures used, either 
radioimmunoassay (RIA) [32, 371. or bioassay [24. 
331, the latter giving much higher values. 

It is regrettable that the time-dependency of the 
PG content has, so far. attracted little attention. 
In the kaolin-induced granuloma pouch PGE-like 
activity reaches a maximum at 6 hr. high levels being 
maintained for up to96 hr [24, 381. With carrageenin 
as the irritant, two PGE maxima have been found 
at 7-8 hr[33. 37, 391. The source(s) of the PGs is 
unclear, Suggested sources include phagocytozing 
polymorphonuclear leucotytes (PMNLs) and skeie- 
tal muscle surrounding the pouch f40.411. In the 
latter case the PGs would, thus, appear as artefacts. 
since skeletal muscle cells are not involved in inflam- 
mation. PMNLs may not be important sources, 
since PG content does not seem to be related to 
leucocyte count, at least not in the early carrageenan 
granuloma pouch [39, 421. Macrophages rather than 
PMNLs are the predominant invasive cells during 
the more chronic phase and macrophages release 
PGs in response to inflammatory stimuli [79, 1591. 
However. a possible relation between macrophage 
accumulation and PG concentration in the same 
granuloma has not been investigated. 

In the kaolin-induced granuloma pouch. a positive 
correlation appears to exist between PG levels and 
exudate volume. but when carrageenin was used as 
the irritant, the two parameters were unrelated 
[24. 371. Paradoxically, with sponge-induced granu- 
lomata, in PG-precursor-depleted rats, an inverse 
correlation was observed between PG levels and 
granuloma formation@4]. a finding which will be 
discussed later. 

Monoarthritis of rabbits. Monoarticular arthritis 
(MAA), produced by intra-articular injection of 
antigen into sensitized rabbits, is a chronic model 
closely resembling RA [43). Levels of E-type PGs in 
the afllicted joint synovium reach a peak after 19 
hr, declining to low levels again during the chronic 
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phase (7 and 46 days) [44]. Indomethacin. while 
inhibiting the early increase in PG levels only pro- 
duced a moderate reduction in joint swelling. Thus. 
PGEs may be involved in the acute inflammatory 
stage of this model, but they do not contribute to 
chronicity or to joint histopathology. 

In a surgically-induced chronic osteoarthritis 
model in rabbits, the concentration of PGE (mea- 
sured after conversion to PGB) was lower in the 
synoviai fluid of the operated knee than in that of 
the unoperated knee; but when taken together with 
the PC content of cartilage. the total amount of 
PG was equal in the normal and afflicted joints (451. 
The concIusjon that chronic, non-in~ammatory de- 
generative joint changes are in no way correlated 
with the presence of prostagiandins is in agreement 
with clinical results [46]. 

Adjuvant polyarthritis of rats. This experimental 
disorder is one of the most extensively used models 
in investigating mechanisms and ph~macoiogicai 
aspects of RA, to which it shows several 
similarities [47]. Following injection of complete 
Freund’s adjuvant into one hind limb, acute inflam- 
mation appears in the treated paw. followed by 
chronic inflammation and arthritic lesions in all four 
limbs. The difficulty in obtaining synoviai material 
from this model has, in the past, discouraged investi- 
gators from measuring PG levels. However, using 
a perfusion technique, we have shown that the levels 
of PGE in perfusates of the non-injected hind paws 

of arthritic rats parallel the increase in paw volume, 
which was taken as an inflammatory parameter, 
over the initial period (between days 14-22) of the 
chronic phase 1481. PGF was not detectable (by bio- 
assay). The increased PGE concentration was ac- 
companied by decreasing CAMP levels fromdays I4 
to 18, probably reflecting the infiltration into the 
joint of activated leucocytes. sources of iysosomal 
phospholipase A. the enzyme which releases PG- 
precursor fatty acids from ceil membranes. CAMP 
levels increased between days 18-22, possibly due 
to stimulation of synoviai ceil adenylate cyclase by 
the increased amounts of PCE. In this context. 
Robinson et al. (49) have shown that the increased 
production of PGE by cultured RA synoviai ceils is 
associated with increased CAMP levels. Theoretical 
similarities of interactions between synovial PGE 
and CAMP in adjuvant arthritis of rats and clinical 
RA have been discussed in a recent paper [SO]. 

Acute monoarthritis induced in rats by injection 
of a cell-free Streptococcus extract into knee 
joints is also associated with the subsequent release 
of 5-8 fold higher amounts of PGE by synoviai 
tissue in vitro than by non-arthritic synovia [S I]. 

~l~~ic~~ rheumatoid arthritis. Several studies 
have been carried out on the PC content of synoviai 
fluid withdrawn from joints of arthritic patients, 
including those treated with one or more NSAID. 
PGE, appears to predominate, though, in some 
cases. PGE, and PGF2= have been reported as one 
of the major activities present 19.46, 53-551. At- 
tempts to correlate these levels of PGs with 
leucocyte populations have produced conflicting 
results [46. 52, 54-561. Furthermore, the PG content 
of synovial fluid does not seem to parallel the 
clinical course of RA [46]. 

Recently. several reports on PG production by 
cultured human synovial tissue have appeared. 
PGE, and PGF,, have both been detected in cultured 
RA synovial tissue, though studies on the crude 
enzyme have shown that arachidonic acid is prefer- 
entially converted to PGE, in vitro(49. 57-591. It 
has been suggested that platelets might be the major 
source of these PGsl46.601. However. cultured 
fibrobiasts from rheumatoid synovium produce 
much larger amounts of PGE than those from a 
non-diseased source and it is probable that these 
cells constitute a major source of synoviai PGE f49, 
61,621. 

The studies conducted so far shed little light on 
the possible parallelism between synoviai PG pro- 
duction and the clinical course of RA. Moreover, the 
more labile products of arachidonic acid (PGG,. 
TxA2 etc.) have not yet been detected, though TxB, 
levels in RA synovia are reported to be low 1531. 
However, the conversion of PGG, to PGH, is asso- 
ciated with the formation of superoxide anion and 
such tissue-damaging fragments as malondialde- 
hyde, superoxide and hydroxyi radical formation 
having been shown to promote the degradation of 
synoviai fluid[6. 12, 631. As the detection of the 
short-lived arachidonate products in synovia is an 
imminent likelihood, it is possible that such inter- 
mediates, rather than classical PGs, will turn out to 
be the inflammatory mediators in rheumatoid con- 
ditions. The synthesis of PGE itself by rheumatoid 
synoviai explants was found to be associated with 
augmented levels of intracellular CAMP, a pheno- 
menon known to prevent the cellular discharge of 
inflammogenic substances 149, 6-41. Elevation of 

CAMP levels by pharmacological doses of PGE 
seems to inhibit adjuvant arthritis of rats, and it has 
recently been shown that intra-articuiar elevation of 
CAMP or decrease of cGMP is associated with 
clinical improvement of RA]l4, 16-21, 531. The 
presence of PGE in the synovia might, thus, reflect 
an endogenous, CAMP-mediated, anti-inflammatory 
regulating mechanism (which may become refrac- 
tory during arthritis (41). Therefore, arachidonic 
acid conversion in inflamed synovia most probably 
provides substances, like PGG,. TxA, and HETE, 
which contribute to destructive processes and also 
substances, like PGI, fprostacyciin. aisoan elevator 
of CAMP) and PGE. which form part of the regen- 
erating functions. 

Prostaglandins and vascular events 

The literature on the acute vascular effectsof PCs 
has been recently reviewed [5,6]. Since PCs have 
been detected in many types of chronic intlamma- 
tion, it would seem likely that these vascular effects 
of PGs still occur during such chronic conditions, 
even after tissue necrosis has taken place. 

Vcsodilatation. Apart from the relatively large 
number of studies carried out on the erythema- 
producing effects of PGs in the skin, PGs E, and E, 
were recently found to be potent dilators of the 
non-inflamed canine synovial micr~ircuiation [65]. 
PGF,, was less effective and PGF,, inactive. De- 
spite this well-documented. potent vasodilatory 
activity of PGEs in normal tissue, very little is’ 
known about the involvement of PGs in producing 
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local vasodiiatation (redness) and heat during the 
chronic inflammatory response. A parallelism has 
been observed between the increase and subsequent 
slow decline in joint temperature and the levels of 
PGE in synovial fluid, following injection of oval- 
bumen into the joints of sensitized rabbits (441. 
However, this temperature change was associated 
with a systemic pyrogenic mechanism as well as 
local vasodilatation. Recently. the PG endoper- 
oxide, PGG,, has been implicated as a mediaror of 
inflammatory vascular changes 112. 661. PGD,, also, 
produces erythemaand may play a role in the inflam- 
matory response [67]. 

Vascularpernzeabifit~. Although still imperfectly 
understood, the role of PGs in producing exudation 
during chronic inflammation has received somewhat 
more attention than their role in regulating blood 
flow and local temperature changes. Apart from the 
many other different sites at which the oedema- 
producing and potentiating properties of PGE have 
been demonstrated 168. 691, PGE,. in sub-threshold 
doses, has also been shown to potentiate the actions 
of bradykinin and histamine on the non-in~amed 
canine synovial microcirculation (701. As far as in- 
flamed tissues are concerned. many studies have 
been carried out on the role of PGs in acute inflam- 
matory oedema. but several studies have also been 
carried out on more chronic conditions. In rabbit 
MAA. joint swelling during the first week has been 
correlated with local increases in PGE levelsj44j. 
Also, using different experimental granuloma 
models. several workers have observed the effects 
of exogenous PGs or the effects of drug-induced or 
dietary reduction of endogenous PGs on vascular 
permeability. These data are summarized in Table 
I. It is clear that PGF,, has no effect on vascular 
permeability under these conditions. whereas PGE, 
seems to be the most potent of the PGs in increasing 
vascular permeability. Surprisingly PGE,. which 
occurs to a far greater extent in mammalian tissues 
than PGE,. was only effective in increasing exuda- 
tion in the carrageenin pouch model. but not in the 

croton oil pouch. The studies with indomethacin on 
carrageenin pouch granuloma (Table 11 suggest that 
vascular permeability changes may become refrac- 
tory to endogenous PGE as the proliferative phase 
develops. Essential fatty acid (EFA) deficiency 
also has less effect on exudation as proliferation 
progressesl241. In fact. Chang et a/. [74] have 
suggested that PGE is unimportant in increasing 
exudation during the proliferative phase of inflam- 
mation. It is possible that the capillaries become 
desensitized to the vascular permeabitity-increas- 
ing effects of PGs. though whether this apparent 
refractoriness is applicable to the exudative com- 
ponent of other chronic inflammatory conditions re- 
mains to be seen. Certainly, indomethacin. aspirin 
and similar PG synthesis inhibitors are effective in 
suppressing joint swelling in rheumatoid arthritis. 
but. as far as aspirin is concerned, this effect need 
not necessarily be due to inhibition of PC synthesis 
[I I]. An alternative explanation is that different 
components of the PC biosynthetic pathway such 
as PGD,, and PGG, are partially responsible for 
increases in vascular permeability at different stages 
of inflammation [66,6’?1. 

Prostaglandins and celiulur events 

One of the major characteristics of chronic inflam- 
mation is the involvement of several different 
types of white blood cells. which migrate into the 
inflamed area. These include the phagocytic neutro- 
phils (or polymorphonuclear leucocytes-PMNLsf 
and macrophages and lymphocytes. which may be 
involved in both immunological and non-immuno- 
logical inflammation [3]. In RA. both B lymphocytes 
(producing antibodies, leading to immune complex 
formation) and T lymphocytes (involved in cell- 
mediated immune mechanisms) have been implica- 
ted. The involvement of PGs in the regulation of the 
immune response has recently been reviewed and 
only data of direct relevance to chronic joint 
inflammation will be discussed here 1791. 

Systemic events. The aetiology of RA is unknown, 

Table I. Local prostaglandins and exudation in experimental granuloma models 

Period of Day of 
Model Treatment treatment (days) measurement Response References 

Croton oil PGEd I (with irritant) IO N.E.+ I5 
pouch PGF,, N.E. 
Croton oil or PGE, I-8 8 Increased exudation 71 
o-a-tocopherol PGE, N.E. 
pouch PGF,, N.E. 
Carrageenan PGE, 7* 7 Increased exudation 72 
pouch PGE,! Increased exudation 

PGF,, N.E. 
Carrageenan Indomethacin t-5 5 Decreased exudation 73 
pouch Indomethacin s-8 9 N.E. 
Kaolin poich Essential fatty acid From birth 4 Decreased exudation 24 

deficient diet 8 Decreased exudation 
Carrageenan Essential fatty acid From birth 8 Decreased exudation 24 
sponge deficient diet 

* Exudation was measured by the accumulation of X251-albumin over a 20 min period after the injection of the 
PG. 

f Lack of effect may be due to very short period of treatment. 
N.E. = no effect. 
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but it is generally assumed that an antigenic stimulus 
is involved. Thus. although the inflammatory signs 
appear in the joints, the antigen is likely to enter the 
lymphatic system and activate lymphocytes in the 
spleen and lymph nodes. Since antigenic stimulation 
of T ceils increases PG production by the spleen. 
as shown in the mouse. it is probable that PGs 
regulate lymphocyte activation at these systemic 
sites [75]. 

T-cells. PCs. particularly those of the E series. 
inhibit several parameters of lymphocyte activation 
in vitro and this inhibition appears to be associated 
with an increase in intracellular cyclic 3’.5’- 
adenosine monophosphate (CAMP) concentrations 
129. 761. The release of the pro-inflammatory lym- 
phokines (L&)-detectable in rabbit and human 
arthritic joints [77,78]-from antigen-activated T 
lymphocytes, is also inhibited by PGEs[79). Fur- 
thermore, PGE is released by phagocytosing macro- 
phages in suflicient amounts to produce inhibition 
of LK release [79]. Morley [4f has, thus, suggested 
that antigen-induced PGE release by macrophages 
exerts a negative-feedback inhibition of the subse- 
quent release of LKs by T ceils. He has further 
proposed that the chronicity of RA may be due to 
defective reactivity of LK-secreting T cells to the 
inhibitory effects of macrophage PGEs. Although 
defective reactivity has been observed with peri- 
pheral blood lymphocytes from multiple sclerosis 
patients, no such effect has been observed in RA 
patients, despite apparent differences in the reacti- 
vity of peripheral and synovial RA monocytes to 
PGE, [80, 811. In rats, treatment with either PGE, 
or PGE2 markedly inhibits the development of adju- 
vant arthritis, independently of an action on the 
adrenals, and this effect is enhanced by theophyt- 
line. which would potentiate PGE-induced increases 
in intracellular CAMP [ 14, 16-211. Since adjuvant 
arthritis is thought to involve cell-mediated mech- 
anisms, this may indicate systemic inhibition of T 
cell activation by PGE, particularly since PGE 
also inhibited splenomegaly. though a local anti- 
inflammatory action cannot be ruled out [ZO, 211. 
That removal of glass-adherent cells (macrophages?) 
from spleen cell suspensions of arthritic rats re- 
verses the reduced responsiveness of splenic lym- 
phocytes to T cell mitogens. may indirectly indicate 
that macrophage PGEs exert a negative-feedback 
effect on T cells in adjuvant arthritis[82]. It is un- 
likely that PGF affects lymphocyte responses in 
vivo. since macrophages produce predominantly 
PGE in vitro and PGF2, does not alter LK produc- 
tion in vitro, although T-dependent antigens do 
increase splenic PGF,, levels in mice in vivo 175,791. 
It is possible that other products of the PG biosyn- 
thetic pathway may affect lymphocyte function. In 
this context, it has not been possible to correlate 
drug-induced effects on lymphocyte activation with 
inhibition of PG synthesis in any clinical or experi- 
mental model of arthritis, since both antirheumatic 
drugs which are inhibitors of PG biosynthesis and 
those which are not inhibit lymphocyte activation in 
vitro 183). 

B cells. Until very recently few studies had been 
carried out on the effects of PGs on B cell function, 
though these indicated that PCs inhibited B cell 

activity\29]. There is some in vitro evidence sug- 
gesting that B cells from mice spleens may exert a 
CAMP-mediated negative-feedback effect on their 
own activation through the release of PGE[84]. It 
remains to be seen whether this effect of PGE is 
involved in m~ulating antibody and subsequent 
immune complex formation during RA and related 
diseases. 

Suppressor T ceils. A growing amount of data 
indicate the presence of a sub-population of T cells. 
called suppressor T cells, which depress the activa- 
tion of other T cells and their subsequent move- 
ment to the inflamed site 1851. Recently. it has been 
suggested, on the basis of indirect evidence, that 
PGE might enhance the activity of these suppressor 
T cells. particularly in diseases associated with de- 
pressed T cell function]86,87). More work is re- 
quired before an effect of PGs on suppressor T cells 
can be accepted. The probableeffectsofendogenous 
PGEs on systemic antigen-induced cellular respon- 
ses in the spleen and lymph nodes during chronic 
joint inflammation are summarized in Fig. I, based 
on a previous discussion of the possible interactions 
between PGs and cyclic nucleotides under these 
conditions [SO]. 

Local events. The two major areas of cellular 
function affected by PGs at the site of in~ammation 
are cellular infiltration or mobilization and cellular 
metabolism and secretion. To a certain extent these 
areas overlap, but, for the sake of clarity, they may 
be considered separately. 

Cellular mobilization. In chronic inflammation, 
PMNL infiltration into the in~ammatory locus 
usually precedes macrophage in~ltration, but there 
is considerable controversy over the timing of lym- 
phocyte infiltration. In considering the effects of 
PGs on these processes, it is more important tocon- 
sider how PGs might affect cellular mobilization 
rather than when each cell type is affected. 

Both PMNLs and macrophages produce PCs, 
mainly of the E-series, but nothing is known of the 

B CELL 

MACROPHAGE 

T CELL 

Fig. I. Probableeffectsof ffi~onsystemicantigen-induced 
cellular events fin spleen and lymph nodes). The impor- 
tance of the various effects will depend on the contribution 
of the different cell types to particular chronic inflam- 

matory diseases. 
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direct effects of PGs on macrophage chemotaxis and 
the data on PGs and the chemotaxis of PMNLs is 
not very clearl40. 791. PGE, is chemotactic for 
certain PMNLs in vitro, depending on the species 
and source. whereas contradictory data have been 
obtained for PGs E, and F,, [40. 88-901. It has been 
suggested that all PGs simply stimulate random 
movement of PMNLs rather than initiate chemo- 
tactic directional migration [90]. Certainly, there is 
no evidence for a chemotactic role for PCs in 
man 1891. HETE and thromboxane B, (TxB,), ara- 
chidonic acid metabolites released by platelets. 
have both been shown to be chemotactic for 
PMNLs [35,91]. The precursor of TxB2, TxA*, and 
two monohydroxy acid metabolites of arachidonic 
acid are also released by PMNLs [4l, 921. All these 
substances have been postulated as chemotactic 
agents for PMNLs during inflammation. However, 
studies in vivo, using PC synthetase inhibitors have 
not elucidated the possible role of any of these 
compounds in PMNL chemotaxis, since some of the 
inhibitors appear to have an additional, PG- 
independent. mechanism of action [I I, 421. The 
direct effects of PGs on lymphocyte mobilization are 
unknown. It is possible, however, that PGEs may 
inhibit lymphocyte mobilization because other 
agents. which also increase intracellular CAMP 
levels, inhibit spontaneous and antibody-induced 
T cell and to a greater extent, B cell motility in 
vitro [93]. 

PGE may also effect cellular mobilization in- 
directly. through inhibition of LK release. including 
those which stimulate macrophage and PMNL 
chemotaxis and a factor which inhibits macrophage 
migration (MIF) [79. 941. According to Morley’s [4] 
theory. that the sensitivity of LK-producing T cells 
to inhibition by PGE is lost during RA and thus 
contributes to the chronicity of this disease, the 
LK-mediated mobilization and trapping (by MIF) of 
phagocytic cells should be unaffected in arthritic 
joints. Zurier et al. [81], using RA patients, found 
that the increase in mononuclear cell CAMP levels, 
induced by PGE, in vitro, was smaller with synovial 
cells than with the corresponding cells from peri- 
pheral blood. This may indicate a pathological loss 
of sensitivity of synovial T cells to inhibition by 
PGE, but might equally reflect desensitization of the 
cells by prolonged exposure to the high levels of 
PGE present in rheumatoid synovia. PGEs also 
antagonise the effect of MIF on macrophage migra- 
tion, apparently through increasing macrophage 
CAMP levels [95]. This would also serve as a nega- 
tive feedback inhibition of LK-induced cellular 
mobilization. 

Cellular secretion and metabolism. LK produc- 
tion by T lymphocytes (the predominant lympho- 
cytes at the inflammatory site [3]) and phagocytosis 
by and lysosomal enzyme release from PMNLs 
are all affected by PGs. As far as LK production 
is concerned, the same mechanisms are likely to 
apply locally, at the inflamed site. as those which 
are involved systemically (see above). Thus. 
macrophage-and at the inflamed site, PMNL- 
PGE, released following infiltration of these cells. 
would exert a negative feedback effect on the re- 
lease of the many pro-inflammatory LK factors. 

Apart from LK effects on phagocytes, lymphocyte 
factors have been detected which also damage tis- 
sues [%-981. Interestingly, a LK which stimulates 
collagenase production also stimulates PGEz pro- 
duction by the same human rheumatoid synovial 
cells[62].Thisrepresentsafurtherpossiblenegative- 
feedback route for PGE on LK-mediated tissue 
damage. As with systemic cellular events, these 
negative-feedback effects of PGs on LK release are 
probably mediated through stimulation of intra- 
cellular T cell CAMP. 

The cyclic nucleotide-mediated effects of PGs on 
phagocytosis and the release of lysosomal enzymes 
from PMNLs in vitro are very well-documented 
and have been discussed in several recent re- 
views[99-101). From the small number of studies 
carried out on macrophages, PGs do not appear to 
effect lysosomal enzyme release from these 
cells [ IOI]. It is clear from the many in vitro studies 
that PGs of the E series inhibit phagocytosis by, and 
lysosomal enzyme release from PMNLs, through an 
increase in intracellular CAMP levels. PGF,, stim- 
ulates phagocytosis and lysosomal enzyme release 
in vitro, through stimulation of intracellular cyclic 
guanosine 3’.S’-monophosphate (cGMP). Since 
PGEs predominate at inflamed sites. it is not clear 
whether PGF,, plays any role in controlling lyso- 
somal enzyme release in vivo. In fact PGE may also 
be unimportant because there is some doubt as to 
whether changes in intracellular CAMP levels are 
involved in regulating phagocytosis and lysosomal 
enzyme release by PMNLs in vivo [ 1021. Nodataare 
available on the possible effects of PGs on phago- 
cytosis and enzyme release in vivo during chronic 
inflammation. Certainly, if PGE does prove to exert 
inhibitory actions on these parameters in vivo under 
chronic conditions. this would represent yet another 
negative-feedback effect of the endogenous PGs. 

The probable interactions of PGs and related com- 
pounds with local cellular events are summarized 
in Fig. 2. 

Prostaglandins and tissue events 

During chronic proliferative joint inflammation, 
such as RA, three tissue events are of paramount 
importance. (I) The proliferation of infiltrating 
macrophages and synovial fibroblasts, with asso- 
ciated deposition of connective tissue (pannus). (2) 
Resorption of bone, and (3) destruction of cartilage 
by the invading pannus. The effects of PGs on these 
processes involve changes in cell growth, in collagen 

and glycosaminoglycan (GAG) metabolism and in 
calcium mobilization. 

Proliferative tissue (granuloma) 

Fibroblast growth. Increased intracellular CAMP 
results in inhibition of the growth of fibroblasts in 
Ivitro and both these effects are produced by PGE, 
[76, 1031. The CAMP-stimulating effect of exogen- 
ous PGE on human synovial fibroblasts is subject 
to desensitization after prolonged culture, though 
this may not apply in vivo because overproduction 
of PGE by rheumatoid synovial fibroblasts is asso- 
ciated with increased. rather than decreased, intra- 
cellular cAMP[49, 1041. Treatment with PGE, also 
inhibits pannus formation in adjuvant arthritic rats 
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Fig. 2. Probable effects of prostaglandins on cellular events at the site of a chronic inflammatory 
response. It should be noted that the possible effects of PGs on lysosomal enzyme release only apply 
to PMNLs. PMNLs are more important in the early stages of the inflammatory response, whereas 
macrophages are more important in the later stages. Dotted lines indicate inhibitory effects. continuous 

lines indicate stimulatory effects. 

and local PGE, administration inhibits cotton pellet 
granuloma in rats[l5, 181. These in vivo effects 
almost certainly involve other actions of PGE, as 
well as those on fibroblast growth. However, the 
possibility that PGE exerts a negative feedback 
effect on proliferating fibroblasts is strengthened by 
the recent finding that indomethacin inhibits human 
LK-induced growth suppression of the PGE, 
production by cultures rheumatoid synovial fibro- 
blasts [62]. 

Collagen metabolism. Very little is known about 
the possible relationship between PGs and collagen 
metabolism in granulation tissue. This is surprising 
since marked changes occur in both the synthesis 
and breakdown of collagen in these proliferative 
tissues [ 1051. Several anti-inflammatory drugs, both 
steroidal and non-steroidal, have been shown to 
inhibit collagen synthesis in vivo. using experi- 
mental, sub-cutaneous granulomata induced in 
rats (73. 1061. However, a lower dose of indometh- 
acin. a potent inhibitor of PG synthesis, stimulated 
collagen synthesis in granuloma tissue both in vivo 
and in vitro [ 106. 1071. The authors, however, failed 
to connect their drug-induced effect with PG syn- 
thesis inhibition. Recently, we observed that in- 
flammatory tissue growth, induced in rats with 
carrageenan-impregnated sponges, is greater in 
EFAD rats than in normal rats, particularly when 
related to the much slower increase in body wt [24]. 
This greater tissue formation is associated with a 
marked increase in collagen synthesis [ 1081. We, 
therefore, suggested that endogenous PGs may 
exert a negative-feedback effect on collagen syn- 
thesis in proliferating inflammatory tissue [log]. This 
suggestion might also partially account for the inhi- 
bitory effects of PGE, on cotton pellet granuloma in 
the rat and the apparently more severe chronic 
adjuvant arthritic response seen in EFAD rats when 
compared with normal animals[l5, 1091. In con- 
trast, collagen synthesis is increased in several 
collagen-rich. non-inflamed tissues of EFAD rats 

and PGs E, and F,, have been shown to stimulate 
collagen synthesis in normal chickembryoskin [ 1 IO, 
Ill]. It is possible that, as with vascular perme- 
ability (see above), the sensitivity of collagen to PGs 
may be altered during chronic inflammation, when 
compared with normal tissues. As far as data from 
EFAD rats is concerned, it is conceivable that some 
effects attributed to reduction of endogenous PGs 
may partially have been due to the altered pro- 
duction of adrenal corticosteroids in these animals 
[I 121. 

Glycosaminoglycan metabolism. All the available 
data indicate that PGs E,, E,, F,,, F,, and D, in- 
crease and PG synthesis inhibitors decrease GAG 
synthesis in proliferating and non-proliferating 
loose connective tissue, both in vitro and in 
vivo[ 106, 107, 113-I 171. The actions of PGE are 
probably mediated through increased intracellular 
cAMP[ 1171. Paradoxically. mefenamic acid in- 
creases GAG synthesis by mouse embryonic fibro- 
blasts in vitro [ 1171. This effect was due to stimula- 
tion of CAMP production through a direct effect on 
CAMP-dependent and independent protein kinases, 
i.e. by an effect which was unrelated to inhibition 
of PG biosynthesis. It might, thus, be concluded that 
PGs released at the site of a chronic proliferative 
inflammation probably facilitate the proliferation 
through CAMP-mediated increases in fibroblast 
GAG production. Therefore, the effects of PGs on 
proliferating granulation tissue in joint disease, such 
as RA, will depend, to a large extent, on the relative 
contribution of fibroblast growth, collagen synthesis 
and GAG synthesis to the granuloma. Since both 
collagen and GAG synthesis ultimately depend on 
fibroblast activity, the end-effect of PGs is likely to 
be a negative-feedback inhibition of granuloma 
(pannus) formation. 

Cartilage 

Discussion of the effects of PGs on cartilage is, 
necessarily. similar to consideration of the effects 
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of PGs on granulation tissue, since cartilage consists 
largely of GAGS and smaller amounts of collagen. 
However. cartilage constituents are. chemically. 
slightly different to those of loose connective tissue 
and thus warrant separate consideration. 

Collugen metabolism. Almost nothing is known of 
the effects of PGs on cartilage collagen metabolism. 
Denko] I IO] has shown that collagen synthesis is 
reduced in non-intlamed cartilage of EFADrats. but 
whether this has any bearing on the pathological 
effects of PGs is unknown. It is likely, however, that 
PGE, affects cartilage collagen in joint inflammation 
indirectly. through inhibition of the release of col- 
lagenase from proliferating synovial cells 1611. Fur- 
thermore. PGG,, by forming the highly reactive 
superoxide radical (0.;). may possibly be involved 
in the breakdown of cartilage collagen]I2. 118. 
1191. 

Gl~~osunlino~lvcun metabolism. PGs. particu- 
larly those of the A series and, to a lesser extent. 
PGEs. inhibit GAG synthesis and substrate uptake 
in cultured cartilage or chondrocytesflX-122). 
These observations contrast with the finding that 
rats fed an EFAD diet also exhibit reduced cartilage 
GAG synthesis [ 1 IO]. Cartilage GAG catabolism is 
not affected by PGs in vitro [ 12 I 1. but intra-articular 
PGE, causes marked cartilage damage in the rabbit 
in ~~il*o[ 1231. It is possible that the latter may be an 
indirect effect. though it is difhcult to reconcile with 
the suggested inhibition of cartilage degradation by 
PGs E and A through inhibition of lysosomal 
enzyme release [ 1241. PGGz, may stimulatecartilage 
GAG breakdown through formation of 0; [ 12. I 18. 
Il9]. Because of these conflicting data it is not 
possible to determine exactly how PGs might affect 
cartilage GAG in chronic joint disease, though they 
probably contribute. ultimately. to its breakdown. 

Bone consists of closely packed collagen fibres 
in a mineral matrix, mostly calcium and phosphate. 
Thus, any effects of PGs on bone are likely to 
involve actions on collagen metabolism and calcium 
mobilization. 

Culcium-mohilization. Before the breakdown of 
collagen and bone resorption, which are character- 
istic of RA. can occur, it is necessary for the 
mineral matrix to be removed so that the degradative 
enzymes can act on the fibrous bone structure 
[ 12.51. PGE. including that released by rheumatoid 
synovial tissue, stimulates the release of ‘“Ca 
from pre-labelled rat and mouse foetal bone in vitro 
147. 126, 1271. The endoperoxide PC intermediates. 
PGGd and PGH,, and the 13.14-dihydro PGE 
metabolites were also found to be potent stimulators 
of Ca release in the same in vitro model, though 
synthetic PG endoperoxide analogues were almost 
inactive (128, 1291. The Ca-releasing action of col- 
lagenase too may be mediated by PCs [ 130f. These 
data suggest that several components of the PG 
biosynthetic pathway. released locally. are probably 
involved in calcium release and bone resorption 
during proliferative joint disease. However, indo- 
methacin administered in vi\v. has little effect on 
bone erosion in rabbit MAA. in which PGs are only 
involved in the early stages. or in adjuvant arthritis 
in the rat j44. I3 11. Thus. a bone-resorbing role for 
focally-produced PGs has yet to be clearly demon- 
strated in rgivo. Paradoxically, exogenous PGE,. 
administered with or without theophylline. in 
pharmacological doses. almost completely prevents 
bone destruction in adjuvant arthritis rats 120. 211. 
This is probably an indirect effect, mediated through 
inhibition of LK release from T ceils (see above), 

PANNUS 

BONE CARTILAGE 

Fig. 3. Probable effects of prostaglandins on tissue events in chronic proliferative joint inflammation. 
PGE and collagenase are produced by both fibroblasts and phagocytes but. for the sake of clarity. 
they are shown as released by the pannus of granulomatous tissue. PGE also inhibits bone and 
cartilage destruction indirectly, by inhibiting lymphokine release from T lymphocytes (not shown). 

Dotted lines indicate inhibitory effects. continuous lines indicate stimulatory effects. 
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though an effect on calcitonin release cannot be 
ruled out. Thus, while local PCs may exert a posi- 
tive bone-resorbing effect, PGs released systemi- 
cally may function as an indirect negative-feedback 
on further resorption. 

Collagen metabolism. PGE has been shown to be 
effective in inhibiting the synthesis of collagen in rat 
foetal bone in vitro. an action which would prevent 
new bone formation and thus exacerbate collagen 
breakdown by collagenase [132]. In fact, collagen- 
ase has been shown to release PGE from cultured 
mouse bone [ 1301. As with many of the other actions 
of PGE. its bone-resorbing effects are associated 
with an increase in bone cell CAMP, which may be 
related to inhibition of collagen synthesis and/or 
osteoclast growth [13]. The possible effects of PGs 
on tissue events during chronic proliferative joint 
inflammation are summarized in Fig. 3. 

~ostaglandins and other aspects of chronic 
inj7ammation 

Pain. In pharmacological doses PGE produces 
long-lasting pain, following intradermal injection in 
man [ 1341. However, in low, sub-threshold doses, 
PGE only potentiates the pain-producing properties 
of other agents, such as histamine and bradykinin, 
at the same site in man, in the dog kneejoint, and 
in the rabbit ear[134-1361. Studies with indometh- 
acin indicate that. in vivo, bradykinin increases its 
own pain-producing properties through stimulating 
PGE release [ 135, 1361. It is likely that sensitization 
of pain receptors by PGE, to other pain-producing 
substances, probably contributes to the pain experi- 
enced in chronic joint inflammation. This action of 
PGE, might be antagonized by PGF,, [ 1371. The 
importance of PGs in producing pain in infiamed 
joints is lessened when one considers the large con- 
tribution of mechanically-induced pain due to the 
gross malfunction of the articulation. 

F~otefets. Aggregating platelets release a large 
number of products of the PG biosynthetic pathway, 
including the classical PGs. Other, less stable, pro- 
ducts. such as HETE and TxB,. which are chemo- 
tactic for PMNL’s. and PGGZ and PGH,, which 
stimulate bone resorption [35. 91. 1281, also exert 
pro-inflammatory actions in vitro. it has been sug- 
gested that aggregating platetets may, therefore, 
play a role in inflammation [ 1381, In this context. a 
novel metabolite of arachidonic acid, prostacyclin 
(PGX, PGIp), released by arterial walls. was found 
to be much more potent than PGE, in inhibiting 
platelet aggregation and raising intracellular CAMP 
levels f 139, 1401. It is possible that PGI, may be 
involved in a negative-feedback inhibition of certain 
chronic inflammatory processes, since it can also be 
formed by fibroblasts in vitro and appears to 
stimulate the adenylate cyclase in these cells 11411. 

Non-articular inflammation. Prolonged treatment 
of New Zealand black (NZB) mice with pharma- 
cological doses of PGE, markedly suppresses the 
spontaneous development of immune-compiex- 
mediated glomerulonephritis, to which these ani- 
mals are genetically susceptible 1861. It is possible 
that this treatment may correct a defect in PG- and 
CAMP-mediated control of a sub-population of 
splenic lymphocytes [ 1421. These data suggest that 

PGs may be involved in controlling the development 
of non-articular immune complex disease. 

A defect in endogenous PG production has also 
been postulated as the underlying mechanism in 
cystic fibrosis though this suggestion is based on 
studies on endogenous fatty acid levels and fatty 
acid supplementation rather than on PG biosyn- 
thesis per sef143, 1441. 

Implications for pharmacological control of 
chronic inflammation 

The acidic NSAIDs and the ~orticosteroids form 
the two main classes of drugs. which are. more or 
less, successfully employed for the clinical control 
of such chronic in~ammatory conditions as RA. 
Following the discovery by Vane and his colleagues 
that acidic NSAlDs inhibit the biosynthesis of PGs. 
it appeared that inhibition of cycle-oxygenase satis- 
factorily explains all actions (therapeutic and ad- 
verse effects) exerted by NSAiDsj5-71. Recent 
findings suggest that corticosteroids may act 
through inhibition of the release of PGs, thus pre- 
venting their extracellular accumulation, though the 
precise mechanism is subject to considerable dis- 
cussion IS I, 145-1471. Thus, inhibition of the extra- 
cellular accumulation of arachidonic acid products 
would seem to explain the main clinical actions of 
both NSAIDs and anti-inflammatory steroids. This 
concept, however, is not as strong as it wouid appear 
at first glance. Since the arachidonate conversion 
pathway appears to be a modulatory mechanism. 
providing endogenous pro- and anti-inflammatory 
substances. it fotiows that any drug, irrespective of 
its locus of action, which prevents the interstitial 
enhancement of PG levels would not only provide 
therapeutic benefit but also counteract it. In the 
latter sense, such drugs should be considered as 
camouflaged traitors of therapy. Common sense. 
however, dictates that this is not the case, because 
both classes of drugs, NSAIDs and corticosteroids. 
are dominantly anti-inftammatory in animal models 
and of real therapeutic value in cfinical RA. This 
seeming paradox may be resolved by the time- 
honoured pharmacological paradigm that every drug 
has more than one action. Certainly, amongst other 
actions, corticosteroids are stabilizers of mem- 
branes. thus counteracting the release of lysosomal 
enzymes. and they also inhibit the activity of mono- 
nuclear phagocytes [148, 1491. While these effects 
may ultimately lead to prevention of PG output, 

both effects may, per se. account (at least partially) 
for the anti-inflammatory effect of corticosteroids. 
Since sodium salicylate and aspirin are equally 
effective as anti-inflammatory drugs, but totally 
different as cycle-oxygenase inhibitors, it has been 
proposed that these two effects are not necessarily 
related [IO]. Suggested alternative mechanisms of 
action for NSAIDs include inhibition of phospho- 
diesterase, leading to increased intracellular CAMP 
levels (ISO], thus reinforcing the anti-in~ammatory. 
CAMP-mediated effect of PGE and inhibition of 
leucocyte mobilization 1421. Furthermore. when 
arachidonic acid is lacking. i.e. in EFAD rats, the 
anti-inflammatory effects of aspirin and dexameth- 
asone are still readily demonstrable [I I]. Thus. 
prevention of PG release is not necessarily a 
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prerequisite for anti-inflammatory drug action, an 
element of caution advised in other recent reports 
I to, 1s r-154]. 

In contrast to the inhibitory effects of NSAIDs 
and steroids on PC output, gold salts. commonly 
used as anti-rheumatic agents. have been shown to 
stimulate the production of PGE,, in vitro, whilst 
inhibiting PGF,, synthesis [ IS]. The authors sug- 
gested that this might explain why gold saits are 
useful in chronic inflammatory conditions in which 
conventional drugs are ineffective. Other authors. 
however, observed inhibition of PGEL synthesis by 
gold salts [ 1601. The phenolicanti-oxidant. MR-447. 
has also been shown to stimulate PGE? production. 
its acute, anti-inflammatory effect also being asso- 
ciated with inhibition of PCC, formation [ 121. More 
recently the chronic anti-inflammatory effect (in- 
hibition of granuloma formation) of an anti-oxidant 

polyether sponge constituent was found to be ac- 
companied by increased PGE concentrations at the 
inflamed site1 131. Anti-oxidation is, in fact, the 
mode of action of endogenous superoxide dis- 
mutase. which protects synovial fluid from disinte- 
gration in r+ro[63]. As discussed elsewhere in 
this article, PGE exerts several anti-inflammatory 
actions. Thus. anti-oxidation and stimulation of 
PGE production may be mutually reinforcing anti- 
inflammatory effects. 

One possible method of increasing endogenous 
PGE production is to inhibit an alternative pathway 
of arachidonic acid metabolism. Thus, the anti- 
inflammatory compound. L-8027. which inhibits PC 
synthesis in higher doses. appears to be a selective 
inhibitor of TxAZ synthesis [ 156. 1571. lmidazole is 
also reported to be a selective inhibitor of TxA, 
production. but whether these observations indicate 
a role for TxA, or B, in in~ammation has yet to be 
established [ I%]. 

The anti-inflammatory action of exogenous PGE 
(with or without a phosphodiesterase inhibitor) 
could be thought to have little relevance for possible 
clinical application because of its rapid metabolism 
in viva and because of the large number of possible 
side-effects. The first objection could be overcome 
by using a PGE analogue which is resistant to meta- 
bolism. though it is possible that this may prevent 
the formation of an (as yet undiscovered) anti- 
inflammatory metabolite. With regard to side- 
effects. it is conceivable that the more potent adenyl- 
ate cyciase-stimulating PGI, (prostacyclin), or a 
suitable analogue, might exert less adverse clinical 
effects than PGE itself. In this respect, recent data 
indicate that intrasynoviai elevation of CAMP leads 
to significant improvement in RA patients 1531. 

Final conclusions 

The role of PCs in chronic inflammation, as in 
many other pathophysiologic~ processes in which 
they .have been implicated, appears to be homeo- 
static. Thus. in the early stages of the inflammatory 
response PCs potentiate the process, causing vaso- 
dilatation, increasing capillary permeability and, to 
a certain extent. facilitating ceiiutar mobilization. 
Under acute conditions, these effects would facil- 
itate the breakdown or removal of a foreign body 
or irritant. However, as the inflammatory condition 

becomes chronic. some of these pro-inflammatory 
phenomena appear (at least as far as capillary per- 
meability is concerned) to become desensitized to 
PGs. Furthermore, where immune mechanisms are 
involved, PGEs. accumulating at the site of inflam- 
mation, would inhibit lymphocyte activation and, 
systemically. PGEs may regulate further lympho- 
cyte activation. These negative-feedback regulatory 
effects may also extend to the inhibition of other 
teucocyte pro-inflammatory products, such as lyso- 
somal enzymes. While regulating cellular events, 
the increasing levels of PCs at the inflammatory site 
may also facilitate tissue damage, such as cartilage 
and bone destruction, though, without sufficient cei- 
lular stimulation these processes would slow down. 
Where proliferative tissue is involved, PGs may 
regulate granuloma formation through actions on 
fibrobiast growth and collagen synthesis. 

In the light of this apparent homeostatic function 
of PGs in chronic inflammation. this group of sub- 
stances cannot be referred to as either pro- or anti- 
inflammatory agents, particularly since different 
PGs (in the sense of arachidonic acid metabolitesf 
often have opposing activities. Whereas recent 
efforts have been directed towards development of 
PC synthetase inhibitors as anti-inflammatory 
agents. it is now necessary to develop drugs which 
act at certain points along the PC biosynthetic path- 
way, thus removing the relevant pro-inflammatory 
and not an anti-in~ammatory effect. Further eluci- 
dation of the relative roles of the various products 
of the PC biosynthetic pathway in chronic inflam- 
mation will serve to highlight the specific areas of 
therapy required. 
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The new PG produced by carrageenin-inducedgranulation 
tissue in vitro [see ref 361 is now known to be 6-keto PGF,,, 
the metaboiite of PGI*. Other studies on carrageenin- 
induced granulomata have shown that, when administered 
in viva in the acute phase of the in~ammatory response, 
PGE, stimulates granuioma formation, whereas adminis- 
tration of PGE, during the chronic phase inhibits granu- 
loma formation [I. L. Bonta and M. J. Parnham, Br. J. 
Phnrmoc. (in press) (1978)]. This confirms the acute 
pro-inflammatory and chronic anti-inflammatory role of 
PGE. In this context, PGE, also stimulates the initiai phase 
of endotoxin-induced release of coilagenase from guinea- 
pig macrophages in vifro [L. M. Wahl, C. E. Olsen, A. L. 
Sandberg and S. E. Mergenhagen, Proc. natn Acad. Sci. 
U.S.A. 74, 4955 (1977)]. This acute stimulation of 
collagenase release by PGE may alter to an inhibitory 
action during chronic inflammation [see ref 621. 

REFERENCES 

I. C. R. Pace-Asciak. Prostaglandins 13, 811 (1977). 
2. F. A. Ward. in A Primer of Pathology, 2nd Edition, 

Butterworths. London (1%7). 
3. J. Oort and R. J. Scheper. in Inflammation- 

Mechanisms and their Impact on Therapy (Eds I. L. 
Bonta, J. Thompson and K. Brune), Ag. Act. Suppf. 
3, 25 (1977). 

4. J. Morley. Prostag~u~dj~s 8, 315 (1974). 
5. I. R. Vane. _I. Allerg. c/in. Immunoi. 58, 691 (1976). 



Prostaglandins and chronic inflammation 1621 

6. R. J. Flower, in rn~ummation-Me~hunisms and their 

Impact on Therapy (Eds I. L. Bonta, J. Thompson 
and K. Brune), Ag. Act. Suppl. 3, 99 (1977). 

7. R. J. Flower and J. R. Vane, Biochem. Pharmac. 23, 
1439 (1974). 

8. F. D. Hart. in Prostuglundin Synthetase inhibitors- 

265, 170 (1977). 

Their EffPcfs on Phys~~~ogi~al .Fun~tions and Putho- 

In&at States fEds H. J. Robinson and J. R. Vane). 

M. J. Parnham. I. L. Bonta. M. J. P. Adolfs and P. 

p.‘?l9. Raven Press. NY (1974). 
9. D. R. Robinson and L. Levine, in Prostuglandin Syn- 

Bragt, Ag. Act. 7, 539 (1977). 

thetase Inhibitors-Their Eflects on Physiological 

Functions and PathologicalStates(Eds H. J. Robinson 

R. L. Aspinall and P. S. Cammarata. Nature. Lond. 

and J. R. Vane). p. 323. Raven Press. NY (1974). 
IO. M. J. H. Smith. Ag. Acf. 5, 315 (1975). 

224, 1320 (1969). 

I I. I. L. Bonta, H. Bult. J. E. Vincent and F. J. Zijlstra, 
J. Pharm. Pharmac. 29, 1 (1977). 

G. Di Pasauale. C. Rassaert. R. Richter. P. Welai and 

12. F. A. Kuehl, J. L. Humes. R. W. Egan. E. A. Ham, 
G. C. Beveridge and C. G. Van Arman. Nature. Lond. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

77 __. 

23. 

24. 

25. 

26. 

27. 

28. 
29. 

30. 
31. 
32. 

38. A. J. Lewis. J. Cottney and D. J. Nelson. Eur. J. 

Pharmac. 40, I (1976). 
39. S. S. Adams. C. A. Burrows. N. Skeldon and D. B. 

Yates. in Abstracts XIVth Int. Conpr. Rheumutology. 

p. 170. San Francisco (1977). 
40. G. A. Higgs, E. McCall and L. J. F. Youlten. Br. J. 

Phnrmac. 53, 539 (19751. 
41. G. A. Higgs, S. Bunting. S. Moncada and J. R. Vane. 

Prostagk&dins 12, 749( 1976). 
43. J. R. Walker. M. J. H. Smith and A. W. Ford- 

Hutchinson. Ag. Act. 6, 602 (1976). 
43. D. C. Dumonde and L. E. Glynn. Br. J. rxp. Puth. 43, 

373 (11962). 

The Role of Prostaglandins in Inflammation (Ed. G. P. 

44. A. Blackham. J. B. Farmer. H. Radziwonik and 1. 

Lewis). p. 41. Hans Huber. Bern (1976). 

Westwick. Br. 1. Pharma~. 51, 35 (39753. 
45. E. W. Gold, L. B. Anderson, E. R. Schwartz and 

47. C. M. Pearson. Arth. Rheunr. 7, 80 (lW4l. 

C. W. Miller. Prostuglandins 12, 837 (1976). 

46. D. R. Swinson. A. Bennett and E. B. D. Hamilton. in 

48. EA. J. Parnham, i. L. Bonta and M. J. P. Adolfs, Ann. 
Rheum. Dis. in press (1978). 

49. D. R. Robinson, M. B. McGuire and L. Levine. Ann. 

50 
L. Tripp. krostaglandins 3, 741 (1973). _ 
R. B. Zurier and F. Quagliata, Nature, Lond. 234, 304 

(1971). 
E. M. Glenn and N. Rohloff, &or. Sot. exp. Biol. 

Med. 139, 290 (1972). 
R. B. Zurier and M. Ballas. Arth. Rheum. 16, 351 51 
(1973). 52. 
R. B. Zurier. S. Hoffstein and C. Weissmann, Arth. 

Rheum. 16, 606 (1973). 
I. L. Bonta. M. J. Parnham. L. van Vliet and J. E. 
Vincent, Br. J. Pharmac. 59,438P (1977). 
I. L. Bonta, M. J. Parnham and L. van Vliet. Ann. 
Rheum. Dis. in press (1978). 
I. L. Bonta, H. Chrispijn, J. Noordhoek and J. E. 
Vincent, Prostaglandi~s 5,495 (1974). 

1. L. Bonta. H. Bult. L. L. M. v.d. Ven and J. Noord- 
hoek. AK. Act. 6, I54 (1976). 
I. L. B&ta. M. J. Parnham and M. J. P. Adolfs. 
Prostaaiundins. 14. 295 (1977). 
I. L. f&ta, in In&mmation-Mechanisms and Their 
lmpa~f on Ther~~~(Eds 1. L. Bonta. J. Thompsonand 
K. Brunef, Aa. Act. Swpl. 3, 121 (19771. 
I. L. Bonta. $ Injam&ion and Anti-Inflammatory 

Drugs. Handbook of Experimental Pharmacology 
(Eds S. H. Ferreira and J. R. Vane). Springer-Verlag. 
Berlin (in press). 
A. Cats and L. van de Putte, in In~ammation- 
Mechanisms and Their Impact on Therapy (Eds I. L. 
Bonta, J. Thompson and K. Brune), Ag. Act. Suppi. 

3, 133 (1977). 
E. D. Harris. Arth. Rheum. 19, 68 (1976). 

L. M. Pelus and H. R. Strausser. Life Sri. 20, 903 
(1977). 
H. Selye. Proc. Sot. exp. Biol. Med. 82, 328 (1953). 
A. L. Willis. J. Pharm. Pharmac. 21. I26 (1%9k 
K. Ohuchi. H. Sato and S. Tsurufuji. Biochim: bio- 

53 

54. 

5s 

56. 

57. 

58. 

59. 

60. 

phys. Acta 424, 439 (19763. 61. 
33. G. A. Higgs. E. A. Harvey. S. H. Ferreira and J. R. 

Vane. in Advances in Prostaglandin and Throm- 

toxane Research (Eds B. Samuelsson and R. Paoletti). 62. 
I. p. 105. Raven Press. NY (1976). 

34. W.. Ch. Chang. S. Murota and S. Tsurufuji, Prosta- 63. 
glandins 13, I7 (1977). 64. 

35. 1. R. Bout. W. Dawson and E. A. Kitchen. J. Physiot. 
Land. 37, 47P (1976). 

J.-M. Dayer, S. M. Krane, R. Graham. H. Russell and 
D. R. Robinson, Fret. natn. Acad. Sci. U.S.A. 73,945 

(1976). 
J.-M. Dayer, D. R. Robinson and S. M. Krane, J. exp. 
Med. 145, 1399 (1977). 
J. M. McCord. Science. NY 185, 529 (1974). 
H. R. Bourne. L. M. Lichtenstein. K. L. Me1mon.C. S. 
Henney, Y. Weinstein and G. M. Shearer, Science. 
NY 184, 19 (1974). 

36. W. C. Chang. S. Murota. M. Matsuoand S. Tsurufuji, 65. 
Biochem. biophys. Res. Commun. 72, 1259 (1976). 

W. C. Dick. D. M. Grennan and 1. J. Zeitlin. Br. 1. 

37. W. C. Chang. S. Murota and S. Tsurufuji. Jap. J. 
Pharmac. 56, 313 (1976). 

66. G. P. Lewis. J. Westwick and T. J. Williams. Br. J. 
Pharmac. 25, 219 (1975). Pharmac. 59, 442P (1977). 

N. Y. Acad. Sci. 256, 318 (1975). 

M. J. Parnham, I. L. Bonta and M. J. P. Adolfs. in 
Perspectives in Injlammation: Future Trends and 

Developments (Eds D. A. Willoughby. J. P. Giroud and 
G. P. Velo), p. 279. MTP Press. Lancaster (1977). 
Y. Floman and U. Zor. ~rosfagfandins 12,403 f 1976). 
J. P. Giroud, G. P. Velo, C. J. Dunn. J. Timsit and 
D. A. Willoughby, in Future Trends in fnftammotion 

(Eds G. P. Velo. D. A. Willoughby and J. P. Giroud). 
p. 19. Piccin Medical Books, Padua ( 1974). 
L. E. Trang. E. Granstriim. 0. LGvgren. A. E. Roch- 
Nordlund. R. Horn andO. Walaas. in AhstructsXIVth 

int. Congr. Rheumatoif~gy. p. 234. San Francisco 
(1977). 
G. A. Higgs. J. R. Vane. F. D. Hart and J. A. Wojru- 
lewski. in Prostaglandin Synthetase Inhibitor.+-Their 

Effects on Physiological Functions und Pathological 

States (Eds H. J. Robinson and J. R. Vane). p. 165. 
Raven Press, NY (1974). 
C. Patrono. S. Bombardieri, 0. di Munno. G. P. 
Pasero. F. Greco, D. Grossi-Belloni andG. Ciabattoni, 
in The Rofe of Prostaglondins in in~amrnut~~~n (Ed. G. 
P. Lewis). p. 122. Hans Huber, Bern (1976). 
G. Husby. A. D. Bankhurst and R. C. Williams, in 
Abstracts XIVth International Congress Rheuma- 

tology. p. 232. San Francisco (1977). 
D. R. Robinson, A. H. Tashiian and L. Levine. J. c/in. 

_ Invest. 56, I181 (19751. 
D. Crook and A. J. Collins, Pr0stag~undin.s 9, 857 

(197.5). 

A. J. Collins. D. Crook. R. Chan and P. A. Bacon, in 
The Role of Prostaglandins in Inflammation (Ed. G. P. 
Lewis). p. 138. Hans Huber, Bern (1976). 
A. J. Collins, in The Role ofProstag/undins in ln&am- 

mation (Ed. G. P. Lewis). p. 146. Hans Huber. Bern 
(19761. 



1622 I. L. BONTA and M. J. PARNHAM 

67. 

68. 

69. 

70. 

71. 

S. Moncada. S. H. Ferreira and J. R. Vane, Ncrture. 

R. J. Flower, E. A. Harvey and W. P. Kingston. Rr. 

Lond. 246, 2 17 ( 1973). 

J. fhamzuc~. 56, 229 (1976). 

D. M. Grennan. W. Mitchell. W. Miller and I. J. 
Zeitlin. Br. J. Phurmuc. 60, 2.5 I (1977). 

T. J. Williams and J. Morley. Nature. Lond. 246, 215 

E. M. Glenn. B. J. Bowman and N. A. Rohloff. in 
Prostu&tndins in Cellulur Biokogy (Eds P. W. Ramwell 
and 8. B. Pharris). p. 329. Plenum Press, NY (1972). 

(1973). 

W.-C. Chang and S. Tsurufuji. Eur. J. Phurntoc~. 36. 
7 (1976). 
M. Fukuhara and S. Tsurufuji. Biochern. Phurnntc. 18. 
475 ( 1969). 
W.-C. Chang. S. Murota and S. Tsurufuji. Biochem. 

Phurmac. 25, 2045 (1976). 
D. R. Webb and P. L. Osheroff. Proc. notn. Ac,ud. Sci. 

U.S.A. 73, 1300 (1976). 
I. H. Pastan. G. S. Johnson and W. B. Anderson. Ann. 
Rer. Biochem. 44, 491 (1975). 

P. Stastny. M. Rosenthal. M. Andreis and M. Ziff. 
Arth. Rheum. 18, 237 (1975). 
P. Stastny. T. D. Cookeand M. Ziff. C/in. exp. fnrnrttn. 

14. I41 (1973). 
D. Gordon. M. A. Bray and J. Morley. Nuture. Land. 

262, 401 (1976). 

P. J. Kirby. J. Morley, J. R. Ponsford and W. I. 
McDonald. Prostaghmdins 11, 62 I ( 1976). 
R. B. Zurier. J. Doty and A. Goldberg, Prostughtndins 

13. 25 ( 1977). 
L. Kourounakis and M. A. Kapusta, J. Rhrum. 3.346 

(1976). 

102. D. A. Deporter, P. A. Dieppe, M. Glatt and D. A. 
Willoughby. J. Puthol. 121, I29 (1977). 

104. D. S. Newcombe. C. P. Ciosek. Y. lshikawa and J. 

103. G. S. Johnson and I. Pastan. J. nut/. Cuncer/n.st. 47. 

V. Fahey. Proc. nutn. Acud. Sci. U.S.A. 72. 3 I34 
( 1975). 

1357 (1971). 

105. S. Bazin. M. Le Lous and A. Delaunay. AK. Act. 6, 
272 (1976). 

106. E. Kulonen and M. Potila. B&hem. Pharncw. 24, 
319 (197.5). 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

XI. 

82. 

83. 
84. 

85. 

107. E. Kulonen and M. Potila. Biochem. Phurmuc,. 24. 
1671 (197.5). 

108. M. J. Parnham. S. Shoshan. I. L. Bonta and S. 
Neiman-Wollner, Prostaglundins 14, 709 (1977). 

109. I. L. Bonta, M. J. Parnham. M. J. P. Adolfs and L. 
van Vliet. in Perspectives in Inflammation: Future 

Trends und Developments (Eds D. A. Willoughby and 
G. P. Velo). p. 265. MTP Press. Lancaster (1977). 

I IO. C. W. Denko. J. Rheum. 3, 305 (1976). 
I I I. N. Blumenkrantz and J. Sondergaard. Nuture. New. 

Biol. 239, 246 (1972). 

112. M. J. Parnham. M. J. P. Adolfs and I. L. Bonta, J. 
Pharm. Pharmac. 29, 670 (1977). 

113. J. Sondergaard. P. Helin and H. P. Jorgensen. J. 
Puthol. 109, 239 ( 1973). 

R. S. Panush. Arth. Rheunt. 19, 907 (1976). 
M. Zimecki and D. R. Webb, 1. Imntun. 117. 3158 
(1976). 
G. L. Asherson, in Future Trends in InJhtmmution 

(Eds G. P. Velo. D. A. Willoughby and J.-P. Giroud). 
p. 331. Piccin Medical Books. Padua (1974). 
R. B. Zurier. D. M. Sayadoff, S. B. Torrey and N. F. 
Rothfield. Arth. Rheum. 20, 723 (1977). 
R. B. Zurier. P. Dore-Duffy and M. V. Viola. Neil, 

Eng. J. Med. 296, 1443 (1977). 
G. Kaley and R. Weiner. Ann. N.Y. Acad. Sri. 180, 
338 (1971). 
J. R. Walker, M. J. H. Smith and A. W. Ford- 
Hutchinson. J. Pharm. Pharmac. 28, 745 ( 1976). 

E. Shibuya. K. Masuda and Y. Izawa. Prostagiandins 

12, I65 (1976). 
S. R. Turner. J. A. Tainer and W. S. Lynn. Nature. 

Lond. 257, 680 (1975). 
P. Borgeat. M. Hamberg and B. Samuelsson. J. hio/. 

Chem. 251, 7816 (1976). 
G. F. Schreiner and E. R. Unanue. J. Immun. 114,802 
(197%. 
E. Pick and J. L. Turk. C/in. exp. Imnzun. 10. I ( 1972). 
W. J. Koooman. M. H. Gillis and J. R. David. 1. 
Immun. 116, 1609 (1973) 
J.-M. Dayer. R. Graham. G. Russell and S. M. Krane. 
Science. NY 195. I81 (1977). 
J. H. Herman. D. S. Musgrave and M. V. Dennis. 
Arth. Rheum. 20, 922 (1977). 
R. L. Johnson and M. Ziff. 1. c/in. Invest. 58, 240 

(1976). 

114. C. W. Castor. 1. Lob. c/in. Med. 85. 392 (1975). 
115. S. Murota. M. Abe. L. Otsuka and W.-C. Chang. 

Prostq/undin.s 13, 7 I I ( 1977). 
116. M. Yaron. I. Yaron. 0. Smetana. E. Eylan and M. 

Herzberg. Arth. Rheum. 19, 131.5 (1976). 
117. H. D. Peters. V. Dinnendahl and P. S. Schonhofer. 

Naunyn-Schmied. Arch. Phurmuc. 289, 29 (197.0. 
I IS. R. A. Greenwald. W. W. Moy and D. Lazarus. Arth. 

Rhertm. 19, 799 (1976). 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

9.5. 
95. 

96. 

97. 

98. 

99. 

119. Y. Gyanagui, Biochem. Pharmuc. 25, 1465 (1976). 
120. G. S. Eisenbarth. S. C. Beuttel and H. E. Lebovitz. 

J. Phurmac. exp. Ther. 189. 313 (1974). 
121. C. J. Malemud and L. Sokoloff. Prostu@tdin.s 13. 

846 ( 1977). 
122. L. Lippiello. D. Mitrovic and H. J. Mankin. Art/r. 

Rheum. 20. I25 (1977). 
123. C. C. Teitz and 0. D. Chrisman. C/in. Orthop. relut. 

Res. 108, 264 ( 1975). 
124. L. J. lgnarro and S. Y. Cech. Arth. Rheum. 18,406 

(197.5). 
125. S. M. Krane. Arth. Rheunt. 17, 306 (1974). 
126. D. C. Klein and L. G. Raisz. Endocrino/og.v86, 1436 

(1970). 
127. J. W. Dietrich. J. M. Goodson and L. G. Raisz. 

Prostaglandins 10, 23 I ( 1975). 
128. L. G. Raisz. J. W. Dietrich. H. A. Simmons. H. W. 

Seyberth. W. Hubbard and J. A. Oates. Nature. Land. 

267, 532 (1977). 
129. A. H. Tashjian. J. E. Tice and K. Sides. Nature. 

Lond. 266, 645 (1977). 
130. M. Dowsett. A. R. Eastman. D. M. Easty. G. C. 

Easty. T. J. Powles and A. M. Neville. Nature. Lond. 

263, 72 (1976). 
131. A. Blackham. J. W. Burns. J. B. Farmer. H. Rad- 

ziwonik and J. Westwick. AZ. Act. 7. I45 (1977). 
132. L. G. Raisz and A. R. Koolemans-Beynen. Prostu- 

glandins 8, 377 (1974). 

L. J. Ignarro. Ag. Act. 4, 241 (1974). 

133. J.-H. Yu. H. Wells. W. J. Ryan and W. S. Lloyd. 
Prustaghmdins 12, 501 (1976). 

100. G. Weissmann. I. Goldstein and S. Hoffstein. in Ad- 134. S. H. Ferreira. Nature. Nets, Bio/. 240, 200 (1972). 

ounces in Prostaglundin and Thromboxane Research 135. S. Moncada. S. H. Ferreira and J. R. Vane. in 

(Eds B. Samuelsson and R. Paoletti). p. 803. Raven Prostaglandin Synthetase Inhibitors-Their Efects on 

Press. NY (1976). Physiological Functions and Pathological States tEds 

101. P. Davies, in Inflammation-Mechanisms and their H. J. Robinson and J. R. Vane), p. 189. Raven Press. 

Impact on Therapy (Eds I. L. Bonta. J. Thompson and NY (1974). 

K. Brune), Ag. Act. Suppl. 3, 107 (1977). 136. F. Lembeck and H. Juan. Naunyn-Schmied. Arch. 

Phurmuc. 285, 301 ( 1974). 



Prostaglandins and chronic inflammation 1623 

137. H. Juan and F. Lembeck. Br. J. Pharnrclc. 59, 385 150. C. P. Cioseik, R. W. Ortel. N. M. Thanassi and D. 
(1977). S. Newcombe. Nature, Land. 251, 148 (1974). 

138. B. B. Vargaftig, in fn~ammution-Me~~anjsms und 151. W. E. Brocklehurst and W. Dawson. in F~fure 
Their Impact on Therapy (Eds I. L. Bonta. J. Thomp- Trends in fnflammution (Eds G. P. Velo, D. A. Wil- 
son and K. Brune), Ag. Act. Suppl. 3, 75 (1977). loughby and J. P. Giroud). p. 37. Piccin Medical 

139. R. R. Gorman. S. Bunting and 0. V. Miller, Prosru- Books, Padua (1974). 
glandins 13, 377 (1977). 152. D. A. Willoughby and P. Dieppe, in The Role of 

140. J. E. Tateson. S. Moncada and J. R. Vane, Prosru- Prosfagiandins in Inftammation (Ed. G. P. Lewis). p. 
gtandins 13, 389 (1977). 14. Hans Huber. Bern (1976). 

141. S. Hammarstr~m, H.-K. Claesson and J. A. Lind- 
gren. ~~~sfagtund~ns 13, 1009 (1977). 

142. D. R. Webb. I. Nowowiejski, M. Dauphin&e and N. 
Talal. J, fmmun. 118, 446 (19771. 

143. R. B. Elliott. Pediatn’cs 57. 474 (1976). 
144. I. M. Campbell, D. N. Crazier and R. B. Caton. 

fediatrics 57, 480 ( 1976). 
145. G. P. Lewis and P. J. Piper. Nature. Lond. 254, 308 

(1975). 
146. R. J. Gryglewski. Phurmac Rrs. Commun. 8, 337 

t 1976). 
147. F. P. Nijkamp. R. J. Flower. S. Moncada and J. R. 

Vane. Nature. Lond. 263, 479 ( 1976). 
148. G. Weissmann and L. Thomas, Recent Prog. Harm. 

Res. 20, 215 (1964). 
149. J. Thompson and R. van Furth. f. exp. Med. 131,429 

(1970). 

153. J. Morley. in Inflammation-~echanisnls and Their 
fmpacf on Therapy (Eds I. L. Bonta. J. Thompsonand 
K. Brune), Ag. Act. Suppl. 3, 71 (1977). 

154. C. H. Cashin. W. Dawson and E. A. Kitchen. f. 
Phurm. Pharmac. 29, 330 (1977). 

155. K. J. Stone, S. J. Mather and P. P. Gibson. Prostu- 
glandins 10, 241 (1975). 

156. C. Deby. M. Descamps. F. Binon and Z. M. Bacq. 
B&hem. Pharmuc. 24, 1089 (1975). 

157. R. J. Gryglewski, A. Zmuda, R. Korbut, E. Krecioch 
and K. Bieron, Nature, Land. 267, 627 (1977). 

158. S. Moncada, S. Bunting. K. Mullane, P. Thorogood 
and J. R. Vane, frostag&dins 13, 61 I (1977). _ 

159. J. L. Humes, R. J. Bonnev. L. Pelus. M. E. Dahleren. 
S. J. Sadowski. F. A. Kuehl and P. Davies. N&re, 
Land. 269, 149 (1977). 

160. C. Deby. Z. M. Bacq and D. Simon, ~~~~hern. 
Phurmuc. 22, 3141 (1973). 


