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in~a~lrnat~on is characteristic of the rheumatic dis- 
eases and when it persists it is accompanied by des- 
truction of connective tissue. An essential part of the 
modern treatment of the rheumatic diseases is the use 
of anti-inflammatory drugs. [infortunately these 
drugs have side-effects and since the nature of the 
disease often demands long term drug therapy the 
problem of side-ell’ccts is a major one particularly 
when steroids are employed in treatment. Much etYort 
has been devoted to developing new drugs, particu- 
larly non-steroidal ones. that are less toxic to the 
patient. However despite the efforts of medicinal 
chemists it appears unlikely, in the near future at 
least, that a major breakthrough will be made in this 
ficid of synthetic chemistry. The deveiopment of new 
al~tj-in~~~rnrn~~tor~ drugs sutYers from the disadvan- 
tages that no satisfactory animal model for the rheu- 
matic diseases exists and the etiology of the human 
diseases is largely unknown. Consequently research 
leading to the production of new anti-inflammatory 
drugs must be largely empirical in approach. 

This approach has produced drugs that arc un- 
doubtcdly beneficial to the patient but the biochcmi- 
cal action of these drugs is poorly understood. 
Although drugs may relieve the pain and intlamma- 
tion in arthrlttc joints it is b,’ no means certain that 
they inhibit the crippling erosIons of connective tissue 
in such serious diseases as rheumatoid arthritis. It 
is well d[~cumcnted that natural remissions occur in 
the rhcLlrn~~tic diseases. Certain specific cunditions 
(c.g. pregnancy [I]. viral hepatitis [?]I often result 
in the remission of the disease. Furthermore some- 
times spontaneous remissions occur but the patients 
have a greater risk than normal of rheumatoid disease 
reoccurring. 

The biochemical events in these remissions is un- 
known but the fact that such remissions occur has 
stimulated efiorts to elucidate the molecular 
mechanisms involved. This commentary is concerned 
primarily with the role of endogenous anti-inflamma- 
tory proteins which. for the purposes of this commen- 
tary. arc defined as proteins which can mediate 
against biocllcnlical mechanisms induced by inRam- 
mation. Due to the li~tcr~~gcncotls nature of intiam- 
mator! mediators the possibility exists that other 
molecular species may also have aliti-in~arnliiatory 
properties. 

It is known that mflammatory exudates contain 
substances with anti-inflammatory properties [-?I 
which inhibit a range of features associated with in- 
flammation in animals such as the deposition of 
granulation tissue 141. the oedema induced by carra- 
geenin [S] and delayed hypersensitivity [6]. It is 

likely that some, or ail. of these substances are pro- 
teins. 

It has been shown that the implantation of irritant 
substances at one site has an anti-inflammatory erect 
at other sites in the animal [7]. There arc various 
explanations for this phenomenon. It is possible that 
anti-inflammatory substances are produced at one site 
and transported in the circulation to the other. or 
that in response to local inflammation. anti-infiammn- 
tory substances are synthesised at a central site (e.g. 
liver) and triter the circulation. A third possibility is 
that a ‘counter-irritant’ action would lead to compcti- 
tion between in~~~rnrn~itory stimuli for mediators or 
for their precursors [8]. The implalit~~tion in animals 
of irritants such as polyester sponge caused inl~alnn~~~- 
tory exudates which contained substances with both 
irritant [?I] and anti-inflammatory properties [S]. 
This anti-inflammatory substance was separated from 
the irritant substance by Scphadex G150 gel filtration 
followed by preparative polyacrylamidc, eel electro- 
phoresis [lo]. The anti-inflammatory actlvlty was as- 
sociated with a protein fraction that migrated electro- 
phoretically between the r-glycoproteins and transfer- 
rin. The final product represented a 75-fold purifica- 
tion on a weight basis over the freeze dried crude 
in~ammatory exudate and its anti-in~arnrnat~~ry ac- 
tivity was measured against the carr~~geenijl rat 
model. At a dose of R mg kg ’ (sci the ocdcma was 
suppressed by 55 per cent. In this animal model the 
effectiveness of this protein fraction is of the same 
order as that of many established non-steroidal drugs 
[I I]. it has been suggested that the liver is the site 
of the synthesis of anti-intlarnmatory proteins. since 
in animals injured by sponge implantation proteins 
with anti-ini’lrlmm~ltory activit) have been isolated 
from the plasma and have been detected in pcrfusates 
of livers [ 171. The synthczis of the anti-intl~tmmutor4 
proteins was blocked by treating the rats with actino- 
mycin D. Although these experiments show that in- 
~~irnrnatory injury induces the synthesis of anti- 
infl~immatory substances. there is evidence that sub- 
stances may hc present in plasma of normal rats, 
although in much lower c~~ncentrati~~n. In other work 
it was found that the plasma from adrenalectomised 
Wistar rats had anti-inflammatory activity in the car- 
rageenin rat model [Xl. An anti-inflammatory activity 
of a high molecular weight protein fraction isolated 
from normal Wistar rat plasma has been shown in 
the carrtlgeenin and arthritic rat models [lil, 

The stimulating action of inflammation on the bio- 
synthesis of anti-inflammatory proteins by the liver 



i\ not an immediate one for appreciable amounts of 
the proteins wet-c only found in plasma and exudates 
3 4 da\s after the original injury [14]. This delay 
111 the respons2 of the liver to injury was found in 
otlw \\orh Ll 5] \vhcn the liver toxin dimethylnitros- 
xminc N;IS administered to rats with induced ad,ju\unt 
arthritix. The anti-inflammatory action induced bq the 
toxin \v;I~ only cvidcnt 3 days after its administration. 
Viii-rhermore saline extracts of livers taken from rats 
trcatcd with dimeth\lnitrosamine had anti-inflamma- 
tar! activity Cohen &jcctcd (i.p.) into rats with adjll- 
\ant induced arthritis. It was noted that the activity 
\\a\ onI4 present in cxtrxts from livers taken from 
rat5 that had been treated -3 days previously with the 
to\m. Thi\ d&y of 3 thgs climinatcd the pussibilit) 
that the toxin itself was anti-inflamiilator! since 
diiiiethqlnitros~liiinc. like other alkylating agents. is 
rnpidl! metaholised by the liver. The possibility that 
t~~doyc~~o~~s corticosteroids contributed to the anti- 
inilanimatory propertics of the inflammatory exudates 
\I;I~ eliminated b! the use of adrenalectomised rats 
or by monitoring corticosteroid concentrations [S]. 
Howcvei- the anti-infanimatory action of inflamma- 
tor! exudates may bc explained in part by their abi- 
lit! to stimulate corticostcroid production. In a rcccnt 
apcriment [I61 the exudate produced by carrageenin 
in t-at plantar tissue contained a factor of unknown 
Idcntit! that clcvatcd corticosteroids in other rats 
~\hcn the c\udate V,;IS administered by injection (i.p.). 
Thib factor appeared at an early stage in the exudates 
uhcrcas proteins with anti-inflammatorv activity 
~rppc;~~-cd Iatcr. It i\ possible that the cot-&steroid 
\timulatinq factor was itself an irritant because the 
irritant actmn of inflammatory exudates has been cor- 
irelated with the appearance of anti-inflammatory ac- 
II\ it! Ll7] and it is known that the corticoateroid 
Iael5 rise in the circulation after inflammatory stimuli 
[ 181. The nature of the irritant fraction in inflamma- 
toq exudates ih not known but it may contain 
cn~ymcs. or their products. and products of cell amI 
tissue damage arising from the iniiammation. 

It I\ likely that other factors with anti-inflammatory 
act i\ it! in addition to proteins or hormones arc pres- 
ent in human blood. A substance active in the carra- 
pccnin rat model and which can also inhibit the 
rclcasc of chcmotactic and anaphylatoxic factors from 
rat and guinea pig strum has been described. The 
actl\c xuhstancc has ;I mol. wt below 500 daltons mnd 
I\ resistant to acid and to protcolytic hydrolysis 
[ I?). 701. 

The methods cmploged m the examination of 
plasma and of other Hulds for substances with anti- 
inllaimmator~ actilit) are \ery similar to those 
cmploqcd in testing synthetic compounds in conven- 
tional \crcening programmes. Consequently very littlc 
information is gained of the biochemical mode of 
action of the zubstance under test. An alternative 
approach has been taken by other workers who 
esamincd both normal and diseased mammalian tis- 
such. such as blood. connective tissue. synovial fluid 
and inilammatorv exudates for substances with bio- 
chemical properties that suggest that they may have 
;I retarding action on inflammatory disease. This 
approach has an advantage in the fractionation of 
protein mixtures hecausc a single protein can be iden- 
tified with ;I specific biochemical property. 

The central role of lysosomcs aind of I~~somal 
en~yines in intlammation is \+cll cstablishcd. L\so40- 
mal cn/ymcs hake hccn xsociatcd with both the 
inllaniniation and the destruction of conncctiic ti\\uc 
in rheumatoid disease. Lcucocytc desti-uctioii and the 
rclcasc of their granule contents (the granules arc 
similar to Iysosomcs) ham been associated with \;ISO- 
dilation. oedcma. tissue dlsintcgtxtion and the chcmo- 
tactic accumulation of lcucocytcs. all of \I hich uould 

perpetuate and extend the inflammator! reaction 
[‘I. 221. .4nti-intlainlnator! drugs h3\c prc’\ccl to IY 
useful tools in probing the role of the I!so\omc in 
inflammatory disease and the discover! that \tcroids 
[23] and some non-steroidal drug\ [?I] c;m inhibit 
the rclcasc of enzymes from Ivsosomcs has cncou-- 
aged some workers to exan&c cndogcnou~ sub- 
stances for similar properties. The rclcasc of I\sosc>- 
mal cnr\mcs into the blood 1751. and into intlamma 
tory exudates. in parallel with the infl~umm~ltion in 
rats M ith ad.juvant induced arthritis haj hcen rcportcd 
[25]. The inflammation associatctl with th14 model 
induces the appcarnncc in the blood of ;I substance 
with charge propcrtics similar to that of an Y-glohulm 
[17]. The molecular \\cight of the protan \\;I\ found 
to he greater than 17O.OoU daltons on the b;i\i\ of 
Sephadcu G200 gel filtration. It rcactcd with the 
nicmbr~ines of both normal wslicd rat cr\throc\ ts\ 
and isolated rat liver large granules and it I\:IS IW 
sponsible for the stahilising action of arthritic rat xxi 
on rat liver Iyosomcs irk rirro. The possibilit! th;t1 
the stabilisinp action of the scra N;IS due to circulat- 
ing corticostcroids or antibodies M;IS climinatcd. The 
tentative suggestion was made that the pi-otcin w;15 
an ‘acute-phase protein. Howevet- other work [7S 1 
has shohn that diylyscd plasma from normal rats ha\ 
the ability to inhibit Triton X-I(X) induced Ihsis 01’ 
granules of rabbit p0l\morphoniiclcar Itxicoc~ tes. In 
thcsc experimcntx it \\;is found that the \tahilisins 
action of the plasma dccrcascd during adlu\ant ill- 
duced arthritis. This finding ma) indicate spccics dill 
fcrcnccs in the ;td_iuvan t rat model since the pcl-- 
sistence of inflammator\ symptoms Iii this \crich 01’ 
cxpcriments [2X] was difrcrcnt from that in the stram 
of rats cmploycd in the carlier l\orh L27]. Human 
scra also ha\ the ability to stnhilise rahhit polb- 
morphonuclcar Icucoc~ tes agamst I~u\ [2U 1 by Triton 
X-100. and this propert! i\ sharpI! clc\atcd during 
the last .J months of prcgnanq. ;I period M llw I-hcu- 
matoid arthritis often regresses in p’nticnt\. Although 
the factor in 6 9 month human prcgnanq SCKI ha\ 

not been identified the possibilit) that the stahilising 
action of the scra was due to incrcascd corticostcroid 
levels was climinatcd. Synovial tluld aspii-atcd from 
patients with rheumatoid disease can also ~t;lhilise -al 
liver lysosomes i/l burro [30]. This stabilising action 
of the Iluid M;IS abolished h) prc-trcatmcnt of the 
fuid nith trypsin. In these cxperimcnts it \\:I\ sho\An 
that proteins in the synovial tluid wcrc taponsihlz 
for its stabilising action on the l~~somc~. Rat li\cI 
Iysosonies wcrc incubated with freshly aspit-alcd 
human rheumatoid syovial tluid and after I!si\ and 
washing. the isolated rat liver I~sosom~~l mcmhranc\ 
\+crc used to raise anti-scra in rabbit\. The anti+et-;I 
u’as used in inimunoclcctrophorcsis studic‘s on human 
rheumatoid s!novial Huid 2nd t\4o prccipilin lInc\ 



Endogenous anti-inflammatory proteins 695 

were obtained in the r,‘/J’ globulin region. Recent work 
(unpublished) in our laboratory has shown that these 
proteins bound by rat liver iysosomes react with com- 
mercial anti-sera against human plasma proteins hut 
not with commercial anti-sera against human r2-mac- 
roglobulin. When the rheumatoid synovial fluid was 
fractionated by Sephadex G200 gel filtration both of 
the proteins were detected in the higher molecular 
weight rip globulin fraction and not in the immuno- 
globulin (I50.000 daltons) fraction. In our experi- 
ments it seems likely that the proteins present in the 
synovial fluid. that can stabilise rat liver lysosomes. 
are normal plasma proteins. Anti-bodies raised by 
lysosomes can also stabilise the lysosomal membrane 
directly since immunoplobulins in ant&era produced 
in the rabbit against rat peritoneal leucocyte granules 
have been reported to stabilist rat liver lysosomes 
iit i’itU> [;I]. 

Although proteins stabilising lysosomal membrane 
have properties that suggest that they may be anti- 
inflammatory. there is no direct evidence that they 
have an anti-inflammatory action against the usual 
animal models. Further investigations of the bio- 
chemical properties of these proteins would appear 
to be justified since they could gain access to lyso- 
somes it7 rirlo by pinocytosis or alternatively these 
proteins may be synthesised within cells containing 
lysosomes (e.g. stimulated lymphocytes) and attached 
to lysosomcs irk sitlf. 

The ctntral role of intra- and extra-lysosomal pro- 
teases in the biochemical pathology of inflammatory 
disease. together with the wide incidence of protease 
inhibitors throughout the plant and animal world has 
stimulated investigations into the possible role of 
both exogenous and endogenous inhibitors in con- 
trolling in~ammatory disease. The distribution and 
the clinical use of protease inhibitors has been exten- 
sively reviewed [33--343. A survey of naturally occur- 
ring protein inhibitors shows that in the main they 
are polypeptide in character and that they can be 
broadly divided into a group of relatively small mol- 
ecules (600&12.000 daltons) stable to acids and to 
heat and a group of larger, more labile, polypeptides 
(20.~0,~ daltons). There are some notable in- 
hibitors outside this range such as the important 
plasma anti-proteases r,-macroglobulin and r2-mac- 
roglobulin (about 800,000 daltons). There is no com- 
tnon spectrum of action for these inhibitors since 
some inhibit only one enzyme whilst others are poly- 
valent against a variety of proteases. It is this tatter 
type of protease inhibitor that is of interest in the 
study of inflammatory disease. 

Direct anti-inflammatory activity has been associ- 
ated with proteasc inhibitors. The inflammatory 
symptoms of kaolin arthritis in the rat are strongly 
suppressed by the soybean inhibitor (Lp.) 1351 and 
the potato inhibitor (1.v.) [36]. The bovine inhibitor 
aprotinin (Trasylol) has been used experimentally in 
the treatment of rheumatoid arthritis where its anti- 
rheumatic action was found to approach that of the 
corticosteroids [37]. Trasylol is also anti-inflamma- 
tory in the various ocdema rat models [Ml, in the 
adjuvant arthritis rat model and 1391 in the dcxtran 
rat model [40] where it was reported to redu~c the 

acid and neutral protease activity in serum. A similar 
result was obtained with sodium urate induced in- 
Rammation in the skin and joints of rabbits 1411 
where Trasylol was found to reduce the proteolyti~ 
activity of poly~~orphonuclear lysates at both acid 
and neutral pH. A preparation of rat plasma protein 
that was anti-inflammatory against the carrageenin 
and adjuvant arthritic rat models also inhibited tryp- 
sin and it was found that 20mg of the preparation 
contained the same activity as 5 ml of rat Mood [ 131. 
~ndogenous protease inhibitors have been found in 
a variety of mammalian tissues and fluids. The best 
known are the plasma anti-proteases and since these 
are polyvalant in their action much intorrst has been 
aroused in the possible role of these substances 111 
inflammatory disease. Plasma anti-proteases may 
have defensive roles in a number of diseases [42.43]. 
The possibte role of the anti-proteas~s in rheum~itoid 
disease is part of this commentary. 

r,-ilntirr~~psin [44]. This anti-protease is the most 
abundant anti-protease in blood (2 p;l) and is respon- 
sible for about 90 per cent of the trypsin inhibiting 
capacity of blood. It is also present m (other tissues. 
in mast cells [45] and macrophages [4h]. The protein 
is ~-glycoprotein with mol wt reported over the range 
47.5OS55.000 daltons and it migrates on electro- 
phoresis with the sl-globulins. Its half-life in plasma 
is 2-4 days. It is polyvalent in its anti-proteolytic 
actions and it binds proteases such as kallikrein [47] 
the granulocytal enzymes elastase and collagcnase 
[48] and skin and synol-ial collagenases [49.5(X] a11 
enzymes associated with in~arnrn~~tioil~ in a 1 : 1 molar 
ratio 1483. However not all collapenases are bound 
by r,-antitrypsin. A neutral coliagenase isolated from 
human gastric mucosa is not inhibited by x-antitryp- 
sin [51] and neither are the acid protcascs [51]. The 
main anti-collagenlytic activity of plasma is LISLI~II~ 

attributed to ~2-macroplobuIin rather than Y,-anti- 

trypsin 1531. ~,-Antitrypsin has two t)~~~l~~]~p~~l~ 

active sites. one contains an arginyl residue and reacts 
with residues that split peptides at arginyl residues 
and the second contains an aromatic amino acid 01 
lcucyl residue and splits pcptidcs at this t)pc of rest- 
due. There is a1so an Inhibitor site that inactivates 
serine proteases [54]. 

There is an association between ~,-~~lititrypsin and 
rheumatoid arthritis [%I. HcteroLygotcs for the dcfi- 
ciency gene for r,-antitrypsin hake been found to 
have a risk factor between three to four times the 
average for adult classical. or definite. rheumatoid 
arthritis. The risk is of practical significance, for the 
average incidence of rheumatoid arthritis in dults 

aged over 45 yr in the U.S.A. has been reported to 
be 1.3 per ccnl of the population. The risk amongst 
homozygotes for the deficiency gene is probahlg much 
higher but there is little data connecting this type 
of deficiency with adult rheumatoid arthritis. This is 
not surprising since these individuals usually fail to 
survive early life due to pulmonary disease. In I+CLI- 

matoid disease the blood and synovial Ruid lccels rise 
over normal values [Sh]. Its level also rises in icrum 
in acute inflammatory conditions where it b&avrs 

as an acute phase protein [57]. The levels of x,-anti- 
trypsin in rheumatoid synovial tluid appear to bc in- 
fluenced by the protease levels in the &id since it 
WSIS found that the amount of acti\c ~~-~~nti~l-~p~ill 



present varied inversely with the neutral protcasc x- 
tivity of the fluid a+vunst hide powder Azure [?I]. 

4 similar relationship between proteare activity and 

y,-antitr! psin levels ha been found in the scra and 
plasma of rats with ad.ju\ant induced arthritis [5X]. 

The lcvrls of x,-antitr!psin fell as the arthritis dckel- 

opcd. At the same time the proteolytic activity of the 
blood increased. presumably due to the Icakagc 01 

proteases from the infamcd sitcs into the circulation. 

It is of interest that the administration of cortisol to 
both ndiuv;mt arthritic and normal rats elcvatcs 
3/,-antitrjpsin le\cls ahocc normal values [5X] sug- 

@iii! the possibilit! that cortisot mag exert at Ieat 

part of its anti-inflaiiiiii~~t~~r! activit! by elevating 7,. 

antitrypsin levels in the circulation. Plasma x,-anti- 
trjpsin lcvcts also rise in pregnanq to double the 

normal 12lues [59] and in hepatitis [60] and it i:, 

known that remission of rheumatoid diswsc can 

occur in both conditions. In this laborator) (tinpub- 
lishedl \\c have rcpeatcd the worh on the anti-inllam- 

matorq action induced h\ the li\cr toxin dimcth! l- 

nitrosamine on ad~~uvaiit induced arthritis in the rat 
[I 51. In addition to confirming the anti-inflammator! 

action Induced by the toxin wc hale found that the 
toxin clc\ates plasma r,-antitrypsin levels and that 
ttlls anti-protcasc is also present in significant 
amounts in the dialjscd saline extracts prepared from 
the li\ers of ruts that had been treated three dais 
prc\ iou\l! with the toxin. 

Protease-z, -antitr~p5in comptcxcs hahc onI! ;I 

stightl! larger Stoke’s radius than the free antipro- 
tease. Hoacver. the penetration of the free antipro- 

tcasc into cartilapc ma> be sl011 since although the 
degradation of cartilage proteogtycans by human la- 

cocrtc clastase and ‘chymotrypsin like’ enzyme can 

he Inhibited by proincubation of the enzymes with 
Y,-antitrypsin. when x,-antitrypsin was added to the 
incubation medium it failed to penetrate cartilage 

\liccs and thereby prc\cnt its degradation 1611. Both 

7,.antitr!psin and 2,.macroglobuli~~-prote~lsc com- 

pleves arc cleared from the circulation. Expcrimcnts 
in the dog \+ith I-~ldio-iodinatcd tr) psin suggest a 

mechanism for this clearance since z, -antitrypsin- 
trhpsin complexes ~crc dissociated b! x2-macl-ogle- 

hulln which firnil! bound the tr\psin. The nev com- 

plc~s were rapidly climinatcd Irom the circulation 

b! the rccticulocnciotliclial cells [67]. The rapid LIP 

take of I~l-~~tc;~se-~ii~lcr~~glObulilli~~ complexes bg rabbit 
alveolar mxrophages has been described [6i] but 

protc;lsc-“,-“ntitr!psin comptcxes wcrc not taken up 

I~> thcst: cells [hi]. 
!GVXUI /i,-lv~~/cir~ iuhihitor. This inhihltor has rcccntl) 

been discovcrcd in human plasma [64]. It was scpar- 
atcd from x,-antitrypsin and x2-macrogtobulin h\ gel 
filtration on Sephades GXKI and Sephadeu 6 IO0 
supcrtinc with an intcrmediatc ion exchange chroma- 
tograph! step on DEAE-Sephadex. When examined 
h> agarosc elcctrophoresis it migrated as :I single 

hand in the /I-globulin region. Its mol. wt ih about 
-N).OoO daltons. It has inhihitor properties that sugpcst 
that it iiia~ Ii;ibc ;I function in rheumatoid discxc 
hince it \+a found to he XII effective inhibitor against 
neutral collagenasrs present in gastric mucosx rhcw 
matoid slnovium. skin and granulocqtes. In view 01 
its cmallcr molecular six it is likeI> to he more dilfus- 
able than r,-macroglobulin in tissues and therefore 

mow likely to reach focal points of intl~immatioii. Its 

actlbity. as known at present. 13 directcd touards the 

metal dependent collage~~ascs and the II~I~C ‘ii, -anti- 
collagenax is proposed for this inhibitor [h-ill. 

1,-:24trc,ro!//ol,Irli,l L-M]. The macroglobulin antipro- 
teases arc important plasma inhibitors and the plasma 

lc~cls var> from about 4.5 g I. at t 3 !I- to lc\cl 
out at about 2g I. at ?5 !r. The plasma Icwl\ in 
NOI~CII xc about 20 per cent higher than in mc’n 

[66]. Its mol. \4t I’i Ill the I-anpc 775.(X)0 X70.(X)0 

daltons but thcrc is no clear picture of its quatcrnar! 
structure. Electron microscope studio hn\c prcv2nted 

an image similar to tMo bans facing each other [07 1. 
Scvcral degradation studies suggest an eight cham 

subunit structure with Jimers of thcsc chains forming 

\tahle quarter molecular intcrmctiiatcs with ;I mot wt 

of 1Y6.000 daltons [hS]. 7,-M~lcroflohLlIIIi 1x1s a 

hroadcr spectrum of acti\it! than Y,-antitr!psin It 
can bind irl-cvcrsihl! with most of the pr~‘tcasc\ 

associated 11 ith inll~immatioii [h9] xuch ;I\ the 

scrinc protcascs including katlikrein. the granuloc! tic 

en/J mcs including clastasc and cclllagcnasx the thiol 

protcascs including cathepsin L3, _ the ca4~0\! I pro- 
tease5 including cathepsin D and the metal protcasc5 

\+ith collugcnolytlc acti\itlcs. The mhlbition of thcx 
cn/\mcs is important since‘ neutral colla~c~iax~ and 

catl;cpsill H , arc capahlc of attacking the trlptc’ heli\ 
region of collagen [70] aid hotti cathepsin I) and 13, 

dcgl-adc protcoglyans [ 7 I 1. L,!x)somal cii/h iii0 iii- 
eluding the cathcpGn\ arc cle\;ittxi in rheumatoid 

s)no\ial tluid [ 72 1 so the prcancc of -/.-ma~i.o~lob~l- 

tin and its concentration ma! Ix import;iii t in inhibit- 

ing degradation of cxrtilagc. 

Opinions \;kr\ on whether r,-m~~croflohulln 15 
monovalent or hi\alcnt in ith Intclaction I\ ith pro- 

teases r69. 731. Its broad speciticltb tov,ards protca’;c\ 
is explained by ;I theor) that the appl-oxhing ~I-o- 
tease induces conformationul changes in x2-mucroglo- 

bulin which Iresult in the proteasc being ux\ersiblh 

bound in a complex Mith the antiprotcax [ 691. 
x2-Macroglobulin ltxcls arc eh ated in the plasma 

during pregnancy [7-I]. In on2 survey of patient\ \%ith 

rheumatoid discasc 1751 7,-lnacl-o~lob~llin \\::I> 
detected in syno\iat tluid. but. in about 25 pc~- cc‘nt 

of the patients. the inhibitor was present 111 XI IIIX- 

tile form. It v,;15. howacr. xti\e in the sxi from 

thrsc patients. In pnticnts with osteoarthro\i\ about 
60 per cent lacked the actl\c antiprotcxe in their 

syno\,ial tluids. The absence of active :mtiprotea\c in 
wmc fluids suggest5 that the suppl; u’;i\ cxhalist0.i 

owing to c\ccssivc protcot~tIc actl\it!. Sincc the 

molecule has ;I Iargc Stokc’x racliu\ It IX p~-~~habl~ 
that replcnishmcnt firom ths plasma 11 5ltl\\. In the 
rat. 7,-i~i~icrsglobLi1iii onl\ appcai-s in rcyonx to 
inflammation and IS thcrcli~rc 211 ;icutc ph;isc pro- 
tein in that species. In plasma of normal rat and of 
other species. 7,.macroglohuliii has similar inhlhltor! 
propertie? to I,-macro~lobulin. During ad.lu\‘ant ill- 
duced arthritis in the rat the tr! psin protein cstcrasc 
actl>it> in plasma due to the t\\o macroglohulli~ (Y, 
and x1) antiproteasc\ risa in response to inllamma- 
tlon [7h]. The ~ldministratisli of cortisol Iowcr\ thcx 
levels of actl\it) towards normal \alucz. but this I\ 
probabl\ due to the ~mti-Intl~umniator~ actl\lt! of the 
steroid &cc cortisol ha5 no etTcct on 7) -macroglobu- 

lin plasma le\cl\ in the norm21 rat 1761. In ‘1 ircccllt 
papet- 2 suggestion \I;I~ ma& 1;1i- ;inothct. 1-0Ic‘ I’or 
2,.antitr!lxln and 7,.macro~tobulin. it \\;I, lound 
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that the prctrcatmcnt 01‘ washed human neutrophil 
polymorphonucle~~r leucoqtcs with the antiproteases 
increased the transient random tnigr~~t~~~I1 of the cells 
but inhihi ted their ~~~e~~~ot~~~ti~ responsivcncss to C, \ 
(a fragment of the fifth co~npo~lcnt of compleli~ent) 
[77]. It is possible that the interaction of the antipro- 
teases with surface rcccptors inlluencrd their respon- 
siveness to chemotactic factors. 

Otl~ IIHWW~ ~li~ripf-otc~ir.sc,.s [44]. These are the 
minor antiproteasrs and although there is no evidence 
at present to connect them wtth anti-inflammatory 
action they may merit further study. Inter-r-trypsin 
inhihltor is responsible for about 3 per cent of the 
trypsin inhibitinp capacily of plasma and its concen- 
tration in plasma is 0.2%).7 g:l. Its biological function 
and ~,~~riati~~ns in disease is largely unknown but it 
is present in high ~~~~~~e~itrati~~~~s in rll~umatoid syno- 
vial fluid [7X]. It may bc identical to the inhibitors 
of secretion in the mucosal membranes of the upper 
respiratory tract which protect the epithelium from 
grnnulocytic proteases 1791. Antichymotrypsin (an 
r,-glycoprntcinl binds thy-motrypsin but not trypsin 
in tirrt~. Its plasma concentration is about 0.5 p.:l. and 
it behaves as an acute phase protein after surgical 
trauma, myocardial infarction and acute bacterial in- 
fcctions [X0]. Its concentration in bronchial secretions 
is higher than that of other plasma proteins ;rpart 
from Ig.4 anti this may r&et a defcncc function 
for this ~~i~tipr~)t~~se [Xl]. 

Ort~t~ ~~rlq~ct~~s /IW~LW.W inlzihiio~s. Our know- 
ledge of these is somewhat scanty. Wowever. the wide 
distribution of these in tissues is established and in 
some places (e.g. lung) [X2] they appear to be identi- 
cal to the smaller plasma antiproteases. The intracel- 
lular distribution of antiproteases may be particularly 
important in lysosome enriched cells such as macro- 
phapes. In the rabbit polvmorphonuclear leucocyte 
a neutral histonase (neutral protease) was located 
within the azurophil granules but it was ililiit~ited 
almost completely by an inhibitor in the stjperrl~tta~it 
obtained by the subceliular fr~~ctio~i~~tion procedure 
[X3]. This inhibitor may have been located in the 
cytoplasm or in secondary lysosomcs that lysed dur- 
ing the separation procedure. Since the plasma is a 
potent inhibitor of neutral proteases the inhibitor 
may have been taken into the cells by pinocytosis. 
‘This possibility is of interest because it is well known 
that cndocytosis and macropbagc activity at inllam- 
mator> sites and the uptake of plasma inhibitors by 
endocytosis from plasma and the consquentiai intra- 
cellular merger with primarv lysosomes might inacti- 
vate Iysosomal proteases & sir~c. This ~~ossibility 
would appear to warrant further investigation. Pro- 
tease inhibitors of unknown identity have also been 
rcportcd in rat liver microsomes and cytoplasm [X4]. 

The evidence accumulating for the existence of anti- 
inflammatory proteins would suggest a real role for 
their proteins rather than their dismissal as artifacts. 
Alth~~llgh suggestions as to their mode of action are 
speculative at this stage, the evidence is consistent 
with both lysosomal membrane stabilising proteins 
and plasma ~~r~t~proteas~s acting as ~lnti-in~al~lmatory 
proteins. The disadvantage of the membrane stahilis- 
ing proteins appears to be their low resistance to pro- 
teolytic degradation and the disadvantage of the 

plasma antiproteases appears to be their relatively 
slow rate of penetration into connective tissue leading 
to the possibility of upsetting the protease-antipro- 
tease balance at focal sites of inflammation. The liver 
would seem to have a central role in the production 
of ~liiti-in~an~?n~~tory proteins but its synthetic re- 
sponse to inflammatory stimuli is relatively slow and 
consequently this response is probably more impor- 
tant in the later stages of inflammation. The early 
defensive response in acute inflammation may well 
involve lower mol. wt substances. produced locally 
and acting against inflammatory mediators. 

The endogenous anti-inflammatory proteins offer a 
possible therapeutic advantage in that they are un- 
likely to have the side effects associated with conven- 
tional anti-in~ammatory drugs. Their most promising 
mode of use would appear to he a iysosomotro~~i~ 
agents [SS] entering the cell by endocytosis. Proteins 
have been encapsulated in iiposomes [X6] and a tar- 
get oriented carrier of this type would appear to be 
a possibility. Another approach to a new therapy 
would be to search for substances that stimulate the 
synthesis of anti-inflammatory proteins by the liver. 
or to increase our knotvledge of the amino acid 
scyuences in the active sites of the smaller plasma 
antiproteases which might lead to the synthesis of low 
molecular weight peptide inhibitors with low anti- 
genie activity. 

Undoubtedly. the best way of treating the rheu- 
matic diseases is to treat the primary source of the 
inflammagenic stimulus. Failing this a drug that 
breaks or slows the cycle of self perpetuating stimuli 
that is the characteristic feature of the auto-immune 
diseases would be a useful advance. Since a synthetic 
drug with this property has yet to be discovered the 
continued search for an endogenous factor would 
appear to be justified for it appears to oKer a more 
systematic approach than present methods to the 
treatment of rheumatic disease. 
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