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“SUMMARY

1. The proteinase inhibitor Trasylol was shown to be unable to
reduce the formation of granulation tissue and the development of
inflammation in rats with adjuvant induced arthritis. In contrast
Trasylol clearly inhibited the proteinases found in human
rheumatic synovial fluid samples which are responsible for tissue
damage.

2. It was confirmed that alpha-2-macroglobulin and proteinase levels
are related to the total protein content of human rheumatic synovial
fluid. In addition, a relationship between proteinase and alpha-1-
antitrypsin was established.

3. Bacterial endotoxin was shown to be anti-inflammatory when given
intraperitoneally and not irritant. When incubated with macrophages
the endotoxin was lytic. It also contained small amounts of
oligoamines.

4. Putrescine was proven to be a potent anti-inflammatory agent as
was spermidine, while spermine and cadaverine had little or no
activity. These activities were not related to the irritancy of the
compounds and none of the oligoamines had any effect on the
development of a local anaphylactic reaction in the mouse ear. Both
putrescine and cadaverine were capable of stabilizing the membranes
of macrophages in vitro while spermine and spermidine were lytic
towards them. In addition putrescine inhibited the development of
adjuvant induced arthritis in the rat. Drugs which increased the
levels of putrescine were also anti-inflammatory.

5. Human rheumatic synovial fluid was found to contain two or more
substances which were anti-inflammatory, but irritant. Fractions of
the synovial fluid also stabilized the membranes of macrophages.

6. Fractions of liver extracts from DMNO treated rats were anti-
inflammatory and this was related to their irritancy. It was shown
that the high molecular weight fraction degraded both in vitro

and in vivo producing dialysable molecules which were anti-
inflammatory. Putrescine and cadaverine were greatly elevated by
DMNO treatment and may explain these results.

7. Inflammatory exudate produced by the implantation of polyester
sponge stabilized the membranes of macrophages as did the two
fractions produced by gel filtration. Sponge exudate was shown to
possess inherent proteolytic activity which caused the breakdown of
which had an anti-inflammatory effect. Sponge exudate both contains
and is capable of releasing oligoamines which have been shown to be
directly anti-inflammatory and may, at least in part, account for the
activity exhibited by the exudate.
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1. INTRODUCTION

Inflammation is the process by which living tissue responds
to injury. In many instances it is trivial, such as with an insect
sting, but sometimes it can be a serious and even life threatening
condition. In man the most prevalent inflammatory conditions are
known collectively as the rheumatic diseases. This classification
covers a wide variety of syndromes and includes diseases associated
with high mortality such as Systemic Lupus Erythematosus (SLE) and
diseases such as rheumatoid arthritis and osteoarthrosis which are
severely crippling, but are not usually life threatening.

Both of these crippling diseases are prevalent,but
rheumatoid arthritis can be more serious since severe forms of the
disease can quickly lead to loss of mobility. Osteocarthrosis is not
a well defined disease, but may be considered to be largely a "wear
and tear'" disease that represents a gradual loss of function of
joints as part of the aging process. Due to the serious nature of
rheumatoid arthritis it has received great attention from research
workers.

The researcher into rheumatoid arthritis must accept the
discouraging statement that the syndrome is of largely unknown
cause and aetiology and, in addition, there is no known cure.

It is for these reasons that many researchers assume that
a study of inflammation will help our understanding of rheumatoid
arthritis, and much of modern drug therapy is based on this belief.
It is certain that inflammation plays a large part in the disease and
the work described in this study has been concerned with controlling
inflammation as a means to treat rheumatoid arthritis.

1.1 The Nature of Inflammatory Stimuli

The stimulus giving rise to inflammation may be one of
o



several factors, but trauma of one type or another is a common
feature.

The ability of a drug or'cﬁemical substance to provoke
an inflammatory response is termed irritancy. In this case the
tissue damage may be restricted to the site of administration and is
not usually severe; althougﬁ éome irritanté; for example: croton
oil_of corrosive poisons; are very potent and may cause severe
and prolonged inflammation;

Inflammation may also develop due to infection, the tissue
damage being cauéed by toxins or the organisms themselves. The
response may be a consequence of activity of the immune system to the
infectious organism (Hicks, 1975). Several organisms have been
implicated in tﬁe search for an infectious agenf in rheumatpid
artﬁritisg Marmion (1876) concluded tﬁat there was no evidence that
diptﬁeroids; mycoplasmas or other prokaryotes were the missing
exogenous antigens in_rheumatoid arthritis; but there wefe some
preliminary hints that a defective rubella, or other, unidentified
virus may be involved.

In addditon, inflammation,both mild and severe, may be
tﬁe.consequénce of an allergic malfunction of the immune system as
typified by rheumatoid and other "autoimmune''diseases.

1.2 The Inflammatory Process

Inflammation involves change in the connective tissues
and vascular supply of damaged tissue. The process may be considered
as a protective measure, designed to minimise or eliminate the cause
of damage and subsequently to remove the damaged tissue and lead to
its repair. The aéute inflammatién‘following a stimulus involves
two components, fluid and cellular,bofh arising from a vascular source.
The first‘changes are a brief arteriolar constriction
followed by prolonged dilation of arteriocles, capillaries and venules

after the stimulus is received (Spector and Willoughby, 1968).

S



This process is accompanied by an increased permeability of the venules
and capillaries (Cotran, 1967) with a consequent loss of fluid into
the surrounding tissue.

The increase in permeability of blood vessels to plasma
protein following injury is now known to have a biphasic nature. The
initial phase, which has not been shown for all experimental
inflammations, has a transient character and primarily involves the
venules, whereas the delayed or prolonged phase of increased
permeability involves the capillaries as well (Cotran, 1967).
However, in certain inflammations the venules appear to be solely
responsible for the delayed phase (Hurley and Spector, 1965).

In general, the initial phase of this response can be
inhibited by antagonists of known endogenous permeability factors
(Logan and Wilhelm, 1966). Histamine is alikely candidate as a
mediator of this increased vascular permeability and considerable
evidence is available to support this view. For example, histamine
has been found in the exudate after intrapleural injection éf
turpentine for up to thirty minutes after initiation of the pleurisy
(Spector and Willoughby, 1957). Venule labelling with colloidal
carbon can be inhibited by anti-histamine treatment during this
initial phase (Hurley and Spector, 1965) and, also, tissue depletion
of histamine has been shown to delay the onset of inflammation
produced by injection of bacteria (Sheldon and Bauer, 1960). Thus
histamine appears to be the major mediator in this phase of increased
vascular permeability although it plays no part in the prolonged
phase of the response (Spector and Willoughby, 1968). In rats and
mice 5-hydroxytryptamine is thought to have a role in addition to
histamine, but this fact seems peculiar to these species.

In the prolonged phase many mediators may be involved in

the response, but in the case of the carrageenan induced oedema in
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the rat (Di Rosa and Willoughby, 1971; Di Rosa, Giroud and
Willoughby, 1871) kininlike substances are thought to maintain the
oedema during its plateau phase and prostaglandinlike substances
promote the second accelerating phase of swelling, both these
events occurring after the initiation of the response by histamine
and 5-hydroxytryptamine. The involvement of kininlike substances
is suggested by work which shows an inhibition of the ocedema by
antiproteinases (Von Arman, Begany, Miller and Pless, 1965; Di Rosa
and Sorrentino, 1968) . Briseid, Arntzen and Dyrud (1971) have
correlated changes in the plasma kinin system with inhibition of the
oedema, other work has also supported this involvement of kinins
(Di Rosa, Giroud, and Willoughby, 1971; Vinegar, Macklin, Truax, and
Selph, 1971). Prostaglandin-like substances have been implicated in
the second phase of the ocedematous response (Di Rosa and Willoughby,
1971) and the isolation of E-type prostaglandins from oedema fluid
has been claimed although artifacts may be present in this case (Willis,
1969). Chang, Murota and Tsurﬁfugi (1976) concluded that E-type
prostaglandins, at best, have a minor role as mediators of vascular
permeability. However, it is now known that many of the non-steroidal
anti-inflammatory drugs inhibit prostaglandin Synthesis which is
thought to be their mode of action and, indeed, the ability of these
compounds to inhibit prostaglandin synthesis seems to parallel
their therapeutic efficacy (Vane, 1971; Paulus and Whitehouse, 1973).

Recently, leukotriene B, a product of the lipoxygenase pathway of
arachidonic acid metabolism, has been found to increase vascular
permeability in the presence of a vasodilator such as PGEj. (Bray,
Cunningham, Ford-Hutchinson and Smith,1980).

These changes in the vascular channels together with the
altered permeability cause an increase in viscosity of the blood

which is responsible for pushing the leukocytes against the vascular
4




endothelium to which they adhere and eventﬁally migrate into the
extravascular tissues.

The cellular component of an acute inflammatory exudate
is now thought to be of haematogenous origin, as opposed to local
proliferation of histiocytes and reticulo-endothelial cells (Spector,
Walters, and Willoughby, 1965). For most experimentally induced
inflammations, it has been found that the polymorphonuclear
leucocytes are the first cells to enter the injured area, but; with
time, the mononuclear cells (monocytes, lymphocytes, and plasma-
cells) predominate (Martin and Southwell, 1965; Hurley, Ryan and
Friedman, 1966; Ryan, 1967). These results conflicted with the
earlier work of Spector, Walters and Willoughby (1965) and Spector
and Coote (1965) who found mononuclear cells emigrating concurrently
with the polymorphonuclear leucocytes, though in far smaller numbers.

The emigration of cells from small blood vessels is now
well documented, largely from electron microscope studies, and reveals
that, after injury, leucocytes adhere to the vascular wall énd emigrate
across the endothelium by extending pseudopodia between the endothel-
ial cells. The emigration of leucocytes appears to be divorced
from the leakage of protein and indeed emigration can take place
with littlelor no permeability increases.

The various types of inflammatory cells proceed to remove
the foreign material and to demolish the severely damaged tissue
prior to repair. Polymorphonuclear (PMN) leucocytes play a key
role in this phase of the process. During the process of phagocytosis
these cells release a number of biological molecules (Weissmann,
Smolen and Hoffstein, 1978). For example derivatives of molecular
oxygen (05" ,0H" and H207) which have a bactericidal action,
inflammatory mediators such as prostaglandins and thromboxanes are

also released. The PMN leukocyte also secretes lysosomal proteinases
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which aid tissue demolition.

The process of repair may now take place with the
development of granulation tissue. The tissue is reformed by
fibroblast cells which migrate from surrounding connective tissue
and deposit collagen fibres around the lesion. If at this point
the inflammatory stimulus still persists, macrophages often undergo
a process of fusion, giving very large multinucleate "giant cells"
which attempt to surround the stimulus. ﬁltimately persistent
inflammatory sites may become calcified.

The development of inflammation is summarised in the

following diagram: -
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(After Hicks, 1975)

1.3 The Use of Drugs in Inflammation

.In order to evaluate the importance of endogenous anti-
inflammatory substances it is necessary to consider the drugs
currently being used to treat inflammation and some of the problems
associated with them.

The drugs in current use may be conveniently split up
into five groups; antimalarials, gold salts, nonsteroidal anti-

inflammatory drugs, immunosuppressives and immunostimulants. None
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of these drugs eliminate the cause of the disease (Mathies, 1979)
but they can alleviate the symptoms.

In general the five groups of drugs provoke common side
effects due to the same pathological processes occurring. These side
effects are commonly immunological in nature due to either the immuno-
logical effects of the compounds or of the immunogenicity acquired
by the compounds upon their formation of complexes with proteins
or platelets (Franchimont, Heyren and Hanvwaert, 1978). The side
effects may include skin rashes, leukopenia, glomerulonephritis and
symptoms comparable with those found in viral diseases (fever, chills
etc.).

Side effects associated with metabolism may be important
with some drugs, for example, D-penicillamine often leads to taste
disorders due to its effect on copper metabolism (Franchimont,

Heyren and Hanvwaert, 1978). One of.the most prevalent side effects
connected with anti-inflammatory drugs is gastric irritation often
leading to ulceration.

It is often the case that the most effective and powerful
anti-inflammatory drugs are associated with some of the more severe
side effects seen.

From this brief review it is clear that all the drugs which
are currently in use in the treatment of inflammation suffer from the
disadvantage that théir use may cause severe side effects.

It is for these reasons that endogenous anti-inflammatory
substances have been the subject of intensive study by experimental
investigators. An endogenous anti-inflammatory substance would have
the benefit that it would not be so liable to produce injurious side
effects and also a study of the organisms natural defence mechanism

may elucidate the inflammatory process.
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1.4 Antiproteinases

Antiproteinases may be considered to be endogenous anti-
inflammatory substances since they occur naturally and may play a
role in inflammation. The involvement of lysosomal enzymes (elastase,
collagenase, cathepsin G) released by polymorphonuclear leukocytes
in inflammation is well known (Weissmann, Smolen and Hoffstein, 1978).
The overall activity of proteinases is the result of the activity of
the proteinase and the activity of any proteinase inhibitor present.

Thus antiproteinases may have a role in inflammation and have been

extensively studied.

Alpha-l-antitrypsin was isolated, characterized and named
by Schultz, Heide and Haupt (1962). Of all the proteinase inhibitors
alpha-l-antitrypsin has the highest molar concentration in blood
(40-100 4 in0l/L) and is responsible for up to 90% of the trypsin
inhibiting capacity of plasma (Ganrot, P.0., 1972). This inhibitor
has been structurally designated as an alpha-l-glycoprotein which is
composed of a single polypeptide chain having 12% carbohydrate and
containing galactose, mannose, écetylglucosamine and sialic acid and
has a molecular weight of between 47,500 and 55,000 daltons (Crawford,
1973; Musiani and Tomasi, 1976). The protein is heat labile and can
be irreversibly inactivated at low pH (£5).

Alpha-l-antitrypsin has been found to inhibit the action
of a number of serine proteinases beside trypsin, these include:

chymotrypsin, plasmin, thrombin (Rimon, Shamash and Shapiro, 1966),
kallikrein (Haberman, 1968), elastase (Kaplan, Kuhn and Pierce, 1973),
granulocytal elastase (Ohlsson, 1971) and granulocytal collagenase
(Harris, Di Bona and Krane, 1969), all of which are associated with
inflammation. It should be noted that alpha-l-antitrypsin does not

inhibit all collagenases. It does not, for example, inhibit acid
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proteinases (Kopitar and Lebez, 1975) and also a neutral
collagenase isolated from human gastric mucosa is unaffected
(Woolley, Tucker, Green and Evanson, 1976).

Alpha-l-antitrypsin is a so called acute phase reacting
(APR) protein which implies that the concentration in plasma
increases in infection and inflammatory conditions. Patients
suffering from rheumatoid arthritis show a significant rise in alpha-
l-antitrypsin levels in both serum and synovial fluid. A large
molecular protein with the immunological specificity of alpha-1-
antitrypsin, presumably a complex of the inhibitor and a proteinase,
was detected in the synovial fluid of subjects with confirmed or
suspected rheumatoid arthritis (Brackertz, Hagmann and Kueppers,
1975).

The inhibitor can exist in a large number of genetic
variants of which the so called MM type is the form found in
normal individuals. A slowly migrating component, called ZZ is seen
on electrophoresis in cases of genetic deficiency. Cox ané Huber
(1976) claimed an association between heterozygosity for the Z allele
of alpha-l-antitrypsin and classical rheumatoid arthritis. This
finding has been disputed by several workers (Sjoblom and Wollheim,
1977; Brackertz and Kueppers, 1977; Buisseret, Pembrey and Lessof,
1977) who claim the influence of alpha-l-antitrypsin polymorphism
on the incidence and course of rheumatoid arthritis is modest at most.
Lewis and Capstick (1977) claimed to have found an inverse
relationship between alpha-l-antitrypsin and neutral proteinase
levels in human rheumatoid synovial fluid. A similar relationship
was demonstrated in the sera from adjuvant arthritic rats, the alpha-
l-antitrypsin levels falling as the disease progressed (Parrot and
Lewis, 1977). The levels of plasma alpha-l-antitrypsin are also

elevated during pregnancy (Fagerhol and Laurell, 1970) and viral
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hepatitis (Kindmark and Laurell, 1972) both of which are known to
produce a remission of rheumatic disease.

The second major antiproteinase found in plasma is
alpha-2-macroglobulin (2.5 - 5 phml/l) and it accounts for nearly
10% of the trypsin inhibiting capacity of plasma (Ganrot, P.0. and
Schérstéh, 1967). The molecular weight of alpha-2-macroglobulin has
been estimated to be in the range of 725,000 to 820,000 daltons
(Schénenberger, Schmidtberger and Schultz, 1958; Roberts, Riesen
and Hall, 1974), but there is no information regarding its
quaternary structure. Jones, Creeth and Kekwick (1972) have suggested
an eight chain subunit structure, with dimers of these chains
forming the 196,000 dalton subunits produced by limited thiol
reduction of alpha-2-macroglobulin (Frenoy, Razafimahlaeo and
Bourrillon, 1972). Four of these subunits may then form an alpha-
2-macroglobulin molecule.

Alpha-2-macroglobulin exhibits a wide spectrum of
activity. It can bind and inhibit proteinases from all groups of
endopeptidases. These include trypsin, chymotrypsin, plasmin, thrombin,
kallikrein, granulocytal elastase, granulocvtal collagenase, cathepsin,
By, cathepsin D, thermolysin and chlostridio peptidase A (Barrett and
Starkey , 1973). Cathepsin Bland neutral collagenases are known
to be capable of attacking the triple helix of collagen (Burleigh,
1973) and together with cathepsin D of degrading proteoglycans
(Burleigh, Barrett and Lazarus, 1974); The levels of alpha-2-
macroglobulin are also elevated during pregnancy (Schumacher and
Schulmberger, 1963) and the protein may be detected in the synovial
fluid of rheumatoid arthritic patients although it was in the
inactive form in 25% of the patients. It was, however, active in

the sera from these subjects.
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In the rat, alpha-2-macroglobulin does not occur in the
plasma of normal rats, but certain conditions, for example, foetal
and neonatal states, pregnancy, neoplastic growth, interference
with the kidney and inflammation cause it to appear in the plasma
of such rats (Heim, 1968). K. Ganrot (1973) has found that this
alpha-2 acute phase globulin binds plasmin and trypsin and can be
considered as a human alpha-2-macroglobulin homologue. In the
normal rat the function of alpha-2-macroglobulin is performed by
alpha-l-macroglobulin (Ganrot, K. 1973).

A potentially important antiproteinase was discovered by
Woolley, Roberts and Evanson (1976) in human plasma. Migrating
electrophoretically as a beta-l-globulin, with a molecular weight
of about 40,000 daltons, it has been named beta-l-anticollagenase
since it specifically inhibits neutral collagenases. Its importance
may lie in the fact that it can inhibit collagenases which are
normally inhibited by alpha-2-macroglobulin, but its smaller
molecular size would enable it to reach inflammatory sites much
more easily.

Other proteinases are present in human and animal plasma,
but since their concentrations are extremely low they may be of less
importance. However, inter-alpha-trypsin and alphle=l-antichymotrypsin
have been found to inhibit trypsin, chymotrypsin and chymotrypsin respect-
ively (Heide,Heimburger and Haupt, 1965;Heimburger and Haupt, 1965).

Rat plasma appears to have another antiproteinase in
addition to alpha-l-antitrypsin, alpha-l-macroglobulin and alpha-2-
acute phase protein. This protein has an approximate molecular
weight of 90,000 daltons and inhibits trypsin and chymotrypsin,
but its trypsin inhibitory capacity in plasma is less than that of

alpha-l-antitrypsin and alpha-l-macroglobulin (Huttunen and Korhonen,
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1973).

A subject of recent investigations has been the
proteinase inhibitor Trasylol (Bayer). Trasylol appears to
influence many functional systems, these include blood clotting,
thrombolysis, complement and plasma kinin formation.

Forster (1969), using a variety of inducing agents showed
that Trasylol inhibited the formation of rat paw oedema and the
arthus vreaction. The activity of acid and neutral proteinases
were reduced in the serum of these animals. Spilberg and Kirk-
Osterland (1970) using sodium urate crystals to induce an acute
arthritis in the rabbit found Trasylol to be anti-inflammatory
and suggested that Trasylol may act by inhibiting acid and neutral
polymorphonuclear leukocyte lysosomal proteinases. The evidence
that Trasylol is beneficial in the treatment of human rheumatoid
arthritis is contradictory. It has been claimed (Bruckner and
Eisen, 1970) that Trasylol compares favourably with hydrocortisone
acetate in the treatment of the disease and may be useful where
steroids are contra-indicated. In contrast Marcy, Loyan and Dumas
(1972) found Trasylol to be relatively ineffective in the treatment
of this condition.

1.5 Endogenous Anti-Inflammatory Substances

There are many reports in the literature concerning
inflammatory exudates, but from early work (Rindani, 1956) it
became clear that anti-inflammatory substances were present in such
exudates.

Lyophilized granuloma pouch exudates obtained from intact or
adrenalectomised ratc were found to contain a substance capable of
inhibiting granulation tissue formation (Dispasquale and Girerd,
1961). The activity contained within this exudate was later found

not to be due to inherent ACTH or adrenal corticoid activity
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(Dispasquale, Girerd, Beach and Steinetz, 1963).

Many workers have used in vitro tests for anti-inflammatory
activity and using such techniques Persellin (1972) found that
a protein derived from arthritic rat plasma, that migrated
electrophoretically as an alpha globulin with a molecular weight
of 170,000 daltons stabilized rat liver lysosomes against thermallysis.
Huﬁan sera has been found to inhibit the lysis of rabbit polymorpho-
nuclear leukocytes by Triton X-100 (Hempel, Fernandez and Persellin,
1370), this ability, which is not due to increased corticosteriod
levels, being increased during pregnancy.

Lewis, Capstick and Cosh (1975) demonstrated that human
rheumatoid synovial fluid stabilized rat liver lysosomes in vitro.
This stabilizing effect was abolished by pre-incubation of the
synovial fluidlwith trypsin. Later work (Lewis, 1977) has shown
that two proteins were responsible for this effect and they migrate
in the alpha/beta globulin region during electrophoresis.

A high molecular weight protein fraction from the sera of
normal rats was isolated by Lewis, Capstick and Best (1976). This
fraction was shown to be anti-inflammatory against the carrageenan
induced oedema and the adjuvant arthritic animal models.

Antilymphocytic serum was shown to contain two anti-
inflammatory components which could be separated by gel
filtration (Billingham, Robinson and Gaugas, 1970). One of these
components was thought to be 1gG (75-8) and the other had similar
properties to the anti-inflammatory substances found in inflammatory
exudates.

One of the few examples of a human inflammatory exudate
containing an anti-inflammatory substance was provided by
Billingham, Robinson and Robson (1969b) when they investigated

the exudate collected from partial gastrectomy patients. It was shown
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that this exudate inhibited the formation of carrageenan induced
oedema of the rat foot. In addition, the exudate was fractionated
using gel filtration, the active component behaving as a macromolecule.

Bee venom of the honey bee (Apis mellifera) has been found

to contain a peptide (401) which had a powerful anti-inflammatory
action, which compared favourably with both steroidal and non-
steroidal drugs (Billingham, Morley, Hanson, Shipolini and Vernon,
1973; Hanson, Morley and Soria-Herrera, 1974). The amino acid
sequence for this peptide had been previously established by
Vernon, Hanson and Brimblecombe (1969). In addition to being a potent
mast cell degranulating factor this peptide was shown to have a
vascular effect in that it suppresses the increased vascular
permeability caused by the intradermal injection of smooth muscle
spasmogens histamine, bradykinin, S5-hydroxytryptophan and prosta-
glandins (Hanson, Morley and Soria-Herrera, 1974). These workers
concluded that the peptide may make the vascular endothelium anergic
to phlogistic stimuli. It has been reported recently (Chaﬁg and
Bliven, 1979) that bee venom may have an immunosuppressive effect.
These workers found that a daily subcutaneous dose of bee venom
inhibited the formation of adjuvant induced arthritis in the rat.
This effect was found to be dose dependant. In addition a single
dose of bee venom given at the same time as the adjuvant or, one
day after it, suppressed the development of the arthritis by as much
as 50%. It was suggested that the bee venom may operate by one
of two mechanisms. Firstly the venom caused an alteration of tﬁe
immune response possible by antigen competition. Secondly the venom
operated via endogenous corticosteroids. It was concluded that
the immunological role was probably more importaﬁt.

It was proposed by McArthur, Dawkins, Smith and

Hamilton (1971) that human serum contained peptide like substances
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in protein bound and free forms. It was suggested that
abnormally low concentrations of the free forms were an important
factor in the development of rheumatic diseases. A peptide-like
substance which possessed anti-inflammatory activity and was
capable of binding to circulating proteins was isolated from human
serum by McArthur, Smith and Freeman (1972).

Using an improved isolation procedure the substance was
shown to exhibit no antagonistic effects towards the inflammatory
mediators histamine, S5-hydroxytryptamine, bradykinin and prosta-
glandins Ey and Fy« when tested on isolated tissue preparations
(Elliot, Ford-Hutchinson, Harford, Insley, Smith and Sturgess, 1973).
Further work has shown that this substance had an apparent molecular
weight of below 1000 daltons, could be partially purified by solvent
extraction and was resistant to acid and proteolytic digestion. This
plasma fraction exhibits a broad spectrum of anti-inflammatory
activity ranging from inhibitior of oedema formation to reduction
of the infiltration of leucocytes into inflammatory exudates (Smith
and Ford-Hutchinson, 1975). It was concluded this fraction must be
considered as a specific anti-inflammatory substance and its possible
mode of action was on the release of chemotactic factors after the
activation of the complement cascade.

The ameliorating effect of hepatic disease on rheumatoid
arthritis has been known for some time (Hench, 1933) and although
jaundice was thought to be the determining factor in these
remissions a satisfactory explanation has never been offered (Hill
and Holley, 1966).

Pinals (1973) induced hepatic damage in rats using intra-
peritoneal injections of the selective hepatotoxin dimethylnitrosamine.
He found that adjuvant arthritis of the rat was partially inhibited

by the administration of dimethylnitrosamine on the fourth or fifth
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day after the injection of the mycobacterial adjuvant. Furthermore,
saline extracts of livers from dimethylnitrosamine treated rats
were capable of inhibiting the development of adjuvant arthritis,
whereas saline extracts from normal rat livers were ineffective.
Pinals suggested that some anti-inflammatory material released from
damaged liver may have been responsible. Lewis, Best, Bird and
Parrott (1978) have shown that this anti-inflammatory activity is
contained in the high molecular weight region after Sephadex G-150
fractionation and proteolytic digestion of this fraction may produce
a dialysable substance with anti-inflammatory activity.

The hepatoxin carbon tetrachloride has also been found to
inhibit the formation of granulation tissue and carrageenan
induced oedema (Mielens , Drobeck, -Rozitis and Sansone (1969).

One inflammatory exudate which has been extensively
studied is that produced by the subcutaneous implantation of polyester
sponges into rats. This exudate has been shown to inhibit the
formation of granulation tissue (Robinson and Robson, 1964).,

It was suggested that this anti-inflammatory factor was
not present in normal serum, but may be present in the serum of sponge
implanted rats. Further work has shown that the exudate retarded
the rate of wound healing, but did not significantly alter the
formation of oedema fluid. The active principle was also found to
be a non-dialysable (Robinson and Robson, 1966). The exudate was
found to be active in other animal models. It inhibited the
formation of carrageenan induced oedema of the rat foot and when injected
subcutaneously intoBCG-vaccinated guinea pigs a significant, though
transient, supression of tuberculin reactivity in the skin was noted
(Gaugas, Billingham and Rees, 1970).

Billingham, Robinson and Robson (196%a) demonstrated that

the exudate could be fractionated by gel filtration and ion exchange
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chromatography to produce three fractions, two of which were anti-
inflammatory. They further showed that this activity could be
destroyed by incubation above 70°C or with pronase., The activity

of the exudate was not due to the presence of stercids since the
levels in the exudate were lower than in normal serum. The protein/s
studied in this work were further purified by preparative poly-
acfylamide gel electrophoresis (Billingham, and Robinson, 1972).

The resultant preparation was claimed to have a high anti-inflammatory
activity, but to be no more irritant than saline. Later work has
been concerned with the possible mode of action of this preparaticn,
but this has met with little positive success. The inflammatory
exudate inhibited the formation of pleural effusion, emigration of both
neutrophils and mononuclear cells and the accumulation of PB-
glucuronidase and lactic dehydrogenase (Doherty and Robinson, 1976b).
The same dose of exudate did not, however, inhibit the increased
vascular permeability induced in rat skin or rat foot following
injection of S-hydroxytryptamine, histamine, prostaglandin E; or
bradykinin. Furthermore, sponge exudate did not reduce the haemolytic

complement titre of rat serum either in vitro or in vivo. The

exudate had no stabilizing effect of lysosomal preparations (Doherty

and Robinson, 1976a). The origin of the anti-inflammatory factor contained
within this exudate has been attributed to de novo synthesis by the

liver following injury to the animal (Billingham, Gordon and

Robinson, 1971).

In summary, it appears that polyester sponge induced
inflammatory exudate contains an anti-inflammatory factor which is
protein-like, synthesized de novo by the liver following injury and
migrates electrophoretically between the alpha-glycoproteins and
transferrin. Little, however, is known regarding its exact nature

or mode of action.
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The mechanism of action of the potent anti-inflammatory
agent dexamethasone is not yet understood, but it has been found
that both RNA and protein synthesis appear to be essential for
the manifestation of the anti-inflammatory effect (Tsurufuji, Sugio,
and Tekemasa, }979). It has also been shown that glucocorticoids
induce the biosynthesis of a protein (or peptide) inhibitor which
prevents prostaglandin generation (Flower and Blackwell, 1879).

1.6 The Anti-Inflammatory Activity of Irritants

The relief of inflammation by the use of non-specific
irritants has been employed by physicians for many centuries. The
mechanism by which a local irritation exerts an additional more
remote anti-inflammatory effect is, as yet, an unexplained phenomenon.
This counter irritant effect is particularly important when
considering any endogenous anti-inflammatory substance since it
may be argued that such substances may operate by causing irritation.

Laden, Blackwell and Fosdick (1958) showed that in rats
the volume of pleural exudate produced by the injection of an
irritant (gum arabic) was reduced by a second irritant (gum arabic
or silver nitrate) injected into the knee joint. This anti-inflammatory
effect could not be explained by loss of fluid into the injected knee.

The intraperitoneal administration of a wide variety of
agents such as hydrogen peroxide, sodium hydroxide, kaolin and talc
inhibited the inflammatory oedema of the rat paw induced by formalin,
dextran, 5-hydroxytryptamine and polyvinylpyrolidine (Von Buch and
Wagner-Jauregg, 1960; Von Buch and Wagner-Jauregg, 1962).

Cygielman and Robson (1963) found that tartar emetic,croton
o0il and talc caused a significant reduction in the granulation
tissue deposited around cotton pellets implanted in intact and
adrenalectcmised rats. They suggested that there was some limit to

the total number of leukocytes which in the course of a few days
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could be mobilised to take part in the inflammatory reaction.

Acetic acid, formaldehyde and ﬁypertonic saline
inhibited the development of carrageenan induced oedema. This was
thought to be related to the extravasation of fluid and proteins into
the peritoneal cavity (Jori and Bernardi, 1966).

Atkinson, Boura and Hicks (1969) reported that polyester
spdnge jnduced inflammatory exudate possessed local irritant
properties. The sponge exudate was found to increase vascular
permeability, but its tonicity was found to be unimportant. Atkinson
and Hicks (1971) noted that a correlation existed between the anti-
inflammatory and irritant properties of sponge exudate. These results
were further substantiated using different techniques by Atkinson,
Whittle and Hicks (1971). The plasma from sponge bearing rats was
claimed to have no anti-inflammatory activity even when the sponges
irritancy was augmented by croton oil. These workers (Atkinson and
Hicks, 1975b) concluded that the induction of inflammatory lesions in
rats did not appear to lead to a detectable release of endogenous
anti-inflammatory substances into the circulation.

The mechanism of counter irritation is unknown, but
Atkinson and Hicks (1975a) in their review of the subject suggested
the following possibilities.

Since the administration of an irritant may be considered
to be a stress stimulus it may be that the resultant pituitary-
adrenal stimulation is of importance. However, since a number of
reports indicate that irritants have a similar effect on
adrenalectomized and hypophysectomized rats as normal animals this
explanation seems unlikely (Laden, Blackwell and Fosdick, 1958;
Cygielman and Robson, 1963).

Another hypothesis is that there may be competition

between two inflammatory sites for finite quantities of inflammatory
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mediator(s) or their precursors. Atkinson and Hicks (1975a)
conclude that this mechanism may be important in acute conditions
with finite concentrations of mediator material like the kinin or
complement systems. However, competition for cellular and other
mediators seems less likely, presumably because given time the
system is capable of producing very large numbers of cells and
possibly restoring the availability of other mediators.

A possible mechanism which has received much attention is
the production and/or release of endogenous anti-inflammatory
substances at the site of inflammation. These substances could then
enter the blood stream and produce an inhibition of inflammation
at a remote site. The evidence supporting this theory comes from a
demonstration of anti-inflammatory substances found at inflammatory
sites (See Section 1.5) and of anti-inflammatory activity in the
blood of animals bearing inflammatory sites. Support for the latter
phenomenon has come in part from a study of acute phase reactants.
Bogden, Gray and Fuss (1966) while working with alpha-2-glycoprotein
found that serum from traumatized animals caused increased alpha-
2-glycoprotein synthesis in normal rats. Plasma and serum obtained
from rats four days after implantation (s.c.) of polyester sponges
has been shown to exert an anti-inflammatory effect (Robinson and
Robson, 19643 Billingham, Robinson and Robson, 1969a). These workers
have suggested that this anti-inflammatory factor is synthesized by
the liver, and indeed, perfused livers from traumatized rats did
produce an anti-inflammatory factor (Billingham, Gordon and Robinson,
1971).

The presence of a factor in the plasma of such rats has
recently been disputed by Atkinson and Hicks (1975b) who found no
evidence of anti-inflammatory activity in their plasma. Atkinson

and Hicks (1975a) concluded that no one theory is acceptable.
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Rather, it would appear that a variety of mechanisms are evoked by

different irritants or inflammatory states.

1.7 The Role of Endotoxins in the Study of Endogenous Anti-

Inflammatory Agents

Recently it was concluded that doubt will exist about the

presence of anti-inflammatory factors in mammalian bedy fluids

unless stringent precautions are taken to exclude measurable bacterial

contamination (Maguire and Wallis, 1977). These workers were
investigating the anti-inflammatory properties of anti-lymphocytic
serum, which had previously been discovered by Billingham, Robinson

and Gaugas (1970). Gel filtration of non-sterile anti-lymphocytic

serum yielded two fractions showing anti-inflammatory activity.
One fraction elutsd with an apparent molecular weight of 200,000
while the other eluted with the serum salts (& 5000) which upon
rechromatography behaved as a high molecular weight material. This
fraction was contaminated with gram negative bacteria. Sterile anti-
lymphocytic serum when chromatographed had only one active fraction
(high molecular weight), the lower molecular weight fraction had
no detectable anti-inflammatory effect. Bacterial preparations
from the non-sterile serum and commercial endotoxin were markedly
anti-inflammatory. This lower molecular weight fraction was
capable of elevating 11-hydroxycorticosteroid levels and abolishing
leukocyte infiltration into the foot injected with irritant, but
the serum haemolytic complement levels and the total number of
circulating leucocytes were unchanged.

7 Further evidence concerning the anti-inflammatory role of
endotoxin was provided by Smith, Ford-Hutchinson and Walker (1977).
These workers found that endotoxin inhibited carrageenan induced foot

oedema and reduced the total leucocytes found in an exudate caused

by polyester sponge implantation.
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This endotoxin preparation did not cause a local
irritant action when injected in the foot pad of rats. These workers
also investigated the connection between endotoxin and an anti-

inflammatory fraction derived from human plasma (Ford-Hutchinson,

Insley, Elliot, Sturgess and Smith, 1973). It was found that part

of the overall anti-inflammatory activity was due to the presence

of material resembling endotoxin. A low molecular weight fraction

was also present which possessed properties antagonistic to those

of endotoxin.

Endotoxins possess a large number of biological activities

some of which are inflammatory. The well known Shwartzman reaction

has been described as a model of inflammation (Rosenthale, 1974).
Endotoxin has been shown to activate the pathways of complement
(Kane, May and Frank, 1973) causing changes in vascular permeability
and in neutrophil chemotaxis (Mergenhagen, Snyderman, Gewurz and
Shin, 1969). There is an increased release of vasoactive substances,
including histamine and the kinins, which may be mediated, ﬁt least
in part, by activated components of the complement system (Hinshaw,
Brake and Emerson, 1965). In contrast it has been reported (Conti,
Cluff and Scheder, 1961) that non lethal doses of endotoxin inhibited
leucocyte infiltration into areas of rabbit skin infected with
staphylococci.

A recent study (Goodman, Way ;nd Irwin, 1979) has shown that
+the intravenous injection of endotoxin has marked effects. Doses of
50-100 g per Kg evoked a marked inflammatory response. Within ten
minutes there was a decrease in both leucocyte and platelet count.

It was suggested that destruction of leucocytes persisted for several

hours after the injecticn. Observation of the vasculature in the

helium leading to
pabbit's ear showed that cells stuck to the endothell g

od vessels within one hour.
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Thus endotoxin has conflicting properties and its role

is unclear.

1.8 The Role of Ologoamines in Inflammation

Oligoamines are synthesized in animal and bacterial cells.
The oligoamines, whose trivial names are putrescine, cadaverine,

spermine and spermidine, are structurally simple cationic compounds

which may be involved in a number of processes. Oligoamines are

intimately involved in cell proliferation mechanisms and may have

other effects.

T TP —————————————

At the present time the evidence for a direct involvement
of oligoamines is limited,

The anti-inflammatory effects of dexamethasone have been
shown to be mediated by polypeptides synthesized following binding
of the steroid to the glucocorticoid receptor and induction of gene
expression (Tsurufuji, Sugio and Takemasa, 1979). Bartholeyns,
Fozard and Prakash (1980) suggested that the diamine purtescine was
necessary for the biosynthesis of these anti-inflammatory mediators.
These workers found that dexamethasone inducel rises in hepatic
ornithine decarboxylase activity (the enzyme responsible for the
synthesis df putrescine) and putrescine concentration which was
maximal at four hours. The concentrations of spermidine and spermine
were unchanged.

Using an irreversible inhibitor of ornithine decarboxylase
(=-difluoromethylornithine ) the effects of dexamethasone could be
inhibited, but the &fects of indomethacin were unaltered. Thus
these investigators concluded that de‘novo‘synthesis of putrescine

was an essential factor in the induction of new protein synthesis

known to be involved in the anti

This studv was extended by Batholeyns , Ewnd. s §oaraal
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(1981) who found that pretreatment with aminoguanidine sulphate,
an inhibitor of putrescine catabolism sixteen hours before the
administration of «-difluoromethylornithine or actinomycin D,

completely prevented blockade of the anti-inflammatory effect of

dexamethasone by - «- difluoromethylornithine but left unaltered

the suppressive effects of actinomycin D. The de novo synthesis

was thought to act at the transcriptional level.

The oligoamine levels in the serum from patients suffering
from rheumatoid arthrifis have been determined by Partsch, Desser
and Tausch (1978). There was no significant differences between
normal serum and serum from rheumatoid arthritis patients.

1.8.2 The Biosynthesis of Oligoamines
The biosyﬁthetic pathway for oligoamines (collective

name for di-; tri-; and tetra-, amines) is outlined in the figure

below.
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Although the figure is self explanatory, there are several
features worthy of note. The pathway illustrated is only applicable
to eukaryotes. The main differences between the eukaryotes and
prokaryates pathway are the fadsthat prokaryotes have an additional
route to putregcine from arginine, prokaryote S-adenosylmethionine
decarbosylases (SAMD) require magnesium ions for activity, but are
not activated by putrescine and prokaryotes seem generally
incapable of spermine biosynthesis.

The n-propylamine group of spermidine and spermine arises
from methionine. This is an essential amino acid in higher animals
whereas it is synthesized from aspartic acid in plants and microbes.

The rate limiting steps in the biosynthetic pathway of
of oli goamines are generally considered to be ornithine decarboxylase
(ODC) and SAMD.

Ornithine decarboxylase has a molecular weight of 55,000
daltons (Obenrader and Prouty, 1977) and plays a central role in
differentiation and growth regulation. The enzyme is inhibited
by various ornithine analogues and requires the presence of thiol
groups (Ono, Inoue, Suzuki and Takeda, 1972) and pyridoxal phosphate
as a co-factor.

ODC has the shortest half life of any known enzyme in
eukaryotes varying from 15 to 45 minutes (Russell and Snyder, 1969).
The half life of the enzyme varies during the cell cycle being
maximal when the growth rate increases (Hogan and Murden, 1974).

The activity of this enzyme is elevated in rapidly growing
organs and in tumour cells (Russell and Snyder, 1969); Williams-
Ashman, Coppoc and Weber, 1972) and the activity also rises as a
result of the administration of various drugs and hormones (Bachrad ,
1975; Richman, Underwood, Van Wyk and Voina, 1971).

In addition to hormones, cyclic nucleotides or dibutyryl
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cyclic AMP stimulated ODC activity in different organs and cells

in tissue cultures (Bachrach, 1980). It has been suggested that
cyclic nucleotides mediate ODC induction (Russell, Byus and Manen,
1976). It was proposed that ODC, and the products of its action,

the oligoamines, might be the link between hormones, cyclic AMP

and RNA and protein biosynthesis. This is summarised as shown in the

following diagram: -

Trophic hormones Activation of adenylate
Drugs that induce enzymes 2 cyclase (pB-receptors)
Mitogens 4
Activation of cyclic Increased intracellular
AMP dependant protein4— concentration of cyclic
kinase(s) AMP

Phosphorylation of New messenger RNA

acidic nuclear protein(s) > Synthesis

l Induction of ODC
Rise in putrescine Activation of RNA
synthesis polymerase 1
Rise in spermidine rise in ribosomal RNA
synthesis rise in protein

This mechanism was suggested on the basis of the results from
several workers and although there is some conflicting evidence,
for example, treatment of rats with ACTH caused an increase in' adrenal
cyclic AMP without changing ODC activity (Levine, Leaming and
Raskin, 1978) the argument remains a powerful one.
One of the most outstanding advances in the study of ODC

regulation has been the recent demonstration of ODC antizyme
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(Canellakis, Heller, Kyriakidis and Chen, 1978).

This ODC antizyme, which had a molecular weight of
26,500 daltons and could be induced by exposing cells to oligoamines,
reacted specifically with ODC, neutralized its activity and had a
relatively sh;rt half life. It has recently been postulated that
ODC antizyme is normally attached to subcellular components (nucleus
and ribosomes) and that oligoamines at millimolar concentrations
cause its release (Heller, Kyriakidis; Fong and Canellakis, 1977).
Oligoamines may thereby regulate ODC activity and control additional
biosynthesis.

Purified SAMD from lactating mouse mammary gland was Hund
to have a molecular weight of between 50,000 and 52,000 (Oka,
Kono and Perry, 1978). This enzyme was stimulated markedly by
putrescine which also protected the enzyme against inactivation.
In contrast spermine inhibited the activity of the enzyme while
spermidine had no effect. The hormones insulin and hydrocortisone

were found to increase SAMD activity.

Although no connection between 0DC, oligoamines and
inflammation is tenuous several properties attributed to ODC and
oligoamines may be relevant.

It has previously been described that liver disease has
an ameliorating effect on inflammation (Hench, 1933). ODC and
oligoamines have a considerable role in liver damage, Jinne and
Raina (1968) observed that after partial hepatectomy there was a
marked stimulation of ODC activity which resulted in a rapid accumulation

of endogenous
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putrescine. This increase in putrescine fayours an increase in
spermidine since putrescine acts as a substrate in the spermidine
synthase reaction and stimulates SAMD, but competitively inhibits
spermine synthesis (Hannonen, Raina and J&nne, 1972; Janne, P3sd
and Raina, 1978).

The administration of the hepatotoxin carbon tetrachloride
which has been found to inhibit inflammation (Mielens, Drobeck,
Rozitisland Sansone, 1969) also causes a marked activation of oligo-
amine synthesis (H6lttd, Sinervirta and Jdnne, 1973). These workers
also made the observation that during early liver regeneration and
after carbon tetrachloride treatment there was a conversion of
spermidine to putrescine. This conversion was suggested to occur
due to the action of the enzyme peroxisomal polyamine oxidase in the
liver.

The stimulation of ODC was also found to be due to
various other treatments. It was found that infusions of hypertonic
glucose or mannitol stimulated ODC and DNA labelling while 3.6% w/v
saline had no effect. In addition the intraperitoneal injection of
celite, a chemically inert mechanical irritant, caused a fifty
fold increase in ODC after four hours. (Schrock, Oakman and
Bucher, 1970).

Oligoamine synthesis during the formation of granulation
tissue induced experimentally by implanting viscose cellulose sponges
subcutaneously in the rat has been studied by Raina, Jdnne, Hannonen,
H81tt3 and Ahonen (1973). It was found that the activities of the
oligoamine synthesizing enzymes rose steadily during the period of
rapid cell proliferation an increase in RNA was also noted. A
rapid increase in ODC activity and accumulation of RNA and oligo-
amines, notably spermidine has also been demonstrated in healing

wounds of rat skin (Mizutani, Inoue and Takeda, 1974).
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Pregnancy, which is known to cause remissions in
rheumatic diseases, (Fagerhol and Laurell, 1970) is also known to
alter oligoamine levels. In both the human and rat the levels of
oligoamines are elevated during pregnancy. It is notable that in
the rat the elevation of putrescine is greatest and spermine shows
very little change (Andersson,Henningsson and Rosengren, 1978 ;
Russell, Giles, Christian, and Cambell, 1878).

Prostaglandins which are thought to be involved in the
inflammatory process (Ferreira and Vane, 1974) also effect ODC
levels. Verma and Boutwell (1980) while studying the mechanism of
skin tumour promotion by TPA (12-O-tetrdecanoyl phorbol-13-acetate)
found that prostaglandins may play an important role in the induction
of ODC activity. This induction of ODC activity could be depressed
by prior treatment with prostaglandin synthetase inhibitors and
this inhibition could be counteracted by treatment with PGE1 or PGE

2

but not with PGFlG or PGF2¢.

1.9 Animal Models Used in the Investigation of the Inflammatory

iProcess

Animal models can be useful in the study of inflammation
and the screening of potential anti-inflammatory agents. It is
necessary, however, to have some understanding of the underlying
mechanisms of the models if any conclusions are to be drawn about
the test subsﬁances.

Satisfactory animal models for most of the rheumateid
diseases are not available, but as Swingle (1974) points out in
his excellent review on the subject, animal models are available
for different facets of the inflammatory process. Swingle grouped
these models into four categories according to the criterion for
activity:

1. an interference with the manifestation of one of
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the cardinal signs of the inflammation (swelling,

redness, heat, pain and loss of function).

2. the modification of one of the events occurring

during the inflammatory process (formation of

granulation tissue, chemotactic assays in vitro)

3. a biological or chemical characteristic of a class

of known anti-inflammatory drugs (inhibition of platelet

aggregation in vitro)

4. the modification of those syndromes in laboratory

animals which are believed to represent models for

various rheumatoid disease states (adjuvant arthritic

rat, immune synovitis in the rabbit).

Successful screening programmes can now be designed for
potential anti-inflammatory agents. Some models have become more
acceptable than others because of their simplicity, economic
feasibility and ability to detect known anti-inflammatory drugs.

One of the most popular animal models is the carrageenan
induced rats paw oedema originally described by Winter, Risley and
Nuss (1962). Swingle (1974) in a study of United States Patents,
estimated that 66% of the anti-inflammatory tests carried out used
this model. Carrageenan is a mixture of polysaccharides composed of
sulphatedgalactoseunits and is derived from Irish sea moss (Smith,
0'Neill and Perlin, 1955). The test is usually conducted by injecting
the carrageenan into the rats hind foot pad and measuring the size
of the resultant oedema and comparing this to similar groups of rats
that have received drugs as well as the carrageenan. The development
of the oedema is considered to be a biphasic event (Vinegar, Shereiber
and Hugo, 1969) with the initial phase attributed to the release of
histamine and 5-hydroxytryptamine (5-HT); the plateau phase to

kininlike substances; and the second accelerating phase to the release
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prostaglanding like substances (Di Rosa and Willoughby, 1971;

Di Rosa, Giroud and Willoughby 1971). This model falls into the
first category in that one of the cardinal signs of inflammation
is being studied.,

Another widely used model is the polyarthritis induced
in the rat by the injection of Freund's complete adjuvant into the
animals tail or hind foot pad (Pearson, 1956). The course of the
disease, which is most easily followed by the daily measurement of
the rats hind foot volumes, has been described by Pearson and Wood
(1959). If the hind foot pad is chosen as the site for injection
of the adjuvant the foot swells immediately with a partial subsidence
of this swelling about four days after injection. A secondary phase
swelling occurs nine to twelve days after injection and this is the
expression of the systemic nature of the disease. Recently some
work has shown (Liyanage, Currey and Vernon-Robers, 1975) that the
severity of the arthritis is dependant on the size of the mycobacterial
particles. Further investigation (Vernon-Roberts, Liyanage and Currey,
1976) has shown that there is a rapid and wide-spread dissemination
of the mycobacterial particles. OFf particular interest is the
identification of intact and fragmented tubercle bacilli in the
synovial lining cells of joints distant from the injection site.
The synovial tissue of the affected joints proliferates and pannus
tissue invades the joint space causing severe bone erosion, inflammatory
cells, such as mononuclear cells are also present in the synovium
(Pearson and Wood, 1963; Pearson, 1963). This syndrome induced in
prats has been described as "...the best available model of rheumatoid
arthritis" (Walz, DiMartino and Misher, 1971) and "... the nearest
experimental approximation to rheumatoid arthritis" (Glenn and Kooyers,
1966) and indeed there are many similarities between it and the

human condition. However, in this rat disease rheumatoid factor is
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not present (Glenn, Gray and Kooyers, 1965) and also there are
few polymorphonuclear leucocytes present at the affected joints

(Pearson, 1963).

Granulation tissue is produced during the repair phase of

the inflammatory process. The repair begins as a proliferation of

fibroblasts and multiplication of small blood vessels by mitoses of
connective tissue and endothelial cells. The cellular proliferation
penetrates the exudate, producing the highly vascularized granulation
tissue. The model used to study this sequence of events is the
cotton wool pellet granuloma test. In this model cotton wool pellets
of a known weight are implanted into rats and left for seven days
after which the animals are sacrificed and the pellets recovered and
dried. The amount of granulation tissue can then be measured by
reweighing the pellet. Swingle and Shideman (1967) have described
three phases of the inflammatory response to subcutaneous
implantation of cotton pellets in rats. The first phase
(transudative) occurs during the first three hours and represents a
"soaking" of the cotton with fluid of low protein content (a non-
inflammatory transudate). The second phase of the response occurred
between three and seventy-two hours after implantation and was designated
the exudative phase, which was measured by assessing the amount

of Evans Blue passing from the circulation to the implant region.

The third component of the response occurred on the fourth
day after implantation when collagen was first detected in the
gfanuloma also the greatest increase in the number of fibroblasts tock
place between the third and fifth days (Brunkhorst, 1958).

Thus, by using the animal models described here, and ochers,
it is possibly by using a variety of models to successfully screen
out a new anti-inflammatory compound. Since, however, there is no

true animal model for the rheumatoid disease of man they are of less
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help in an aetiological study of the disease.

1.10 Aims of Research

Two approaches were made in this research. In the first
instance it was decided to investigate the role of plasma anti-
proteinases in the rheumatic diseases since an anti-proteolytic
action on proteinases responsible for joint damage would clearly be
anti-arthritic. Many drugs used in the treatment of rheumatic
disease are obviously not anti-arthritic, thus a study of the anti-
proteinases may prove beneficial. With this aim in mind the levels
of various antiproteinases and proteins in human rheumatic synovial
fluid samples will be studied. It has been shown that the proteinase
inhibitor Trasylol is effective in acute animal models (Forster,
1969) and may be useful in the treatment of rheumatoid arthritis. It
is proposed to study the anti-inflammatory activity of Trasylol in
some chronic animal models and, using in vitro tests, to investigate
its possible mode of action.

There is evidence of the existence of endogenous anti-
inflammatory factors that are not anti-proteinases. It was
decided to probe the identity of these substances further and since
evidence exists that these factors may be proteins it was decided
to concentrate on this class of substance.

For this work the following samples and techniques were

chosen: -

Both in vivo znd in vitro methods will be used to evaluate

the anti-inflammatory activity of pooled human rheumatoid synovial
f1uid both before and after fractionation by gel filtration.

The role of liver damzgeininflammation will be explored
using liver extracts from animals treated with the hepatotoxin
dimethylnitrosamine. This extract and fractions derived from it will

be evaluated for their anti-inflammatory activity and possible modes
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of action will be considered.

The anti-inflammatory effects of the inflammatory
exudate produced by the subcutaneous implantation of polyester
sponges are well known, but its mode of action is largely unknown.
Tt ds proposgd to study several possible modes of action which
may be of importance.

The role of oligmmines in inflammation will also be
investigated. The relevance of oligmmines to both sponge exudate
and liver extracts from dimethylnitrosamine traed rats will be
studied. In addition the direct anti-inflammatory effects of

oligoamines will be explored using in vivo and in vitro tests. Drugs

which are known to promote ODC activity and increase digamine

levels will also be evaluated.

Finally the role of endotoxin in inflammation and its

relevance to the present work will be investigated.
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2. ‘MATERIALS 'AND 'METHODS

2.1.1 The Induction and Measurement of Adjuvant Arthritis and

Carrageenan Oedema in the Rat

Carrageenan oedema was induced in 150-200g male Wistar
rats (Bantin and Kingman, Hull) by the method of Winter, Risley
and Nuss (1962). A 2% (w/v) solution of the calcium salt of
carrageenan (Sigma Chemical Company Limited, U.S.A.) was prepared
in 0.9% (w/v) sterile saline. A mixture of 3% halothane in oxygen
(flow rate 300 cc/min) and nitrous oxide (flow rate 1,500 cc/min)
produced by a Boyles veterinary anaesthetic trolley (British Oxygen
Company Limited) was used to anaesthetise the rats. The oedema was
induced by injection of 0.05 cm3 of the carrageenan solution into
the plantar aponeﬁrosis of the left hind foot c¢f the rat. Control
animals were injected with 0.9% (w/v) sterile saline.

Adjuvant arthritis was induced in 150-200g male Wistar
rats using the method employed by Newbould (1963). The adjuvant
consisted of human strains of heat killed C, DT and N tubercle
bacilli (Ministry of Agriculture Veterinary Laboratories, Weybridge,
Surrey). The bacilli were finely ground using a glass pestle and
mortar and suspended in liquid paraffin at a concentration of 5 mg.cm-a.
The rats were anaesthetised, as previously described, and 0.03 cm.3
of the adjuvant suspension was injected into the left hind foot.
Control animals were injected with 0.9% (w/v) sterile saline.

The inflammatory response produced by the injection of either
the adjuvant or carrageenan was estimated by measuring the increase
in volume of the hind feet of the rats. The volume of each paw was
measured plethysmographically using a modification of the method

described by Harris and Spencer (1962). The hind feet were immersed

separately, up to the hair line, in a mercury bath; hich.ysy ianed
3
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to a blood pressure transducer and an oscillograph recorder

(Searle Bioscience, Kent). The measurements of the hind feet of

the rats were taken just prior to the inﬂection of adjuvant or
carrageenan and again at various intervals during the experiments.
This test for anti-inflammatory activity was carried out
using a modification of the method of Meir, Schuler and Desaulles
(1950). Cotton wool dental pellets (Johnson and Johnson, England)
were weighed individually on a torsion balance and only those
within 0.25 mg. of the mean were used for any one experiment. The
pellets were then éterilized by autoclaving for 20 minutes at a
pressure of 151bs./sq.in. The rats were anaesthetised as previously
described, and the sterile pellets implanted subcutaneously, one in
each axilla and groin, giving a total of four pellets per animal. On
the seventh day after implantation the animals were killed by a blow
to the head and the pellets dissected out using a pair of forceps.
The pellets were dried at 60°C for 24 hours and reweighed on the
torsion balance. The increase in weight of the pellets was used as
an index of the amount of granulation tissue deposited. Hence, the
anti-inflammatory effect was calculated és the reduction of the
increase in weight‘of the cotton wool pellets in the treated groups

as compared with the untreated control group of animals,
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The effect of various substances upon the development of
a local anaphylactic reaction in the mouse pinna was investigated using
the method first described by Church, James and Miller (1974).

Male BKW mice (15-20g) were sensitised to horse serum by
subcutaneous injection of 0.1 cm.3 of a 1/20 dilution and 14 days
later 0.1 cm.3 of a 1/50 dilution. Six to eight days after the second

dose of horse serum the mice were taken to a warm room and 1 hour
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later were injected intravenously with 0.25 cm.3 of a 0.5% (w/v)

Evans blue solution. The test substance was given intraperitoneally

immediately after the dye solution. Forty minutes later the mice

were challenged by piercing each ear with a hypodermic needle (23
gauge) which had previously been dipped into horse serum to a known
depth. The area of blueing around the site of challenge was
measured at 30 minutes and 60 minutes after piercing by observation
through a dissecting microscope, the eyepiece of which had been
fitted with a measuring graticule. The mice were anaesthetized
using sodium pentabarbitone (60 mg.Kg.—l) for the duration of the

experiment.

2.1.4 Production of Inflammatogz Exudate Using Polyester Sponge

o e e e o e 2 e . S o, e D o o e o . ey

The method employed was simi;ar to the one used by
Robinson and Robson (1964 and 1966). Recently, Maguire and Wallis
(1977) working on anti-lymphocytic serum (ALS) suggested that
bacterial contamination during the collection and subsequent
fractionation of ALS was responsible for the anti-inflammatory
activity of the lower molecular weight fractions.

This findirg conflicts with the earlier work of Billingham,
Robinson and Gaugas (1970) who attributed the anti-inflammatory
activity of the low molecular weight fraction to the presence of an
anti-inflammatory protein. It must be noted that these workers
took no apparent sterile precautions and, except for sterilization of
the sponges, neither did Robinson and Robson (1964, 1966). To try
and pesolve these difficulties every effort was made to ensure the
integrity of the exudate produced.

Strips of polyester sponge (F.W. Woolworth and Company)
25 x 50 x 5 mm. were inserted subcutaneously in the backs of intact,
alectomised or sham adrenalectomised rats, one piece per rat.

adren

These acted as the stimulus for exudate formation, and before
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implantation, were sterilized in an oven for two hours at 150°C.

Adrenalectomy was performed on 150-200g, male Wistar rats which were

anaesthetised as previously described. The operation area was closely

shaved and swabbed with Betadine Alcoholic solution (Napp Laboratories
Limited, Watford), an established germicidal and bacteriacidal agent.
Adrenalectomy was carried out through a median dorsal skin incision.

A cut was made in the body wall, over the anterior pole of each
kidney, and the adrenal glands carefully removed by means of angled
forceps. The body wall incisions were sutured with sterile silk
thread (AR306, Armour Pharmaceuticals Limited, England), the sponges
inserted, and the wound closed with sterile 12 mm. metal suture clips.
The wound was sprayed with Nobecutane (Astra Chemicals Limited,
Watford), a plastic wound dressing, to prevent infection. The
surgical instruments used throughout the operation had previously
been sterilized by autoclaving for 20 minutes at a pressure of 151bs./
sq.in. and the operation carried out under a microbiclogical screen.
The animals were allowed to recover and maintained on normal laboratory
diet, (Pilsbury's, England) and given 0.9% (w/v) saline ad Libitum .
Four days after implantation of the sponges the animals were

killed by a blow to the head, the sponges removed and the exudate
collected in sterile centrifuge tubes by manual squeezing. This
procedure was carried out under sterile conditions, as previously
described. The exudate was centrifuged at 2000 r.p.m. for 30 minutes
in an MSE bench centrifuge to remove cells, fibrin clots and other
debris. The fluid was dialysed against distilled water at 4°C with
at least three changes of the external fluid. The exudate was then
freeze dried and stored in a sealed, sterile bottle at -30°¢C until
All glassware in contact with the exudate and dialysis

required.

tubing were previously sterilized. Also all transfer operations were

carried out under a microbiological screen.
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Liver extracts were prepared from livers of rats that

had received intra-peritoneal injections of 0.5 cm,° L

samine in 0.9% saline (25mg/kg body weiéht) three days earlier
The livers from these animals were homogenized for 30 seconds in

ice cold 0.9% saline (40 cm.® 0.9% saline for every 20g. of

freshly excised liver). The cell debris were removed by centrifugation

at 100,000g for 30 minutes in an MSE superspeed ultra centrifuge.
The clear supernatents were then pooled, dialysed overnight at

, 0 : .

4°C against 0.9% saline, freeze dried and stored at -30°C until

required.

2.2.1 The Fractionation of Pooled Human Rheumatic Synovial Fluid

The process of gel filtration was used to separate
the anti-inflammatory substances present in human rheumatic
synovial fluid.
The pooled human rheumatic synovial fluid was paftially
fractionated by eluting 5 cm.3 of the pooled synovial fluid through
a Pharmacia (Uppsala) column (SR25/100) 2.5 cm. in diameter and 100
cm. long packed with Sephadex G-150 (Pharmacia), using a 0.1M phosphate
buffer pH7.4 as eluant. The technique of upward elution was
utilized with flow rate of 20 cm.sh_l.
The column eluate was monitored at 280 mm. using a

Uvicord II flow through cell (L.K.B. Instruments, England) conuected

. 3 :
to a strip chart recorder and collected in 10 cm.” fractions by an
Ultrorac 7000 automatic fraction collector (L.K.B.). The fractions

with reference to the elution pattern, dialysed

were then pooled

o g
against distilled water for 24 hours at 4 C, freeze dried and stored

at -30°C until required for use.
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to fractionate human rheumatoid synovial fluid except for minor

changes. 1In this case the eluant was 0.5M sodium chloride containing

a 0.0034 sodium azide (to prevent bacterial growth) and 500 mg. of
material was applied to the column dissolved in § cm3 of eluant

This method is the same as previously described by Billingham,

Robson and Robinson (1969).
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A freeze dried extract of livers from dimethylnitrosamine
treated rats (see Section 2.1.5) was fractionated by gel
filtration.

The sample (300 mg. in 2 cm.3 elution buffer) was applied
to the top of a column (K26/40 Pharmacia), 2.6 cm. in diameter,

40 cm. long packed with Sephadex G-159. The elution buffer was
0.1M phosphate buffered, 0.9% saline (pH7.4). The eluate was
monitored at 280 mm. and collected in 10 cm.3 fractions. The
proteolytic activity of each fraction was determined by incubating
1 cm.3 of each fraction with azure blue hide powder (see section
2.5.4).

The 10 cm.3 fractions were pooled on the basis of protease
activity and possible irritancy since proteases are irritants when
injected into animals. The new fractions were then dialysed for
24 hours, at uoc, against water, freeze dried and stored at -30°¢C

until required.

5.3 The Induction and Partial Purification of Rabbit Antilodies to

‘Rat Proteins

An attempt was made to raise rabbit antisera against the

enalectomised donor rats and the proteins
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contained within the exudate that interact with lysosomal

membranes. : 5
embranes. These proteins ape of interest since stabilisation of

membranes may explain thein anti-inflammatory activity. The

antisera was produced using the method described by Lewis, Capstick

and Cosh (1975).

Lysosomes were isolated from rabbit liver by the method
of Lewis, Symons and Ancill (1969). Fifteen grams of fresh rabbit
liver was chopped into fine Pieces and homogenized with chilled
0.25M sucrose in 0.05M tris-acetate buffer, pH7.4 so as to give a
10% (w/v) homogenate. This was centrifuged at 700g for 10 minutes
in an M.S.E. bench centrifuge. The supernatent was retained and
centrifuged at 15,000g for 20 minutes in an M.S.E. Superspeed 50
ultracentrifuge. The resultant pellet was resuspended in fresh
buffered sucrose, and centrifuged again, as above. The pellets were
then resuspended in 30 cﬁa of buffered sucrose solution.

Three flasks were then incubated for 90 minutes at 37°C
each one containing 5 cm3 of the lysosome suspension, 2 cﬁa of a
100 mg.cm-a solution of the exudate from adrenalectomised donors
and 1 crn3 of-0.25M sucrose in 0.05M Tris-acetate buffer, pH7.4.

After incubation the mixtures were centrifuged at 20,000g for 30
minutes in an M.S.E. Superspeed 50 ultracentrifuge. The pellets were
then washed with large excess of saline (0.9% w/v) frozen and thawed
three times and centrifuged again at 40,000g for 30 minutes. The
pellets were stored at -30°C until needed for injection.

One third of the material isolated above was resuspended
in 1.5 cm® of sterile saline (0.9% w/v) and added to 1.5 em’ of an
adjuvant (0.5 mg. of finely ground human heat-killed tubercle bacilli

per cm3 of liquid paraffin). A 'stable water in oil emulstion was

formed by repeatedly drawing the mixture through a narrow gauge

e rabbits, 1-2 Kg (Hylyne Rabbits,

syringe needle. New Zealand Whit
) 42



Cheshire) were injected intramuSCularly at three different sites

: 3 '
with 0.5 cm” of the emulsion, The treatment was repeated after two

weeks and after four weeks to ensure a higﬁ circulating level of

antibody.

A similar procedure was adopted for the production of an

antisera to the exudate. In this case, however, 10 mg. of the

protein was resuspended in 1.5 cm3 of sterile saline (0.9% w/v)
and treated as described for the pellets,

After four weeks 20-30 cm3 of blood was taken from the
rabbits by cardiac puncture; this was allowed to clot at 4°C and
centrifuged for 10 minutes at 2000 r.p.m. in an M.S.E. bench
centrifuge. Following this the immunoglobulin fraction of the rabbit
serum was partially purified by ion-exchange chromatography on DEAE
cellulose (Sigma Chemical Company, U.S.A.). A chromatography column
(30cm. x 3 cm. diameter) was packed with 15g of DEAE cellulose taken
up in and equilibriated at pH7.5 with 0.01M phosphate buffer, pH7.5.
A 10 cm3 sample of serum was dialysed overnight at 4°¢ against 0.01M
phosphate buffer, pH7.5 and applied to the column, the same buffer
being used to elute the column. The eluate from the column was
monitored at 280mm using an LKB Uvicord II and collected in 5 cm3
fractions by an LKB Ultrorac 7000 fraction collector. The fractions
of the first protein peak contained mainly immunoglobulins and these
were pooled, and dialysed against aquacide (flake polyethylene glycol,
Calbiochem, U.S.A.) to reduce the volume to about 3 cm3. The fraction
was then dialysed for 24 hours against a solution of 0.1M sodium
chloride and 15mM sodium azide (to inhibit bacterial growth) and
stored at 4°C untii required for use.

The column was restored by eluting it with 200 cm3 of
mposed of 1.5M sodium chloride and 0.3M phosphate buffer

a solution co

pH7.0, to release the remaining bound protein. The column was §hen
sixlly

43



re-equilibriated with 0.01M phosphate buffer, pH7.5, for further

use.

1% (w/v) agarose (Sigma Chemical Company, U.S,A.) in

6mM sodium barbitone-sodium ace tate buffer, pH8.6, was liquified

. (o]
in a water bath at 1007C. When fully liquified, and free from

lumps, the agarose solution was allowed to cool to 55°C and poured
onto an immunoelectrophoresisb tray (Shandon, Cheshire) fitted with
microscope slides. A perspex scraper (Shandon) was then passed over
the tray to remove the surplus liquid agarose. The agarose gel

was allowed to set leaving a 1 mm. thick layer of gel covering the
slides. A siot 30 mm. x 1 mm. was cut out of the agarose gel

down the centre of =ach slide. Two holes, 1 mm. diameter, were cut
opposite each other either side of the slot 3 mm. from its edge and
about 10 mm. from one end. 1 ul of serum or protein solution was
applied to each hole with a microsyringe (Hamilton Micromeasure,
Switzerland.). The slide tray was then placed in a Shandon
electrophoresis tank which contained 6 mM sodium barbitone-sodium
acetate electrode buffer, pH8.6. A voltage of 100 volts was applied
across the agarose gel such that the protein migrated parallel with
the edge of the slot towards the anode. The migration of the protein
was visualised by a drop of bromophencl blue, the electrophoresis was
stopped when the bromophenol blue reached the end of the slot, the
dye having travelled 20 mm. The slot was filled with the appropriate
antiserum, which was allowed to diffuse into the gel for 12 hours.

In this manner the antibody and antigen are brought together within
o form an antigen-antibody complex which becomes

the agarose gel t

visible as a white precipitin arc. This precipitin arc may then be

examined by dark ground j1lumination (Photopol lamp, Shandon) or

ining with amidoblack. The staining was
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accomplished by first immersing the agarose gel in 0.9% (w./v)

saline for 12 hours to remove any nmon-precipitated proteins. The

arcs were stained by immersing the gels in a solution of 1% (w/v)

amido-black in 7% (v/v) acetic acid for one hour. The backeround

staining in the agarose gel was then removed by washing the gel in

7% (v/v) acetic acid until the stained arcs were visible against

a clear background.

Rabbit immunoglobulins.against whole rat serum, whole
human serum, human alpha-2-macroglobulin and human alpha-l-anti-
trypsin were obtained from Dako-immunoglobulins, Denmark.

o e e e e o . e e o e

Z.4.2 Quantitative Estimation of Specific Proteins N

T e o e o . e e o e o o

Electroimnuno Assay

The method of "rocket" immunoelectrophoresis developed
by Laurell (1966) was used. In this technique the antigen under
investigation was induced, by an electric field, to migrate into
an agarose gel layer, containing a monospecific antibody.

The migration of this antigen, corresponding to the
antibody, towards the anode ceased when its concentration reached the
equivalence point (i.e. when all the antigen has formed complexes

with antibody in the gel). The height of the resultant "rocket" is

proportional to the amount of antigen present.

1% (w/v) agarose gel ir 0.07M barbital buffer, pH8.86,
S o
containing 2mM calcium lactate was liquified in a water bath at 100 C.

: o ey
The agarose solution was allowed to cool to 40 C and the requisite

i i o’ ion used was
amount of antiserum added. The antiserum oncentratio

the minimum one that had previously been found to form a distinct

precipitin line with the antigen. The antisera to human Vg

antitrypsin and human alpha-2-macroglobulin (Dako immunoglobulins,

Denmark ) was mixed with agarose in the ratios of 1:50 and 1:75

A 15 em® portion of agarose containing the antiserum
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was then poured into a mould consisting of two identical rectangular
glass plates 20 cm. x 10 cm. spaced 1 mm, apart by a U-shaped

former manufactured from 1 cm. wide Polythene strips. The mould was

clamped and held upright until the gel had set. The clamps were

removed and one glass plate slid away to leave a slab of gel 18 cm. x

8 cm. x 1 mm. Holes 4 mm. in diameter were cut in the gel along

the longest edge 2 cm. from the edge with the centres of the holes a
minimum of 8 mm. apart. The gel was placed in a Shandon electro-
phoresis tank with the line of holes perpendicular to the electric
field and furthest from the anode. Eight miczrolitres of the solution
to be tested were pipetted into separate holes. For this procedure
human synovial fluid and serum was diluted 1:15 and 1:10 to éssay
alpha—l-antitrypsih-and alpha-2-macroglobulin respectively, the
dilutions being made with electrode buffer which consisted of 0.07M
barbital buffer, pH8.6. A power pack was then used to apply a voltage
of 70-80 volts across the gel. The electrophoresis was allowed to
proceed for 18 hours by which time the height of the "rockets"
remained constant. The voltage was then switched off and the height
of the "rockets".measured from the centre of the holes to the peak
tips using a dark field illuminator to easily visualise the '"rockets".
Standard antigen solutions were examined during each eléctrophoretic

pun so that the results for different samples on different runs could

be diréctly compared.
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The antiserum produced in section 2.3 was first tested for

purity by immunoelectrophoresis (see section 2.4.1), inflammatory

exudate from sponge implanted, adrenalecomised rats being used as the

antigen.
tiserum was also tested by immunoelectrophoresis using
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normal rat plasma as antigen in order to establish if proteins in the
inflammatory exudate which stabilised lysosomal membranes were
normally present in plasma.

Also, 0.5 cm3 of anti-whole exudate and 0.5 cm3 of anti-
lysosomal membrane antisera were each mixed with 1 cm° of normal
rat plasma, allowed to stand at 4°C overnight, centrifuged to
remove precipitated proteins and concentrated to about 0.5 cm3 using
Aquacide (Calbiochem). These modified antisera were then tested
by immuno-electrophoresis using normal rat plasma and sponge induced
inflammatory exudate as antigens.

2.5 Methods used in the assay of Plasma and Tissue Samples

The TIC activity of various samples was measured by the
nethod described by Dietz, Rubinstein and Hodges (1974), using the
inhibitory action of the sample on the breakdown of alpha-N-benzoyl-
D|-arginine-p-nitroanilide (BAPNA) (Sigma Chemical Company, U.S.A.)
to p-nitroaniline by trypsin (from bovine pancreas, twice crystallised)

(Sigma Chemical Company, U.S.A.).
=3 .
A2 cm3 portion of trypsin solution (20 yg cm ~ in O.1M
Tris-HC1 buffer, pH8.2, and 0.02M calcium chloride) was added to 10 ul

. 2
of the sample. An aliquot of trypsin solution (2 cm’) was also added

to 10 ul of a 40 rng.cm._3 bovine serum albumin solution (Fraction

V) (Sigma Chemical Company, U.S.A.) as a control. The solutions were

then allowed to stand at room temperature for 10-15 minutes to

: 3 o
activate the trypsin inhibitory proteins. 0.5 cm of this mixture

-3 .,
were then added to 2.5 cm3 of the BABNA substraie (0.45 mg.cm 1in

0.1M Tris-HC1 buffer, pH8.2 and 0.02Mcalcium chloride) and incubated

of i topped
for 10 min. in a shaking water bath at 37 C. The reaction was stopp

by the addition of 0.5 cm3 of 30% (v/v) acetic acid. The samples

inst a blank at 400 mm. on a Pye-Unicam Sp500
47
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spectrophotometer, The blanks were prepared by adding the sample-

trypsin solution to the BAPNA substrate after the incubation and

addition of the 30% (v/v) acetic acid. A standard curve of the

absorbance at 400 mm. of p-nitroaniline was also prepared.

The method used to determine the T.P.E. activity of various

samples was developed by Ganrot, P.0. (1966), which enables the
concentration of certain large molecular weight proteinase inhibitors
to be determined. These inhibitors can bind and inhibit trypsin

so that it cannot breakdown large molecular weight substrates, such
as proteins, but it can still degrade small molecular weight
substrates, such as BAPNA. The activity of the bound trypsin is
unaffected by soybean trypsin inhibitor. A 0.5 cm3 portion of
trypsin solution (100 yg trypsin per cm3 of 0.1M Tris-HCl buffer,
pH8.2, and 0.02M calcium chloride) was added to 25ul1 of sample
£lad., 0.5 cm3 of Tris-HC1l buffer alone was added to 25 yl of a

4G mg.cm_3 bovine serum albumin solution as a blank. After 10
seconds 1.5 cm3 BAPNA solution containing soybean trypsin

inhibitor (Type II-S,Sigma Chemical Company, U.S.A.)(0.9 mg. BAPNA
and 66.8 pg. soybean trypsin inhibitor per cm3 0.1M Tris-HCl buffer,
pH8.2, and 0.02M calcium chloride) was also added. The mixture was
incubated for 10 minutes at 37°c in a shaking water bath. The
peaction was stopped by the addition of 0.5 cm’ of 30% (v/v) acetic
were read against the blank at 400 nm in a Pye-

acid. The samples

Unicam gp 500 spectrophotometer.

e e o s S o G o
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Protein concentrations were estimated by the biuret

procedure of Gornall, Bardawill and Dayid (1949). The biuret reagent

consisted of a solution of 6mM copper sulphate, 2.1mM sodium potassium

‘ 3
de and 6mM potassium jodide. 5 cm of
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this reagent was added to 0.1 cp° sample, 0.1 cm’ standard protein

p : 25
solution (80 mg. protein cm °) (Sigma Chemical Company, U.S.A.) and

3 S
0.1 em" of distilled water to act as blank., After standing for

30 minutes at room temperature the absorbance of the solutions were

read against the blank at 540 nm. on a Pye-Unicam gSp 500 spectro-

photometer and compared with the standard protein solution.

Proteinase Activity was determined by a method similar
to that used by Rinderknecht, Geokas, Silverman, Lillard and
Haverback (1968). A 0.5 cm° portion of sample and 2 cn® of 0.1M
Tris-HC1 buffer, pH7.4, were incubated with 20 mg. of Azure
blue impregnated hide powder (Calbiochem, U.S.A.) for twenty four
hours at 37°C in a shaking water bath. The solution was then
cooled in ice and centrifuged for ten minutes, at 3500 g. to
remove any residual hide powder. The supernatent, containing the
released blue dye, wés recovered and the absorbance at 595 nm
determined using a Pye-Unicam SP 500 spectrophotometer. A
suitable blank for each sample was prepared by incubatiung the sample
alone and adding it to the hide powder and buffer suspension
immediately prior to centrifugation. A standard curve of the

absorbance at 595 mm. of completely dissolved Azure blue impregnated

hide powder was also prepared.

- _—— e e o e S S S
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The levels of putrescine and cadaverine were determined

using a modification of the method first described by Seiler and

Askar (1971).

This method involves the reaction of the diamine

with 1—dimethylaminonapthalene—s—sulphonyl chloride (DANS-C1,

Sigma Chemical Co.) followed by two-dimensional thin-layer

ation of the dansylated derivatives, and
49
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fluorimetry of the DANS-putrescine and DANS-cadaverine extracted

from the carrier,

Freeze dried samples (200 mg.) were shaken with 2 cm.°

of 0.2N perchloric acid for 15 minutes. The sample was then

centrifuged for 10 minutes at 3000 g and 1 cmS = L ssnatent

used for assay. Exceptions to this procedure were endotoxin, where

50 mg. was extracted, and dialysates where 1 cm® was acidified with

0.2M perchloric acid and subsequently used for assay.

3 a
2.5 cm~ of a DANS-Cl solution (4 mg.cm 4 in acetone) was

o

added to the sample and the reaction mixtures saturated with sodium
carbonate. After completion of the dansylation (by reaction over-
night, in the dark, at room temperature), 10 mg. of D-proline (Sigma
Chemical Co.) dissolved in 0.2 cm3 of water were added in order to
react with the e#cess DANS-C1. After two hours, the dansylated
amines were extracted from the reaction mixture with 2 x 10 cm3 of
toluene. The toluene was removed by evaporation under reduced
pressure and the resulting residues dissolved in 0.5 cnﬁ of toluene/
ethyl acetate (7:3).

Each sample was quantitatively (26 ylor 40 pl) applied
onto a separate 20-x 20 cm. thin layer plate consisting of 250 ym

layers of Silica Gel G (BDH Chemicals). Standards were also applied

to the plate as overleaf.
The plates were developed in two dimensions, the solvent

system for the first dimension was trichlorethylene-nethanol (19:1)

followed by benzene-methanol (19:1) and the solvent for the

second dimension was chloroform—triethylamine (10:1) which was

prepared immediately before use.

After development, the thin layer plates were dried and

ondin
exanined under an ultra-violet lamp, where, the spots corresp &

to putrescine and cadaverine were marked by comparison with the
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S = Sample; S; = Standards, first direction; Sp = Standards, second

direction.

standards. These plate areas were scraped out and the dansylated

§ § 3
amines extracted from the carrier by shaking with 5 em of benzene-

acetic acid (99:1).

Lfter standing for 5 minutes the carrier settled out and

the fluopescent intensity of the extracts were measured at 500 nm;

Fluroescence was excited at a wavelength of 365 nm.

The amounts of putrescine and cadavering were determined

ration curves. The calibration

from previously prepared calib

y taking solutions containing known amounts of

curves were obtained b

putrescine and cadaverine and treating these in the same way as the

samples. . 3 51




2.5.6 Estimation of Spermine and Spermidine

——
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The levels of spermine and spermidine were determined

using the method described by Seiler and Wiechmann (1967)

This method uses the principle of dansylation as employed

in the assay of putrescine and cadaverine described earlier.

Freeze dried samples (100 mg.) were shaken with 2 cm3 of
0.2N perchlorié acid for 15 minutes. The sample was .thea
centrifuged for 10 minutes at 3000g and 1 en® of the supzrnatent
used for assay. Exceptions to tﬁis procedure were endotoxin, where
50 mg. was extracted and dialysates where 1 cm3 was acidified with
0.2N perchloric acid and subsequently used for assay,

0.4 cm3 of a DANS-Cl solution (30 mg.cm_3 in acetone)
was added to the sémple and the reaction miktures saturated with
sodium carbonate. After completion of the dansylation (by reaction
overnight, in the dark, at room temperature) 0.1 cm3 of a proline
solution (100 mg.Cm._s) was added to remove the excess DANS-Cl.
After 30 minutes the dansylated amines were extracted using 5 cm3
of benzene.

Each sample was quantitatively (20 pl) applied onto a
thin layer plate consisting of a 250 ym layer of Silica Gel G. The
samples were appled 3 cm. from the bottom of the plate and 2 cm.
apart, each 20 x 20 cm. plate consisted of four samples and five

standards.

The plates were developed using ethyl.acetate-cyclohexane

(1:1) with 1% triethylamine as solvent.

Two puns, using this solvent system, were needed to get
3

a good separation. After development, the thin layer plates were

dried and examined under an ultra-violet lamp, where, spots

idi arison
corresponding to spermine and spermidine were marked by comp

These plate areas were scraped out and the

52

with the standards.




dansylated amines extracted from the carriep by shaking with 5 ¢
m

of benzene-acetic acid (99:1),

After standing for five minutes the carrier settled out
and the fluorescent intensity of the extracts was measured at
500 nm; fluorescence was excited at a wave length of 365 nm

The amounts of spermine and spermidine were determined

from previously prepared calibration curves. The calibration curves

were obtained by taking solutions containing known amounts of
spermine and spermidine and treating these in the same way as the

samples.

2.6 Determination of Degree of Stabilization of Guinea-Pig Macrophages

The effect of inflammatory exudafes (human rheumatic synovial
fluid, sponge induced exudate), their fractions, and various other
agents (endotoxin, oligoamines) on guinea;pig macrophages was
investigated using the method of Lewis, Best and Bird (1977). The
macrophages were isolated by injecting guinea pigs intraperitoneally
with 100 cm3 of saline (0.9 w/v). 12 hours la£er this dose was
repeated and the peritoneal cavity drained of fluid. The macrophages
were harvested by centrifugation for 10 minutes at 1000g. in an
MSE bench centrifuge. The macrophages were then washed in cold saline

(4°C) and resuspended in 0.1M phosphate buffered saline, pH7.4 at

-3 . .
a protein concentration of 7 mg.cm. as determined by the Biuret

method. The following flasks were set Up for each test:-
a) Test
o cm3 macrophage suspension
e cm3 test solution
b) Control
2 cm3 macrophage suspension

hY cm3 phosphate buffered saline, pH 7.4

'¢) Blank
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3 :
2 cm phosphate buffered saline, pH7.4

5 .
1l cm test solution,

All test solutions were prepared using 0,1M phosphate
buffered saline, pH7.4 and each test was duplicated. The flasks
were then incubated for 90 minutes at 37°% in a shaking water bath,
centrifuged at 2900g. for 10 minutes and the supernatents assayed
for acid phosphatase activity (Symons, Lewis, and Ancill, 1969).

Portions of the sui:;ernatents (0.1 cm3) were incubated
with 0.5 crn3 of p-nitrophenyl phosphate (0.015M) and 0.5 cm® of
0.09M citrate buffer, pHY4.8 for 30 minutes at 37°C in a shaking
water bath. The reaction was stopped by addition of 5 cm:3 of 0.1M
sodium hydroxider solution and tﬁe results read at 410 nm in Pye

Unicam SP 500 spectrophotometer, all tests being duplicated.

2.7 The Evaluation of Trasylol as a Potential Anti-Inflammatory

Drug

e T e T e D e e e e e e e e e e o e e e o o o e e s o s o o o S o

Rats which had previously been implanted with four cotton
wool pellets (see section 2.1.2) were given intra-peritoneal
injections of 5,000 KIU and 10,000 KIU per Kg. body weight per day
for the duration of the experiment. Control rats were given
injections of 1.0 cm3 of 0.9% (w/v) saline alone per day. The

experiment was repeated using doses of 20,000 KIU and 40,000 KIU per

Kg. per day, also using a ten times ‘more concentrated solution of
7 3

Trasylol doses of 50,000 KIU and 100,000 KIU per Kg. per day were used.

(Trasylol donated by Bayer U.K.Limited).

Adjuvant apthritic rats were given daily intra-peritoneal

i h
injections of 50,000 KIU and 100,000 KIU per Kg. bodyweight from the
578
. i €.
day of the injection of adjuvant SELL Lhe ETid ORI Rpet TN

3
ntrol rats were given daily injections of 1.0 cm
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of 0.9% (w/v) saline alone.

e = e e e o e e o
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A modification of the method described in section 2.5.4

was used to determine the inhbitry effect of R —

activity in human rheumatoid synovialfluids. In this instance 1 ml

of Trasylol (10,000 K IUper ml.)was substituted for 1 cm’ of the

buffer, the assay being identical in all other respects.

Rheumatoid Synovial Fluid

Synovial fluids were aspirated from the knee joints of
patients with a rheumatic disease. The fluids were centrifuged at
7,500 r.p.m. for 25 minutes at 4°¢C to remove the cells and debris.
The cell-free fluids were then stored at -30°C, in airtight
containers, until required for use. The following tests were then

carried out on the fluid samples:-

a) Total Protein Levels (see Section 2.5.3)
b) Proteinase Levels (see Section 2.5.4%)
c) TIC Levels (see Section 2.9.1)
d) T.P.E. Levels (see Section 2.5.2)
e) Alpha-l-antitrypsin levels (see Section 2.4.2)
£) Alpha—Q—macroglobulin levels (see Section 2.4.2)

The results were subjected to a {inear regression analysis

1 ici significance were also
using a computer, t-values for coefficient gn

calculated.

29 The Anti-Inflammatory Activity of Human Rheumatoid Synovial F 1luid

e e o s s s i e o o S

i iven
One hour prior to injection of carrageenan rats were g

e, c:m3 of a human rheumatoid synovial
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fluid. The rats received an additional dose of 1.0 cm® of th
. e
synovial fluid at-the time of injection of the carrageenan

Control rats were given injections with 1.0 cm3 of 0.9% (w/v)

saline alone instead of the synovial fluid

. . 2 o e B e e

Rats which had previously been implanted with four cotton
wool pellets were given intra-peritoneal injections of 1.0 cm:3 of
a human rheumatoid synovial fluid per day for the duration of the

experiment. Control rats were injected with 1.0 en’ of 0.9% (w/v)

saline alone per day.

- e e e e e e T e e T e o o S o o o o o o o Yo o
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The resulting fractions prepared from pooled human
rheumatic synovial fluid in section 2.2.1 were assayed for anti-

inflammatory activity using the carrageenan oedema test. Each group

£

of rats received 1 cm3 of a 100 mg.cm_3 solution of one fraction

intraperitoneally, this being compared with rats receiving intra-
) 3

peritoneal injections of 1 cm3 saline (controls) and 1 cm  of the

pooled human rheumatic synovial fluid.

e e o oo o o W e i o e T
e T i e S 6 P,
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The irritant effects of the synovial fluid used in section

2.9. 1and of the pooled synovial £luid and fractions from it

‘(section 2.9.3) were assessed by a method similar to the one first

described by Atkinson and Hicks (1971). In this case the

s i in paw
irritant activity was evaluated by measuring the increase p

3 y
ction of 0.05 cm of the synovial

volume following a subplantar inje

fluid. or a solution of its fractions (see above), into the left hind
2

3
foot. Control animals being injected with 0.05 cm " of ek (o)

saline alone.
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It was decided to investigate whether the anti-
inflammatory effect of this exudate was due to large molecular
weight substances or to small molecules or fragments of larger ones.

To accomplish this a modification of the carrageenan
oedema test was used.

Ten days prior to injection of carrfa.geenan rats were
anaesthetized using a Boyles veterinary anaesthetic trolley as
previously described, Using a sterile operating procedure (see
section 2.1.4) a median dorsal skin incision was made and a dialysis
sac, (5 cm. long, 1 cm. diameter)(Gallenkamp and Company Limited,
Birmingham) which was sealed at both ends, was inserted along the
back. The wound was closed with 10 mm. metal suture clips. The
dialysis sacs had previously been sterilized by autoclaving for 20
minutes at a pressure of 15lbs. per sq. in. and had been filled
with the appropriate solution under a microbiological screen, the
solutions having been sterilized by filtration using a 0.22y m membrane
£ilter (Millipore (U.K.) Limited, London).

Three groups of rats received one of the following
treatments: -

a. Sham operated controls.

b. Dialysis sacs containing 1 cm3 of 0.9% (w/v)

saline alone.
c. Dialysis sacs containing 1 en’ of a 150 mg.cm.

solution of human rheumatic synovial fluid.

Ten days after this treatment a carrageenan test was

carried out as previously described.
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T Degose of Stabilization of Guinea-Pig
—QEEQE"éggﬁ"hz"gg@ég—gh-ET§E§E_SZn0Vial Fluid and its

T e e
- ———

Using the‘metﬁod previously described (section 2.6) the
effect of human rﬁeumatic synovial fluid solutions (200,100,10 and
1 mg. cm.-s) and tﬁe fractions produced by gel filtration (200,100,
10 and 1 mg.cm._sl on tﬁe stability of guinea-pig macrophages was

investigated.

9L 10" The Anti—’inflamatory Activity of Liver Extracts from

Dimethylnitrosamine Treated Rats

——— o . o St St S S S T S . S S S S T S

e e e o e e e e e B e o e o o e o

The samples prepared by the gel filtration of dimethyl
nitrosamine (DMNO) liver extracts (section 2.2.3) were assayed for
anti-inflammatory activity using the carrageenan oedema test. Each
group of rats received 1 cm3 of a 100 mg.cm-3 solution of one fraction
intraperiténeally, this being compared with rats receivingrintra-
peritoneal injections of 1 cm3 saline alone.

The irritancy of these fractions was also measured (see

section 2.9.4) and compared to saline.

e o o Y . e e G S
e e e e e e o o o, S e e e e S e s S e o e e o

I+ was decided to determine if DMNO liver extract or

the anti-inflammatory fractions self degraded in any way to

release small dialysable molecules. This was accomplished by setting

3
ini .01M phosphate
up four conical flasks each containing 50 cm of O phosp

buffered saline, pH7.4. Eacﬁ flask also contained an identical

dialysis bag (5 cm. 1§ng, 1 cm. diameter), which contained one of

the following solutions:=
1 e of 0.9% (w/v) saline
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Flask 1 =




— 3 ..
Flask 2 1l ecm™ of a3 100 mg.cm o solution of
the test materia)
Flask 3 = as flask 2 plus 10 mg. of trypsin
Flask 4 =

3 3
1 cm” of 10 mg.cm® solution of trypsin

The flasks were incubated at 37°C in a shaking water
bath and the bathing fluid sampled at 30 minute intervals for

three hours and read at 280 mm. using a spectrophotometer,

——— s
=

In order to determine if the release of dialysable material
was important in vivo an experiment similar to the one described in
section 2.7.5 was carried out.

.Dialysis sacs were implanted suﬁcutaneously into rats.

Three groups of rats received one of the following
treatments: - °

a. Sham operated controls

b. Dialysis sacs containing 1 cn® of 0.9% saline

c. Dialysis sacs containing 100 mg. of the fraction

and 10 mg. trypsin in 1 cm3 of saline.

Ten days later a carrageenan test was performed.

- ——— 1
o o e o e e S S
—— . S o S e S . S S . B

——— ———— = ——

Using the methods previously described (2.5.5 and 2,5.6)

liver extracts from DMNO tpeated and normal rats were assayed for the

> 3 i cine.
presence of spermine, spermidine, cadaverine and putres

In addition, in an experiment similar to the one carried

out above (2.10.2) the dialysate of a DMNO extract was examined for

; but in
oligmmines. This experiment used the same method as before,

ques were employed throughout. The bathing
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flammatory Properties ‘of ‘Exudate from Sponge

Implanted Rats

_________________________________ pig

e ——— e e —
——— . 2

Using the method previously described (section 2.6) the
effect of sponge exudate solutions (100,50,10 and 1 mg.cmﬁa) and the
fractions produced by gel filtration (100,50, 10 and 1 mg.cm—a) on

the stability of guinea-pig macrophages was investigated.

Proteinase activity was determined using a modification
of the method previously described (2.5.4). In this case the
sample was 1 <:m3 of a 100 mg.cm-3 solution of sponge exudate and the
quantities of buffer and substrate were doubled.

It was also decided to determine if the sponge exudate
self degmcd in any way and what was released during this process.

This was investigated using the method described in section 2.10.2.

o B i - -
- o o o

o .

P —————— L

Using the method previously described (2.9.5) dialysis
sacs were implanted subcutaneously into rats to determine the

importance of the release of dialysable material.

Five groups of rats received one of the following treatments:-

a. Sham operated controls

3 :
b. Dialysis sacs containing 1 cm of 0.9%(w/v) saline

3 2
c. Dialysis sacs containing 1 cm” of a 100 mg.cm

solution of sponge exudate
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Dialysis sacs containing 1 cn® of a 100 mg em

solution of Sponge exudates plus 5 mg. of trypsin
Dialysis sacs containing 1 cm3 of a 5 mg.c:m_3

solution of trypsin.

Ten days later a carrageenan oedema test was carried out.

T B e s . g e e o Y e

Dialysate molecules released by sponge exudate were

tested for their anti-inflammatory activity.
The dialysate was collected by dissolving 4558 of
aseptically derived exudate in 50 cm3 of water and placing this

in a sterile dialysis sac. The dialysis sac was then immersed in

T(

100 c:m3 of water in a flask using aseptic techniques. The sterile
water was changed evefy two days until the end of the ten day
incubation at 37°C.

After removal the dialysates were freeze-dried, poocled
and stored at -15°C until required.
The freeze-dried powder was dissolved in 15 cm3 of water

and used in the following carrageenan oedema test.
Three groups of rats were treated as follows:-

Group 1 1 cm3 saline intraperitoneally one hour prior to

the carrageenan.

Group 2 Ak cm3 of the dialysate solution intraperitoneally

one hour prior to the carrageenan.

g i i subcutaneously
Group 3. 0.1 cm~ of the dialysate solution,

starting ten days prior to the carrageenan.

The dialysate was also tested for irritancy and the

i~i ammato
residue left after dialysis was tested both for anti infl Ty

. rat.
and ipritant activity, the dose being 100 mg. per
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Th : :
e levels of Spermine, spermidine, cadaverine and

putrescine were determined in SPonge exudate, normal serum, serum
3

from sponge “implemtedis et ue dialysates of sponge exudate (2.10.4)

"'2.12 The-'Role 6

f Oligoamines in Inflammation

2.12.1 The Anti—inflammatoryk

SRS S e s i W e ey o e S S o

e . e e

Using doses of 50 18, 500 yg and 5,000 yg per Kg body

weight given intraperitoneally in 1 cm3 of 0.9%(w/v) saline the
four oligoamines spermidine, spermine, cadaverine and putrescine
were tested using the carrageen cedema model, the compounds

being given one hour before the carrageenan.

The same solutiors were also used to test the irritancy
of each oligoamine,

2.12.2 The Inhibitor_’z Effect of Oligoamines on Pinnal

———— e —— —— e e e e ——— o o o

Using a fixed dose of 50 pg per Kg bodyweight given
intraperitoneally in 0.1 cm3 of saline the four oligoamines were

tested for their effect upon tﬁe development of a local anaphylactic

reaction in the mouse pinna.

The effect of daily subcutaneous injections of 50 ug and

3
i n the development
500 ug per Kg body weight (dose volume 0.5 cm ) upo

of adjuvant arthritis in the rat was investigated.

o i e o s

: ; : dine
Solutions of the oligoamines spermine, spermidine,
o

concentrations of 10 ug, 100 ug,
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cadaverine and putrescine at
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-3
l e and 10 mg.
g g.Cm  were made wp using phosphate buffered saline

apd ‘ehieig effec R pREEE stability of guinea-pig macroph
» ages

measured.

A single dose of thioacetamide (150 mg Kg_l) given by
intraperitoneal injection twen‘ty four hours prior to the carrageenan
was evaluated for its anti-inflammatory action. Theophylline

given orally (15 mg{Kg_l) for the previous two days was also

evaluated.

2.13 The Role of Endotoxin in 'Inflammation

o e e e e o e e

The anti-inflammatory effect of bacterial endotoxin
(E. Coli: serotype 0111: Bu, Sigma Chemical Co., U.S.A) on the
development of carrageenan oedema in the rat was investigated.
Dozes of 5 ng, 20 pg and 100 ug per Kg. bodyweight were administered
intraperitoneally one hour prior to the carrageenan.

The irritancy of a 100 ug cm.-3 solution of the endotoxin

was also measured.

.....-____._—_—_._...-.-_——__._...————_.._..

The effect of bacterial endotoxin solutions (100, 50, 10

and 1 ug.cm.—s) on the stability of guinea-pig macrophages was

investigated as previously described (2.6).

The bacteriai endotoxin used in the above experiments

s s di adaverine
was also assayed for the leyels of spermine, spermidine, ¢

and putrescine present.
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3.1 The Evaluation of Trasylol as a Potential Anti

~Inflammatory
Agent
For methods see section 2
3.1.1 The Effect of Trasylel in ithe Cokton lioal Pellet

e e e e s

Trasylol when given in daily doses of 5,000, 10,000,
20,000,40,000, 50,000 and 100,000 KIUper Kg body weight, by
intraperitoneal injection, to rats implanted with cotton wool
pellets show ed no tendency to inhibit the formation of granulation

tissue around these pellets.

o e e e e e e o e T e e e e e e e s e e o e e e s s

In this model doses of 50,000 and 100,000 KIU Kg—l of
Trasylol were ineffective in inﬁibiting the inflammatory response
caused by the adjuvant. The animals treated with Trasylol showed
a significantly (p < 0.05) greater increase in foot volume of
the in j'ected foot when compared to the controls after day 12 of
the experiment.

e T i i o e e o o W B e o e S . e Bk M. W

Table 3.1 shows to what extent Trasylol inhibited the

proteolytic action of human synovial fluid samples from patients

both male and female, with various rheumatic conditions.
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‘Table ‘31,

Disease % Inh%bition of
State Proteinase Activity
Sex | by Trasylol
Rheumatoid M
33.8
Arthriti
e ¥ 61.4
seropositive M 8.
F 9.2
F 70.0
F 22.9
& 38.8
Rheumatoid M 38.9
Arthritis F 27.8
seronegative B 89.5
Osteoarthritis (0A) M 2.2
E 87.8
F 77.8
OA + Gout M 95.9
Chondocalcinosis i 93.2
Unknown B 92.95
Unknown M s 43.8

Table 3.1. The percentage inhibition of proteinases

in human rheumatic synovial fluid samples by Trasylol.
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3.2 'The Levels of Proteindses ‘sn

Rheumatic Synovial Fluid Samples

Table 3.2 shows the levels of alpha-l-antitrypsin
b ]

alpha-2-macroglobulin, trypsin inﬁibiting capacity (TIC), trypsin-
3

protein esterase activity (TPE), proteinase activity and total

protein in samples of synovial fluid withdrawn from patients of
both sexes, suffering from a variety of rheumatic conditions. A

total of 21 samples were used in this study.

The results from the study carried out above were entered
into a computer which was programmed to analyse groups of data by
inear regression and calculate the significance of these results.
Table 3.3 shows the significance levels calculated by the computer.

In addition to the data presented in this table the
ratio of alpha-l-antitrypsin levels to alpha-2-macroglobulin levels
against proteinase activity was also subjected to analysis. The

significance level for this calculation was found to be 90.2%.
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synovial fluid samples.

alpha-1- alpha-2- TIC TPE Protease | Total Sex/
antitrypsin | macroglobulin | Levels . Levels| Levels Protein Disease
umol min “cm f g/100 cm State

20 6 0.96 0.095 0.29 5.28 M,RA+
13 4 0.43 0.051 6.16 5.68 B RAH
18 U 052 0.063 0.58 L, 4y F,RA+
14 5 056 0.082 0.71 b.26 M,RA+
217 9 1.04 0.017 7l 2 7.49 ESRA=
22 4.5 0759 0.094 |14.45 7.18 M,RA-
1155 7y 0.42 0.030 0.87 6.12 Ex

6+5 2 0,17 0.039 0.54 3.836 M,

9 2 0.42 0.039 0.40 k) M,0A
a1 ) 3 0465 0.000 0.80 5.35 F,RA+
13 L 0.61 0.000 8.84 8.53 F,RA+

8 2 0.32 0.043 0.70 86 D2 F,CH

8.5 3 0.27 0.045 0.93 5.08 Es

Sl 3 0.37 0.000 - 4,38 F,0A

7 6 0.01 0.000 261 L.73 F,RA+

L L 0.00 0.000 2.01 5+19 M,RA+

9 3 0.06 0.000 1.43 B9
12 6 0.00 0.000 S 6.78 F,RA-

9 3 0.35 0.029 | 2.71 4.18 F,RA+

7 2 0.32 0.000 5.46 5.33 B

10 13 0.47 0.080 | 2.24 M,

/.18

M, Male; F, female; RA+, Rheumatoid arthritis serapositive;

seranegative; OA, osteoarthrltls, CH4 chondrocalc1n051s

* mg. of substrate broken down in 24 hours.

RA-, Rheumatoid arthritis




Table 3.3 The Significance levels between various parameters

as determined by computer analysis

alpha-1-| alpha-2- ;
i magro- 1RIRG! TPE Proteinase | Total
'tryps:L.n globulin Protein
alpha-1- 90.5%
antitrypsin 96-9%
alpha-2- 90.5% 81.4% | 73.7%
macroglobulin 5 : et I
I 8 81.4% 78.5%
TPE 73.7% 24.,6%
Proteinase 96.9% 78.5% | 24.6% 99,6%
Total 97.9% 99.6%
Protein

Values over 95.0% are taken as being statistically significant.

68




Fluid
3.3.1 TEE_Eff?.EE_Ef_*_*ETBéB_BEEE‘l‘EEEE Synovial Fluid on_the
Carrageenan Ocdema in the Rat 2

: in rats. This treatment significantly reduced the carrageenan oedema

when compared to control animals treated with saline alone

The rheumatic synovial fluid chosen for this experiment

had the following biochemical features: -

alpha-l-antitrypsin level 20

alpha-2-macroglobulin level 6

TIC Level 0.96ymole min-lcm-e'

TPE Level ' 0.095

Proteinase Level 0.29 mg broken down in 24 hours
Total Protein 5.28g per 100 cm3

This synovial fluid was also tested for its irritant
properties by injecting 0.05 cm? into the subplantar region of the
ieft hind foot of rats. There was no significant difference between
these animals and animals injected with saline only ('see Figure 3.2).

3.3.2 The Evaluation of Human Rheumatic Synovial Fluid using the

[eiisiethapttpniuguiiaiput ' ey p—g———— - e

. 3
Daily intraperitoneal injections of 1.0 cm of human

rheumatic synovial fluid had no effect on the formation of granulation

tissue around cotton wool pellets as can be seen in table 3.4.

Mean Increase in pellet weight

Treatment
6 BEM G o 0 .. .(mg)

{ Control . B o 2 o L

Human Synovial Fluid. [ .10.37 % ..

Table 3.4 69




Paw Volume
Increase (cm>)

Oely -l
fr -0
0:3 L
p<0. 05
O
/e .
1 |
(0] 3 6
Time (h)

Figure 3.1 Increase in foot volume of rats injected with
carrageenan one hour after administration of 1 cm3 of human
rheumatic synovial, which was repeated at the time of
injection of the carrageenan e——e . Increase in foot volume
of control rats injected with carrageenan GCeo.

. 2 +
Each result represents the mean of six animals -SEM
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Faw Volume
Increase (cm3)

5 P :,
0,08 F
0.06
0.0L \\. -
0,02
~o
B
o} 3 6
Time (h)
3

Figure 3.2 Increase in foot volume of rats injected with 0.05 cm
of human rheumatic synovial fluid into the left hind foot pad
e—e compared with controls injected with saline alone o—o .

Each result represents the mean of six animals + SEM
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The elution pattern obtained when 5 cm3 of pooled human
rheumatic synovial fluid was fractionated by gel filtration on a
Sephadex G-150 column (100 x 2.5 cm) is shown in figure 3.3. The
elution profile consisted of an initial broad peak followed by a
small secondary peak. The column fractions were pooled to give
two new fractions, Fl and F2 as indicated. These fractions, after

freeze drying, were used in subsequent experiments.

Figure 3.4 demonstrates: the effect of intraperitoneal
injections of fractions Fl and F2 on carrageenan induced oedema.
Fractions Fl and F2 significantly reduced the formation of the
oedema when compared to intraperitoneal injections of saline alone
and pooled human rheumatic synovial fluid. The significances of

these results are given in table 3.5.
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% Transmission
at 280nm,

100

80

60

Lo

20

J

100 180 260 340 420 500 560

Elution
Volume (cm?)

Figure 3.3 The protein elution pattern of human rheumatic synovial

fluid through a gephadex G-150 column in 0.1M phosphate

buffer, pH7.4. The absorbance at 280 nm of the eluted proteins

was measured. Fractions pooled are indicated by Fl and F2.
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Paw Volume

Increase (cm°)

T :
O
0.3 e
0.2 -
T
x ]
. 4]
Oun ik x-/
=
1 J
0 3 6
Time (h)
Figure 3.4. Increase in foot yolume of rats injected with

carrageenan and treated with human rheumatic synovial fluid

e——e , fraction F1 0— , fraction F2 »—%

and saline alone O—O.

Each result represents the mean of six animals + SEM
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Table 3.5

Treatment Saline Alone Rheumatic : Fraction Fraction
Synovial Fluid il F2
3h 6h 3h 1 6h 3h 6h 3h 6h

Saline - - p<0.1 N.S. p< P < p< P

Alone 0.0025 | 0.01 0.0005}0.05
Rheumatic p<0.1 N.S. - - p< P < p<
Synovial Fluid 0.05 0,028 | o.01% [¥-5-
Fraction P < pP< p < p 4 - - N.S. NS Ss

Tl 0.0025 0.01 0.05 0.025
Fraction p< p< p < N.S. HES, N.S - =

F2 0.0005 0.05 0.01

N.S. = not significant




T e i ey e . s e g . o e
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e e e e e o S . o . s . o o e e e

The irritant effects of subplantar injections of human
rheumatic synovial fluid, fraction F1 and fraction F2 are shown in
figure 3.5.

All of the test substances are significantly more irritant
than saline alone and are also significantly different from each

other.

3.3.6 Elucidation of the Mechanism of Action of Human Rheumatic

e e e e e S S S B e e S o S o T P o, . . S o . o o o o o o

The effect on carrageenan induced oedema of implanted
dialysis sacs containing 150 mg. of human rheumatic synovial fluid
can be seen in figure 3.6. Dialysis sacs containing saline alone
and the sacs containing human rheumatic synovial fluid did not
significantly inhibit oedema formation when compared to the untreated

controls.
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Paw Volume
)

Increase (cm

e lp -
1.2 o
il 2
p<0.001
O.8 '.-
P<0.001
0.6
p<0.0C1
O. 4
{'p(0.00S
O.2
Time (h)

Figure 3.5 Increase in foot volume of rats injected with human
rheumatic synovial fluid e——e, fraction Fl ({1, and fraction

F2 ¥—x compared with controls injected with saline alone

NO 91

Each result represents the mean of six animals + SEM.
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Paw Volume

Increase (cmj)

O

0.6

0.5

O.4

0.3

Figure

= @
1 1
0 3 6
Time (h)
3.6 Tﬁe effect on carrageenan induced oedema of implanted

dialysis sacs containing human rheumatic synovial fluid e—e,

and saline alone o—o.

Sham operated controls are also shown O—<.

Each result represents the mean of seven animals + SEM.
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and F2 upon Acid Phosphatase release from Macrophages

—— v v B o e 2

Figures 3.7, 3.8, and 3.9 sﬁow the effect of human
rheumatic synovial fluid and fractions Fl and F2 on the percentage
release of acid phospﬁatase from macrophages.

Figure 3.7 sﬁows that human rheumatic synovial fluid inhibited
the release of acid pﬁosphatase from macrophages at very low
concentrations,but this result is not statistically significant. At
higher concentrations the rheumatic synovial fluid has a lytic
action which is statistically significant.

As can be seen from figures 3.8 and 3.9 botﬁ.synovial
fluid fractions significantly inhibit the release of acid phosphatase
at all concentrations in a dose dependant manner, fraction F2 being
more effective at this than fraction F1 the statistical significance

being: -

Concentration (mg.cm_s) Significance

200 p<0.10
100 p< 0.0005
10 p< 0.025
1 p< 0.025
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% Release of
Acid Phosphatase

SO 1 ]
0 100 200

Concentration

(mg cm)

Figure 3.7 The effect of rheumatic synovial fluid on the release

of acid phosphatase from macrophages.

Each result represents the mean of four observations + SEM.
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% Release of

Acid Fhospnatase

F20 I

100

G PO, 0125

p<0,01

O~_0<0.0005

20 s
@ p<0,0005

1 |
0 100 200

Concentration
(mg cm?)
Figure 3.8 The effect of fraction Fl on the release of acid phospha-

tase from macrophages.

Each result represents the mean of four observations + SEM.
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Figure 3.9 The effect of fraction F2 on the release of acid

phosphatase from macrophages.

Each result represents the mean of four observations + SEM.
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3.4 The Anti-inflammatory Activity of Liver Extracts from

Dimethylnitrosamine Treated Rats

e e e e e e e e e e
e e e - o

—— .

Thé elution profile obtained when 300 mg. of an extract
of livers of dimethylnitrosamine (DMNO) treated rats was fractionated
by gel filtration on a Sephadex_GnlSO column (40 % 2.6 cm.) is shown
in figure 3.10. ' The elution pattern consisted of two broad peaks.
The proteolytic activity of each fraction, measured by
incubation with Azure blue hide powder, is sﬁown in figure 3.11.
This pattern indicated the presence of three peaks of proteolytic
activity, an initial small peak followed by a second broad peak and
finally a large sharp band. The 10 cm3 fractions, with reference
to their proteolytic activity were pooled to form three new larger
fractions L1, L2 and L3 prior to freeze drying. These fractions were

then used in subsequent experiments.
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Absorbance

at 280 nm.
1.2
-
1.0 -
0.8 |
@,6 L
Sedh ok
L1 L2 l L3
I
8,8 & l
1 1 | 1 l
0 L 8 12 16 20
Column
Fraction
Figure 3.10 The protein elution profile of a liver extract from

DMNO treated rats using a Sephadex G-150 column. The
absorbance at 280 nm of the eluted proteins was measured.

The column fractions were pooled to form L1, L2 and L3.
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Protease Activity
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Figure 3.11 Distribution of proteclytic activity in the eluate

from a Sephadex G-150 column to which a liver extract from
DMNO treated rats had been applied. The column fractions

were pooled to form L1, L2 and L3.

85



Figure 3.12 sﬁows the results from an experiment to assay
the anti-inflammatory activity of fractions L1, L2 and L3.

Fraction L1 is significantly anti-inflammatory at both
three and six hours when cowpaped to saline treated controls.
Fractions L2 and L3, however, demonstrate no statistically significant
anti-inflammatory properties.

3.4,.3 The Irritant Effects of Fractions L1, L2 and L3

ety iz e el g et sl e e Poa (b e sl ———— e

The solutions used in the test above were injected into
+he subplantar region of rats feet to determine the irritancy of
these fractions, the results may be seen in figure 3.13.

In this experiment fraction L1 was seven times as
irritant as saline and tﬁe irritancy of L2 and L3 were about twice

that of saline.



Paw Volume
&

Increase (cm

# p<0.01

0 3 6
Time (h)

Figure 3.12 The effect of fractions L1 e—e, L2 0—p and L3 ¥—x
(all 500mg. Kgql) on the increase in foot volume of rats
inﬂected with carrageenan; Controls were treated with saline
ohly o0—0 .‘ :

Each result represents the mean of seven animals + SEM.
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Figure 3.13 Increase in foot volume of rats injected with, fraction
L1l e—e, fraction L2 O—0O and fraction L3 ¥—X compared
with controls inﬁected with saline alone O—O .

Each result represents the mean of five animals + SEM.

88



——— —————
. 2 1

s ——

The release of low molecular weight material from dialysis
sacs over a period of six hours is displayed in figure 3,14,

The dialysis sacs containing 100 mg, of a liver extract
from DMNO treated rats released low molecular weight material at
a slow steady rate. The addition of trypsin to the liver extract
caused a large increase in the rate of release of this material, but
trypsin alone did not release any appreciable quantities of dialysable
material.

Fraction Ll underwent a process of self degradation
releasing large quantities of dialysable molecules. The rate of
release of molecules by fraction L1 was greater than that of the
crude extract, but this may be due to a concentration effect. Trypsin

again greatly enhanced the release of dialysable material.

3.4.5 The Release of Dialysable Molecules by Fraction L1 in Vivo

e e . e . e e S T o e o o . T S

e e o o o o o ot S e T S T, e o S B . o T S e o S,

The effect of the subcutaneous implantation of dialysis
sace in vivo on carrageenan induced oedema in the rat is shown in
figure 3.15.

Dialysis sacs filled with saline alone are anti-inflammatory
(p€0.05) when compared to the sham operated controls as are dialysis
sacs containing 100 mg. of fraction L1 and 10 mg. of trypsin
(p£0.025).

There was, however, a significant difference (p< 0.05)
between these two groups indicating that material released by the

protein fraction caused an anti-inflammatory effect.
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3.14 The Release of dialysable substances (as measured by

absorbance) from dialysis sacs containing:-

100 mg. Liver extract from DMNO treated rats e—e,

100 mg. Liver extract from DMNO treated rats and 5 mg. of
trypsin O—0,

100 mg of fraction L1 O—0O,

100 mg of fraction L1 and 5 mg. of trypsin ¥—¥,

and 5 mg. of trypsin alone O—<-
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Figure 3.15 The effect of carrageenan induced oedema of implanted
dialysis sacs containing saline alone O—O and 100 mg. of
fraction L1 and 10 mg. trypsin e—e compared to sham

operated controls O—<.

Each result represents the mean of seven animals + SEM.
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Table 3.6 shows the levels of putrescine and
cadaverine found in liver extracts from nomal ad MOtreated rats
The levels of both putrescine (p< 0.001) and cadaverine

(p<0.001) are significantly higher in the liver extracts from the

DMNO treated animals.

" ‘Table 3.6
Treatment d i ‘ I
Treatmen pg cadaverine per u g of putrescine per
100 .mg. dry weight. . [100 mg. .dry weight
NOEMAL 26,22 + 0.05 9.28 + 0.53
DMNO 576.69 + 44,43 519.98 + 39.62

The levels of spermine and spermidine were also determined

in these two liver extracts and the results are shown in table 3.7.

Ihle 2.7
Treatment M g spermine per u g spermidine per
50 mg. dry weight 50 mg. dry weight
NOR} 8.45 + 0.49 4.46 + 0.33
DMNO 4.15 +.0.97 6.32 + 1.04

Although the levels of spermidine are elevated by
treatment with DMNO the result is not statistically significant.
Spermine is significantly higher (p< 0.01) in normal liver extracts.

The dialysate of a DMNO extract (100 mg.) alone and of
DMNO extract (100 mg.) plus trypsin (10 mg.) were examined for the
presence of putrescine and cadaverine, the results are shown in

table 3. 8. 92.



Contents of Hg cadaverine per .

i s . > H utrescin
Dislysis sac | cu® of dialysate. .| cnd of atalysace
DMNO
EXTRACT Sk 09 e 22.12 + 1,21
DMNO
EXTRACT + 40.09 + 2.78 22.50 + 1,94
TRYPSIN =i

Table 3.8

The effects of trypsin on the release of cadaverine and

putrescine are not significant. Table 3.9 shows the levels of the

other polyamines spermine and spermidine in dialysates.

Table 3.9

Contents of
Dialysis sac

pZ.spermine per
cm of dialysate

ug spermidine per
cm® of dialysate

DMNO

EXTRACT 0.96 + 0.68 3.54 + 0.3u
DMNO

EXTRACT + 0.85 + 0.28 4,52 + 0.32
TRYPSIN

From the data presented in table 3.9 trypsin has no
significant effect on the release of spermine and spermidine from

a DMNO liver extract.
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3.5 The Anti-inflammatory Properties of Sponge Induced Inflammatory

Exudate

———————t e o
s e e e . s

The elution profile obtained w‘hen sponge exudate was
fractionated on a Sephadex G-150 column (100 x 2.5 cm.) is illustrated

in figure 3.16. The fractions were pooled with reference to this

profile to form two new fractions Sl and $2.

o M e o e . e . . . . e o 2 . S o
o o 2

Fractions S1 and S2 on Acid Phosghatase Release from

e e e e e .

—— o e e S e

Figures 3.17, 3.18 and 3.19 illustrate the effect of
sponge induced inflammatory exudate and fractions S1 and S2 upon
the percentage release of acid phosphatase from macrophages. Figure
3.17 indicates that the unpurified exudate significantly inhibits the
release of acid phosphatase at all the concentrations used.
However, at a concentration of 100 mg.cm-3 of exudate there is a
significant (p<0.005) decrease in the inhibition of acid phosphatase
release., Figure 3.18 shows that fraction S1 significantly inhibits
the release of acid phosphatase upto a concentration of 50 mg.cm_3
of exudate. Above this concentration the inhibition rapidly
decreases and at 100 mg.cmn3 of exudate lysis of the cells is quite
proncunced.

Fraction S2 exhibits similar properties to S1 (see Figure
3.19), but, as can be seen the range over which 52 exerts an inhibitory
effect is quite small. Indeed at concentrations greater than 10 mg.
cr;;s the inhibitory effects are eitﬁer decreased or completely

abolished, that is, a lytic effect is exerted.
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Figure 3.16 The protein elution profile of inflammatory exudate
through a Sephadex G-150 column in 0,5M saline. The

absorbance at 280 mm. of the eluted proteins was measured.

Fractionspooled are indicated by S1 and S2.
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Figure 3.17 The effect of inflammatory exudate on the percentage
release of acid pﬁospﬁatase from macrophages.

Each result represents a mean of four observations + SEM.
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Figure 3.18 The effect of fraction Sl on the release of acid

phosphatase from macropﬁages.

Each result represents a mean of four observations + SEM.

97




£ §.5.3 FProdustion and bﬁ&'

st S e —— .

% Release of o
Acid Phosphatase ﬁm,,x::_g_

P: . ’ ) ’}h'& |L
d) S - ApGlgn 5 Comdt By
0o ,,
\ L4 VASH, Mt
A SRt Fricianel
o N v
£ ] L e

1ggpends exulite As ANt

. =‘_;.|
-

g 1

60 T\

20 5

n ] LAY

Flglme 3 19 The effect of

Az

phasphatase from ma‘ dlp
i halow SVES

Each result represents a mean of




3.5.3 Production and Use of an Antisera to_Spon

e —————

o

Inflammatory Exudat

o e e e ey T e e e ey 1

Plates 1 to 4 sﬁow tﬁe i-es.ults when the antisera raised
against sponge induced ir.lflamma’corjzr exudate and lysosomal membranes
Pre—incuba‘ted witﬁ tﬁis exudate ére reé'ct;ad‘ with éntigens (normal
raﬁ plasma, sponge induced inflammatory exudate) using the

immunoelectrophoretic technique. For metﬁods See sections 2.4.1, 2.4.2
*Vedy « T

and 2.4,3. From plates 1 and 2 it can be seen that when using

sponge exudate as antigen and anti-sponge exudate as antiserum between

4 and 6 proteins are detected whicﬁ is similar to when normal rat
plasma is used as antigen. Plates 3 and 4 are identical to plates
1 and 2 except, in this case, the antiserum is anti-lysosomal
membrane/sponge exudate pre-incubation. The same pattern is produced
for an antigen of normal rat plasma or sponge exudate, that is between
4 and 6 proteins.

If either antisera is first reacted with normal rat
plasma no proteins can be detected using these modified antisera and

the antigens normal rat plasma and sponge induced exudate.

e s e . . . . S S o e o o . e o S e S S S T S s S

When 100 mg. of sponge exudate (adpenalectomised donor
rats) was incubated with Azure blue hide powder at 37°C, in 0.05M
tris buffer, pH7.4, 0.617 mg. of the substrate was broken down in
the twenty four hour assay period.

When' compared with pooled ﬁuman rheumatoid s@ovial

. : the
fluid this activity is below average (3.02 mg. 1n 24 hours), but

Sponge exudate has a low, but appreciable amount of proteolytic

activity,
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Plate _ .

Plate 2

Antigen - Normal Rat Plasma.

Antiserum against sponge induced inflammatory exudate.

i\

i i exudate.
Antigen - Sponge induced inflammatory

Antiserum - as in Plate 1.
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Plate 3. Antigen - Normal Rat Plasma.

Plate 4,

Antiserum - Anti-lysosomal membrane/inflammatory exudate.

: i : . at Exudate.
Antigen - Sponge Induced Inflammatory é

Antiserum - as above in Plate 3.
101




sacs containing inflar

weight fragments at a f""

the exudate caused a 1
fragments; ‘but it mus

degradation.




£0T

Optical Density at 280nm.

0.6 -
0.5
Ol e
(1370, et
L2k
0, L s
—— L O ———0— _— P _‘.———’_,.
i 1 1 1 i 3 - ; y
o 30 60 50 - 195

150 180 210 240 270 300 330 360

Time (min)
Figure 3.20 The Release of low molecular weight fragments (as measured by Absorbance) from dialysis sacs

containing inflammatory exudate alone e——e, inflammatory exudate and trypsin O—0O, and trypsin alone
Oo—0.




__________________ ¥ EEE}E—EQ&EEE}E'E_ET_L_YiVO by _Sponge

Induced Inflammatory Exudate

Figure 3.21 shows the effect of implanted dialysis bags,

containing varous substances on carrageenan  induced cedema in

rats.

As can be seen the dialysis bags alone were not anti-inflamm-
atory, but the bags containinginflammatory exudate alone exerted an
anti-inflammatory effect, the significance at the six hour measure-
ment being p< 0.05.

The dialysis bags containing trypsin alone and trypsin plus
inflammatory exudate were not significantly anti-inflammatory.

The dialysate from a sac containing sponge induced
inflammatory exudate collected. in vitro was used in a carrageenan
oedema test. The results from this experiment are shown in figure
3.22. A dose oflE cm3 of the dialysate given intraperitoneally-
one hour before the carrageenan was significantly anti-inflammatory
at six hours afterwards ( p<¢0.05). A daily subcutaneous injection

OO cm3 of the dialysate starting ten days prior to the carrageenan

injection was not significantly anti-inflammatory.
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Figure 3.21 The effect on carrageenen induced oedema of implanted

dialysis bags containing inflammatory exudate alone e—e,

inflammatory exudate and trypsin ¥—¥, trypsin alone O—0,

and saline alone O——O. Sham operated controls are also

shown O—O-

' i i + SEM
Each results represents the mean of six animals *
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Figure 3.21 The effect on carrageenan induced oedema of implanted

dialysis bags containing inflammatory exudate alone e—e,

inflammatory exudate and trypsin ¥—X, trypsin alone O-—0O,

and saline alone O—O. Sham operated controls are also

7 shown $—O-

pesents the mean of six animals + SEM

Each results rep
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Fipure 3.22 The effect on carrageenan induced oedema of a single
g' ]

dose of sponge exudate dialysate e—e and a multiple

d £ dialysate O—0, compared to untreated controls O—O.
ose o

' e mean of imals + SEM.
Each result represents the mean of seven anil +
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3.5.8 'IEE_ZE’E%’EEEEX-EEjEQEEE-P.!‘.‘BEsd Exudate Dialysate

- ——
el
-

The sponge exudate dialysate used in the previous

experiment was also tested for its irritant activity. The results

from this experiment are shown in figure 3.23

This dialysate was thpree times as irritant as saline at

three and six hours after injection,

e e e e e e i Y e o e s
[ s . - 0 Yo o . i e W

——— e e e . e o o e

The sponge exudate left after ten days of dialysis in vitro

was tested for anti-inflammatory activity using the carrageenan
oedema model. The results are shown in figure 3.24 ',
This residue after dialysis was anti-inflammatory at
three hours after injectio‘n of the carrageenan, but it was not
significantly anti-inflammatory at six hours.
The irritancy of the solution used (100 mg.cm—s) was also
investigated and these results are shown in figure 3.25. The

solution was three times as irritant as saline at both three and six

hours after injection.
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Figure 3.23 Increase in foot yolume of rats injected with sponge

exudate dialysate e—#@ compared to controls injected with

saline alone O—O.

Each result represents the mean of seven animals % SEM.
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Figure 3.24 The effect on carrageenan induced oedema of dialysed
igu - ;

ge exudate ®—@, compared to saline treated controls
spon

O—O.

i imals + SEM.
Each result represents the mean of six animals #
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Figure 3.25 The increase in foot yolume of rats injected with

dialysed sponge exudate e—@, compared to controls injected

with saline alone 0—0O.

Fach pesult represents the mean of six animals + SEM.
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Exudate Dialysate
The following levels of oligoamines were found in 100 mg.

dry weight of sponge exudate:-

putrescine 6.76 + 0.65 pg
cadaverine 19.60 + 0.14 g
spermine  17.60 + 3.91 g
spermidine 12,70 + 1.10 ug

The dialysate of sponge exudate (100 mg.) alone and
of sponge exudate plus trypsin (100 + 10 mg.) were examined for the
presence of putrescine, cadaverine, spermine and spermidine, the

results are shown in table 3.10.

Table 3.10.
Amount of oligoamines SPONGE SPONGE EXUDATE
per cm3 dialysate. . . | EXUDATE .| + TRYPSIN
Hg putrescine 4.21 + 0,03 5.43 + 0.82
pg cadaverine 16.19 + 0.18 17.18 + 0.19
pg spermine 1.69 + 0.56 1.16 + O.h4u
pug spermidine 3.03 + 0.49 3.46 + 0.19

From table 3.10 trypsin has no significant effect on
the levels of putrescine, spermine and spermidine found in the

dialysate. The level of cadaverine, however, is significantly

elevated (p <0.005).
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3.6 The Role of Oligoamines in Inflammation

T s s e e s e . S e e . o g T e . s

Induced Oedema

The effect of carrageenan induced oedema of the four
oligoamines spermine, spermidine, cadaverine and putrescine at dose
levels of 50 pg, 500 pg and 5000 ug per Kg. body weight are shown
in figures 3.26, 3,27, 3.28 and 3.29 respectively.

Spermine (figure 3.26) shows no significant difference
from the saline treated controls at any of the doses used.

Spermidine (figure 3.27) at 50ug per Kg depressed swelling,
but the result was not statistically significant. When the dose
was increased to 500 ug per Kg. a greater degree of inhibition of
oedema was observed, the five hour measurement being significant
(p¢ 0.05). A dose of 5000 pg per Kg. was significantly anti-
inflammatory at both three (p< 0.05) and five (p< 0.05) hours.

Cadaverine exhibits slight anti-inflammatory activity.
This activity is not dose related and the only statistically
significant point is the three hour (p< 0.05) measurement using a
dose of 50 yug per Kg.

Putrescine was intensely anti-inflammatory against carra-
geenan induced oedema. At all the doses used, at both three and
five hours after injection of the carrageenan, oedema formation was
significantly inhibited.

The inhibitory effect of putrescine was not dose

dependant.
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Figure 3.26 The effect on carrageenan induced oedema of spermine
given intraperitoneally at doses of 50 ug per Kg e—e,
500 pug per _Kg.A x— x and 5000 yg per Kg O-0O. Saline
treated controls are also shown O—O.

Each result represents the mean of five animals + SEM.
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Figure 3.27 The effect on carrageenan induced oedema of spermidine
(ip) at doses of 50 yg per Kg e—e, 500 ug per Kg x—x,
and 5000 yg per Kg O—0O compared to saline treated controls
O==:

Each result represents the mean of five animals + SEM.
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Figure 3.28 The effect on carrageenan induced oedema of
cadaverine at doses of 50 ug per Kg e—e, 500 ug per Kg

O compared to saline treated

¥—x and 5000 ug per Kg [
controls

Each result represents the mean of seven animals + SEM.
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Figure 3.29 The effect on carrageenan induced oedema of putrescine

at doses of 50 ug per Kg e—e, 500 ¥ g per Kg ¥—Xxand

5000 ug per Kg O—0 compared to saline treated

controls O—O.

Each result represents the mean of seven animals + SEM,
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3.6.2 The Irritant Progerties of Oligoamines

e el ot ————
B e T — S ——

The solutions of oligoamines at concentrations of 10 Mg,
100 pg and 1000 pg cm-a as used in the previous experiment were
tested for their irritancy by injecting them into rats feet and
measuring the resultant ocedema. Tﬁe results of this test are
displayed in figures 3.30, 3.31, 3.32 and 3.33.

Spermine (figure 3.30) was not significantly irritant
at either 10 pyg or 100 ug cm"3 concentration. Spermine at a
concentration of 1000 ng cm3 was significantly irritant when compared
to saline.

Spermidine (figure 3.31) was not irritant at either 10
or 100y g cm—a. At 1000 ug cm—3 spermidine was irritant after three
hours, but not significantly irritant after five hours.

Cadaverine (figure 3.32) was not irritant at any of
the doses used.

Similarly putrescine (figure 3.33) showed no significant

irritant properties when compared to saline.
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Figure 3.30. Increase in foot volume of rats following injection
of spermine at
10ug cn > o—e
100u g <’:rxf-:3 ¥—Xx,
and 1000y g cm =2 O—0 compared to saline treated controls O—0O.

Each presult represents the mean of five animals + SEM.
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Figure 3.31 Increase in foot yolume of rats following injection of
-3 -3
spermidine at 10ug cm o—@, 100 pg cm x—x and
1000u g cm—a[j-D compared to saline treated controls O—O.

Each result represents the mean of five animals + SEM.
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Figure 3,32 Increase in foot yolume of rats following injection of
-3 -3
cadaverine at 1lOpgem ®—e, 100 yg cm  ¥~~x, and 1000 ug
cm'-a O—0O compared to saline treated controls O=—0O,

Each result represents the mean of five animals + SEM.
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Figure 3.33 Increase in foot volume of rats following injection of

w—3 _3
putrescine at 10p g cm e—e@, 100U g cm ~ X——X and
1000u g cm_a O—0O compared to saline treated controls O—0O.

Each result represents the mean of five animals %+ SEM.
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3:6.3 The Bffect of Oligoamines on Pinnal Maphylaxis in_the Mouse

The effect upon the development of a local anaphylactic

reaction in the mouse pinna was investigated using doses of 50 ug per

Kg of the oligoamines spermine, spermidine, cadaverine and putrescine.

The results are shown in table 3.11.

Table 3.11
Diameter of dye Diameter of dye
r§lease at 30 r?lease at 60
mins. mins.
Controls. 23.20 + 3.83 26.40 + 3.17
Put;esqing‘ 22.2 + 1.96 s 24'69,t 1,72
C;daverine . 20.9 + 2724‘ B 24.2-t 2.76
Spermine 19.4 + 2.60 21.4 + 1.96
Spermidine 21.4 + 3.31 25.00 + 4.63

From this table it can be seen that none of the
oligoamines tested had any effect on the development of the local
anaphylactic reaction produced in the mouse pinna.

Solutions of spermine, spermidine, cadaverine and putrescine
at concentrations of 10ug, 100u g, 1 mg. and 10 mg.cm_3 were tested
for their ability to stabilize guinea-pig macrophages.

Figure 3.34 shows the effect of spermine on these cells.

In this case spermine had no effect at the concentrations used.
Spermidine (figure 3.35) exhibits contrasting effects at different
concentrations. At the lower concentrations used it was lytic while at
the highest dose spermidine had no significant effect. Cadaverine

(figure 3.36) had no effect at the lower concentrations used, but
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had a stabilizing effect at the highest concentration used,
Putrescine (figure 3.37) behaved in tﬁe same fashion, that is

it had no effect at the lower concentrations but stabilized at

the highest concentration used.
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Figure 3.34 The effect of spermine on the release of acid

phosphatase from macrophages.

Each result represents the mean of four observations 4+ SEM,
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Figure 3.35 The effect of spermidine on the release of acid

phosphatase from macrophages.

Each result represents the mean of four observations + SEM.
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Figure 3.36 The effect of cadaverine on the release of acid

pbosphatase from macrophages.

Each result represents the mean of four observations + SEM.
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Figure 3.37 The effect of putrescine on the release of acid

phosphatase from macrophages.

Eacﬁ result represents the mean of four observations + SEM.
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The effect of daily subcutaneous injections of 50 u g and
500 ug per Kg of putrescine upon the development of adjuvant
arthritis in the rat may be seen in figures 3.38 and 3.39. Figure
3.38 shows the mean increase in foot volume of the foot injected with
adjuvant on Day O. From this figure it can be seen that a daily
dose of 50 ug Kg—l of putrescine was anti-inflammatory (p{ 0.05).

A daily dose of 500 ug Kg._l of putrescine was ineffective.
The increase in foot volume of the non injected foot is displayed
in figure 3.39. A similar situation occurs in this case, the lower

dose being significantly anti-inflammatory (p< 0.05) while the higher

dose was not significantly different from the controls.

128



Paw Volume

Increase (cm3) T
| T
T
1.0 - W
S
B\\‘wb
0.8 NE
]

Owio 0

Coli iE T

Qg2 s
4 ! - L - 1 il <
0 : L 8 12 16 20 I
Time (days)

Figure 3.38 The effect on the injected foot volume of adjuvant
arthritic rats given daily injections of putrescine at doses
e % ]
of 50 ng Kg 1 e—e and 500 pg Kg = ¥—Xx compared to saline

treated controls O=O.

Each result represents the mean of six animals + SEM.
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Figure 3.38 The effect on the injected foot volume of adjuvant

Each result represents the me

arthritic rats given daily injections of putrescine at doses
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of 50 ug Kg 1 e—e and 500 ug Kg = %—X compared to saline

treated controls O—O.

an of six animals + SEM.
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Figure 3.39 The effect on the non-injected foot volume of adjuvant
arthritic rats given daily injections of putrescine at doses

-1 -1
of 50 pg Kg ~ e—e and 500 yg Kg = ¥—X¥ compared to saline

tpeated controls O—O-

Each result represents the mean of six animals + SEM.
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Figure 3.39 The effect on the non-injected foot volume of adjuvant

arthritic rats given daily injections of putrescine at doses

- -1
of 50 ug Kg 1 g— @ and 500 yg Kg =~ ¥—X compared to saline

tpeated controls O—O-

Each.result represents the mean of six animals + SEM.
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3.6.6 The Effect of Theophylline and THozetamide on

———— e e e —————

The effect of a single dose of thioacetamide (150 mg Ks-l)

given intraperitoneally 24 hours before the inﬁection of carrageenan

may be seen in figure 3.40. At both three and five hours after

inﬁection of the carrageenan thiocacetamide treatment significantly
inhibited the ocedema formation. figure 3.40 also shows the effect
of a daily oral dose of theophylline (15 mg Kg_l) started two days
prior to the test. The results show theophylline is anti-inflammatory

although only the three hour measurement is statistically significant.
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3.7 'The'Role'of'Enddtoxin‘in'Inflammation

———— . . . . . . e . . o e ————
- ————————

Tﬁe anti-inflammatory effect of bacterial endotoxin,
given intraperitoneally, on the development of carrageenan cedema is
shown in figure 3.41. A dose of Spg Kg-l is not anti-inflammatory
while-a dose of 20yug Kg_l is anti-inflammatory at three hours, but
not at six hours. The highest dose used, 100 g Kg—l, was
significantly anti-inflammatory at both three and five hours.

The irritancy of a 100 g cm“3 solution of endotoxin was
also evaluated and the results are shown in figure 3.42. From these

results endotoxin can be seen to be no more irritant than saline.
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Figure 3.41 The effect of carrageenan induced oedema of an intra-
peritoneal injection of bacterial endotoxin at doses of
Sug Kg'l e—e, 20 1g xg'l ¥—x% and 100 ug xg'l O—0
when compared to saline treated controls O—O.

Eacﬁ result represents the mean of six animals + SEM.
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Figure 3.42 The increase in foot volume of rats following injection
g -3
of a solution of endotoxin (100 yg cm ~) @—e compared to
saline treated controls O=0.

Each result represents the mean of seven animals + SEM.
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Figure 3.43 demonstrates the effect of bacterial endotoxin

at concentrations of 100, 50, 10 and 1 ug cm-3 on the stability

of guinea-pig macrophages. From this figure endotoxin does not
stabilize the cells, in fact, at concentrations of 1, 50 and 100 ug

3 oy e
cm 1t is significantly lytic.

——— . . . e . e e . e s S
- —— ——

Bacterial endotoxin used in the preceding experiments
was assayed for spermine, spermidine, putrescine and cadaverine

and the results are presented in table 3.12.

‘Table 3.12
pg of polyamine in
25 mg of Endotoxin
Spermine 1.24 + 0.35
Spermidine 3.58 + 0.37
Cadaverine 40.22 + 2,11
Putrescine 8.78 + 0.68
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Figure 3.43 The effect of endotoxin on the release of acid

phosph atase from macrophages.

Each result represents the mean of eight + SEM.
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4. DISCUSSION

4.1 The Evaluation of the Proteinase Inhibitor Trasylol as a

Potenfial'Anti-Inflammatory Agent

The effectiveness of Trasylol as an anti-inflammatory

agent has been the subject of a controversy for some time. The use

of animal models to test the anti-inflammatory activity of Trasylol

has generally been confined to those representing the acute phase
of the inflammatory reaction (Férster, 1969; Spilberg and Kirk-
Osterland, 1970). The activity of Trasylol in acute inflammatory
conditions could be expected since it inhibits kallikrein which is
necessary in the formation of the inflammatory mediators known as
kinins which are of importance during the early phase of inflammation.
In this investigation the use of chronic animal models has
clearly demonstrated that Trasylol was unable to reduce the formation
of granulation tissue around implanted cotton wool pellets. Further-
more, Trasylol, when tested against the adjuvant arthritic rat, was
ineffective in suppressing the inflammation and at the doses used was
pro-inflammatory after day 12 of the experiment. The failure of
Trasylol in the chronic animal models used may be a reflection of its
inability to act against the inflammatory processes involved in the
later stages of the syndrome such as the deposition of granulation
tissue. The use of Trasylol in the treatment of rheumatoid
arthritis stems from the suggestion that it is capable of inhibiting
acid and neutral proteinases released from polymorphonuclear
leukocytes during the inflammatory reaction (Spilberg and Kirk-
Osterland, 1970). Further support for this theory is offered here
since Trasylol can clearly inhibit the proteolytic activity of human
rheumatic synovial fluid samples in vitro and because of its low mole-

cular size its passage to the site of inflammation would be easier.
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The clinical use of Trasylol in rﬁeumatoid arthritis has met with

varied results, but its use as an intra-articular preparation may be

of benefit (Bruckner and Eisen, 1970, Margy, Loyau, and Dumas, 1972).

4.2 The Levels of Proteinases and Anti-proteinases ‘in Human Rheumatic

Synovial Fluid Samples

The levels of alpha-l-antitrypsin in sera and synovial fluid
from patients with rheumatoid arthritis and other joint diseases

have been found to be significantly elevated (Brackertz, Hagmann

and Kueppers, 1975; Swedlund, Hunder and Gleich, 1974). Tt was
suggested by tﬁese workers that higher than normal concentrations

of alpﬁa-l—antitrypsin could help to control tissue damage by
inﬁibiting the proteolytic enzymes released from the lysosomes of
polymorphonuclear leukocytes which are thought to be responsible

for tﬁe degenerative processes occurring. Experimental support

for this view may be offered by the results presented here since a
significant correlation between alpha-l-antitrypsin levels and
proteinase levels in rheumatic synovial fluids was obtained. This
data is consistent with the concept that alpha-l=antitrypsin may

help to regulate joint inflammation by inhibiting the proteolytic
enzymes which attack jéint tissues. Significant positive correlations
were also obtained between proteinase and total protein and alpha-2-
macroglobulin and total protein levels. These correlations probably
reflect the general'increaSe of protein levels within the joint due
to both tissue breakdown and extravasation of proteins from the
surrounding tissues into the joint capsule.

4.3 The Role of Endotoxin in Inflammation

Smith, Ford-Hutchinson and Walker (1977) have stated that

endotoxin contamination of anti-inflammatory factors isolated from

natural sources may cause spurious results.

These workers base their theory on the growth of gram-negative
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bacteria in the column packing material (Sephadex) which on

application of hypertonic samples are lysed and endotoxin (LPS) is

released. The LPS then behaves as a low molecular weight material

in the separation rather than its true molecular weight (< 200,000).

This explanation may be possible since hypertonic solutions

wogld cause cell death and destruction, releasing LPS, but actual

lysis of the cells is unlikely. The sample used in this fractionation

was unusual because it had been derived from human plasma using the
techniques of ultrafiltration and concentration which had the
effect of concentrating the sample fifty times and thereby greatly
increasing the tonicity (Ford-Hutchinson, Insley, Elliot, Sturgess
and Smitﬁ, 1973). In comparison the materials investigated in this
project were either dissolved in or equilibriated with elution
buffer prior to application to the column. The samples did not
contain an excess of inorganic ions and the contribution of the
higﬁer molecular weight molecules to the overall osmotic pressure should
be relatively small. The change in tonicity on addition of the
sample should, therefore, be minimal. These workers also found that
a dose of 2u gKg_l of LPS was anti-inflammatory when given
intravenously to rats used in a carrageenan induced paw oedema test.
The results from the present study indicate that when given by the
intraperitoneal route (the method utilized for the injection of all
test materials) LPS was much less effective in reducing inflammation.
For this investigation the stabilization of monocytes was

studied since these cells are considered to be important in the

inflammatory process (Lack, 1969). This model was chosen in

preference to the stabilization of lysosomes (Hempel, Fernandez

and Persellin; 19703 Persellin, Vance and Peery, 1974) since, as

Ignafro (1971) pointed out; that model suffers the disadvantage that

pimental conditions can lead to different results.
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For comparative purposes LPS was tested in this manner and was
shown #0 have lytic properties when incubated with guinea pig
macrophages which has important consequences for some of the work
to be discussed later.. LPS las ahqs.lne.n slow tocontain spermine,
spermidine, cadaverine and putrescine, some of which are
markedly anti-inflammatory (see later) and may account, at least
in part, for its anti-inflammatory activity.

The problem of endotoxin contamination still exists and
is of importance since Maguire and Wallis (1977) found exclusion
of bacteria from the fractionation of anti-lymphocytic serum
abolished the anti-inflammatory activity of one of the fractions.

The reasons why LPS should be anti-inflammatory remain
unsolved, but its effects are wide ranging and several features may
be important. Endotoxin has been shown to cause changes in vascular
permeability,neutrophil chemotaxis and release of vascactive
substances, including histamine and kinins, It also causes an
increase in serum 1ll-hydroxycorticosteroid concentration (Munoz, 1961)
and activation of the complement system (Bladen, Gewurz and
Mergenhagen, 1967).

One of the other problems associated with the study of
endogenous anti-inflammatory substances is the counter irritation
theory. Although the problem has not been attacked directly in this
investigation it has been considered. Thus all the compounds tested

for anti-inflammatory activity have also been assayed for their

irritant action and an evalwation of both activities should provide an

answer to whether the anti-inflammatory activity is due to counter

irritation or not.

4.4 The Réle of Oligggnines in Inflammation

Altﬁough oligoamines possess some properties that may be

xample putrescine may be involved in
14)

relevant to inflammation, for e




the production of anti-inflammatory.mediators, until recently there

has been no evidence of their direct involvement in the inflammatory
process. In this investigation the direct anti-inflammatory
activity of spermine,.spermidine, cadaverine and putrescine has
been studied.

Using the carrageenan induced oedema of the rat foot as a

test model spermine was not anti-inflammatory, similarly cadaverine

exhibited very little activity. Spermidine was anti-inflammatory

and an approximate dose dependant relationship was observed.
Putrescine was intensely anti-inflammatory at all the doses used,
but tﬁis effect was not dose related.

The irritancy of the solutions used in the above test
was not related to ;he anti-inflammatory activity. Both
cadaverine and putrescine were not irritant. Spermine was irritant
at the highest dose used and spermidine was also mildly irritant
at the highest dose level.

None of the oligoamines had any effect on the development
of a local anaphylactic reaction in the mouse ear.

The in vitro test of anti-inflammatory activity
involving the incubation with guinea-pig monocytes and measuring
the stabilizing effect of the oligoamines was also used. In this
case a distinct difference was noted between the diamines putrescine
and cadaverine which have some stabilizing effects and the polyamines
spermine, which had no effect and spermidine which had either no
effect or was lytic.

Putrescine was also evaluated using the adjuvant rat model.
In this case putrescine inhibited the development of the primary
and secondary inflammatory lesions, an increase in dose negating this

effect.

In conclusion cadaverine, spermidine and putrescine all
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possess some degree of direct antieinflannatory activity which

does not appear to be related to their irritancy. In addition

putrescine had a marked effect on thé chronic inflammatory process.
The reason for a negation of this effect by increasing the dose is
unknown, but it may well be a reflection of putrescines toxicity since
it was noted that granulation tissue formed around the site of
injection in the higher dose while no such problem occurred in the

lower dosed group. It must be noted, however, that the dose used

was far below those which have been found to be non-toxic to rats
when administered acutely. A more likely explanation may be that
the increase in putrescine triggered the production of ODC antizyme
thus synthesis of putrescine within the body is slowed down. Some
evidence is available to support this view (Heller and Canellakis,
1980) since N18 neuroblastoma cells were found to increase QDC
antizyme production when incubated in a putrescine containing
medium. This effect was only observed above a certain threshold.
level of the diamine.

The mechanism by which putrescine and the other oligoamines
operate is unknown, but from these results they have little effect
on monocytes or on the anaphylactoid type of reaction. However, it is
possible that either putrescine itself is an anti-inflammatory
mediator or it may be involved in the production of anti-inflammatory
mediators. (Bartholeyns, Fozard and Prakash, 1980).

The effects of thioacetamide and theophylline also confirms
the role of ODC and oligoamines in inflammation. These compounds

are known to increase the levels of ODC in the liver, thus the

general levels of oligoamines and parsioulanly putresoine would be

elevated The use of tﬁeophylline’ B poe. BE phosphodiastarase,

also paises the possibility of the involvement of cyclic AMP in this

process. The involvement of cyclic AMP in putrescine biosynthesis is
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well known and is described in the figure below:

Membrane
Hormone
Adenylate Protein
Cyclase Kinase
Receptor—"

Cyclic AMP Phosphorylation (?)|

DNA DOOOOC

Transcription

OoDC

Ornithine

Antizyme <4 Oligoamines —

(Bachrach, 1980)

Thus the involvement of cyclic AMP is clear and in
addition an excess of putrescine would not only result in production

of antizyme, but would ultimately switch off ODC synthesis.
Finally, prost@glandins may play some part in ODC induction

(Verma, Rice and Boutwell, 1977), thus these mediators, which are

produced during the inflammatory process, may cause an elevation of

putrescine‘biosyntheSiS with a resultant anti-inflammatory effect.
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4.5, AThe Anti-Inflammatory Activity of Human Rheumatic

‘Synovial Fluid Samples

The sample of human rheumatic synovial fluid used for the

Aai gial tests of anti-inflammatory and irritant activity was
chosen because of its low proteinase levels and high alpha-1-
antitrypsin levels,

These results demonstrate that this synovial fluid sample
was anti-inflammatory in the acute model of the carrageenan induced
oedema of the rats foot at the dose used which was equivalent to
105 mg. of protein; This synovial fluid had no effect, however, on
the formation of granulation tissue around implanted cotton wool
pellets. It should be noted that the synovial fluid had no
significant irritant activity when compared to saline. It would,
therefore, seem unlikely that the human rheumatic synovial fluid
exerted its anti-inflammatory effect by way of the counter irritant
mechanism. Synovial fluid aspirated from rheumatic patients is
known to stabilize rat liver lysosomes in vitro (Lewis, Capstick
and Cosh, 1975) and that the substances responsible were proteins.
Lewis (1977) observed that "although proteins stabilizing lysosomal
membranes have properties that suggest that they may be anti-
inflammatory, there is mo direct evidence that they have an anti-
inflammatory action against the usual animal models". The observations
from these experiﬁents may offer some additional evidence in support

of that statement.

Pooled human rheumatic synmovial fluid, when fractionated

on Sephadex G-150, produced two pooled samples (F1l and F2) with the

i . Both these fractions significantly
split occurring at about 6300 daltons

inhibited the carrageenan induced ocedema of the rat paw. The anti-

inflammatory effect of the higher molecular weight fraction (F1)
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could be due to lysosomal stabilizing proteins (Lewis, Capstick and

Cosh, 1975) or to proteins with an unknown mode of action. The

anti-inflammatory activity associated with the lower molecular

weight fraction (F2) was obviously not due to any of the normal plasma
proteins since they are all too lafge to be present in this fraction.

Also, because the extract was dialysed it is unlikely that very small

molecules, for example steroid, were present. It is possible that

the active component in this fraction was a peptide or polypeptide.
Although both fractions were irritant when compared to saline they
were significantly less irritant than the original pooled rheumatic
synovial fluid sample which was not significantly anti-inflammatory
in this experiment. From these results it appears unlikely that
tﬁe counter irritant theory was in operation in this case since

the anti-inflammatory effects of the fractions and original sample
did not parallel the irritant activity.

The implantation of dialysis sacs containing human rheumatic
synovial fluid had no effect when tested against the carrageenan
induced oedema of the rat paw, the possibility that the synovial
fluid was capable of releasing dialysable molecules which were anti-
inflammatory does not, therefore, arise.

The incubation of pooled human rheumatic synovial fluid with
guinea-pig monocytes demonstrated the lytic activity of the
unfractionated fluid. Upon fractionation this lytic activity was

lost since both fractions (F1 and F2) were capable of stabilizing

the membranes of the monocytes. Earlier work using synovial fluids

showed that while some fluids stabilized lysosomes others were

lytic (Capstick, Lewis and Cosh, 1975). Thus the data presented

here may be a reflection of the diverse origin of the pooled rheumatic

synovial fluid or the lytic substances present are only effective

above a certain tﬁreshold level.
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4.6 The Antl-Inflammatory Activity of Livep Extracts from

Pinals (1973) demonstrated that saline extracts of

livers from rats, treated with the heatatoxn dimethylnitrosamine two

to six days earlier, could de lay the onset and severity of the

inflammation induced by adjuvant in the rat, It has also been

shown (Parrott, 1977) that this extract is also effective in
supressing the inflammation induced by the injection of carrageenan

into the foot of a rat. In both cases extracts of normal livers

were ineffective.

In this study the liver extract from dimethylnitrosamine
treated rats was fractionated by gel filtration to produce three
fractions pooled according to their proteolytic activity. The high
molecular weight fraction (> 100,000 daltons) was significantly
anti-inflammatory while the other two fractions were ineffective.
The irritancy of these fractions paralleled their anti-inflammatory
activity, the most irritant fraction being the high molecular
weight one. It may be possible, therefore, that this high molecular
weight fraction is not truly anti-inflammatory, but operates by

causing counter irritation.

Using an in vitro method it is clear that the high

molecular weight fraction undergoes degradation, which is enhanced

by. the presence of trypsin. The dialysable molecules released during

this process are also demonstrably anti-inflammatory in vivo. The

nature of these active substances is unknown, but it is possible that

oligoamines may play a part in the mechanism of action of DMNO liver

extracts.

Tt is well known that liver damage caused by partial hepa-

tectomy :;md treatment with carbon tetrachloride produces general

tissue regeneration with a concomitant elevation of ODC activity
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and oligoamine levels (gee Introduction). In this case 1i
yer

SRETRCR e S have greatly elevated levels of

cadaverlne and putrescme, spermine levels are depressed and

spermidine levels are unchanged'. Tﬁis liver extract is capable

of releasing all four oligoamines wﬁen incubated in a dialysis

sac although the presence of trypsin does not enhance this release.

Previous experiments (section 4.4) have shown that oligoamines
possess anti-inflammatory activity and thus the liver extracts may
operate via this route and explain the results of Pinals (1973).

4.7 The Anti-Inflammatory Properties of Sponge Induced

Inflammatory Exudate

The fractionation of sponge exudate by gel filtration
confirms the results of Billingham, Robinson and Robson (1969). A
possible mechanism of action for the anti-inflammatory substances
found in sponge exudate may be explained by its action on monocytes
in ‘vitro. The unfractionated exudate was capable of stabilizing
the membranes of these cells. On fractionation both fractions (Sl
and S2) are capable of stabilizing the cells at the lower
concentrations used, but at higher concentrations the fractions were
lytic. From this it may be concluded that, during fractionation,
either the lytic substances have been concentrated from the original
material or they have been introduced by the process. In the case of

the latter hypothesis it may be possible the contamination with

endotoxin is the reason for the introduction of the lytic compounds

gince no special precautions wepe taken during the fractionation

procedure.

The study of sponge exudate using antisera Fialied Tew

positive results. However, it can be concluded that the major

: . \ 1s0
proteins present in the exudate are normally found in rat -

adhere to lysosomes are normal plasma

the proteins that apparently @
' 1




proteins. These results do not preclude the possibility of
of a

protein or POlYPePtlde, bresent in low concentration, having anti-

inflammatory capabllltles.

From }Mit.r’ﬁ Studies of the proteolytic activity of this
inflammatory exudate it is possible to conclude that it possesses

inherent proteolytic activity. This activity is at a low level

when compared to rheumatoid synovial fluid, but is sufficient to

account for the self degradation of the exudate and the subsequent

release of dlalysable molecules,

The i vivo study of these dialysable molecules proved that
their presence induced a change in the rat such that when the animal
was later challenged by an inflammatory stimulus the resultant
oedema was significantly smaller than control animals. There is some
suggestion from this experiment that trypsin negates this effect.
This may be because the active component is destroyed by trypsin,
suggesting that it is a protein, or trypsin accelerates its release
to leave only low levels when challenged. The use of sponge
exudate dialysate collected ‘iri‘v:ft’ro showed that it was anti-
inflammatory, but this was allied to its irritancy. In addition the
residue after dialysis was also irritant and anti-inflammatory.

A possible mode of action for these dialysable molecules
is suggested by the work of Sarcione and Bogden (1966) who

demonstrated the synthesis of alpha-2-glycoprotein in isolated

perfused livers from injured rats. They argued that, EEE=TInyuEy ot

sites peripheral to the liver stimulates production of the protein,

the inﬁured tissues must release a factor into the blood which

prompts its hepatic synthesis. Evidence to support the existence

-hepatic factor'(hmnora'l {nitiator substance or HIS

Gfay and Fuss (1966) who found that

of an extra

factor) was provided by Bogden,

from injured rats caused increased synthesis of alpha-2-
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glycoprotein in the liyers fng
0 normal animals, A nmech
. anism similar

to this could account for the antl-mflamatory activity of these
dialysable molecules and would complement the work of Billingham,
m

- Gordon and Robinson (1971) who found that livers from injured rats

s thes:L d =
yn zed an anti 1nflammatory protem when perfused with normal

blood. These worke's established that actinomycin D which prevents

protein synthe51s prevented the formation of the anti- inflammatory
protein found in sponge exudate.

Sponge induced inflammatory exudate both, contains
oligoamines and is capable of releasing them when incubated in
dialysis sacs. This fact offers another possible mode of action of
sponge exudate. The oligoamines have been shown to be anti-
inflammatory and are present in similar amounts in sponge exudate,
thus the anti-inflammatory effects of the exudate may be due, at
least in part, to the oligoamines., In addition, the release of
oligoamines by the exudate offers an explanation of the anti-
inflammatory effects of the dialysate.

‘4,8 'Conclusions

The discovery that oligoamineshave a direct anti-
inflammatory action may be important in several areas of study.

In this work it has been shown that an anti-inflammatory
exudate both contains and is capable of releasing oligoamines in
amounts which would be pharmacologically active. Although the mode

of action of the oligoamines is unknown it is obviously worthy of

further investigation and a possible link with the cyclic AMP and

prost aglandin systems does not appear unlikely.

The role of liver damage and the resultant tissue

arified since this

ion h 1
regeneration in inflammation has also been ¢

involves the production of putresc:..ne which has been shown to be
: with
anti-inflammatory. Tk s 1nterest1ng to note that treatment
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the hepatotoxin carbon tetrachloride causes a conversion of spermidine

to putrescine, the more potent antl-inflamatory agent,

Drug actlon, especially that of the steroidal drugs,

may also be explained since Steroids are known to cause an increase

in ODC activity and thus putrescine levels. A possible reason for

this effect may be offered by fhe work of Pitt and Lewis (1979) who
suggested that steroidal drugs caused sligﬁt liver damage which
would elevate ODC and putrescine levels,

. In conclusion oligoamines may be very important to our
understanding of the basic mecﬁanisms of inflammation and also the

development of new types of drugs may be possible.
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