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PART A INFLAMMATION

1.1 Inflammation

Inflammation is an essentially nprmal and protectﬁua
response to any noxious stimulus that may thréaten the well-being of a hqét._
The injurious stimulusmay ba a chemical agent (croton oil, carrageenan,
.glycogen), a physical agent (burns, ultra - violset 1ight), or a biological
- agent” (bacteria, fungi, viruses). In addition an endogenous factor may

give rise to inflammation as is the case in autoimmune diseases.

Inflammation can vary from an acute, transient, and highly
localised response such as a piﬁ prick, to a complex sustained chronic

.,rasponsa involu;ng:the whole organism as occurs with rheumatuid'diseases.

When tissue injury is caused by a singlaievent_or a
single e#posufe to‘a non - replicating ageht,.the'infiammatury process
progressas smoothly'from injury to heéling;,énd is termed acﬁte inflamm =~ -
atinn. If howsyer, the injurious agent is self - replicating (parasites,
bacteria énd uirusss), nrAaftempts to remove the agent fail, then the
inflammatéry reéponse becoﬁés much’ more complex éﬁd will coﬁtinue for as
"lnng_as the agent itself.persists. This giﬁas rise to.a'chfonic inflamm =

atory process with much tissue damags due to the secretion of destructive

-

lysosohal enzymes and may result in loss of function.

-—

Inflammatlon is manifastad by five cardinal signs of in -
flammation. Thega are erythema, oedema, pain, heat and evantually loss of
function. Buring an inflammatory responsa there is an 1nitia1 briaf cons -~

triction of the arteriolgs followed by_prolonged dilation of -the blood

1 vessels, This produces an erythema which ‘is then folloﬂed by leakags of



plasma protein from the blood causing an cedema, During the oedema phase
.. the migration of leucocytes into the inflammed area is a-characteristic _
féatura.of the inflammatory respohse. The libaration of mediators through. -

out the response leads to the production of pain and heat.

f'1.2 Mediators of Inflammation

The inflammatopy process involves tHe 1i -
beration o?.méhy potent spbstances which can themselvaa‘duﬁlicata tﬁe
1nf1ammatory'response and lead to paiﬁ, heat and to the chronic condition, .
loss.of function. Table 1,1 summarises the chemical nature and origin of

" these substances.,

Each substance, aslits invoivement was bropOSBd or dqm_f
onéhrated has bean studied iﬁtensiuely.and attembts haQe been made to
link its actiﬁns to that ﬁf_other mediators. Mediators genaraily have
fhrea properties ¢ (1) they can 1nduca.soma or all of the signs df in -
flammation, (2) ihey can be released during an 1nflammatory'reaction; and

(3)'tﬁeir release or action can be affected by anti - inflammatory drugs.

The importance pf'the médiators'in the various types of -
"inflammation depends upon the sensitivitiss of the tissuas in which éhey
are released and én'thé sequénca §r mediatbr.raleésﬁ. Fo? axample; in
- anaphylactic shock there is an_exélns;ve'and virtually simultaneous -
‘release of many mediators, for example histamine and SRS - Ay whareas'lﬁ

'tha carrageenan'- indubad.inflammatory response there is a_sequential

relsase of médiators.

1.3 Prostaglandins as mediators of inflammétioh‘



TABLE 1.1

MEDIATORS OF INFLAMMATION

AGENT

CHEMICAL NATURE

ORIGIN

1.

. 2

HISTAMINE; SEROTONIN

(5HT)

SLOW REACTING
SUBSTANCE OF

" ANAPHYLAXIS (SRS ~A)

3

cd,

5.

6.

7s

8.

.9&

KININS

PROSTAGLAND INS

PLASMIN

HAGEMAN FACTOR

- (ACTIVATED)

COMPLEMENT

LYSDSOMAL
ENZYMES

LYMPHOKINES |

AMINE (STORED)

ACIO LIPID

'POLYPEPTIDES
(SPLIT PRODUCTS)

ACID LIPIDS
(NEWLY SYNTHESISED)

 PROTEASE
{SPLIT PRODUCT)

PROTEASE

‘PLASMA PROTEINS AND
SPLIT PRODUCTS

INTRACELLULAR
_PROTEINS (STORED)

INTRACELLULAR
PROTEINS (NEWLY
SYNTHESISED)

BASOPHIL MAST CELL;
PLATELETS

LEUKOCYTE

PLASMA SUBSTRATE

UBIQUITOUS
INTRACELLULAR
PRECURSORS

PLASMA SUBSTRATE -

RETICULOENDOTHELIAL
CELLS, LIVER

PMN'S, MACROPHAGES
MAST CELLS

'STIMULATED

LYMPHOCYTES




(i) Discovery

- In 1930 Kurzrock.and.Lieb observed that human myometrium
tissus shoméd rhythmic contractions and relaxation when incubated with
;‘fréshnh&maﬁ‘semen. This obseruatiqn was confirmed by GOLDBLATT (1933)

| énd Von Euler (1936) and tﬁa_-latter author 1dentificd the active component
~ as an ﬁcidic lipid and named it "prostaglandin" thinking that it was
'  produced in the prostate gléﬁd. In.1959, Eliasson showed that prostag -
“landins in hﬁman semen wafE“deriuéd'?rum'seminal vesicles‘ahd'aafgstrom
and Sjovall (1960) showed that the active substances were several closely
related compounds, Prostaglandins are now known to be ubiquitous having

been Identified in almost svery tissus,

‘Figure 1.1 shows the main prostaglandin related substa -
_nces and their biosynthesis from arachidonic acid. The subscript one (1)

type products eg. PGE, and .PGF',] are biosynthesised from dihomo —.K.; h

o
linolenic acid which contains 3 double bonds,

(11) Release during.inflammatary reactions

~__; - In several_expefimental models of inflammation pfost -
ragléndin ;.like substances have been regarded as terminal mediators of
the acuteAresponse,'althnugh onalimportant éxception is the'anaphylactic:
'responsﬁ wheré discharge 6? mediators occbrs'simultaneousiy uhOn challenge

with antigen.

“(a) Cafragéenaﬁ - induced inflammation of the rat pau

Carrageenan is a sulphated mucopolysaccharide deriued .

from the Irish Sea Moss, Chondrus, and is able to induce an acute infl =






LEGEND TO FIGURE 1.1

Arachidonic acid can be oxygenated via 2 pathways: =

1) CYCLDOXYGENASE " " Knouwn to be present in all céll'typeﬁ_‘
except erythrocytes, | _
| First PGG, is %érﬁed. This can be cﬁnvértéd to
-ﬁsz; whiqh can break dq@n éﬁzymiéally or noﬁégnzymicqlly tq'é“
variety of other products (sse figure ). Inhibited by NSAIDS.
Enzymes 1.., ‘ PLA2 = phospholipase A2 |

| TXS

thrnmboxane_éynthetase.
PgS = prostaglandin synthatase‘ - -

" PeS

= prostabelid,-synthetése
S)ILIPUXYCENASE ... Identified so far in lungs, platelsts
N o

and leﬁcocyﬁes. An:unstable hydroperokide is:Forméd (HPETE)‘ﬁﬁich cén -
then breakdown fo the stable hydroxyacids or can be further tran -
:strmed iuhother products such as leukotrieneé..Lipoxygeqase is
1inhibited by BW 7S5C. |
| In luﬁgg Jipoxidase acting ét C11 + C12
" In platelets Jipoxiqase acting at €12
In leukocytes-Jipnxidase’acting'at*CS. :*

o ‘3\/'_5\'/\/1201:»1
:_—_/.___. \N— /\‘/.\/.?.o‘.'
- N
‘ “ARACHIDONIC ACID

to
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" Figure 1.1



ammatory reépnnse uhen‘injpcted into the paw of a rat., In this model which
 is used widely iﬁ tﬁe seérch for new anti -‘inflammatory agents, thera

~ appears to be distinct phases of mediator release (DiRosa et al, 1971a)
(f;gure 1+2)s It appears that during the first 1}hrs. histamine and SHT
ére thé maih.mediators-raleased. This was_shomn by the use of tﬁe anta -

' gonist compound 48 / 80 which depletes.stores‘or h;stamine and 5HT. 48 / a0
Givén over & days'before carraggénan injection showed a marked reduction
in paw oedema during the first 14hrs affer carragéenan injection, The
second phase (1% - 2% hrs) of this reaction is mediatedlby Kinins. Simil -
ﬁrly the u;e of cellulese sulphate, which lowers the plasma Kininogenen
;levei'by 50%, reduced the formation of the oadema duringr.this phaae; The
.'use.of-da / 80 and éellulose sulphate fdgether led to a supression of

the oedema up to 2%hrs.

The appéarance of prostaglandins in iﬁa inflammed paus
was demonstrated at 2% - ﬁhrs after carrageenan injection by willis (1969),
suggesting that prostaglandins may madiate this phase oP the response.
Cumpound 48 / 80 and cellulose sulphatse had no effect on  the oadema during
:'this phasa and neither did they affect associated migration of pnlymnr -
phonuclear (PNH) leucocytes into ths area.'Howeuer the depletion of com =
plement by the ues of antisera towards leucocytes or antigen - antibody
 cnmp1exes, reduead the cedema up to 6hrs. This demonstrated that compla -
_ment was required for the release of all the mediators and it was suggested
that activation of complemant; either by the irritant iﬁself or fixétion hy.
~altered tissue proteins was tﬁa event that led to tﬁe release of mediators

én@ the'progression of the'inflammétory‘response.

(b) The carrageenan air ~ bleb

This iS an .experiméntal I'I'IDdBl .{l"l Which an Dfdarad .release
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 Figure 1.2 Time course of mediators in the carrageenan
induced cedesma of rat paw. The lined curve indicates intensity
of vascular response as jﬁdged by accumulation of 1311 - albumin

(from DiRosa.et al, 1971 a).



of mediatcrs cccdrs. A“suspension of carrageenan isiinjected'intc a
subcutaneeus air‘- bleb fcrmed cn che back of a rat. An iafiammatory
‘reaction Follows, and samples of the bleb = fluid can be withdrawn at
':certain time interuals and analysed. Again histamine and kinins are found
lshotly after carrageenan injection and prcstaglandins,_mainly PGE o? appear
_after 3hrs and reach a maximum at 12-24hrs (Andersen et al, 1971)
r.f.‘.da1':1:6.xugeenar1 induces prostaglandin accumulation in a dose - dependant
‘manner and the concentration of PGE recouarad at 24hrs (95ng/ml) was
‘farlin axcass-of that necessary to produce‘cutaneous inflammation. The'
1ysoscma1-anayme /3- giucurnnidase'eas found to.increase'in parailel
..5d;th PGEzt implying that appearance'of prostagiandins was related to s

“appearance of lysosomal enzymes.

{(iii) Induction of inflammation

Prqstaglandins are able fc inddce the signs of‘infla -

maaﬁion;-Thesa preperties whichieill anly.ce mentioned vafy briefle here
‘

3hava been reviewed in detail by Ferreira&vane (1974) t={1i) Erythema can
be produced by prostaglandins of the E series in low concentrations and
;the effects are long lasting. They can also countaract the vasoconstri -l
ction caused by agents such as noradrenaline end angiotensin. (ii) PGE,
is the mcst pauerful pyretic agent known’ and during fevar the generation_‘
of a prostaglandin E - like substance in the ceqtral nervous system has
- been measured. (iii) Prcstaglandins are not very gcod oedsma producing
s_agents on their own but sanaitisa blood uessels to the permeability
effects of other mediators. (iv) The role of prestaglandins in pain pro -
duction iS'to induce long lasting hyperalgesia (ﬁ'Zhrs), a state in

which pain can be elicited by ncrmally painlass mechanical or chemical

'ﬂ<stimu1tation.__



{iv) E€ffects of anti = inflammatory drugs

- Inhibitien of prostaglandin. biosynthesis by indomaethacin
and aspirin was first shown by Vane and collegues (Uane, 19713 Smith and
wWillis, 19?1, Ferreira et al, 1971).In the former report cell - Free
_hemegenetes from guieea- pig lungs were prepared and the_ngQ supeenatent
used to eyethesize prestaglendine from araehidenic acid, Iedometeacin
and aspirin both inhlbtted'bioeYnthesis of PGEz_and Pcfzﬁtn a ere -
dependent manner, Sﬁith and Willis (5971)“Tound"that addition of ‘the
same.drues to washed human platelets whice produce PGde.when incubated
with thrombin, substantially reduced prostaglandin Fermation in a dose -
~reieted menner..Finally'indomethacin and aspirin‘alsn abelished the teleese

of prostaglandins observed when a perfused dog spleen is contracted by

either catecholamines or nerve stimulation (Ferreia et al, 1971).

~ These observations were of importance since the effects
found were at concentrations likely_to.be achieved in vivo and -anti -
. inflammatory potency correlated well with the abiiity to inhibit prosta -

glandin synthesis,

:/.

- " Since these tindings inhibition qk erostaglandin bia - |
:Syhtheeis bf.aepiein end releted drugs has bsen shown in many othee bto -
logfcal syetems (eg Tomlinson et al, 19723 Flower st al, 1972). Hoeever
the steroidal anti - inflammatory drugs such as déxamethasone, althnugh
‘ being more effective as antj = inflammatory agents then 1ndomethacin, were

shown not to directly inhibit prosteglandln synthetase, although they
| blocked release of prostaglandins in whole cell systems (Flower st el,
1972). These drugs are  nou known to be inhibitors of phosphulipase

activity and develop wments in their mode of action will be discusaed later.'
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{(v) Prostaglandins as modulators of inflammation

Proataglandins of the £ - typa also haua prnperties
uhich are anti - inflammatory.
_ o ' arru«s
Lysosomal enzyme release by PMN leucocytesﬁﬁf be imp -

ortant in the pathogenesis of rheumatoid arthritis, PGE, and PGE,, but

2

~ not Pcfzpc, have besn shpwn_to reduce degrannulation and_the :eleasa af
lyéospma; énzymesq(Weissmann et al, 1972);Furthef; PGE, and PGEzﬂpave.
also been shown to prevent the releasa of histamine and_SRS.;‘A from |
basophils énd'lung ffagments'ig.!iggg, when challangéﬂ uifh a preseﬁsi -
tised antigen, These effécts are thought to arise by the fact that PGE,
and PGE 2? but not PGF2
3!,5'~monophosphats {cAMP), which when raised ;ﬁ;‘knowﬁ to inhibit

o ? Can increase intracellular ctyclic adennsine
lysosohal enzyme releasa,

‘In experiments”usihg%the cérrageénan'air —_b1eb teach -
nique, piacémént into thelblebs 6? 2001ug of P652 ét the éamerfima és
carrageenan, radﬁced thé rate at which leucocytes and lysbéomél enzymes
'appeared at the site (Zurier et al, 1973). Also ultrastructural studies
indicgte that more‘lygosomes remain intact aftgr carrageqnan yptake in‘
bleb'leucocftesTfrﬁm PéE,‘fraatédnahiméls than.in.léﬁeﬁcytes from control
animals. These anti - trflammatory eFfacts are nbservod at much higher

ros’c?tﬂn ins

concentrations thaW those shown to pot: entiate the inflammatory rasponse

‘initiated by carragesnan (Fgrreira and vane, 1974).

' PGEg and PGE have also been obsarved-to'suppress ad ju -
vant induced arthritis and cartilage destruction in rats as measurad
by joint swelling (Zurier et al, 1973) The exact mechanisms inunlved in

‘this action are not knoun although-propertias such as inhibition of et



lysosomal enzyme secretion ara thought to be important,

Prostaglandins therefore may have a complex role having

both anti - and pro - inflammatory effects.

1.4, Involvement of Polymorphanuclear Leucocytes in Inflammation

(1) Function and morphalogy

ﬁolymorphonuclear leucocytes, alsﬁ referred to as--
'neutrphils or granulocytes, are phagocytic cells primarily concarned
'-with defénce against foreign biological particles such as’ microorganisms.
They originate from prolifesrating pools of precu;snr cells in the bons |
marrow wvhere they differentiate and develop§ their'charactgristic
‘.granﬁiesg They make up the major porticn of leucqcytes in the blooa'
(& 70%) ‘and in response to chemotactic stimuli they.cen migrate into
tissueé and perform their function‘af'phagocytosié and killihg of |
"biological material. PMN leucocytes live only for about one.day="1 the
c.wr_u.Lu-twf\ .

The‘mature'circulating PMN leucocyte contains mainly
tuo chemicaily.distihct types of granules present .in the cytﬁplésm called
azurophil and specific graﬁules. Azuruphil gnanulés-arngroduced first
during thé promyelocyte stage of dévelppmant,and arise from thé inﬁer,
coﬁcavé surface of the Golgi complex. Tﬁésa.granules contain agid - [
hydroléses (ege B = gldcurnnidasa), may bqlrégérdad és primaryflysosomeé
found in oiharrcells. Specific granulés appear during the myelocyte staqge
of maturation.and arise from the-outer, convex phase of-the Golgi bompléx.
They are smaller in éiza than tha.azurophils and contéin‘eanmes such
'lagﬁlyso;yme. The pfotein cﬁmposition of the membranes of thesertub

granules have been found to be different and the azurophil‘granule also
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contains-a highar proportion of cholesterol in

tha membrane,

{ii) Release of lysosomal enzymes from PMN leucocytes during stimulation

During phégocytosi; {particle ingestion or endocytosis)
both types of granules discharge their contehts, containing antibacterial
agents and enzymes, intb the phagoéytic vacuole for the digestion of
iﬁjested mabromolecules; The specific'granules preceed the azurophils
l“in this process. Also during phagocytnsis, probably because of incomplete
closure of the phagocytic vacuola, a portion of the lysnsomal constituents

are released into the medium In vivo the releasad hydrolytic enzymes

- would be free to act upon surrounding tissues and cause damage.

Mechanisms of the release process

Many in vitro st@dies have been carried out to examine
.the selective rélease‘of lysosomal enzymes frommstimﬁlated PMN leucocytes.
- A variety of étimuli haveibeén used to elicite the‘release process. For.
: example zymosan particles éoated with'complament or-antibody,limmune
-cnmplexas, CSa, and N - formyl -L- methionyl - [ - leucyl -L -

phenylalamine.

_ An extensive study with the use of zymosan péiticles
- coated uith complemant (CS) or antibedy (IgG) was carried out by Henson
(19?1) using peripheral rabbit leucncytes. In this case specific
release of lysosomal enzymes occured ihta timafaﬁd concentrafibn“?
dependarit manner, Maximal‘:eléase of apﬁroximately 30% lysosomal
tfenzymes oﬁcured with 5mg zymoéan - combiemant particléé. Thé féléaée

" reaction was specific and mediated through receptors in the‘laucﬁcyte
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membrana;_dhich.jébognise'cdmplément (C3) and antibody (Fe portion_of-
“the IgG molecule), as‘nu-releasa was obsefvéd with zymosan particles
alone, Reléasa of lysosomai enzymeé was also observed if antibody or
.cﬁmplement or immune compléxés wére coated onto.. micropore filters
. which'aré too big to be ingﬁstéﬁ and hence provide a non - phégocytosable
surface, Therefore as long as receptors on the leucocyte surface are
stiﬁulated, lysosomal énzyme reléasé bccurs whether of not phagqcytosisi

. QCCUrLS,

‘Thiéfﬁﬁh§jis further suppofted by cytochalasin 8
. treatgd'humah PMN leucocytes (Gnldstein et a1, 1975).This agént
.inhibit# phagocytosis of particles by interference uitﬁ.micrﬁtubule
function, When these leucocytes are exposed to either tha complement
cqmponant £Sa, or ihmune complexes they act as sépratory cellé and rel -
.‘easa lysosomai enzymes withodt loss of cell integrity. The rols of
calcium ions haslalone been investigated in fhis system, The complemén£
céméﬁent, C5a, in the absence of calcium ions is able to'ind¢cé é
significant release of lysozyme and ﬁ?- glucuronidase., Addition of upj'
to 1.5mM Ca2+ to the suspending media causes an iﬁcrease in ﬁha release
of both enzymés. However, furih@r amounts of Ca2+.a§tua11y decreased
' /3-— glucdronidase rélease but had no efféct on the release of lyéozyma.

‘Calcium itself only induced the release of lysozyme.

Iﬁ another system! Northower (1977) using rabbit pgrito -
neal ﬁeutrophils, demonstrated that calcium jtself caused a tims gnd
concentraticn dependant releasa of both lysozyme‘and/G-glucuronidaser
without release of the cytoplasmic marker enzyme lactate dehydrdganase.
The non = steroidal anti = inflammatory drugs were found to affect the
relsase of these two enzymes d;fferently. The release of /3- g@ucufon‘-

idase was inhibited by indomethacin, flufsnamate and salicylate, and the
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Figure 1.3. Mechanisms of lysosomal enzyme release from PMN leucocytes.

- (1) Release duning phagqcytosis, "regurgitation during feeding!
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15

release of lysozyme was inhibited by salicylate, amidopyrine énd oxyphén =
butazons but not by indomathacin or'Fiufenamate.
Mechanisma of the release process are also illustrated .

in figura 1.3.

It is apparent therefore that PMN lsucocytes with thair
chafacteristic large nUmbg£ of grénules hava-%ha‘necessary machi?ry‘for
provoking. all of the‘faaturés of £hé acuta-inflammétory réspohse. Indeed |
the apﬁaarancé'of large‘numbars of leucocytes (first PMN's and later
: monoﬁytes) i$ a characteristic feature of inflammation, i;feased activ =
ities of 1§sosumal'enzymas have been found in thé rheumatoid synovium
tAnderson; 1970) and have been shown to produce exﬁa;imental tissus
damzge as whén.injected into the skin aﬁd Joidts of rabbits. (Weissmann

t al, 1969). .

i d——

(11i) The involvament of PMN leucocytes in the gensration of

prostaglandin - 1ike materials

(a) Prostaglandins

The poséibility,that PMN neutrophils leucocytes may be
important ip genarating prostaglandins that appear in the sites of acﬁta.
inflammation was suggested by Anderson et al {1971).Using the carrageenan
air bleb experimental model, these wqueré observéd tﬁat the éppaarance
of Iysosomél_énzymes /5-.glucuronidase and acid phosphatésa-garﬂlieled

the appearance_df PGE, during 24hrs after carrageenan injection., It was

2
suggested that during the phagocytosis of carrageenan by leucocytes,
phospholipasas are released and that these hydrolyse phoépholipide’of

cel) membranes to yleld arachidonic acid. This fatty'acid cnuid then be
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oonverted to PGE by freely auailable tissua enzymes (prostaglandin

synthetase)

- Prostaglandins wers shown to be released from rabbit
peritoneal PNN'leucocyhes during phagocytosis of bacteria (Higgs and
Youlten, 1972) The main prostaglandin released was PGE (56%), and
FGFZ‘ (28%), with some additional compounds that were unidentified (16%).
Release of prostaglandins was greater in leuoooytes undergoing phagocy =

tosis than in resting controls.

In a later report (Higgs,NcCall and Youlten, 1975)
‘lleucocytes undergoing phagocytosis were found to produce a ohemotaotio
substance which was absent if.indomethacin was included in therpreparations.
‘ } One of therprostaglandins produced was identified as PGE,lby thin -

layer ohronetography and'differential bioaseay,“and'tne chemotacfic.
ﬁroperty of ?GE1 first shown by Kayley and weiner (1971) uas'aieo.con -
firmed. Neither PGE, or PGqunuere found to-be chemotactic for PMN
leucocytes. The production of PGE4 by stimulated PNNsHie of particular
importance in inflammation as this would lead to furtner infiirretion~
of leucocytes into the inflammeoory site;;The rete'at whioh phagocytosing
"PMNs were found to produce prostaglandins oould account for the levels
observed in inflammatory exudates. It also appeared that homogenates

- from ceils which had been pre = incubated with bacteria (ie phagocytosing

'leucooytes) showed tuice as'much-prostaglandin synthetase activity as

compared with homogenates from bacteria-free controls.

Similar release of prostaglandins has been demonstrated

from human PMNs exposed to iymoean perticlee (Zurier and Sayadoff, 1975).
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(b) Production of thromboxanes (TX) by PMN.leucocytes

Thromboxana production was first ahuwn in sensitised _
guinea - pig Isolated parfused lungs when challenged with antigen (Pipar
and. Vane, 1969), An additiOnal activity which was diffarent from histamine,
' SRS = A end proataglahdins was describad in the perfusate, This caused
the contraction of a rabbit aorta.strip, and was termed rabbit aorta
.cqntracting ‘substance (RCS). RCS was’ later idantified to be a mixture
. with smaLLU amounts of
mainly consisting of thrombuxana R, (TXA ) r ' prostaglandin endoperoxides
PGG2 and PGH2 (Hamberg, Swensson and Samualssan, 1975). |

‘TiA - 1like activity is also produced by PMN leucocytas
(Higgs et .al, 1976). When prostaglandin endoperoxidas PGG, and PGH_were
incubated with homogenates of phagocytosing PMNs for as little as 2
‘minufes at 0‘C, ﬁnara was an increase in the rabbit anata cnnfracting
act{vity_and the c691£; artery contracting activity. This incraase'of
‘biological activity was atfributad to the production of TXA2 frnm
evaluation of its biological half life (13 =8 - 13 min at 0°C and less

than 1 min at 37°C in aqueous solution), and in its greater potency

in contracting the rabbit aorta.

An increase in RCS was only abserved nith homogenates
of phagocytosinQVPMNs and not resting cnntrois,‘and the conversion to
.TXAZ was prevented by builing; ;ha.preparations and by tna agent aanzy -
dan;ne, an innﬁbitor of thramboxane synthetaaa. Anbroximately 25 = 30 %
of the-endoparoxidea wara'estimatad to be converted to TXA2 - like -

activity, the remainder rearranging tn prostaglandins which ware

measurad by the contraction of the rat colon.
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- The generation of thromhoxanes from PMNs has also been
shown . by Goldstein et al (1978) using cytochalasin B treated leucocytes
| ,exposed to opsonised zymosan particles. Thromboxane B, (T8 ) uhich is
the stable product of TXA 2 was released in a tine and concentration
dependant manner, with the earliest detection 1 - 2 mins after stimulation.

The generation of TXA may he important, It is known

2
_to be a potent aggregator of platelets, and tho aggregation of platelets
leads to the release of more mediators into the system, It is now thought
‘that intermediates of prostaglendin biosynthesis (in particular PGG )
; like TXAZ, are the more important mediators as these have more potent
-activity end shorter half liues than the more steble primary prostagl -
andins. Further support arises from the etudies of the compound MK ~4d7.
‘ This agent has anti - inflammatorp properties 1ike indomethacin but

actually increases prostaglandin synthesis (Kuehl et al, 19?7) In

_ particular the peroxidase reaction is stimulated.

PGG ,~»PGH, + 0° (free radicad)
: PG E + PGF
The anti - inflammatory properties of MK - &47:are
attributed to the removal of PGG, and its ability, to remove free radicals

2
which are alse toxie.

(e) Production of hydroxy acids by PMN leucocytes .

In 1974 an alternate pathway of arachidonic acid oxy -
genation'uas_desoribed with the discovery“of a platelet lipoxygenase.

" The produot 12 = L = hydroxy = 5,8,10,14_¥_eioosa - tetragnoic acid
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(HETE)-is a potent chemotéctic agent for PMN leucocytes and is therafore
-qf importgncé ih'inflammation. Lipoxygenasea activifg'has also bsen déta -
| éteq In‘PMNé (Bbrgeat et al, 1976)_uith'okyéégtion;occuring at CS of

arachidonib acid and C8 of dihomo = ¥ = linolenic acid. The indoﬁethacin
- ralated drugs are not effective against lipokygenase'but BW 755C has béen

‘.'shown to inhibit both lipnxygenase and cyclooxygenase. This is probably

why it has a significantly greatar effect on leucncyte migratipn in vivo

than indomethacin (Higgs et al, 19?8).

The ability of PMN leucocytes tolproduca the'uarious
.mqtabolifes qf'arachidnnic‘and diﬁbmo -7 - lihoienic.acids suggests
thﬁﬁ they may be the source of prostaglandins found in some forms of
4inflammat10n, for example the carrageenan induced inflammatory response
in the rat. However this may not be so'ig all cases, Glatt g£ al (1974)
usihggdrata cr}stals to -induce inflammation of‘iﬁfértarsal‘joinfs'uf
cﬁiqkens, found that the appearance aof prostaglandins (PGE2 and chﬁx)
peaked at 1 = 2hrs along with maximum production of oedema and maximum
permeability of ths vessels. Howsver, PMNs were not found to arrive at
the site in significant numbers until after 4hrs and raached a peak at 6hrs.
Tha appearence of the lysnsomalrenzyme,lysozyma,exactly parallaled PMN |
infiltration, The prostaglandin content of the exudate actually decreased
as-numberé;df ﬁﬁNs,gerauinc;easihé; It was suggestad in this case that
-'othar cells ( eg,'piatélets ) may be a more_viable source.nf pfostégléndins'

in this model.

1.5 . Importance of Phosphalipase A. in the Release of Prostaglandins.
. L .

Prostaglandins ara not stored to any considerable extent

in mammalian tissues and it is believed that any increase in‘their'lavels-
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brough£ about by phgﬁiolnéical stimulation is through rapid biosynthesis.
The syntﬁesis‘is therefore dépandant upnﬁ the availability of précursor-
polyunsaturated fatty acids. The major portion of thesa.fatty acids 1is
'-ipresent‘in the esterified form in tissue phosphelipids which form a major
constituent cé.mambfanes.‘Ralaésa of arachidonic acid therefore, occurs

by the action of phospholipid splitting enzymes or phospholipases.

ﬁhospho;ipéses A, which are generaily found in the

- 'lysosomes of ﬁost cells, are capable of bfingihg about fha complete-de -
acylation of pﬁuspholipids. Arachidonic acid is a polyunsaturatéd fatty
acid and gensrally occupies position 2 of phospholipids. Position 1 is
nbrmaliy eéterified with a saturated fatty écid (figure 1.4). Therefore
phospholipase A2 {phosphatide 2 - acyl hydrolase E.C. 3.1.1.4.) is the
impartant enzyme responsible for the relsase of arachiﬁonic acid from
phospholipids. fhe other product of phospholipasa A2 hydfolysis, lyso -
phosphoiipid, is also important because this is a surface active agent

and also cytotoxic if allowed to accumulaté.

Experimental evidence suggestihg the importance of

phospholipase A, in prostaglandin biosynthesis has now been qbtained

2
- in many tissues. A'large proportion of the work was carried out on
-isolated guinea - pig perfused lungs although similar obs-rvations have _

bean found in quinea - pig splesn (Flower and Blackwall, 1976), frog

- intestine (Bartels gt al, 1970) and the thyroid gland (Haye_gg gl, 1973 ).

The ralqase of prostaglandin - like materials from#
sensitised, guiheé - pig isolated perfused lungs whén challenged with
‘antigan Has‘already been mentiocned. This has also been shdﬁn by a
variety of other stimgli using unsénsitised lungs. The list includes

bradxkinin} mechanical trauma, rabbit aorta contracting substance -
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releasing factor (RCS -‘RF, thought to be a peptide)} (Piper and Vane,
19693 Palmer et al, 1973),and SHT and histamine (Alabaster and Bakhle,
'1870). Furtherfit_has'been shown that these stimuli cause‘thé activation

T or increase the activity of a phospholipase A, which provides the fatty

2
acid necessary fof the production of RCS (Blackwell et al, 1978).
Infusion of arachidonic acid, ;hereby by =~ pas&ing the'phospholipaSe
step, also leads to the release of ACS (Vargaftig and Dao Hai, 1972).
Iﬁdeed inhibitors of phospﬁolipase actiﬁity such as antil— inflammatory
steroids and mepacrine {ses later) were shown to block the effects of

these agents, again implying that they acted through effects on phos -

pbolipase activity.

" In guinea - pig_isolated perfused lung$=

entigen challenge ‘ ‘ . membrane -

. 49 phospholipids_
" bradykinin dp{ /P’F/P o K
. mechanical traum;“ﬁﬂsﬁ"“ik ~ stimulate C cfp
" RCS = RF 7 phospholipase B
.. BHT / | Az

histamine °

Arachidonic acid -
cyclooxygenase.

prostagiandins and

thromboxanes in perfusate’
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1.6 Phospholipases of PMN leucocytes

Phospholipase activity of rabbit peritonaal PMN leucocytes
_uas first described ‘by Elsbach and Rizack (1963) who maasured the release-
-of tatty acids frnm dipalmitoyl phosphatidylcholine'(PC} . The activity
was optimal in the acid pH range and found mainly inltﬁe granbla fraction.
_ An aéid active lipase acfivity was also detected., The granule free sup -

. ernatght also contained an alkaliﬁa lysophospholipase éctivity.

~ In a later paper (Elsbach et al, 1965) use.was made of

xsubstratas laheilad'with 32

P; The accumulation of monoacyl_(;2p)lphos'-
"'phatidyl cﬁoline (lfsophosphatidyl choline) from diacyi'(szp) phospha ;.
tidyl choline cunfirmed the presence of phospholipass A type actiuity.
Hawever the main product was glycery%?::iyl choline indicating the pre =
.senga of lysophospholipase activity in thg homogenate. The phospholipase
hydrolysed phqsphatigyl‘éthanolamine (PE)} to the same extent as PC and
a direct transécylatibn activity, important for the synthesis of phos -

hholipids, was also functional at high‘lysophosﬁhulipid'concentration.

Tﬁe diffeféhce.in-pH optima for the bhospholipasa A
and lyscphospholipase activities led to the suggestion that accumulation
- of lysophospholipids may be important during phagocytnsis and digestion .
of bacteria by PMN leucocytes, as the pH of the phagosome is acid.
lysophospholihids baing lytic:ggénts may help in the fusion of lysosomes

. with the phagocytic vacuolae,

' In 1972 phospholipid.metabolism was examined with the
use of leucocytes labaelled during pre = incubation of the cells, for
1 hr at 37°C, with (°2P) lysophosphatidyl choline (Elsbach et al). The

' granqlbcytes lost less than 20% of incorporated radiuactivity after 24hr.
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at 37°C., This rate was not altered during phagocytosis, and the products
were lysophosphatidyl choline, which was still ascociated with the cells,

and glycerophaépharyl choline, which was'releaéed into the medium,

whaﬁ inpubated:with live E.coli for 15 min in vitro,

leucocytes weré capable of killing 99% of (I = 13C) palmitic acid labelled

E.coli, Howsver during this period only 30% of the phospholipids of E.coli

were degraded, suggesting that killing of bacteria was associated with

only a small degradation of phospholipids,

Certainly homogenatés of leucocytes were found to readily

. degrade (3291 PE,;which is the major phospholipid of E,coli. The phosp -

holipase A activity was maximal at pH 7.5, required ca?t and was almost

all sedimentable at 8200g, indicating that'it was present in the granules,

- : PLAy
Comparison of the leucocyte A with that from Crotalus Adamenteus venom

dgﬁonstrated that the enzyme was of A, specificity. This enzyme was then

2
shown to degrade all the phospholipids of E.coli equally well {Patriarca

et al, 1972).

- A more detailed examination of the phospholipase A and
its‘callularjlocalisation in PMN ieucocytes was présented by Fransen
et a1, 1974), Here extensive use of autoclaved E.coli which had been

grown on (1 = 1

4C) cleic acid was_madé as a' substraté for‘phnspholipase
A. The (1 - 140) oleic acid was specifically incorporated in the 2 =
ﬁosition of E.coli-phospholipids. Leucocyte homogenates and isclated
2 activity which wes optimum at both _

pH 5.5 and 7.5, The acid optima was inactive if liposomal suspensions

phagosomes had a phosphoiipasa A

of PE were used, Both activities required C32+, a prdperty thch contrasts
with lysosomal phospholipases of macrophages {Fransen et al, 1973).

The phospholipasa activities wsre associated with thie azurophilic and
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specific granules and were membrane bound. The activities were susceptible
to product inhibition, and this inhibition was only.partially reversed

by the addition of albumin,

Fbrther study of this phosphulipase A involved its |
‘_purificatinn (waiss et al, 1975) and ‘its comparison with a permeability
Iincreasing factor-(PI) alsa located in the granules., PI is thought %o
cause the bactsricidai effect of leucocytes on E.coli, The purification -
process which involved sulpﬁuric acid extraction, aialysis and chromaf -
- ography on CM = séphadex was unable to séparate'PI from phosphclipase A2.
The prepgration contained bactericidal activity but were clearly seper =

- ated from lysosomal enzymes such as lysozyme, Both phospholipase A2 and

PI are gationic and could possibly be a single protein, However PI'act‘-. :

_dvity was inhibited by N92+ or Caz+, whereas phospholipase activity

required Caz+.



PART B THE ANTI = RHEUMATIC EFFECTS OF CHLOROQUINE

1.7 INTRODUCTION -

| _Chlqrpqdina uaa developed principally as aniantimalarial
dfag‘but has bean used in the past 30 years in the treatment oF‘Rhaumatoid
Arthritis and related diseases, It is a beneficial drug and actually
slous dnwn'joint erosion in‘'contrast £o the milder non - steroidal
anti - inflammatory drugs (NSAIDS eg aspirin and indomethacin) which
.although are very useful in relieving tha symptoms, have no affect on
the destructive nature of the diseasa. Unfortunately chloroquina also
has many side effacts, principal ~among which is retinopathy. This has
limited its use in the United Kingdnm, butiit is still widaly used in
Swadan. Its anti = rheumatic effects are generally observed after 2

months traatmentl

1.8 Tissue distribution and metabolism

A cﬁaracteristic of chloroquine is ita-accumulation
in tissues and very higa.conaentratiuns have been.Fqund‘in the adrenal
glands, liver, kidney, spleen, langs and heart (Grundmann EE.EL!,1972)°
Save;al'reports haua indicated that tha.drug persists in tissue long
after discontinuation of therapy. Destectsble amounts.of chloroquine
and metabolities are found in plasma and urina 3.5 - 5.§ears after ihe

last administration (Rubin gt al, 1963).

. Upon administration chloroquine is completely absorbed
in the gastro - intestinal tract and the drug is largely axcreted
unchangad (70%) in the urine. (Frisk -~ Holmberg et al, 1979) The half -

1ife maasured from the plasma concentratiqns of a 51ngle oral dose
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“{0.319 chlnrbquiné diphosphatse) given to human patiénté.was betusen
,3_; deays. Uariaué metabolites have béeﬁ deteeted in the.plasma andr'
“urine and-it'appéars thet metabolisﬁ involves the gradual degradation
.uf ﬁhenbasic side chain of the chloroquine moleculs so that.evantually

_the 4 = amino - 7 chloroquinoline nucleus remains (Kuroda, 1962),

1.9 The anti - rhéumétic mode of action of chloroquine

: The"mode of action of chloroquine is largely unknoun
but the drug alsd has many properties which do seem of ralevencerto
its anti -rheumatic action, These include (a) effects on leucocyte
migration, (b) effects on cartilage and collagen degradation and
Héaling,_and (c) lysosomotrophic activity and BFFecté on‘iYSOSOmal
function. Thess have been adequately reviewed by Bresloff (1977) and
only the actions of chloroguine impdrtant to the pfesent work wiil

be discussed.

1.10.L93050hotr0phic activity and effects on lysosome function

" The pelatinnship between chlafoquine and the lyscsomal
;sysfem is central in'exﬁlaining many of its'actions.'Lysosomal_enzymas
.Froﬁ bhagocytic_pells-ara important mediators of inflammation and are
p:obébly ra#ponsibla for the connective tissue destruction in diseased
joints. It is thought that chlorogquine might exert its therapeutic

. effects:through'inhibiﬁion of lysosome function.

(i) Uptake into cells -

Many cells exposed to chloroquina take it up avidly

and achieve much higher intracellular concentrations {up to 400 times)

-

R == .
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than in the surrounding mediﬁm. Thé selective uptake of a substanpe

into the }ysosomes of a call from the surrounding medium is called

lysosomotrophic activity (DeDuve et al, 1974}, This rapid uptake is

: acqumpanied_by a high degres of cytoplasmic vacuolation and evidence

nggésts that fhgse are lysosomal. ThiS‘has‘baen shown in many cell

types eg.leucocytas of patients with sarcoidoses treéted with chloro -

;. quine'(Fédorkog 1957), pancreat*o;éellg of rats (Fedorko,1968), cultured
: fibroblasts (Gaddioni et al, 1964), and mouse macropﬁéges (Fedofko

et al, 1968). Indeed‘lyscsbmotrnphic activity is exhibited.ﬁy-must

- cationic amphiphilic drugs.

Initial uptake of chloroquine, which is alsa rapid,

-, -1s known to be energy - independent and is followed by a slbwer.energy
'depandent'phase. The initlal phase also raises the dvefall pH 6f the.

lyéosomes (from pH 4.7 to 6,3 with 100 M chioroquine; Ohkuma and Poole,

1978). The uptake process is also illustrated in figure 1.5.

Chloroquine has 2 ionisation constants (pKa, = 10.2,

pKa, = B,1) and at physiological pH, 18% of the drug is in the mono -

2
protonated form which is soluble in lipid, This is able to pass ihrougﬁ |
plasma membranes intn a sl;ghtly'mbré acid ﬁytoplasm and £0 even more
acid.lysosomes, where the molecule becomes dogbly protonated and incapable
of passing.baék. The protonation of chioroquiné in lysosomes or diges =~
‘tiua vacuoles Qould deplete them of H" and result in a reducfion of the

- acidityy. . fucth r uptake of chloroquine decreaéas unless more acid
containing vacuoles are.formed. The concentraticﬁ; gradient is-furthgr

aided by the fact that'éhloroquine has besn shown to bind to polar

lipids (Seydel and Wassermann, 1976).
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(i1) Effects on lysosomal enzymes

. Chloroquine in conceﬁtrationsthat could be achieved
. infracallularly (g$10f4m) is able to inhibit a number of lysosomal
?enzymes'important“in-causing damagé td coﬁnectiue tissue. These'inclﬁde:
6hondramﬁcoprotease of cartilags, cathepsin'B, collagenases (although‘
hotjlys;somal;,tharefora rélevance'not known) and neutral pfdteases
'(Cowey and Whitehouse, 1966; Ali et‘al,'1958' Negﬁ and Chung, 1979)
'This has also been achieued in whole cell systems, human fibroblasts
exposed to chloroquine (1 - 2 X 10° M) in vitro are unable to digest
.proteinsland mucopolysapcharides (Lie and Schofisld, 1973), and macro -
'phages.unaer the same conditionS‘are also unabia .to degrade ‘leucine ‘ |
,_radiolabelled bacteria. Raising the pH “of the medium tu pH 8.0 has
been shoum to have the same effect as chluroquine ie.inhibitinn of . |
lysosomal enzyme activity and‘Formation of vacuoles, on human fibrou-
biasts (Lie et al, 1972) and.alsd on the malarial parasite, Plasmodium
.berghei, inFabtéd in erythrocytes (Homewoﬁd et al, 1972), indicéting-

_the importance nf.this‘proparty.

Inhibition or absence of‘lysosqmal en;ymes itself can
be a gufficieﬁt‘causé‘for formation of éutophagiﬁ vacuoleé. Grossly |
;enlarged*lysﬁsamasfafe*obsefued Githrtﬁémaddition.of specific antibodies.
'to'lysosomal énzymes and also in seueral'bongeﬁital stdrage diseasasi

where a lysosomal enzyme is lacking {Hers and Van Hoof, 1969),

(1ii) Actions on lysosomal membranes

Chloroquine being.an amphiphilic molecule can be
predicted to intarfera with membrane propertias as’ thesa are complex

structures which have both lipophilic and. hydrophilic cunstituents.

'
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Many studies show stébilizing influences by chlnroquiné while othars._f

show éontrasfing:effacfs.

In vitro stndias on.iSDIated lysosomss from liver
and leucocytes (also peritohsal néutrnphils) have indicated that chlo -
V.éoquné‘({de ~10"3M) and many other anti - inf;ammétnry drugs inhi -
' bited the leaknge of lysosomal enzymes, suggesting sfabilization of

the membranes (gg waissmann;,1964;'Ignarro, ﬁ971).

._Mnst anti —.inflanmétory nrugs, nhnther steroidél.
or non —'sterpidal, also inhibit releasé of lysnsomal énzymas from:
. naufrophils and mécrophages when exposed to various stimuli eg zymosan
particles, immuna complexes etc. However chlornquine does not possess
_this property and iF anything it has been shown to increase the |
-relegsa of lysosomal enzymes at 10" N (Hingrose gg.gi, 1975; Perper _

and Oronsky, 1974; Northover, 1877).

‘ 'Cnloroguina exbosed to”human fibroblasﬁs nnt.nnig.
causes vacunlation(but-also release of lysosomal énzynns in a dose -
dependant manner (waissmann et al, 1975). It also appears to inhiblt
.tha uptake of lysosomal enzymes into Fibroblasts that are genebically
'deficient 1n thesa pa:ticular enzymes. This has been shown for aryl
sulphatase (Weissmann g&_gl,l1975) and <= L - iduronidase (Sando et
81, 1979),_and in.both casas-chloroquina”interfsrencs“mith tne specific
-nbindiné.of the lysoéomal enzyma with fha‘plasma membrane'has-been"'

suggested,
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{iv) Effects on lysosomal lipolytic processes

Une'of the unfartunate oonsequences of the‘lysosono -
trophic activity of'ohloroquine is 1lipidosis, and this is partly res -
: ponsible for the retinopathy seen in some patients on. long term chloro -
" quine therapy. Lipidosis is a term used to describe a build up af
polar lipids in lyscsomes. Amphiphilic cationic drugs are particularly
good lipidosis causing agenfslas they accumulate in lfsosomes and blnd
to polar lipids. The drug polar‘lipld~complexes are‘thougnt not -to be

-susceptiole ro enzymic attack by phosphollpaees and hence a build up..f
\-occurs. This phenomenon can have grave oonsequences in tissues, such
. as the retina, where a specially balanced lipid metabolism is essential
.for normal function, In axperimentel rats chloroquine has been shoun_
-to cause! lipidosis in the neuropetinal cells of the retina (Drenckhahn
~end ‘Lullmann - Rauoh§,19?ﬂ); in the cornea and in the lens which can

-.nthen dE’Vélope & cataract (Drenckhahn and Lullmann = Rauch, 1977).

Another important property of chloroquine which
.oontributes to retinopathy is its ability to bind strongly to the
pigment melanin, Thls blnding can‘again lead to increased melanin oon.-
centrations in the retina which can have a toxic effect on tne optic

nerve,.

1.11 Effects of chloroquine and related drugs on lipolvtic enzymas

‘Chloroqoine (u?boﬁ x'10"3M) along.uith quin;ng,_
"quinacrine,.hydroxyohloroquine and primaouine were shown to inhlbit”
lipolysia in rat epididymal Fal pads by Markus and Ball (1969)/ The.
‘drugs inhibited the anzyme lipase whether it was activated by adrenallne,

released by heparin or Just present in homogenates. Chloroquine has

1
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of Plasmedium bergqei, a

2
_ fact important as this snzyme providss fatty acids essential for the

also been shown to inhibit phospholipase A
malarial parasite to survive (Canedella et al, 1969).

PartiéQlarly importaﬁt in inflammation is ths study
of Vargaftig and Dao Hai (19?2); who showed that mepacrine (duinacrine)
. blocked the release of RCS f;om isolated guinea - pig perfused lungs
ﬁhen injected with bradykinin but not when arachidonic acid was injected,
_This indicated that the release of fatty acids fram phospholipids was
~the site of actinn of mepacrine. Indeed bradykinin was later shouwn to

- cause an increase in phospholipase A

2 ‘activity in this system (Blackwall

.et.al, 1978).
Chlofoquina and related drugs also resémble‘thq local
'-anaesthetics, eg dibucaine, in structure and indeed possess ‘local.

- anaesthetic actiuity themselves (Jindal et al, 1960), (ses also pagse xii).

9 | EH2EH3
C NHCH CH N
o 22 “CH, CH
| Dibucaine ? 3
OCH CH CH CH

2

This is of relevance as local anaasthetics'haue been

shown to inhibit. the activity of phuspholipases (of pancreatic and

 seminal plasmal origin), triglyceride lipase (from Rhizopus grrhizus),
‘ lySophosphnlibases and éholesterol asterases (Kunze ef al, 1976;

Traynnr and Kunze, 1976' Scharphof and Westenberg, 1975). All of these
enzymes ‘are not only inuolued in lipid metabolism, but can provide |

polyenoic fatty acids for prostaglandin biosynthesis,
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1.42 Aims of the project

In the light of the above  introduction PMN 1aucocyté§
* play an éxtremely important role, not only as pﬁagocyfic cells buﬁ
capable of pfdviding pfostaglandin felated substances at sites of infla -
mmati&n. Phospholipasas are tﬁerefora parficular;y 1mpor£ant as they

can provide necessary precursors used to synthesiseprostaglandin related .

~ substancas.

The work intends to investigate the ability of
W"peritonaaliﬁeutfbphilﬁleucocytes;3when sflmulatad, to contribute_fn any
 phospholipase A activities presentﬁin cell - free inflammatory é#udaﬁes.
J‘ . :
~ The biochemical properties and possible control

mechanisms of any phospholipasse A released during stimulation will be
."axaminad usiné bacteriél membranes labelled with (1 - 140) oiaié acid,
- a8 substrats, and compafad‘with thoss of any'phoepholipasa A presént.in

~ ths cell - frea-inflammétory exudatse.

. The intsractions of chlorequine - 1ike agenis with'
these enzymes and other phogpholipase A will be examined in an ettempt

to gain moxs imformation on the mode of anti « rheumatic sction of thess

egents.



Ehapfer Two

MATERIALS  AND

METHODS
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" SECTION 1  MATERIALS

~

1.1 Chamicéls and Reagsnts,

3

A1 laboratory reagents and solvents_used were of analytical

grade and used uithdut further purification.

Eovine serum albumin (BSA), zymosan A from S.cerevisiae

(yeast), Ne= 2 - hydroxyethyl piperazing = N'= 2 = ethanesulphonic acid

(HEPES), phenoiphthalein mond -/2 = glucuronic acid sodium salt, 2 =

amino « 2 -‘mefhyl -1 - propanol, Micrococeus lysodeikticus {dried cails),
B~ niéotinamida adanine dinucleotide reduced fdrm énd heparin (170 units
per milligram) were bbtaina& from Sigma Chemical Compény Limited (Ponia.
UeKe )

- Enzymes

Phospholipase A2 from tha snake venoms Crotalas édamaﬁteﬁs
(Eastern Diamondback Rattleénake) and ﬂgig.ﬁgig'sgutatrix (Malay Cobra)
were aléo from Sigma Chemical Company, Poole. A partiélly purified
' phospholipase Rzlenzyme from pig.pancreas ﬁéé obtained from Bohringhe?

(Mannheim, GFR.)e
. PhOSEhnligase'A substrate
: . D ———

Escherichia coli (E. coli) strain W 8666, This was obtained -

from the National Collection of Industrial Bacteria, Torry Research Sta-

tion, Aberdeen, Scotland.

E, Eoii phuspholipidsrwere'labellad using ( 1‘-148 ) ratty acids.
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(1 =%C) oleic acid (specific activity 57 mCi.mmoiT1), (1 -13C) linoleic
acid (spéc;fic activity 61 mCi.mm01:1 ), and (1 -140) balmitic acid
(specific activity 57 mci.mm01:1 ) were obtained from The Radiochemical

Centre, Amersham, Buckinghamshire,

Ligid'standards;
Dleic acid. L =t~ phosphatidyl ethanolamine dipalmitoyl,
L = Km phosphatidyl glycerol dipalmitoyl and L -DQ- lysophosphatidyl cho~

ling uwere obtainad from Sigma Chemical Company.

Drug_substances

Chloroquine sulphate, mebacrine hydrochlotide and sodium auro-
thiomalate were kind gifts from May and Beker Ltd. Chloroquine diphosphate,
D - penicillamine (free base) and primaquine diphosphate were obtained

from Sigma Chemical Company.

Liquid scintillation fluids,

" Unisolve 1 and KL 372 (for radioéctiue'counting of aqueoﬁs‘
samples) were purchased from Koch - Light Laboratories Ltd., Liquid scin-
tillation counting was carried out on a LKB 1215 Rackbeta Liquid Scinfill—

ation Counter,

- Yhloglycollate medium

Thioglyéollate medium (United States Pharmacopeeia, 18th ravision

-1970) was supplied by Oxoid Limited.
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%;1 Media and Buffers,

(1) Triethanolamine medium,

- Ee coli rur.labelling were grown in a minimai media buffered

;"uith triethanolamine. The composition of this medium was as follous. "

9s17 !
l(NHA)z s, . - S 2.0
FBSUA.THZU‘ : 0,0005
KCl1, . 0,075
Triethanolamine : ' 745
NaHzpﬂdezﬂ . ) 0,438
MgSa, » TH,0 o 0,2
Sodium succinate 5.0

The pH was adjusted to 7.9 ~ 8.0 with dilute hydrochloric acid..

-Sterilizatiun of the media (less FeSDa. 7H20) was carried out

by autqcladlng'at_12008 and 2.7 kg/cm2 for 15 minutes, FeSDa.7H20 was

sterilised by membrane filtration and added to the media prio.r to use.

th

(11)'fhinglycnllate medium (U.,5.P. 18" revision, 1970) |

This was used to elicit: en inflammatory response in the peri=--
tonéal‘caﬁity of rabbits. The composition of this mediumis as shouwn

overleaf,
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g..1“1.
Yeési exiract | " _ | 7 5.0
'fryptoné ‘ | ' | & 15.0. ‘
‘Degtrqse _ .- ' S . S¢S
Sodium thiglycollate- o 0.5
Sodium chloride 2.5
L = Iystine : _ ' .. 0.5
Resazurin o ’ : T ., 0.001
Agar_nﬁ. 1 ) . ‘ ‘ 0.5

pH approximately 7.1

29.5g of the medium was dissolved in 1 litre distilled
water and sterilized by autoclaving at 120°C and 2.7 Kg/em? for 15

| minutes,

giii! HEPES buffarISCaz+ free suspending medium, )

For studies of the release of iysosomal contents from

leucocytes, The composition was as followst

- mM g.‘1—1.
 HEPES | | .
(N = 2 = hydroxyethyl — - 5 14192
_plperazine - N1 -2 a |
ethans - sulphonic acid) |
NaCl - | 150 8.766
.Glucosa‘ . : . . . _ 10 1,802
KC1 . | s | 0.224

and ad justed to.pH 7.4 with NaDH,
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SECTION IT GENERAL PROCEDURES

PART A ASSAY METHODS

(1) Protein Estimation

Protein estimation was carried'outiusing the method of
Loury et al (1951) using O - 200 Mg bovine serum albumin as standard.

Figura.2.1,shows the standard curve obtained,

. {11) Lipid Extractions

All extractions of 1lipids of radiolabelled E.coli
~ were carried out using a modification of the method of Bligh and.Dyer

'(1959).

. E:EEli (repressnting 5=10x 10° cells) were suspended
in 0 Sml watar. 3ml Chloroform $ methanol (1:2) was added and the mixture
‘was viggrously shaken. 50¢1 0.5M HC1 and 1ml chlnrpform was further
' addéd and the mixing repeated. Then 1ml water was added and after more
vigo:oﬁs shaking the prganic.and agueous léyers were separated by cent -
rif&gation:at 600g for 5 minutes. The organic layer was then removad.and
the aqueous’.layer further;washed with 1m1'ch16rofcrm. The organic extracts
containing bacterial lipids were then combined,févaporated to dryness
“under nitrogen aﬁd redissolved i? a sméliluoluma-nf chloroform - methanol
(2:1);‘Thé extracted lipids ware fﬁeﬁ:subjected to ﬁhin'—'léygf chrpma'--
tograﬁhy (TLC) on Keiselgel G plates.for separation of individual lipid

speciss. Two types of solvent systems were used.

(1) chloroform / methanol / glacial acetic acig



(1I) petroleum ether (60 - 80) / diethyl ether / formic acid

60 s 40 3 1 v/v

System ] was used for separaticn of phosphalipid species

and system Il for separation of neutral 1ipid species. S

‘mhan‘radiuactiva 5amples Qeré to be determined nsutral
and pﬁpspholipid standards were also applied on the same plates as mar =
. kers as the amounts of lipids prasent in 109.cells,of E;ggli was not.
detectable, The lipid speciés wvere visuaiised by éxposure of the plates

to iodina vapour and after avaporation of the iodine the fractions were

: -scraped directly into counting vials for detarmination of radioactivity

by liquid scintillation counting., This was achieved in a medium of Unis -
olve 1 (7mls) plus water (3mls) which when mixed together formed a stable

gel in which the radicactive Keiselgel was counted at an efficiency of
83%. o '

{(iii) Phosphalipid determination

‘This was performed using the method of Raheja et al
(1973), which is a-ﬁolourimetric method for the quantitative-estimatiéﬁ
| of phnspholipids without acid digastion. A calibration curve (fiQWra '
2.2) was canstructed using L= bLm-phosphatidyl choline dlpalmitoyl |
-(U-BUB/ug phospholipid representing 0 - 33}Lg pior O = 1089 nmoles P).
/ . ' Phospholipid determination of radiolabelled E.coli. was
cgrriéd out on 5 = 10 X% 10g cells after extraction of lipids by the
method of Bligh and Dyer (1959) as previously describad. Estimation of

bacterial numbers was determinad using Broun s opacity tubas






FIGURE 2.1.

Calibration curve for protein estimation,
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FIGURE 2.2.

‘Phosphorus.détermination by the method of

Raheja et al,. 1973,

3}

The method involves heating isolated phospholipids with a chromogenic
solution and reading the absorbance of the resulting coloured complex
at 710 nm, :

Chromggenic solution

16 g of ammonium molybdate is dissolved in 120 ml of water to
give solution I. 540 ml of concentrated HCl and 10 ml of mercury are
shaken with 80 ml of solution I for 30 min to give, after filtration,
solution II. 200 ml of concentrated H.S0, is added carefully to the
remainder of solution I. To the resul%an% solution is added solution II
to give solution III. 45 ml of methanol, 5 ml of chloroform, and 20 ml
of water are added to 25 ml of solution III to give the chromogenic
solution.

Method -

0.1 ml of the chromogenic. solution is added to 0.4 ml of chloroform
containing 1-10 pg P, in a glass tube. The tube is placed in a boiling
water bath for 1-1.5 min. After cooling to room temperature 5 ml of
chloroform are added and shaken gently. The absorbance at 710 nm is
read after 30 mins. :

Points represent average ¥ S.D. of 4 determinations.
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A relationship between cell numbers and phoépholipid content was evidenﬁ._

Bacterial cell number PHOSPHOLIPID DETERMINATION

Absorbance 710nm Nanomoles Phospholipid

1 x 100 0,192 + 0.01 (3) | - 203

5 x 10° /0.1 & 0.02 (3) ' 100

The number of determinations are shown in the parenthesis,
iv)} Estimation of endogenous calcium in rabbit peritoneal fluid,

This was carried out using an EEL Flame Photometer
fitted with a calcium filter, Ths instrument was calibrated using 0 -
75 parts per:million calcium nitrate dissolved in triple distilled

vater (5.8920 g/1 Ca (NGS)ZAQ H,0 is equivalent to 1000ppm).

(v) Partition coefficients (Log P values) of anti - malarial drugs.

ﬁartition coafficients of chloroduihe, mepacrine and

‘primaquine wefe détérmined between chloroform and 40mM tris - malic o
acid buffer pH 6. 0 as the aqueous system, Tris - malic acid buffar B
‘was used as this was the medium used in phospholipase enzyma assayS.

3ml of a 0.D1mN solution of antimalarial drug was whirlimixed For-S |
minutes with 3ml chlorufbrm. Tﬁénaquequs phase.was seﬁerated from the
‘oréanic.phaae by mild céntrifugation and the nptical‘dgnsity Q;s.méas -
ured lat thal appropriate }\méx (chlor'oq.l..lina, 343nm ¢ primaquine, 260nm 3 |

‘mepacrine,.281).

_Log P values were calculated from the concentration oF

drugs partitioned betuaen the organic and aqueous phases. Preliminary

-axperiments showed that at the concentrations of antimalarial drugs



" used there was a linear relationship between concentration of drug and

optical density at the appropriate )\max,

'Lpglp = log 0.0, chloreform

0.0, agqusous,

PART 8 COLLECTION OF BIOLOGICAL SAMPLES

(1) Collection of polymbrhhonuclaar leucacytes (neutrophils) from rabbits

Female rabbits of the New Zealand white strain waighing
from 2 to 3kg were used. 100ml sterile thioglycollate medium (USP) was
.1njectad intraperitnneally through a 0,8mm external diameter stainless
steellneedla vhile the rabbit was under light anaesthesia with aether.
" After 17 to 22hr tﬁe rashit was apaesthetised Qith 80mg/kq Sndium p;pt -
" . obarbitons intravenlously and-20ﬁml of sterile 0.15” sodium.phloride
~solution cdntaininggheparin (4.1n. /ml) wasf;njected intraperitoneally.
 After lightly massaging the abdomen the fluid was allowed to drain th -

rough a multi - perforated 2,5 inch 16 gauge blastic catheter.

: Tha calls 1in the peritoneal fluid (10 -.109) wers
sedimanted by. centrifugation in plastic tubes at 2009 for 6 min at 22’8.
The sedimented cells were washed twice by resuspension and recentrifu -
gation at ZDUg.for'ﬁ min ét 4°C 1n HEPES buffered medium. Any_cpntém;na_-.
tiné.erythfdcytes which were‘occasionaliy pfesent in the peritoneal fluid
were’ lysed by resuspending the-cells in 0.9% ammonium chloride pH 7. 2 '
for 5 minutes at 22'C (Henson, 1971) and then’ uashing the remaining neu =
trophils in HEPES buffered medium, The resulting cells were 95% neutrophils
as determined by &ifferential céll counts, Tha cell concentraiion was

ad justed to 1 Xx 107 ceils m1—1.

.
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(ii) Collection of rabbit cell = free inflammatory peritoneal exudate

“Tha inflammétory paritﬁnaal floid was collected,‘aftef
induction of a sterile peritoﬁitis in female New Zealand white rabbits,
exactly as daﬁﬁribed asbove, The cells in the fluid (95% neutrophils)
were sedimented by centrifugatioﬁ at 30009 for 6 minutes and the

supernatant was used as a source of phospholipase A activity without

further purification.
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SECTION III EXPERIMENTAL METHODS

PART A PHOSPHOLIPASE SUBSTRATE

1.0 Preparation of labelled substrate for determination of phosbhulipase

£2 activity

14

Phospholiplds of E.coli were labelled with (1 = "' C)

olelc acid using a modificatlon of the method describeébaatriaca,

.'Beckerdite and Elsbach. (1972). ggggli was grown in triﬁhanolamine

medium overnight at 37°C. Aliﬁuots of the overnight culture were

“diluted ten - fold with fresh medium and further incubated with shaking '

for 2,5 hrs at_37'C.HThe béctgria 1n:30mls:of culture (approximately

.2 -3 xh1010 calls) were sedimented by centrifugation at 30009 and .

_ resuspended in 10ml of frash trlathannlamlna medium, To this was added

U.Aml of a 10% BSA solution in triethanolamine to which had been comple=
(0.2 pmoles)

xed 2.5/”81 of (1 - C) oleic acid by incubation with shaking at 37°C

for 30 minutes, This mixture was then incubated for 3hrs at 37°C with

shaking to allow the label to be taken up by the bacteria.

Following this labelling period the cells were sedim -
ented by centrifugation at 30009 for 15 minutes, washed in-fresh media,l
recentrifuged and again resuspended;in 10,4 ml‘trie;hannlgmine media

“cﬁnfaining 0.4ml.10%'BSA, without any complexed fatty acid. This was
_ f&rthar incubated for 1.75 to 2hrs to allow the label ;o chome fully
.iﬁdorporated into cellular phosphnlipids; After this period the cells
were agaln collected, washed once with saline and then resuspended ln

5ml saline.
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The radiolabelled E.coli were -autoclaved for 15 minutes.
at 120°C and 2.7 _Kg/cm2 pressure. This procedure destroys bacterial pho -
spholipasés but doss not destroy the membrane phospholipids, and thase

were then used as the substrate for phosphdlipase A2 assays.

. Procedures using‘(1-14cj linoleic and (1-1QC) palmitic

acids ware also performed,

e

1.1 Determination of the position of the (1 = 148)'oleic acid labsel in

" E.coli phospholipids

This was carried out by the compiete hydrolysis of E.coli

phospholipids using a specific phospholipase A2 present in-ﬁha snake

) venom Crotalus adamenteus (van Deanan and De Haas, 1966)., The assay-.
- mixture contained S X 108 autoclaved radiolabelled E.coli {representing
10 nanomoles of'phaspholipid), 5mM Ca2+ Aﬂmm tris -~ HCl buffer, pH 8.0

and 0.Smg Crotalus.adamenteus venom in a total volume of 0,.5ml. Tha

mixture was incubated at 25°C with shaking for 2hrs. The reaction was
stopped by the addition of 3ml:, chloroform / methanol (1:2) and the lipids
were extracted by the method of Bligh and Dyer (1959) and quantified as

previously described.

PART B STUDY OF INFLANNATDRY PHOSPHOLIPASES

2.1 Release and properties of a phospholipase A, from rabbit
. L) .

polymorphonuclear leucocytes (néutrophils)

The release of phoépholipase from neutrophils was exa -

mined using two types of stimuli $ a phagocytosable particle zymosan
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with bound complemant (zymusan - cumplament) (Hanson, 1971), and the

soluble stimulus calcium ions (Northover, 1977)

Neutrnphils were collected from rabbits as described

earlier (paga LL ).

_ Zymosan'- complement {2C) was prepared by incubating
zymosan prauiously washed with HEPES buffer, with rabbit serum (1Dmg/h1)

for 30 mins at 37'C in order to allow complement, in particular C3 to

fix (Henson, 1971). The particles were then washad_axtensivaly with

.. HEPES buffered medium at room tempreture.

Neutrophils (1 x 107 cells) in 1ml HEPES buffered medium
'_ were Iincubated with shaking at 37°C and either varying amounts of ZC

(0 - 5mg) or. Ca2+ (0 ~ 5mM final concentration) were added in a volume
uf.ﬂ.?ml. In cnntrol experiments 0.2ml HEPES buffered madium alone was
added to the neutrophils, Incubations were carried out for 60 mins except
_.uhén';ncubation;timesitseif vas varied, aﬁter'uhinh the tubes were cooled
- in melting ice, The ceils vere sedimented and the supernatants removed
for assays of'releasad contituents. Tha enzymes aSSayed were nhosnholipasa_
_A, the lysosomal enzymes/g-glucuronidasa and lysozyme, and the cyto -
plasmic enzyme marker lactate dehydrogenase, Tatal release of enzymas |
‘wara obtained by.treatment of the cells with 0.2% Triton x =100 or by
sonication (ﬁﬁynfor 3mins). Control experiments showed both treatménts
io;ba equivalent, Both trentments were ngcessary as.Trifnn x - 100 is

~ en inhibitor of phospholipase activity (Franson gt al, 1974).
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Activity of sonicated preparation
compared with 0,2% Triton prep.

Triton preparation = 100%.

f- glucuronidasa' - 98,2% 4+ 4.0 (6)

lysozyma. ‘ - 95,8% + 5,0 (6)

Brackets indicate number of determinations.

wlﬁ_axpariments using zymogsan « complament tha uptaké-
of zymosan particles into the neutrophils was also detsrmined usihg
.phase = contrast microscopy. The percentage cells containing particles
and the number of particles.par phagocytosis - positive cells, were deta -

rmined by observing 100 cells.
figure 2,3 summarises the procedure used.

- Determination of enzymae activities

Phospholipase A activity in the supernaténts was

i.‘aséaya& using the E£.coli labelled with (1 -148) oleic acid. The'reactibn
Jmixture contained 7.5 x_10B radiolabelled géggli (représeﬁting approx -
‘imately 15 nmoles of phospholipid), 40 mM tris - malic acid buffer pH 6.0
5% 10-3m Caz+ anq an appropriate aliquof of the supernatant. Total volume
was 0.5ml and incubations were catried out for 60 mins at 37°C. ﬁeactions

were stoppad by the addition of 3ml . of chloroform / methanol (1:2) and

the lipids analysed as described earlier.

" This éniyme was also charécteriéed with respect to pH
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Peritoneal PMN

 Leucocytes

‘zymosan ~complement or

calcium  stimulation

AN

assay released enzymes

|

P | -
phosﬁholipase lysozyme B glucuronidase - lactate

A - e - dehydrogenase
FIGURE 2.3

Qutline of prbcedure for maasuremept of release

of neutrophil constituents during stimulation.
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profile and Ca2+ requirement, such parameters were varied as indiéatéd.

- | /?- Glucuronidase'acbivity of the supernatanté wéé carried
out using the method of Fishman (1955), Briefly this involved measure =
ment of the release of'phenolphthalein frqm phenolphthalein glucuronide

after 4hrs incubation at 56 °C.

‘Lzsozzma was determined by the rate of lysis of

Micrococcus lysodeiktius meaéuréd by the decreass in absorbance at 510nm

' as carried out by Smolelis and Hartsell (194%). Incubations were carried

out for 20 mins at 25°C,

The cytoplasmic enzyme marker lactate dehyﬁrogenase

was measured by the method of Wroblewski and La Due (1955), Pymyvate-was
_converted to lactats in’the presence of the reduced form of @ - micotin -
aminde adenine dinsucleotide (,5—»NADH) and the enzyme assay was

monitored by the oxidation of NADH to NAD+_at 366nm,

All enzyme assays wers normally carried out in triplicate
or at least in duplicate, and reactions were linear faor the conditions
employed, No enzyme blanks were always included and appropriate corrections

made,

2.2 Properties of a phospholipase A present in ths inflammed peritoneal

_axudate of the rabbit

Phospholipase A éctivity of the rabbit inflammatory

peritoneal fluid {after removal of the cells by centrifugation,‘pagelrSJ
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was also charactsrised'using radiolébelled Eaggli.lThB incubation medium
contained, unless stated otherwise, 4Dmm tris = buffep, 5mM Ca , 0 - 1mg |
enzyme prnteiq and 5 x 10B autoclaved radiolabelled E.coli, in a total
volume qfiﬁ.éml. Incubations were normally carried out for 5 mins at
37‘C..Reactions Qerg stgpped and hydrolytic activity was determined as

before (pagef9 ). Various parameters werg varied in order to characterise

.the enzyme.activity.

3.0 PART C EFFECTS OF CHLORDOUINE = L IKE AGENTS ON INFLAﬁNATBRY'AND

OTHER  PHOSPHOL IPASES.

The effects of chloroquine - like agents were examined
on phoépholipases obtained from different sourceé.‘Praliminafy,work was

carried out with a cruds phospholipase A2 enzyme from Crotolas adamenteus

venom'and a burified enzyme from pig pancreas, against egg -~ yolk phos -
pholipids. Inflammatory phospholipases from rabbit peritoneal Fluid and
from peritoneal neutrophils were tested using the (1 - C) oleic acid

labelled E.coli as.substrate.

31 Effects of chloroquine = like agents on phospholipase A from
. 4

-

Crotolas adamenteus venom and pig pancreas

Enzyme activity in these highly active soﬁrces_was
asseéséd by direct titration ofntha_fatty acids released from eqq -
yolk phosphoiipiﬁé with.time. Tha amount of alkall. needed to keep the
pH constgnt at 8.0 in the.presence 6? phospholipase Az, was recofded.
auiomatieallyfusing a Radiometer TTT - 1c Titrator equipped with a

88U - 1a syringe and a combined glass - calomel electrode. Rate of
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'hydroq}sis was linear with time for at least 3 minutes after 1njection

of aniyme.

Procedure

 One eqg ~ yolk was st irred to homogeneity in 100ml
of distilled water for 10 minutas, and 20m1 of a 160mM solution of ca =
lcium chloride added. Tha emulsion was then freed from the yolk bags
by. filt ration through chaeéecloth.‘This preparétioh was stable for up

tp 3 days. .

1In a reaction vessel maintainad at 25°C; were added

‘ 6m1 of egyg. = yolk emulsion containing Ca2 s 1ml 20mM sodium deoxycholate
and the volume wss mada up to 20m) with distilled water, The pH wés

.‘brqught up to 8;0 and the blank consumption of 10mM NaOH needed to -

maintain this pH was recorded. Then 10pMl of a img-/ml solution of Crot -

alés-adamenteus vgnom in water was added and the alkali consumption was
M_again recorded. In thissystéﬁ alllthe fatty acids feleaséd'were_titrated
with 100% effiéianqy_(Nieuwsnhuizan, Kunze and De Haés. 5974), so the
number of micromoles of élkéii‘used was équivaleﬁt to the nﬁmber of
-micrpmoles of fatty acids released., The experimanis ueré repeated in the

presence of varying concentrations of chloroquine dipheosphate.

Determinations using the enzyme Froﬁ pig pancreas were.
- carried out using an identical'prqéedure but at 37°C.'Drugs_scréened
against this enzyme'were chloroquiné'sulphate, dibucaine hydrochloride,

.cinchbnina sulphate, salicylic acid and indomathécin.

Dose - response curves and ED50 values waré determined

using least squares analysis of data,
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3.2 Effects of chloroduine - like agents on the activity of peritonsal

fluid phospho;ipasa A

Studies of tha effects of the antimalarial drugs chlo -
-roquine, mepacrine and primaquine formad the major part of this work,
.Tha drugs uare first_screened on the paritoneal fluid-phospholipase
activity touards.E.coli phospholipids since this was a mbfa stable and a
more activa sbufﬁé nf~anzyma:ac£1vity tﬁan the naut:ﬁphil source. Other
égqpts tested weré D_; panicillamine, indomathacin, éspirin, salicylic

acid and beﬁzydamine.n“

Determinations of phospholipase éctiuity in tha‘presence',
and absence of drugs uere carried out as those used to determine the.

proparties of the peritoneal fluid enzyme (pa9851 ).

3.3 Effects of chloroquine = like agents on tha phospholipase activity

of.PMN leucocytes.

Studias'of the effects of the antimalarial drugs chlo =
roquine, mepacrine and primaquina on tha phosphollpase actiuities of
- PMN. neutrophils was’ tested on cell suspensions that had bsen sonicated

to releasa all of the cellular enzymas.

Léﬁcocytes stpended‘in HEPES buffefgd‘me&ium'at'4°c
at a concentration of 7 x 106 cells m1-1 were sonicafed at ip'far 2x 2
mins with 2 minutes separating each sonillcation period. Thelsuspansiun
was then centrifugaﬁed at 30009 for 10 mins at 4'0 and the supernatant

was used as a crude source of phospholipase activity. Incubations were
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carried out using 109 (1 -'14C)'oleate labelied E.coii, SmM Ca2+, 40mM

tris = malic acid buffar pH 6.5 andiﬂ.1mg 3000g neutrophil supernatent
- for 30 mins at -37°C. Termipation of assays and analysis of lipids was

carrled put as before.

f_ The.affacts of thé antimalarial ﬂbuds were also tested
after pértial purification of the-neutrophfi phospholipase. The hurifi -
cation was carried out by the mathod of Weiss st al (1975) using sulph -
uric. acid to'extract the eﬁzyhe as outlined in‘Fig'z 4, Washed neutrophils
were resuspended in distilled water (4 c) at a concentration of 5 x 107
cells/hl. Then ice - cold sulphuric acid was added to a fipal concentr -
ation of O, DBM and the suspansinn was kapt at 4 C for 30 mins. After this
time a white precipitate was apparent and this was cantrifugad at 23 DUUg
for 20 mins, The supernatant (designated Sup 1) was then;axhaustively‘
dialysad agéinst 1mM t?is - HC1 buffar15H _7.4.‘. _a} The pellet (pellst
I) wes resuspénded in an equivalent volume of distilled water (equalrto
~ the supérhétant removed ). After dialysis of_Sup Ia fdrther'hrecipitate .
Aformed and was again separated by centrifugation at 23,0009 for 20 mins..
The fesﬁlﬁing superpatént (sup 1I) was.used as the partialif purified

preparation of phospholipase,

3.4 Interactions of heparin with!antimalarial-drugg '

"Interactions of heparin Qifh the antimalarial drugs
chloroquine,)mepacrine‘and ﬁrimaquina.wers examined by maasurinj optical
densities a£ 700nm after mixing‘solutibns of hepariﬁ (50 units/ml final
cbﬁcenérafibn) with.uaryihg amounts of antimalarial'drugs.(d - SmN);.
iﬁ a total Uﬁlume nf iUmlm. All threé drugs showed very little ébsorbancg.
alona at TDUnm (1ess than 0 02 0.0. units) in the concentration ranges‘

used.



56
FIGURE 2.4.

Partial purification of rabbit neutrophil phosphulihase A,

Rabbit neutrophit homogenate
5x10 cells/ml HO

o ~ Add cold H,S0, 0.08M
' B ' final concentration

store 30 mins at,4°c..

Centrifuge; 23,0009
for 20 mins at 4°C.

Peltet 1} - Sup 1

Exhaustive dialysis
against 1.0mM Tris -
"HC1 pH. 7.4 over 2 days.

- Spin, 23,0009 for
" 20 mins at 4°Cs

I
Pellet 11| | Sup II

pari‘ially-purified‘ source

of thSphoHpase'acHVify,w
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. 3.5 Membrana actions of antimalarial drugs on gquinea-pigq red blood cells

The .effects of antimalarial drugs on ths haemolysis of
guinéa - pig réd_blood cells were examined. Such compounds are amphiphilic
_‘molecules and thus may exert their effects on enzymes such as phusﬁhnlip -

. ases by membrane stabilizing or labelizing action.

_ o " Fresh hepariniseq whole guinea - pigu blond was used.
.Firstly a 50% lysis figure. wasobtai;g§:; 0Sml blood and 5m1 of varyingu
. concentrations of sodium chloride, After exactly 30 mins ;ncubation at
room tehmrature the mixtures were éentrifqg- .ed .at 1000g for 5 mins.The
r:haamoglobin content of the supernataﬁt w;s measured at 543nm on a Unicam

S.P..SOD spectrophnfnmatar, and was used as a measure of cell lysis.,

Complets cell disruption was caused by incubation with distilled water.

50% Lysis was found at O, 425% NaCl. The experiments
'..wara than repeaéed in the presence of varying concentrations of anti -
-malarial drugs dissolvad_in 0.425% NaCl._Nepacrzpa and primaquine both:
Vshﬁwed.absorhances at, 5h3ﬁm, ahd éq optiﬁaICbn;iiies of thé haémuglnbin
' ﬁontent in_ the pre=nce pf‘ these drugs were corrected by the use of

appropriate blanks. -
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4.0 PART D STUDIES OF AN ENDUGENUUS.INHIBITUR /3 PHUSPHDLIPASE A, _IN
. g ~

THE 82009 SUPERNATANT OF NEUTROPHIL LEUCOCYTES

4.1 Preparation and detarminafion of inhibitorf activity in'tha‘82ﬂﬂg=

" supernatant of neﬁtrophil leucocytes

7 -Neutrophil 1eucocytgs were coliecéed from New Zéaland"

" White rabbits-as described earlier (pagehﬁ-). The 'washed leucocytes were.
stpendéd‘iﬁ ice - cold 0,34N sucross at a concentrétion of 1 ﬁ 108'ce11s/m1
an@_stored at &5c for 3Uminss The cell suspension was thgn homogénised
with a Potter - glvejham type hOQOggniéer until cell disruption was
complete as monitored by phasecontrast micros;opy. The homogenata was
then sub jected fo centrifugation at B,ZUog.for 20 mins fu separate tﬁe
nuclei, cellular membranes and lysosﬁﬁal granules ffom‘tha cytosbl. The

. 8,2009 pellet was used ag thq granule phosﬁholipase préparation and the

. 8,200q sqhernatant was used uithéut furthef purification aé the source

~of an endogenous inhibitor of bhusﬁholipasg actiﬁity.,

:Q_n - In this work the inhiﬁitory activity towards the granule
phdsphoiipase at acid ﬁH was examined and the B,200g supernaﬁant inhibitor
was screened.agéiqst the.phospholipase A bresent in the rabbit peritoneal
fluidrexudate'(PE) after the neutrophils had been sedimented nw:.Aésays
Qafe again carried out using {1 -140) oleate labelled géggli.as substrate

(1.5 % 10g cells containing approximately 30nm of phospholipid), SmM Caz+;

_ protein
40mM tris buffer, 0.35mg peritoneal fluid or 0.5mg granule,as the enzyme-
source, and varying amounts of 8,200g suparnétant as the inhibitor.(ﬁ -

400 Mg brotein)_inua total volume of 0.5ml, Incubations were normally

carried out for either 5 or 10 mins depénding upon the amounts of enzyme
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protein and inhibitor used.

A pH prnfile of the phospholipase inhibitory capacity
of the 8 2009 supernatant on the peritoneal fluid enzyme was also deter =
mined. Tris = malic acid buffer was used for pHs3 between 5.5 and 7.5 and’

tris = HCl was used for pHs between 7,5 and 9.0,

4,2 Effects of the PMN 8,200q supernatjnt on the phospholipases from

pig pancréas, Crotalus adamenteus venom and Naja naja venom

Inhibitory effects of the 8,200g supernatgnt fractions
were aiéo tested against commercially available phospholipases from

different spufces. These sources were pig pancfaas and the snake venom s

.Crotalus adamenteus and Naja naja.

‘Intubétiops were carried out as befora for 10 mins and
at pH 7.5, Sufficient enzymaaproteins were used to give approximately .
20% hydrolysis of E.coli phopholipids as contrnllualﬁ995 Actual amounts

of enzyme usad to achieve this was 0. OSng protein for the pig pancraas

enzyme, 1 pg protein for the venom Crotalus adamenteus and O. 25 pmq )

protein for the venom Naja na]a.

‘The possibility thét_inhibition of phdspholipasa Az
activity by'tha 8,200g ;upernatant‘cpuld be due ﬁo a non - spééific
protein effect was also examined és phanbmena of this type had already
been shown in the case of phospholipase of thellivéf.(uegliﬁkj et al;

' 1974), To examine ﬁﬁis each of the 4 phbsphulipases examined were also

assayed in the presence of an eguivalent concentration of BSA.



Chapter Three

"RESULTS
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PART A PHGSPHULIPASE A, SUBSTRATE
X &L

1.0 Radiolabelling of E;coli with {1 = 140) oleic acid

. For adequate uptake of (1 - 148) oleic acid by E.coli

~very specific conditions were found to be necessary. These werei-

(1) The (1 <"%C) fatty acid must be complexad with albumin prior
" to contact with £he E.coli otherwiéa the radiolabel is not adequately

“taken up, as shown by the values obtained belowl~

(a) without prior complexing ie {1 - 140) oleic acid added tog =
sther with BSA and E.coli and sheken vigrously. |

Radioactivity (cpm) obtained per § x 108 cells = 1441 + 207 (5 determinations)

(b) with prior complexing ie BSA + (1 —'146) oleic acid incubatad,,
at 37°C for 30 mins before adding E.coli.

Radioactivity (cpm) per 5 x 10% cells = 16882 +.4634 (7 determinations)

(ii) The initial number of E.coli exposed to the radiolabel had an

effect on the usefulness of the preparation as a substrate'For phosph -

10

olipase A_ assays (sae_tablé‘below). An initial count of 2= 3 x 10

2 .
organisms in log phase of growth per 10.4ml incubation mixture was found -

tq be suitable as this pfouided approximately S5 X 1010

cells (after
' losses during washings in the.procedure), with an adequate amount of

radioactivity and sufficient Fcr'épproxihataly 50 enzyms assays.
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{Initial bacterial count Baéteria recovsréd at Radioactivity (cpm) per’
end of.pfocedura. 5 x 108 cells
2.3x 10" Csx' 16882
5 x10° oax® 14565
5 x 10'° - - NT - 7000

Tﬁe use of smailer initiqi viable E.coli numbers (ie S x 10° célls)

o led tb a smaller reccvery of cells at the end of the procedure and
therefore useful for a smaller number of PLAz‘gsééys; The uptake of

- 'radicactivity per 5 X 10B éells was édaquaté.

Converéﬁy if the initial count was larger than 3 x 1010 organisms,

e 5 x 10 , then although sufficient cell numbers were recovered at the

 end of the procedure, ths uptaka,of radioactiuity per cell decreased.

(1i1) The time of the labelling period was also important, Figure

© 3.1 shows the uptake of the label into tha cells during the laballing

period. Uptake occurs very rapidly during the first hour of incubation
and reaches a maximum after 3hrs., Thereafter the amount of radicactivity

in the cells actually decreases.

{4v) A further 1.75 ~ 2hr incubaﬁion after the labelliné pafind

~in the absénée of‘any further (1 - 140) oleic acid was necessary to
achaive max imum inccrporation of the Fatty acid into cellular phnspholipids.
Examination of the distributiun of radioactiuity aFter the laballing

period revealed 53% + 7.5 (4 determinations) to be within E.coli
phospholipids (phosphatidyl ethanolamine, phosphatidyl glycérpl and

cardiolipin) and 47% + 7.5 (4 determinations) still withinfatty acid.






 FIGURE 3.1,

Upteke of radioactivity, (1 = 148) eleic acid,
into E.coli W during the labelling period. 0.2ml of
culture was taken and the cells were seperated by cent -
rifugation and then counted by liquid scintillation
counting, o o H

Points represent mean of duplicates.
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The further incubation pefiod improved the distribution of'radioactiuity :

to approximately 94% ih phospholipids (see below).

The (1 -140) oleate labelled E.coli was autoclaved so that bact —
erial phospholipases were destroyed and the procedure also rendered
- the membrane phospholipids more accessible to attack by phospholipases.

(Fransen et al, 1973).-

141 Distribution of label among lipids of F.coli

ﬁepruducibly I'?q% of the tétal radicactivity present
in E.coli wss extracted by the method of Bligh and Dyer (1959) (table
3.3).'Further‘lipid exfractions did not,imprﬁve thié Fiéure'spégesting
_that apprﬁximatelf 30% of ths total radioacfivity presént in E.coli

was conta@ined in non - extractable lipid or non - lipid molecules.

Seﬁarétion oF.the_extracted lipids by TLC revealsd

the diétribution of label éhoun in table 3.1, Greatsr than 94% of the
‘_1toté1 recouefable‘lipid'fadioactivity was asSpciated with phosphnliﬁidsf
Tﬁa.moSt heaydly labeiléd componeﬁts were phuphatidyl‘efhanolaminé E
phosphgtidyl glycerol = cardiolipin, these are also the major phosp -
hnlibids‘qf E.co}i'(Amas, 1968, wuréfer et gl; 1871). The autoclaving

" procedure did‘not appeér to destroy the phospholipids since the distri %.
bution 6? radioactivity closely resembled the composition of lipids of

E.cnli;

1.2 Position of {1 -142) oleic acid in E.coli phospholipids

Hydrolysis with the spacific.phosphhlipase'Aé of

Crotalas adamenteus venom resulted in a large increase of radioactivity



TABLE 3.1

DISTRIBUTION OF (1-140) DLEATE_AMONG LIPIDS OF E.COLI

LIPID | PERCENTAGE COMPGSITION % RADIOACTIVITY
' OF E.COLI PHOSPHOLIPIDS* .
PHOSPHOLIPIDS
. PHOSPHATIDYL ETHANGLAMINE 69 59 + 4 (4) .
PHOSPHATIDYL GLYCEROL . 19 : | 19.5 + 1.5 ()
CARDIOLIPIN - . o 645 - 10 % 1.0 (a) \  94%
'PHOSPHATIDIC ACID o . | 3.5 + 0.3 (4) |
LYSOPHOSPHOLIPIDS | 2.0 + 0,14 (4)
NEUTRAL LIPIDS
FATTY ACIDS 3.5 + 0.3 (4)
TRIGLYCERIDES - - . 1,0 + 0.1 (4) 6%
" DIGLYCERIDES 1.5 & 0,11 (4)

The values éhuwn are obtained after extraction of 10g cells Total extracted count =
15456 + 479.9 (11)dpm Original E.coli radioactiuity 22089 + 558 (5) dprn. Theraf‘ore
69. 9% + 4 of the total radioactiuity is extracted by the mathod OP 81igh and Dyer (1959).

figures in brackets indicate the number of determinations. *Ames (1968)

' RF values of 1ipids (solvent system chlnroform/methanol/HAc) Fatty acid 1.0, Cardiolipin o

0.8 = O, 85., PG 0. 55., PE 0.4 - 0.45,, Lyso PE 0.1 = 0,15, Phosrhnhduc. acid ©.9.

ALSO PT O- .

49



R{: values va solvewd fﬁ:kem Pe,{:. &H«cr/ ahd‘bgﬂ eJrLe.r’ formic acd.
1;.:3(3cm-a\._s 0.7., Fabty acds 045, Dfﬁ‘jééfﬁi‘é 0.25,,

| ?lwsrtwu\,:ds 0.0. .



TABLE 3.2.

 HYDROLYSIS OF OLEATE LABELLED PHOSPHOLIPIDS OF E,COLI BY A SPECIFIC

'PHOSPHOLIPASE A__FROM THE SNAKE VENOM OF CROTALUS ADAMENTEUS -
. . < ’ g . . ) B

FRACTION | % RADIOACTIVITY
E.COLI ALONE | + SNAKE VENOM DIFFERENCE .

PHOSPHAT IDYLETHANOLAMINE , 90. 3% + 1.6.(3) | 8.9% + 0.9 (3) -81.4%
PHOPHATIDYLGLYCEROL :
AND CARDIDLIPIN
FATTY ACID o 6.2 + 0,45 (3).. | 85.3% 4 1.8 (3) | +79.1%
LYSOPHOSPHATIOYL = 3.5 + 2,05 (3) | 5.8% + 2.8 (3) | +2.3%
ETHANOLAMINE : h ' : : '

- 97% of the enzgmically hydrolysed radioactivity appearad in ths fatty.acid fraction.
Thé number of detefminatibns are fiven in brackets. |

Reaction mixtures contained 5 x 108 autoclaved labelled E.coli, SmM Caz+, 40mM tris =

HC1 bqffef pH' 8.0 and with or without D.5mg Crotalys adamenteus venom, Incubations

wera carried. out for 2hrs at 25°C.

::-59__{_‘



< JABLE 3.3

- INCORPORATION OF RADIGLABELLED FATTY ACIDS IN E.COLI PHOSPHOLIPIDS

NATURE OF

% INCORPORATION

LINOLEIC

013 2 bouBLtE BONDS

FATTY ACID |
- . FATTY ACID INTO POSITION :-—
: 1 2
~ PALMITIC ACID C,q SATURATED 77 23
GLEIC ACID C,g ? DOUBLE BOND 3 - g7
13 87

Percentage incorporation was determined using a specific phospholipase

2

A, of Crotalus adamehteus venom,

99
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in the fatty acid fraction with only a small increase in the lysbphos’-
. phalipid fraction (table 3.2). The results demonstrate that 97% bf the

‘ :(1 - 140) oleic acid was in position 2 of the phospholipids,

. Procedures using (1 - 140) linoleic acid resulted in

- less labelling of the 2 position {(87% in posg 2 of phospholipids).
Use of (1 - '°C) palmitic acid resulted in 77% of the
fatty acid incorporated into position 1 and 23% in position 2 of the

bacterial phospholipids, Table 3.3 shows a comparison of these vaiues.

. Routinely (1 -14c) oleate labelled E.coli were used.
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PART B STUDY OF INFLAMMATORY PHOSPHOL TPASES

.- 2.0 Release and properties of a phospholipase A. from rabbit polymor -

phonuclear leucocytes (neutrophils)

2.1 Release of phospholipase A, during phagocytosis of zymosan -
&

. complement particles

Neutrophil leucocytes incubated uith zymosan =~ comple =
ment (ZC) particles, at 37°C over 60 mins, shoued uptake of the particles
apd release of granule enzymes known to be markers for lysosomss.

| { ﬁhdsphélipase A2 fplease(fig,.sef)was.shouﬁ to be i=-
(1) . concehtration dependant, (ii) linear up to 0.5mg ZC, (iii) reach
a maximum of approximately 30%‘at SﬁgZC and (iv) f&llou the release of
. the lysosomal marker'enzymés‘ﬁ - glucuronidase and lysozyme, The cytoplasmi#
- enzyme lactic dehydroganase was relsased only to a minor axtent.eringr
- the réaction.Tﬁié dehnnstfated that release of phospholipase éldng with
,/é - glucuronidase and lysozyme was specific and not dué to cell break -
dqwn'as this would also release the enzyme léctate &ehydrogenase to a
comparable extent._
The relsase 6f ﬁhoébholipése A, activity was paralleled'.‘
.-by the uptaka of zymosan = complement particles as shown in tahle 3 4.
As phospholipase actiuity was released, the percentage of cells conta -

- ining zymosan particles increased and also the number of particles inge -

sted by éach cell increased.






‘ FIGURE 3.2,

.:Ralaase-ﬁf enzyme activities ffnm nehtrophils
by zfmosan « complement particles. .
Neutrophils wers incubated in HEPES bufrefed medium in |
‘the presence of varying amounts of ZC, After 60 miriutes
at 37°C aliquots of the suspending medium were takan

for enzyme assays as described in Materials and methods,

cifcles'. = )? - glucuronidase

triangle

phospholipase A

_crosses = = lactate dehydrogenase.

Var{:ir..a"_ _bars re‘Prcseﬂ,_i. 1 %.E. |
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TABLE 3.4

RELEASE orF PHDSPHULIPASE A AND PHAGUCYTDSIS oF

ZYMOSAM - CUMPLENENT F’AHTICLES (zc)

z2c (mg) | PLA, RELEASE (%) | PHAGOCYTOSIS - No. OF PARTICLES
‘ POSITIVE CELLS (¥) | PER POSITIVE CELL
(%) |
0 8.3 + 2.0 (3) | o 0
0.25 10.1 + 2.8 (3) 53 1..4 + 0.5
0.5 16,0 + 4.0 (3) . 62 . 2.0 + 1.2
1.0 20.3 i'a..é (3) . 83 2.4 + 1.7
2.5 | 25.04 20(3). | 85 | 28 1.2
5.0 30.0 + 4.0 (3) éls o 3.2 % 1.5

o gracketa ;ndiéate‘the number of determiﬁations.

Phégocytosis-- positive cells and no., of particlas.per positive cell

were detefmined'hy ﬁbunting 100.06113. | |

Nautrnphil leucocytes (1 x 10 ) were incubatad in the.prcsence of

varying amounts @f ZC for thr at 37°C. Phospholipase A activity at PH 6.0

was assayed as described in Naterials and Nathods.

oL






FIGURE 3.3.

_-Tima dependancy of neuﬁrophil enzyme.releaée with
zymusan‘- complement.
-Neutroﬁhils were incubated in'HEPES buffered medium containing
.2 Smg ZC at 37° C. Aliguots of the suspending medium were taken
for enzyme assays (see text) at times shown.
circles = /g - glucuronidase
triangles = phwospholipase A

' squares = lysozyme,

Vertical bars "ref';resent_ 1S.E.
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TASLE 3.5

TIME DEPENDENT RELEASE OF PHOSPHOL IPASE A AND PHAGOCYTOSIS

oF ZYNUSAN - CUMPLENENT PARTICLES (g_l

TIME EHUSPHDLIPASE A RELEASE | PHAGOCYTOSIS - POSITIVE CELLs 1
# (%)
0 1.0 (0, 2.0) | B
3 10.3 + 3.0 (3) | .33
5. 14.8 (12.6,17.0) | 39
10 20,7 + 4.7 (3) o 58
40 26,0 + 4.0 (3) . o 34'

_ Singia figures are means af duplicate determinations (given in brackets).

Figures 1nc1uding standard deviations stata number of determinations in

!

brackets. 100 cells were counted to determine phagocytosis - positive cells.:

‘Neutrophil leucocytes (1:(10 ) wers incubated with zymosan - complemant
~ (2.5mg) for varying times at 37°C. Phospholipase A activity was assayed

as described in Materials and Methods. g






FIGURE 3.4.

~ Release of neutrophil enzymes in the presence
of Caz+. | , o -
Neutrophils were incubated in HEPES buffersd medium in
the presonce of varying amounts of Ca2+. After 60 mins,
at 37°%C éliquots of tha.suparnafent were examined for
'enzyha.release aé described in text, R

-circles /3 - gluburnnidase

'friangles = phosphblipase A
squares . - = lysazyms . _
" crosses = lactate dehydrogenass,

Poinks___re rmsmb _means._ of—, . Mblute._, debermina Hons.,
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FIGURE 3.5.

. Time dependancy of neutrophil enzyme release
with ca’t. o
Neutrobhils wers incubatad in HEPES buffered medium
containing 2,5mM Caz+ at .37°C, Aliquots of the suspen -
‘ding medium were taken for enzyme assays (see text) at
times shoun, | |
circles = ﬂ - glucuronidase
- triangles- = phnspﬁolipase A

~ sgquares = lysozyme. ‘ ‘ :
Vérl:l'cat‘ bars r&rrése‘nﬁ i‘.S. g, (n= 3>
. Dbher PO-W\L:’- are  eans - of glwrhcabc -U(Pul.mmts .
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'The secretion of lysosomal constituents was also time
_dependant. Release of enzymes was rapid during the first 10 mins and
then rosa slowly reaching approximately 30% by 1 hour- (Figure 3.3).
Lysozyme andjﬁ_ﬁ glucuronidasa showed similar release patterns to phos =

pholipase As
The degree of phagocytosis (table 3.5) with time again,
showad a similar respansa demonstrating that relesass of phnsphdlipase

activity occured: during phagocytosis."

2.2 Reléase of phospholipase by calecium ions'

Addition of calcium ions to neutrophil leucocytes {which
were previously washed in a calcium free suspending mediun) and incubation
at 37°C for 1 hour also caused Lhe release of phnspholipdse Az‘fromﬂ
If the cells. The release of this enzyme, (i) Followed the release of £ -
glucurdnidase and lysozyme but not of.lactate dehydroganasa, (ii) was -
cnncantration dependant, 2.5 X 10 M Ca being sufficient to cause
maximal release of over 30% (Figure 3. 4) and (iii) time dependant as
shcwn in figura 3 5.

2.3 'Proherties of the 2zymosan = complement released phosphpolipase A

o—

of neutrophil leucocytes

The properties of the enzyme obtained from zympsan -

complement release experiments were examined,

(i) Positional spécifidity
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fhe enzyme caused relsass of (1 - 148) oleic apidifrpm

the 2 - position of'mpmbrana phospholipids'of £.coli, Alllof tpa releasedl
‘radioactivity was recovered in thp fatty acid fraction and noneip the
_-lysnphpspholipids (figure 3.5). This suggested that the enzymé was of
Aé ppecificity,'Thpsa determinations wére carpied.out.at pH 9;0.

‘Fupthu: evidence for thq'A2 specificity of neutrpphil
o phospholipase was_qbtainedldsing sonicated neutrophils and (1 - 14C)
‘palnitic acid labelled E.colls77% of the radiolabal in this case is

present in position 1 of E.coli phospholipids as détarmined_by hydolysis

'withLCrofaius adamenteus venom phospholipase A, (pageb6). Tpé'results '
obtained are shown in table 3.6. The blank showed a non - enzymic hydr -
_olysis of 2.4% over 1 hour. The sonicated snzyme praparation showed

‘.52 9% hydrolysis of which 20% of the radioactiuity appeared in tha
‘  fatty acid_?raction and 80% in the lysophospholipid fractinn. As 77%
of thé palmitic acid label was prasent'iﬁ position 1 nF E.coli phos -
pholipids then it appears that the neutrophil phospholipasa activity

is axclusively Az

(ii) pH profile

A pH profile suggested the presence of two pH nptima
as shown by figure 3.7. Tha enzyme had a broad acidic pH optimum
covering,the range pH 6 =6.,5 and an alkalins peak at pH 9.0. The

, . . ‘

actiuity.at pH 7.5 was reproducibly lower than that cbtained at pH.

. 6,0 or 9.0,

(1ii) Calcium reguirement

Thelreleaséd phospholipase activity had an absolute

T
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reouifemont.for-caiciun ions at both pH optima, rooching.makinai actiyity
at SmN (figures 3.8, and S.QQ). In the absence of added ca2+ leosrthan

: halF;oF.the moximal activity was attained. This residual actiuity'sugg -
astod.the presence of endogenous calcium, Indeed‘addition of Smﬁ

othylone diamino‘tetra acotic acid (EDTA) tota;IyIabo;isheo all activity

(figure 3.49).

- (iv) Kinetics

N Figuré 3.10and 3.6 examine tho-effeots_of protein
< and timé'respectively on the'enzymio hydrolysis of E.coli ohospholipids.

Enzymic activity was linear up to 64 Mg protein and up to 40 minutes,

The effect of sobsttate was oxamined at concentrations
- varying Ftom 0 —ZCJAAAA : .coli phospholipid. Using 96,19 onzyma protein .
.(figure 3.11) tha hydrolysis reached a platesu at 20 uM s of phos - -
pholipid. Looor.anounts-of protein were generolly useo'to atlou

' sobstrata‘conoentootions to be at saturating levols.lFigure 3.12 ohowsu'
thse double reciprocal plot of data expressod in Figure‘3.11. The rosults

. shou-an'apparent'Km valua of 25 x 10-6 N.phospholioid.

~

(v) ‘Stability

Stability of the enzyme activity in HEPES buffored
medium was axamined by storage at 4°C over 20 days (tabla 3.%). The
actiuity at pH 9.0 was relatively stable and lost approximately 20%
...of lts origlnal activity aver 20 days. Actiuity at pH 6.0 howauer was
much more -unstable and 1ost between 75 - 80% of its original actiuityt

over the same time period.






. FIGURE 3.6. ' : N

Hydrolysis of E.coli phospholipids with the
zymosan - complement released PLA of neutrophils.
. Reaction mixtures contained 40 mm Tris pH 9 U, Qﬁﬂxg
enzyme protein, SmM Ca2+, 5 X 10 autnclaved E.coli
‘laballad.witﬁi(1 - 14C) oleic acid representing 10 -
nmoles phosphalipid (PL}. |

Each point represents mean of duplicate determinations.
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TABLE 3.6

HYDROLYSIS OF (1- C) PALMITATE LABELLED EL.COLI

PHDSPHULIPIDS BY PNN SONICATES AT pH 6 0

% RADIDACTIVITY
" FRACTION E.COLLI E.COLI BLANK E.COLI + PMN | HYDROLYSIS
WITHOUT | INCUBATION. SONICATE ENZYME (%)
INCUBATION '
FATTY ACID 16.5 16.8 - '97.2 4104
PHOSPHOLIPIDS 73.0 70.6 - 17.7 | 52,9
LYSOPHOSPHOLIPIDS | . 9.5 | 12,6 55,0 | +42.4.

'6[, _

752 9% Hydrolysis was observed. 20% of this activity appeared in the fatty acid fraction
and BU% in the lysophnspholipid fraction.

As palmitata label is only 77% in position 1 of phcspholipids, hydrnlysis at pH 6.0

is exclusivaly A2 | ' . _
: ‘Reaction mixturas contained 20nmoles phosphulipid, 5mM Caz+;'0 1mg FNleonicata enzyme,

 40mM tris - HC1l buffer pH 6.0. Incubatians vere carried out Fur 1hr at 37'C.






“FIGURE 3.7.

The Bffect of pH on the actiuity of 2C -
.relaased phosphulipase A from neutrophll leucocytes.'
Reaction mixtures contained 60 Mg protein, SmM Caz+

10 nmolas phaspholipid and 40mM ‘appropriate buffer

. - pH 4 - 6,0 sodium acetate, pH 5.5 = 7.5 Tris — malic j

pH 7.5 - 9.0 frisi- HCl. Incubations were for 1hr at 37°C.
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FIGURE 3.8.

Effect of Ca on the neutrophil feleased
phaspholipase A, at pH 9 0. ' '
Reaction mixtures contain 10nmoles PL, 128 ug enzyme
protein, 40mM Tris -~ HCl buffer, and varying amounts

~ of calcium,

FIGURE 3.9.

Effect of Ca2+ron the neutrophil released’
PLA, at pH 6.0. “ | |
Reaction mixtures contain 10nmoles PL, either 12B‘pg
~(circles) or 64 ug (triangles) enzyme protein, 40mM

Tris -~ malic acid,buffen, and_uarying émnunts‘nf calcium,

All pbints fepresent mean of duplicate.determinétions.

Incubations were cafried out for 1hr at 37°C.
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 FIGURE_3.10.

Effect of protein concentration on enzyme
activity of the neutrophil released PLA2. o
Reaction mixtures contain 10 nmoles PL, 5mM Ca™ ,
40mM Tris — malic acid buffer and varying amounts of
enzyme protein. ‘
Each point represents mean of duplicate detérminatibnsQ'

Incubations were for 1 hr. at 37°C.
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FIGURE 3.12.

- Double reciprocal plot of substrate variétion.

FIGUPE 3.11.

‘ Effect of substrate variation on the neutra - °
Iphil released PLA,, activity, '
‘Reaction mixturss contained 40mM Tris - HC1 butfer pH..
9.0, 96 uq- enzyme protein, SmN ca’t and 3 - 20 fAM 2
phosphollpid (0,75 - 5§ = 10 E.coli),

- .Incubations ‘were carried_ out at 37°C. for 1 hr.-

All points are mean of duplicate determinations,
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- TABLE 3.7

STABILITY OF PHDSPHOLfPASE A__OF SONICATED NEUTROFHIL

LEUCOCYTES, STORAGE AT 4¢C

| . RCTIVITY
TIME NANOMOLES PL HYDROLYSED/HR/mg PROTEIN
(pays) - . pH 6.0 » pH 9.0
3 40.9° 45.8
11 ' 26,8 42,2
17 - 16,0 ' 42.9
20 | | B2 . 36,6
LOSS OF ACTIVITY - 78% 20%
AT 20 DAYS o

Each value represents mean of dUplicate determinations.

Reaction mixtures contsined 40mM tris - malic acid buffer pH 6.0 or tris =

2+

HC1 buffer pH 9.0, 5mM Ca“", 0.13mg protein (PMN sonicates) and

incubations were carrisd out fof 1thr at 37°C.

48
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'2.4 Properties of a phospholipase present in the rabbit inflammatory

 PERITONEAL EXUDATE {PE)

" A very active phosphdlipaée-abtihity was found in the
:abbit inflammatory peritoneal fluid supernatdnt after the invading
cells had been removed by centrifugatidn. The properties of this enzyme

wers characterised,

- (1) Effect of tims of incubatiﬁﬁ-dhﬁﬁﬁ&§me activity

| | .' Thé'hydfo;ysis.with time of 1D‘nﬁoles‘of (1'—146) olaata
iabélled t.coli phosphoiipid yith D.Smg énzyme.pgotein‘is shbwn in fig;
3413+ Enzyme activity was linear up to 10 minutes when.dﬂ%'hydralysis
had accu%éd,'after wﬁich_thé activity levelied off rééching 53% by 30

minutes. In subsequent experiments a 5 minute incubation period was used.

{(ii) Effect of protein concentration on enzymic activity
Figure 3.14 shows the enzymas.activity as a function
' of protein concentration and as can be sean enéyhe activity was linsar

up to 0.5mg.enzyme protein under the conditions used.

(iii) Specificity

The enzymic hydrolysis again appeared to ba of A
"specifidity as shown by Figure 3.15. A decreasa of radioactiuity in
the phospholipid fraction was simultaneously recovered by an increase

in tha fatty acid fractions but not in the lysophosphollpid products.






- FIGURE 3.13.

o Vafiétidn of time on the peritoneal exudate
PLA2 activity. . _ . .
Reaction mixtures contain 40mM Tris - HCl buffer pH.8.0,
5 » 10° autoclaved labelled E.coll (10 nmoles PL}, .
" 0.5 mg enzyme protein, SaM ca’t; Incubations were at -

37°C for 5 mins,

| FIGURE 3,14,

_ Effect of protein concentration. on the .
peritoneal exudate PLAZ.

Reaction conditions as above except protein conce - -
ntration was varied from 0 - 475 mg.

A1l points are mean of duplicate determinations, -
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FIGURE 3.15.

. Hydrolysis of ‘E.coli phosphalipids by the - .
' peritdneal- exudate PLAZ. '
Reaction . conditions are id'entié:q.[n to figure 3.13. -
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(iv) pH Profile .

A pH prcfile.cf the enzymic hydrolysis showed two pH
optima.ac pH 8.0 and at pH 6.0 (figure 3.16). The acid peak was broad.
This pH profile was remarkably similar to that obtained with the néufr -
ophil released enzyme (figure 3.7) élthcugh the exact position of magima.

and minima of activity varied slightly.

{v) . Calcium requirement

Figures 3.17 (a) and 3.17 (b) represant the calcium

raquiremant of the peritoneal fluid phcsphclipasa A

2
- has an absolute,requirement of Ca’t as addition of greater than 150 M

. The enzymic activity

‘$DTA-resu1ced in.a total loss of activity. Maximum hydrolysis occured
wheh‘nmm Ca2+ wac added to the rcacticn mixture. Larcer‘amcunts of
added Caz+‘causec slight inhibition of activity. The figure also shouws
that on the absence c? added calcium about 95% of the activify is still
_ratained. This suggests the pcasance of sufficient endcgenous Ca2+ in |
the pcritcneal fluid to give almost tctal.activity. This was supportcd

‘ by the studies with EDTA which showed that increasing amounts of EOTA
‘caucad phospholipase actiuitf cc decreass prcpcrticnate;y (figure 3.17
(b)). R - |

‘As one EDTA molecule is able to cind to two divalent .
- cations, fhis.suggests_that tce ccncentraticn of the latter was 300 MM
in the rcaction'mixture. Flame phctcmctcr ctudies shcwec.the calcium
concentratinn to be 200 #AM, This indicated that the perltcneal fluid
phcsphclipase,activity rose very sharply w1th an increasa cf calcium
ions from 0 - 0.2 mM, reached a maximum at 1.2 mM and thereafter the{

-éctiu;ty slightly decreased with larée iccreases of calcium., Thess studies






FIGURE 3.16.

Effect of pH variation on the peritaoneal

PLA2-

Reaction mixtures contain 20 nmoles, 0.3mg enzyme
2+ and 40 mM appropriate buffer.
 pH 5.0 = 7.5 Tris ~ malic acid. '

" pH 7.5 = 8.0 Tris = HCl, '

Incubations were at 37°C for 5 mins.

protein, SmM ca

All points ars mean of duplicate observations,
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FIGURE 3.17 (a) and (b).

The effect of Cazf on the-paritoneal‘exudate
PLAZ. |
Reaction mixtures contain 23 nmoles PL, 40 mM Tris -
HC1l buffer pH 6.0, 0.5 mg protein and either varying
* or €0TA.

Indubations were carried out for 5 mins at 37°C.

amounts of Ca2

All poiﬁts are mean of duplicate determinations,

I



Figure 3.17

%Hydrolysis, |
[
161

Coo1s0

C —

0 50
- pM EDTA

150 pM EDTA

mM Ca?* added
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TABLE 3.8

STORAGE OF PERITONEAL EXUDATE PLA, ACTIVITY

DAYS OLD -  ACTIVITY AT PH 6.0

% HYDROLYSIS OF " . SPECIFIC ACTIVITY % CHANGE :

5 20 NMOLES PL NMOLES PL HYDROLYSED IN ACTIVITY
' / mg PROTEIN/MIN

19.4 1611 - 0

0
1 25.8 1.47 - 432
3 . 3409 1.9 +79
g 31.0 1.77 | +59
22 28,5 1,40 | +26
37 | 22.1 . 1,20 . +8
B0 17,1 g.98 . b =12

16

£ach ﬁalue répresénts mean of duplicate datarminationé phich did not'vé:y
by more than 3.0% hydrolysis. |

Reaction mixtures contained 10g autoclayed radiolabelled E.coli (20 nmdles
phosphulipidj; 5mM Ca2+, 40mM tfis -~ malic ecid buffer and inbubaééd for

" § min at 37¢C,
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were carried out at pH 6.0.

(vi)} Stability

The effect of storage of the enzyme at 4°c is éhown
in tablé 3.8, The enzyme activity at pH‘G.ﬁ wasrrelatively stable over
& few months, Howsver in the first few days an_increase'of specific
activity by as mucﬁ as 79%,'waa observed at day-S. After this the enzyme

- activity slowly decreased with time.,
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"PART € EFFECTS DF CHLOROQUINE — LIKE AGENTS ON INFLAMMATORY AND

N

OTHER PHOSPHOLIPASES

3.1 Studies of effects of chloroquine — like agents on phospholipases

A, _from Crotalus adamenteus venom and percine pancreas
L

(i) Optimal conditions for hydrolysis with Crotalus adamenteus venom

phospholipasa A2
‘a) Calcium concentrations

‘_:Figures 3.18 and 3,19 show the patterns nf hydfolysis
obtaiﬁed using this systém and the optimal concentration of calciuh
 required for maximum enzymic activify, Reaction rates were linear in

tha firét 4 -6 miﬁutes and thereafter slowly levelled off. Initial

. rates Qere taken and converted to micromoles fatty.acid released pef
-minute per milligramme prote;n. Calcium ions were essential for enzyme
activity. Activity ross with an 1ndraase of Caz+ concentratidn up to
Smm aftgr which ihera was only a véry slight ingrease uflaqtivity as

- shoun in figure 3.{9. Subsequently BmM Caz+ was used in‘all reactiqn

mixtures.
b) Sodium deoxycholate
Approximately half of the total enzyms activity was

present in the absence of sodium dénkychulate. Optimal activity ﬁas

obtained at a concentration of 1mM (figure 3.20). Higher concentrations
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- FIGURE 3,18, .

Hydrolysis of egg yolk phospholipids by

- Crotalus adamenteus. venom. Progress of reaction in

the presence of varying amounts oF_Ca2+.

A = 4.9 mM cat

B = 3,9 mm©
C = 2.8mM "
D = 1.97M ¥

E = 0.98mM "

F = NO ca?t

Reaction conditions as described in_materials'énd
Methods,
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FIGURE 3.19.

' uu:uaEﬁPact~qfiCa2+~variation on the hydrolysis-'

of egg yolk phnspholipldé by Crotalus adamenteus_vehom.

FIGURE 3,20..

Variation of deoxycholate on the hydrolysis !

r‘:of‘egg yolk phaspholipids by Crotalus adamenteus venams

All points are means of duplicate‘daterminatibhs.
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. FIGURE 3.21.

"',Uariation of Ca2+ with enzyme activity of
pig pancreas PLA,. : '

All points are mean of duplicate determinations,
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FIGURE 3,22,

Effect of chloroquine diphosphats on PLA,

; ﬁctivity of .pigfpancreas'and Crotalas adamenteus venom.

Best fit lines are calculated by least squares analysis.'.

AlL roinb are wmeans of durl{cat_e ou{:tma'na.ﬁ;ns.
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actually caused a decrease in enzyméchydrolysis and therefore a concen -

tration of 1mM was used in subsequent experiments.

(ii) Optimal conditions for hydrolysis with pig pancreas phospholipase'n2

Phnspholipésa activity from pig pancreaé was analysed
 at 37°C according to the method of Nieuwenhuizen, Kunze and Haas {1974).
Optimum caleium concentratidn was again 8mM (figura 3.21) and 1mM for

sodium dsoxycholate.

.-(iii) Orug ekperiments'

" a) Inhibition of Crotalus adamenteus -venom phospholipase A2 by

chloroquine diphosphate,

' Chloroquine diphosphate showed a dose — related inhibition

of phospholipase A actiuity_of Crotalus adamsnteus venom over the rangs

2
0 - 4mM as shown in figure 3.22. 50% Inhibition of enzyme activity was
achieved at 3.0.mM chloroquine,

~b) Inhibition of pig pancreas phospholipase A, by chloroquine

2

Inhibition of the purified pig pancreaé enzyme was also
observed by chloroquine but at four fold lower doses (figure 3.22). S0%
Inhibition of -activity as calculated from the best fit curve was obtained

at 0. 7:mN N
¢) Inhibition of pig pancreas phospholipase A, by other agents

These were cinchonine sulphate and dibucaine hydchhloride-
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TABLE 3.9

EFFECT OF INDOMETHACIN, SALICYLIC ACID, DIBUCAINE

AND CINCHONINE SULPHATE ON_THE PHOSPHOLIPASE FROM

PIG PANCREAS TOWARDS EGG YOLK EMULSIONS

INITIAL RATES = ‘% INHIBITION
(MMOLES F.A. RELEASED
/ MIN./mg. PROTEIN)
ACTUAL VALUES MEAN
. CONTROL ' 6,06, 5.80 5,93
CINCHONINE SULPHATE | 2,77, 2.63 2,70 | 54%
_ (0.5mm) N
'DIBUCAINE (1mM) 423, 4,07 415 | 30%
CONTROL 1 6417, 637 6,27
INDOMETHACIN (1mM) . 5,36, 5.5 5.43 13%
(5mM) | 5.23, 5,07 5.13 | - 18%
'SALICYLIC ACID 5.83, 5.57 5.7 10%
(1mm) . _
(5mM) - 4,5, .4.23 4,37 30%

'~'~Phosphmlipase activities using eqg yolk emulsions were determined as

" described in Materials and Methods,
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(closeiy relaﬁed'structures) and two ant; - inflahmatary'agents;-indo -
methacin aﬁd séliﬁylic acid.‘ﬁll four agents inhib;ted.phaspholipid;
hydrolysis (table 3.9). Cinchonine sulphate and dibusaine were more
.effect;vé than indamsthécin and_sélicylic acid, Cihchonine sulﬁhata

and d;bucaine also causéd a lag beriod of 3 minutes before maximum adzyme
éctiuity was reached and thfs initial rates recorded were aftef this
period, The order of potency of drugs acting on.pancfeatic-phosphblipasé
A Qas as follows: |

2

. Cinchonine sulphate == chloroquine diphosphate::-dibucaihe hydrochloride
= salicylic acid:: indomethacin.

" (d) Kinetics of inhibition of pig pancreas PLA. by bhldrnquine

2
The nature of inhibition caused by chloroguine was

further investigated

.(1) The variation of substrate and its effects on the inhibition

of phospholipase A, activity by chloroquine is shown in figure 3.23 .

2
The double reciprocal plot shows the two curves run parallel to each

) _ . S _
other indicating an uncomqsitiue inhibition with respect to phospholipid

substrate.

(11) It hasrbesn préuiously repofted that calcium anfagonises
ﬁhe inhibitory effects of local anaesthetics on phospholipase Aj of
human seminal plasma (Kunze et al, 1976). This finding was also invest --
igated Qsing the presént system, Figufe 3.24 shouws the double recippqcél'
plot of the variation of calcium and its effect on the inhibition of

pancreatic phospholipase A2

by 0.75mM chlproquine and 1mM dibucaine .






FIGURE 3.23.
Elc.‘(‘.wl@ :
Dnubla reciprocal plot of enzjmz 1. 4n tha
presence and absence of 0.75mM chloroqu1ne. '

Best fit lines are calculated by least squares‘anaig}sis.

Points represent. meon. of duplicate  detenminations .
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FIGURE 3,24,

Double raciprocal plot. of‘ Caz_ variation
1n therpresanca and absance of chloroquine and dibucalna .
using:pancratic PLA, R '

Bast fit lines ars calculated by least square analysis.

Eoml:s - rer.-escm‘;_mm_o{- durhcah. _debarmmatzm_g )
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The data suggests a competitive made of inhibition with calcium by both

24

~chloroquine and dibucaine. The chahges in Km values for Ca illustrated
- below,
Drug Km Ki*

CONTROL . - f 1.35 x 107 M

DIBUCAINE (1 x 107m)

CHLOROGUINE '(0.75.% 107 M)

0,76 x 107 M

0.25 x 107°M

(1)

Kp .
o -1

'where.ilé Inhibitor concentration

- Kp= .inverse of intercept on abecissa (in presence of inhibitor)

Km= Michaelis Menten constant =

o abc{ssa (in the absence of inhibitor)

~

inverse of intsrcept on

3,2 Effects of chloroquine‘— like agents on the peritnhéai fluid

-ﬁhospholipéée”Aﬂ activity

. a) Dose -~ response curves

' The anti - malarial drugs chloroquine, mepacrine and

primaquine all inhibited phDSDhOllpaSB activity (at pH 6.0) of tha per -

itoneal fluid towards E.coli_phospholipids in a dose related.mannar as

- shown in figure 3.25a, The order of inhibitory potency was






| FIGURE 3,25 a.

Effect of antimalarial drugs on the peritoneal

fluid PLA2. '
Ch.‘l_.oroquine A
Mepgcrine BN

Primaguine  #@ . _ _
Reaction mixtures containad 40mM Tris -_malic_acid" pH .
6.0, SmM Ca2+,‘D.5mg exudéte protein, 5 x.'108-autoclaued
'El.colri, and varying.amounts of antimalarials.
l‘Incubation.s were for 5 mins at 37°C.

Points . r_;rrcsmt ‘means _ of. dufh'mfe.  determinations . -
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FIGURE 3.25 b.

fo*Chc.,,, "..
075 Correlation betwedn inhibitury,(of' antimalarial
. - ;
‘ ‘drugs and lipid solubilities, o
. L MEPAE’.}\INE_ Best fit line:is calculat&d by 1east squarse .
Log. P : ‘analysis,
054
' PRIMAQUINE
. 0251
- 001
-0+25-
CHLOROGU INE
=05 ey ; ;

G0L
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mepacrine =-primaquine.=-ch10rbquine, and correlated well with the lipid

anlubilitias_of.tha dfugs (figure 3.25b).

Inhibition of peritoneal fluid phospholpése A. by antimalarial drugs’

2
DRUG I Log P
“MEPACRINE Sl mss x 107 0,59 -
PRIMAQUINE 5 x 10”9 \ 0.23
CHLORDQUINE - 1.5 X 10" 20,45
| |

tog P value represent the partition of 1Q,LM antimalarials between

chloreoform and tris = malic acid buffer at pH 6.0,

. With mgpabrine and chloroquina.at doses larger than those ﬁaﬁsing
maximum inhibition, a teversainf_the.éffect Qaé seen. This eveé
resulted in stimulation of eﬁzyme actiuiﬁy if high doses were used

( + 31% with 10mM mepacrine). This reversal of inhibition at higher
than inhibitory doses was not observed with primaquine.

~

aﬁboﬁafﬁectuofdewnnfthe:inhibition of phospholipasa A2 activity

by éhloroquina

The dagrée of 1nhiﬁiti§n by chiéroquine Qaé depéndan£
on the pH:. of:the feactinn medium. Table 3.10 éives the resuits ﬁbtainada
" using 1mM qhioroquina with the pH varied between pH 6.0 to pH B.S;iﬁs
| can be seen inhibition was found to increase with Increasing pH. Tﬁﬂ%

‘least inhibition (16%) caused by 1mM chloroduina wasIFQUnd at pH 6.5
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TABLE 3.10

INHIBITIDN OF PERITONEAL EXUDATE BLA,_ BY CHLOROQUINE

AND THE VARIATION OF pH

PH % INHIBITION CAUSED BY
1mM CHLOROQUINE

6.0 - 27%
T I e
7.5 - .36%_
"B.D . 7 46%
8.5 . 53%

Values indicate mean of duplicate observations,
‘_Phnsﬁholipase activity was assayed as described in Materials and
Methods, Tris ~ malic acid buffer was wused for pH betwsen 6,0 and

' 7.5, and tris — HCl for pH betwsen 7.5 and 8.5,

 TABLE 3.11

INHIBITION OF PERITONEAL EXUDATE PLA_ BY MEPACRINE AT pH 6.0 AND
- (4

LONG TERM STORAGE.OF THE ENZYME PREPARATION AT 4°C

<AGE(WEEKS) | % .INHIBITION CAUSED
' BY 0.2mM MEPACRINE

| RE T 33%
L 12 50%

2 I - T0%

“Values represent mean of duplicate datérmiﬁations, and-phnsphdlipase

activity was assayed_aé described sarlier.






FIGURE 3.26 (a) and (b).

" Variation of Caz+ and inhibition of peritoneal
exudate PLA2 by mepacrine. ' 7 '
Reaction mixtures contained 40mM Tris - malic acid
buffer pH 6.0, 0 - G,3 mM EDTA or B - 1 mM CaCl
0.5mg exudate protein and 1.15 x 10 autcclaved
(MC) E.coli without (circles) or with 50 mM (squaras), ‘
or 200 uM (triangles) mepacrine, :

Incubations were for 5 mins at 37°C.
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" FIGURE 3.27.

Louw dose affects of chloroquine and mapacrine
one ONE peritoneal exudate enzyme preparation,
Reaction mixtures contained 40 mM Tris - malic acid
bufifer pH 6.0, 5 x 10B autoclaved (140) E.coli (10
rnmoleé PL), 0.5 mg_exudate protein, SmM CaCl,, and
‘varying amounts of antimalarial drug.

All points are means of duplicate determinaticns,’
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TABLE 3,12

EFFECTS OF MEPACRINE (AT LOW DOSES) ON THE

' PERITONEAL EXUDATE PLA. USING ISOLATED,

 SONICATED E.COLI PHOSPHOLIPIDS

S MM MEPACRINE

"CONTROL {30 | s0 75
"% HYDROLYSIS OF 3,0 2.6 2.6 2.5
20 NMOLES PL 3,0 2.8 3.0 | 2.8
" AVERAGE OF 3.0 | 227 | 2.8 | 2.65
DUPLICATES
. LEGEND

'Isolatad, sonicated E.coli phospholiaids wera praparaa.as follows:
Phéspholipias of 1010 €.coli {200 nmulas) were extracted by the -
mathod-of Bligh.and Dyer, and the organic solvents were svsporated
to dryness,

1ml 0.9% NaCl was addad and sonication carried out fos 2 min,,

2 min, and 1 min with 2 minutes between each.sonication period.

20 nmoles PL or“1BO}{i had radioactiyity ofl76ﬁ9 dpm. and used for
each assay along with SmM Ca2+, 40mM buffer pH;B.D, 0.7mg enzyme |
prnteln, and incubated at 37°C for 10 mins.

After snzyma assays the total extractad radinactiuity was 64&6 +
337 dpm (9determinations).

- 0.7mg anzyme protein assayed against 20 nmoles intact E.coli

phospholipids showad 24% hydrolysis (2 detarminations 22.4%, 25. 5%)
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whilst at pH 8.5 the same level of drug caused 53% inhibition.
" ¢) Age of enzyme préparation'

-The ege of the enzyma preparation was alsn found to
have a msasurable effect on the inhibitory activity uf mepacrine (table
3.11). Initially esnzyme activity in the presence of 0.2mM_mepacrina

was 67% of control values and fell to 30% after 24 weeks,
d) The effect of variation of calcium on the inhibition of
‘peritonsal fluid phosphalipase Az by mepacrine

‘The.Kinetics ﬁf calcium Uariation ﬁﬁ the inhibitory
.propefty of mepacrine on this system are shown in-figures 3.26(a) and
(bl Sigmuidal'curvéé are oﬁtgzngd both in the presence and absence of
mepacrine (figﬁra 3.26a). Thé data in thé presence of less than 0,.3mM
: divalent catiﬁn cunﬁentration was obtained by adding varying conceh -
'trations of EDTA. With the data expressed as a double reciprocai
‘plot, it éppeared that calcium intarferéd with the inﬁibition bf
" mepacrine in a non - competitive manner, and contrasted with the results

- ~obtakned .using .pancreatic .phospholipase A and‘égg - yolk substrates.

2

e) Low - dose stimulatory effects by chlorogquine and mepacrine

On one peritoneal fluid énzyma preparation, at doses
ldwér_than.thpse causing inhibition;_chéioroquine (ZSQ/AM) énd ﬁepacrina
(SOj#N) Stimﬁlatsd enzyme activity at pH 6.0 (figure 3.27). The greatest

effect was seen with mepacrlne at SU/“N where a 100% stimulation of

anzyme act1v1ty was observed. Chlnroquine produced a 20% stimulation -
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at 2SQ/1M.‘This effect was reproduciblé only on this'particular onzyme
preparation and could not  be obserued on other preparations. These

effects wers: roproduciblo up to 2 months storaga of the enzyma prep -

_aration but were lost after this period.

Preuious workera (Shorphof and wostenberg, 1975) have
obsarved similar lnconsiﬁtences when working with pancreatic phospholi -
pase. A2

by the natura of the interfacial Bobstrate and WETH not obtalned wlth

and labellad mitochondrial lipids._Suoh affects were explalned

purified 1ipids. In our system using isolated E.coli phosphullpids as

':'sonicatad, micallar dispersions Failed to reproduce tho low dose

:‘wﬂ stimulatory effects by mepacrine.and_chloroquine that mas seen Gn one

m'peritoneal fluid enzyme prepo;ation.”Téola 3.12'shows.tho data obtoined -
.uoing tno-isolatad E.coli phosphoiioids, and as can'be seen lou'dosos

;.of mepaorine does not haua much effect. The results also show an 8 ;-L;
fold reduction of hydrolytic activity when micellar dispersions of

"phosphollplds are used as compared uith.intaot membrane phospholipids.'
" f) Effects of other anti - inflammatory and anti -'arthritic'
-.agents on tne-peritoneal fluidibhospholipase A,

Table 3 13 shous the data obtained with a varlety of drugs

':using 10 3N as the drug concentration. The anti - arthritlc drugs sodium -

o aurothiomalate and D - penicillamine wers without effoct but the

anti - inflammatory agonts did show inhibltory effects._Indomethacin‘

(93%) and benzydamine (81%) were particulariy.effective.
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IABLE 3.13

SCREENING [JF: ANTI — RHEUMATIC AND ANTI = INFLAMMATORY

AGENTS ON THE PERITONEAL FLUID PLA_ ACTING AT pH 6.0

DRUG (10™3M) ACTIVITY NANOMOLES PL cf. CONTROL
| HYDROLYSED/MIN/mg PROTEIN ' ‘

contROL. | - B | 100%
soorm | o -
AUROTHIOMALATE - P o 103%
D-PENICILLAMINE | . s.84 . 104%
CONTROL = S 1473 e 100% -
INOOMETHACIN | oz 7%
lBENZYDANINE o 0.322 f 8.6
aserRIN | 1.7 . o e
SALICYLIC ACID | 0.782 45%

Ualues rapresent average of duplicates mhich did not vary by more
-than 0.2 nmoles PL hydrolysed/min/mg protein. Phospholipase assays

were detarmined as described in Naterials and Methods,
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3.3 _§ffeats of chloroguing = lika agents on the phospholipase activity

of polymorphonuclear leucocytes
a) Studies on sonicated neutrophil suspehsions

The experiments were first carried out on’neutrophil
suspensions that had been sunicated.to release all tha intracellular
enzymes, The affacts of chlornquine,’mapacrine -and: primaqu1ne ‘an the

phospholipase A activity at pH 6.5 towards E.coli phospholipids ars

2
shoun in figure 3 28. Both chloroquine (0.25 - 1Umm) and mepacrine

( 0,025 -« 5mM) showed a dose - related stimulation of phospholipasa
~activity. Mepacrine was 10 times more actiue than chleoroquine. No inhib =

ition of phospholipase activity was obserued at any time af the conce -

ntrationa studied.

Primaguine on the other hand ahawad a different res —
ponse. At doses between 0,1 = 1,0mM a slight stimulatory effect was

racordedlbut.‘at higher levels a strong inhibitioh was observed.

‘Phospholipase A

-

2 activity released from hautrophils
suspended in water . also showed stimulation byib.SmN,mapacrine

(table 3.14).
~ b) Effact of mepacrine on the phospholipase activity of_neutrophil
82009 grahulas

A purer preparation of neutrophil phospholipase A2

was obtained by cantrifugation of a neutrophil homogenata in sucrose






" FIGURE 3,28,

. Effects of antimalarial drugs on the PLAZI__
activity of sonicated neutrophils. :

Raacfion mixturas contained 0.1 mguenzyme protein,

10g autoclaved labelled E.coli (20 nmoles PL), SmM

' Caz+,.40mm Tris buffer pH 6.5, and varying,amounts

of antimalarial drugs. Incubations were for 30 mins

at 37°C. :

All boints are means of duplicate determinations.
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TABLE

EFFECT OF 0.5mM MEPACRINE ON PLA. FROM NEUTROPHfEQ :
‘ “~ ;

SUSPENDED IN WATER (5 x 10 CELLS/ml)

 CONTROL +0.,5mM STIMULATION
ME PACRINE OF ACTIVITY
% HYDROLYSIS . 10.5, 6.7 16.1, 13.5
OF 20NMOLES PL '
MEAN 8.6 14.8 72%

Reaction mixtures contained.ﬂ.deg

in water), 40mM buffer pH 6,0, 5mM Ca

protein (neutrophils lysed

2+

, 10° autoclaved labelled

E.coli, with or without drug, and incubations were carried out

for 30 min at 37°C.

9L
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TABLE 3,15 AND 3.16

PELLET) PHOSPHOLIPASE A BY MEPACRINE
&

. STIMULATION OF NEUTROPHIL GRANULE (8,200q

% HYDROLYSIS OF
20 NMOLES PL

NMOLES PL
HYDROLYSED/HR
/mg PROTEIN .

% STIMULATION

pH 6.5 ( AVERAGE)
CONTROL ::.g 152 21.1 0
© MEPACRINE 17.3 29,6 40%
450N 19.6 = 185
+100 M gg.g = 22,7 3573 72%
pH 9.0
CONTROL :Z:g = 15.9% ‘25.4 | )
'MEPACRI 9,7 28.8 148
prryta A LR 14%
+100 MM gg.g = 20.5% 32.8 1 ggg

Reaction mixtures contained 0.5mg protein (8,200q pellet), 40mM buffer

(tris - malic acid pH 6.5,_tris - HC1 pH 9.0), 109 éutoclaved E.coli,

 ' SmM Ca?+, with or withoaut'drugs and incubated for 15 min at 37°C.




TABLE 3,17

. STIMULATION OF 2C_RELEASED PLA. FROM_NEUTROPHIL LEUCOCYTES,

BY MEPACRINE AT pH_6.0

% HYDROLYSIS OF
20 NMOLES PL

NMOLES PL

* HYDROLYSED/HR
~ /mg PROTEIN

o STIMULATION

CONTROL

+ 0.5mM
MEPACRINE

M

«0 ’
9.9 = 10.5%

16.9

==
17.0 = 170

17.5

28.3

62%

~ Reaction mixtures contained 40mM tris — malic’ buffer pH 6.0, 5mM Caz+,_

0.12mg protein, 10g autoclaved radiolabelled E.coli, with or uithbut

O.Shm mepacrine, and incubated for 1hr at 37°C,

21l
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TABLE 3.18

- EFFECT _OF CHLOROQUINE, SULPHATE (1mM) ON THE ZYMOSAN =

COMPLEMENT RELEASED PLA_ ACTIVITY OF PMN NEUTRDPHILS
&

% HYDROLYSIS OF - NMOLES PL % CHANGE
20 NMOLES PL HYDROLYSED/HR '
- /mg PROTEIN
pH 6.0 AVERAGE
CONTROL 9.2 __ 9.5 20.4
. ’ 9.3
+ CHLORDQU INE 14,5 0o . 30,1 _+a7z :
13.5 -
pH 7.5
 CONTROL ' 9,0 19,4
+ CHLOROQUINE 15.0 . 32,3 +66%
pH 9,0
CONTROL 19,7 43,2
20.5 :-20.1
+ CHL?RUQUINE ::.; =14.7 31f6 -27%

Reaction mixtures contained SmM Caz+, 40mM, buffer, 1Ug.autoclaued

radiolabelled E,coli, 93;Ag,pro£ein, with. . or without 1mM chloroquine

and incubated for t1hr at 37°C.
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at B,ZDUQ. The 8,200g pellet consists of nuclei, -

and 1§sosomal granulés and contaiﬁsd ove} 90% of the total phospholipése,
activity of tha'homogenéte. 100 zM mepacrine tested against this granule
preparatinﬁ at pH.6.5 showed a 72% stimulation of phaspholipase actiuity
(table 3.15). When the same detarminatioﬁs wefe carried out at pH 9.0,
the stimuiation‘of activity was only 29% (table 3.16) showing that

stimulation of activity was greatest at acid pH.

~e)"Effect-of :mepacrine -and chloroquiné on Z - [ released

phospholipase Aé

The phosphalipase A, released by neutrophils exposed

2
. to zymoéan - complemént.particles also showed stimulation of enzyme

\ ’ ’ ' ' .
activity in the presénce of mepacrine comparable‘té the éffgcts éeen
ﬁboue (table 3.17)}. Chloroquine at 1mM concentrations also stihulated_
“ the Z - C releaéad phospholipase A2 activity at pH 6.0 and 7.5, but

the same level at pH 9.0 cesused an inhibition (table 3.18).
d) Studies on a partially purified phospholipase A cbtained
.beusulphuricjacid‘extraction |

The effects of the antlmalarial drugs were Further

‘ invastigatsd by obtaining a partially purified preparation of phaspholi -

pase activity from neutrophil lesucocytes by sulphuric acid extraction.
This procedure yje lded a preparation (Sup II, figure 3.29) which cont -

éinad‘slightiy more enzyme. activity than the water homogenats with

V’_ less than.40% of the original protein. There was a 3 fold increase of

specific activity.

_ The effects of chioboquina; mepacrine and primaquiﬁe
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FIGURE 3.28.

Partial purification of neutrophil laucoczta'

‘gkﬁz by sulphuric acid extraction

Leucncytas H, 0 homogenate
5 x 10 calla/hl, 6mls 2.4mg protein/ml
Total PLA activity = 247. 2

2 ml stba'o.szm'
30 mins at 4°C
Centrifuge 23,0009

. J 1
SUP I
| Pellet I _
| Redissolve in 6ml H20 1.02mg protein/ml Dialyse
| Total'PLA2 activity = 32.4 against1mM
tris - HCl
pH 7.4
Centfifuge
! 23,0009
v
v
Pellet Il .
Redissolve in 6ml H20 0.22mg protein/ml

7mls 0.94mg protein/ml

~ Total PLA actiuity =

2
351.4

3

Use as partially. purified gource of
PLA activity.

* PLA2 activity is expressed as nonomoles E.coli phuspholipida hydrolysed

per hour.
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_ tffects of antimalarial drugs on the acid purified
preparation of neutrophils.
Reaction mixtures containedrdo mM Tris bufifer pH.6.0, 0,047
mghenzymé protein, 5 x'108 auboclaved E.coli,'Smm‘Caz+_and"
varying .amounts of drugs; .
'Incubations were for 15 mins at 37°C. o
100% Actiuity ie. control = 3.45. nmoles fatty acid released
per min per mg _protein, | .

All points repreSent'meéninﬁ:duplicate‘detarminations.
. - . ‘ a
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on the partially purified enzyme preparation arolexpnessod in figure
3.30, All these drugs shoued inhibition of the purified phnspholipaso
activity with no evidence of stimulatory activity. Napaorino and chlo -
roquina at doses uhich showed strong stimulatien of the.enzyme from '
sonioatod neutrophils, 8,200g granules and 2 « C released phospholipase
.aotivitias now showed inhibition of the acid purified enzyma from the
same source, The inhibitory responsa_uith_primaquine was of the samo-.
order and maonitude as that obtained u;th the homagenate: enzyme

preparation.

3.4 Interactions of heparin with inflammatory phospholipases and with

antimalarial drugs

H The.antimalarial druos are cationic omphiohilio ogentsf'
.fhus the contrasting offoots observed above may be due to altoratlon.
. of-phdspholipaso Az'activitiestby_;dtorfor;noo with endogenous onionic
agents, Such as the glyoosaminoglycans heparin or chondroitin sulphate.
tThese have been shoun to be present in neutrooﬁiis in moasorable ouan -
:titias (0lsson and Gardell, 1967., Olsson gt al, 1968., Avila and Convit,

1976).
" a) Interaction of heparin'with antimalarial drugs

An interactioh botweenlohloroquine ahdlheparin‘was
immediately apparent when two soclutions oontaining'thoso compounds are
mired togothar.A visible complex ‘was formed which could be monitored
by optical donsity measurements at 700nm, The resulto obtained when |
50 units/ml hepario.was.added to varying'amounts'of aotimaiarial'drugs,

are expressed in figure 3.31. All three drugs alene or heparin alone






FIGURE 3.31,

. _ Interactions of antimalarial drugs with. heparin
Heparin (50 units / ml final ccn;entration) was mixed with varying"
amounts of antimalarial drugs and the resulting optical density
changes were measured at 700nm. o '
Antimalarial drugs or heparin alone exhibited negligble . D. at
"700nm. - '
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showed less thén 0;02 optical density units at 700nm, fha cumblexes
fatained the ofiginal colours of the drug sclutions; with mepacring -
yellow, primaquine - orange, and chloroquine ; white. On the basis of
opticai density measurements mepacrihe.was the most active drug,

followed by primaqdine and then chloroquine.
b) Effects of heparin on inflammatory phospholipase activities

- Heparin afféctad'the phospholipase -activities of both
' the peritoneal fluid and neutrophil leucocytes, although in opposite

WayS.

Stimulation of the peritoneal fluid phospholipase A2
" occured at physiological levels and was dose — depend@nt (figure 3.32).

The stimulatory effect was_greatef at pH 6.0 then at 7.5 (table 3.19).

The effeﬁt of heharin on the:aﬁid purified neutrophil

| phuépholipase was inhibitofy. Tabls 5.20 shows the cdﬁtrastiﬁg data

ﬁbtained usiné the acid purified neutrophil enzyme and indicatiﬁg that
6 units/ml heparin was sufficient to cause.almost totaliinhibition of

| phospholipase activity,

| Addition of mepacriné (smM, which itself caused 52%
inhiﬁition) and varying amounts of heparin (1 - 40 units/ml) to the
acid purified enzymé showed an additive inhibitory eFFect.by the two
-ageﬁfs (table 3.21). No antagonistic effeﬁt between the cationic aﬁd-

anionic agents was observed.






FIGURE 3,32,

Effect of heparin on the peritoneal exudéfg PLA2

. Reaction-.mixtures contained 40mM Tris - maliec acid buffer pH 6.0,
0.3mg enzyme prdtein, 15 5.108 autoclaved E.coli, 5SmM Ca2+ and
varying amoﬁnts of heparin. | |

" Incubations were for 10 mins at 37 C.

" Control activities

it

1.65 nmoles f.a, released / min / mg protein
100%,

Verkical bars represent 1 S.E,
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TABLE.3.19

ACTION OF HEPARIN ON_THE PERITDNEAL EXUDATE

PLA AND VARIATION OF pH

ENZYME ACTIVITIES®

% INCREASE

pH CONTROL + 10 UNITS/ml
HEPARIN OF ACTIVITY
6.0 18.1, 18.1 36,3, 31.6 +88%
"MEAN = 18.1 MEAN = 34.0
7.5 - 21.9, 17. 28.0, 25.3 +37%
MEAN = 19,5

MEAN = 26,7

* Enzyme activities are exbrassed'as % hydrolysis of 30 nmoles

E.coli phospholipid.

Heaction mixtures contained AUmM tris - malic acid buffer 30

nmoles PL (15 x 108 autoclaved E.cnli), SmM Ca

% ’ 0 3mg protein

_ (peritoneal exudate), mlth and without 10 units/hl heparin, and

_ incubated for 10 mins at 37 Ce

921



. TABLE 3.20

EFFECT OF HEPARIN ON THE ACID PURIFIED

) PLA, FROM NEUTROPHIL LEUCOCYTES
LA

'CONTROL HEPARIN :UNITS/ml
2 4 6
ACTIVITY ' 13.1, 14.4 .| 11.3, 9.3 2.3, 1.9 0.69, 0.32
NMOLES PL _mean = 13.75 mean = 10.3 mean = 2.1

mean = 0,505
HYDROLYSED/ |

MIN/mg PROTEIN

b3

cf. CONTROL 100% 75% 15% 3,5%

Reaction mixtures contained 10 nmoles PL (5 X 108 E.coli), 40mM tris = malic

buffer pH 6%0, 0.047mg prdtein, 5mM C32+, with or without hebariﬁ, and_incubated
for 15 min &t 37°C.

Lzt




TABLE 3.21

EFFECT_OF ﬁEPACRINE AND UARYiNG AMOUNTS OF HEPARIN

TOGETHER.ON_THE_ACID PURIFIED PLA, FROM NEUTROPHIL LEUCOCYTE§

o o

ENZYME + 50 SmM MEPAGRINE + HEPARIN UNITS/ml HEPARIN G\dmﬂ .
CONTROL MEPACRINE | & 1 10. 0 | ac WITHOUT
- . » ‘ MEPACRINE
% HYDROLYSIS i7.45 | 8.3 6.05 | 2.2 | 0.35 | 0.3 0.9 13.5
OF 5 x 10°
£.COLI
 NANOMOLES PL | 0.372 0.177 | 0.13 | 0.047 | 0.007 | 0.006 | 0.019 0.287
HYDROLYSED/
MIN/mg PROTEIN
cf. CONTROL 100% a8% sk | 13k | 2% | 2% 5% 7%
% Hydrolysis valuss represent mean of duplicata determinations.
Reaction mixtures contained 5 % 10° autoclaved radiolabelled E.coli, 5SmM Ca’', 40nM tris -

malic buffer pH 6.0, 0.,047mg protein, with or withhut drug mixtures, and incubatedffor'

"10 mins at 37°C.

8e)
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3.5 Membrane abtions of antimalarial drugs on guinea = pig;grythrncytes'

Cationic ampﬁiphilic drugs (eq antimalarial,drugs)'
teing surface - active in nature are also cohsidéred to have an effect.
on membranes. In an ettempt to help explain the paradoxical inhibitﬁry/
.stimulatory effects on phosphdlipases, the membrane actions of tﬁa thrée
-antimalarials on the hypotonic haemolysis of guinea - pig fed blood cells

_'wara examined.

The results obﬁained are expressed in figure 3.33.
All three of the antimalarial compounds did indesd show paradoxical

dose ~ responss curves.

At louw doées all three drugs show stabilization 6?
the erytﬁrocyta membrane to osmotic shock.wiﬁh mepécrine and primaquine
maximum stabilization as measured by a'raduétinn in the relative |
haemoiysis was shown at 2 X 1U_AM. Chlorﬁquine showed maximum stabili -

zation at 10_3N and was five times less active.

At highef doses all three drugs showed labilization
-of prythfocyte membraﬁes (as measured by an increase in the reslative
‘haemolysis)-to.osmatic -shock. Primequine- showed ﬁaximum disruption.at
2.5 x 10730, mepacrine at § X 10~°M and chloroquine at 10~2M, At even
higﬁer duseé ie'abﬁve'10"2m the destabilizing effect wés again
- reversed to stabilization again indicatiﬁg the membranas having a

tri - phasic response to the drugs.






FIGURE 3:33.

_ Effects of antimalarial drugs on the hyﬁtonic
haemolgsis of guinea - pig erythrocytes. |

Reaction mixtures contained 50 4l fresh heparinised blood in
0.42.5% NaCl and indicated amounts of antimalarial drugs.

mepacrine = @
primaguine = ' ]
chloroquine = A

Incubations were performed for 30 mins at room temperature

D.425% NaCl alone caused S50% haemolgsis of g - p erythrocytes.
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. : : : S ' N\
PART D STUDIES OF AN ENDOGENOUS INHIBITOR OF PHOSPHDLIPASE A H‘IN THE

h

8, 200g SUPERNATANT OF NEUTROPHIL LEUCOCYTES

' 4.1 E£Effect of the neutrophil 8,200g supernatant on the peritoneal

fluid phospholipass ‘A_ activity

Figure 3.3% shows the effects of adding different
amounts of 8 2009 supernatant prdtein tn reaction mixtures containing
2 activity to causs approx‘-
imately 20% hgdrolysis at pH 9.0, Enzyme activity was inhibitad in e

sufficient peritdneal fluid phospholipaee A

dose = depsnd@nt manner end maximal inhibition of 64% was obtained with.
230 pg supernatent protein, Similar findings were obtained at pH 6.0,
'and indeed as shawn in figure 3. 35, the degree of inhibition caused

‘ by the neutrephil 8, 200q supernatant on the peritoneal Fluid enzyme

eppeared to be independ&nt of_pH (between pH 5.5 and 9.0).

However inhibition of phospholipase actiuity-by the
8,200g :supernatant was not independ@nt of pH if. the neutrophil granule
(B,ZDOg.Egligt) phospholipase activity was used, Indeed as shown by table
3.22 the 8,200g supernatant does not haue very mdch effeet on the granular
enzyme aetivity at pH 6.5, aitheugh inhibition of enzYme aetivity has

been observed at pH7.5 (Franson et al, 1974},






FIGURE 3.%4. =

_ Effect of 8 ,200q neutrophil leucucyta supernatﬂnt
on the hydrolgtic activity of paritonaal sxudate. PLA .

" Reaction mixtures contained 40mM Tria - HC1 buffer pH 9. D, Smi

Ca2+

s 15 x 10° autoclaved E.coli (140), either 0.3mg enzyms protein
and varying amounta of neutrophil 8,200qg supernatant protein (circlas)
or just varying amounts of 8 »200g supernatant protein (triangles)

All points ars mean of duplicate determinations.
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FIGURE 3,35,

Effect of pH on the actiuity of the peritoneal exudate
PLA in the presence and absence of neubrophll 8 2009 supernatant
protein (0. 42mg)
Incubations were as described in Materials and Nstmmds with O, 28mg
peritoneal exudate protein. '
All points are means of duplicata determinations,
— 0 - control

[ | + 84,2009 supernatent.
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TABLE 3,22 °

EFFECT OF 8,200q SUPERNATANT 0N THE NEUTROPHIL

GRANULE PHOSPHOLIPASE ACTIVITY AT pH 6.5 S

CONTROL - | + 8,200g SUPERNATANT

GRANULES ALONE 10549  230ug 355ug
ACTIVITY % . 9.8,.9.6 " 9.1, 9.6 8.0, 9.9 B.5, 7.5
HYDROLYSIS OF mean = 9.7 : mean = 9.35 mean = 9.0 mean = 8,9
20 NMOLES PL ' '
cf. CONTROL 100% ' 96% 934 - 92%

nEL

Reaction mixtures contained 40mM tris - malaste buffer pH 6.5, 5mm'Ca2+, 10° auto -

claved radiolabelled E.coli, 0,5mg Bnzyme protein (8 200q pellet cnntaining granules)
and with or without varylng amounts of 8,200q suparnatant protein. IncUbations were

.carried out at 37°C for 15 mins.
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4,2 Effect of the PMN 8,200g supernatant on the phoépholipasas f'rom

pig pancreas and Crotalus adamenteus and Naja haja venoms

In an attempt to further investigate its selsctivity
of actien, the endogenous phosphalipase inhibitor present in the
8,2009 supernatant of neutrophil leucocytes was tested against phosp -

holipases from pig pancreas‘and venoms of Crotalus adamenteus and

ﬂgjg_ggjg_towardé E,coli phhspholipids at pH 7.5. Table 3,23 shpws £he
results obtained.The 8,2009g supefnatant displayed inhibitory effects'_.
of a:similar potency wiﬁh the enzymes from.rabbit-peritoneél e#udate,
the higﬁly puriried phospholipase A2 from pig pancreas and the crude

enzyme from Crotalus adamenteus venom (39%, 45% and 26% respectively

*

 with 420 pg 8,2009.supernatant protein}, However with Naja naja venom

& marked stimulation ofuactiﬁity was observed (  +56%)..

Ta éhe;k whether these effects were due td non -
specific protein. actions, the experiments were repeated with a
similar concentration of 8SA (420 ig) that itself exhibited no phds -
pholipésa activity. In all cases a marked stimulatioﬁ of phospholipase

activity was observed ranging from +36% with Crotalus adamenteus venom

ko +63% with the enzyme from pig.pancreas.'

-

All the'phosphclipasas éxa@ihad were calcium dependant

‘ aé addition of.1mm EDTA resulted in total loss of enzyﬁe activities
(table 3.24). The inhibitory activity of the 8,2609 supernatant was not -
very stable to storage, and lost apprbximatel& oﬁe ~ half of its inhibitory
potency over 3 weeks storége at +4°C, as tested against the rabbit |

peritoneal fluid pﬁospholipése A, (table 3,25).



TABLE 3.23 -

EFFECT OF 8,200g NEUTROPHIL LEUCBCYIE SUPERNATANT, AND BOVINE

 SERUM ALBUMIN (BSA) ON_THE HYDROLYTIC ACTIVITY OF SOLUBLE

PHOSPHOL IPASES A__TOWARDS (1-1%C) OLEATE LABELLED ESCHERICHIA

- COLI PHOSPHOLIPIDS

ENZYME SUURCEI'-. | PHOSPHOLIPASE A, ACTIVITY | sse(%

(%_CUNTRUL UALUEs) IN THE CONTROL

PRESENCE OF 8,200g SUPERNATA&T “VALUES)
PERITONEAL EXUDATE;' | 8 | | 149
PIG PANCREAS - 55 o 163
CROTALMS ADAMENTEUS VENOM 14 - 136
NAJA NAJA VENOM .‘ "_' . 188 g BEREE

Incubations were carried out as described in Materials and Methods at pH 7.5 in the

presence of dZ'D};.g, 8, 200q Supernatant, or BSA protein. Enzyme.pré‘tein {peritoneal | _

.exudate 0. 35mg, pig pancreas 0.05ng; Crotelus adamenteus 1jug and aja naja O. S/Lg)'
was sufficient to produce approximately 20% hydrolysis of‘ labelled bacterial '

phbspholipids.

9EL



TABLE 3.24

EFFECT OF EDTA ON BHOSPHOLIPASES. CALCIUM DEPENDANCY

ENZYME SOURCE ~ CONTROL 4+ 1mm EDTA
ACTIVITIES* .
PERITONEAL EXUDATE 19.6 0
PIG PANCREAS . 20.7 0
'CROTAL S ADAMENTEUS VENOM 19,3 0
NAJA NAJA VENOM 32.4 ' 0

* Control activities expressed as % hydrolysis of 30 nmoles PL, and
in the presenca of 5mM Caz+.

Reaction mixtures contained same amounts of'anzyme proteins as
described in table 3.23, and 15 X 108 autoclaved E.coli, 40mM tris
- malic’ buffer pH'7.5 and eithér SmM C32+

were carried out for 15 mins at 37°C.

or 1mM EDTA. Incubations

LEL



TABLE 3.25-

'INRIBITORY POTENCY OF 8,2009 SUPERNATANT AGAINST -

RABBIT PERITONEAL PLA2 AND STORAGE AT 4°C

TIME (DAYS) % INHIBITION SHOUN BY 420ug 8,200g .
SUPERNATANT ON 280g ENZYME PROTEIN

{( PERITONEAL EXUDATE)

1 | 42
5 . 3
15 | o 33
i 22 2

% Inhibitibn,balues are calculated from duplicats control and
test (ie + BizDDg supernatant) deterﬁinatiuns. All assays were.

carried out at pH 7.5.

gEl



- Chapter Four

DISCUSSION



139

DISCUSSION

PART A ESCHERICHIA COLI SUBSTRATE

The substrate used in this work for the determination
of phospholipase A activities was E.coli radiolabelled with (1 - 1dC)‘
oleic acid during growth, tﬁen autoclaved to destroy bactérial
phospholiﬁases and.to‘render the lipids more accessible to hfdfnlytic
"attack. Use of bacterial membranes as subtrates for phospholipasés
was first described by Patriarca et al (1972) and subsequently by

many authors. It has the following advantages:

" (8) The presentation of the lipids as part of a biological
"structure, although altered by the autoclave procedure, probably

provides conditions for the action of PLA, that are more physiological

2
tﬁan those that prevail when the substrate is in micellar form.

- {(b) This substrate is readily broken down under conditions

'-whera micellar dispersions of isolated phospholipids are not (see later).

Uptake and distributioh of (1 ~ MC) oléic acid ig_g.coli-

Adequate uptake of (1 - 140) oleic acid by the
bacterium during growth did require specific conditions. These included
complexing of the fatty.acid to albumin prior to contact with f£.coli;

a suitable number of organisms in log - hhase of grouth;'andlan |
optimal eprsure tima‘of'tha E.coli with tﬁe radinlabe;led fatty acid
. of 3hrs. A furth f incubation of 2hr to allow maximum incbrpofation of

the fFatty acid into cellular phospholipids was also necassary.
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.  Analysis of radiolabelled E.coli revealed that ‘
almost all of the (1 - 148) oleic acid appeared in the pﬁospholipids..
.Indeed the distributien of radioactivity closely.resembled the.lipid‘
‘composition. The most heavily lsbelled compounds were phosphatidyl
ethanolamine (60%), phosphatidyl glycerol (20%) and cardiollpzn (1DA)
with very little radioactivity appearing in °. lyeophospholipids and
nevtral lipids, The presence of a small amount of radioactivity (apprex.
&%) assncieted with free faéty acid-may be due to_edherence of fatty
acid.molecules to the organismg; as this could be reduced to 1é§a than
1% by fufﬁhrr ueshinge in saline. Therefore the suestrate used Fee

most of the work was membrans -~ associated phosphatidyl ethanolamine.

The (1 - c) oleic acid in E.coli phosphulipids
_.was exclusively in the 2 - position as determined using the specific ’

phospholipase A. present in Crotalus adamenteus venom. This was to be

2

expected as oleic acid is an unsaturated long chain fatty acid and

such acids generally occupy the 2 - position.nf phospholipids

(Fransen et al, 1973). This was confirmed using {1 - 14c) iinolaic

acid which was incorporated in the 2 - posttion to 87%, and the ‘
unsaturated (1 ; C) palmitic acid which was incorporated preferentially
l(??%) in the 1 - position. Attempts to increase this selectiuely
‘exclusive to the £ - position failed even if cold oleic acid was

included in the procedures.

~y
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PART B STUDY OF INFLAMMATORY PHOSPHOLIPASES

2.1 Relsase of phospholipase A from stimulated neytrophils

The results demonstratef that stimulation of
rabbit paritonaai PMN leucocytes by zymosan - complemeﬁt or exposure
'df‘these cells fo extracellular calcium ions led to a ralsase oF.
phospholipase activity. | |
- Tha release of the éhzyme activity‘ﬁith ZC folloﬁs
. phagocytosis of Ehe.particIES in_a concentration dependaﬁt manner, .

wJi s
~ and was not associated with cell lysis as only small amounts of

- s
Baife *, - .

the cytoplasmic anzyme,"iactate dehydrogenase, Wird released. Ths

~ source of the released.enzyme activity would appear to be the lysosomes
as ;?-iglucuronidasé and lysozyme. were released fo similar extents

and in similar manner. The re;éase of pﬁospholipase activity wés aléo
tima depsndantl and foilous.the time dependancy of phégocytosis ind ~

icating a link between the two.

The active priﬁciﬁla in causing selective enzyme
release is the complement component, C3b, which becomes bound to
"ZYmosén pérticles‘whan incubataa in serum., Zymosgn parficles alona 
'have‘bean'éhowﬁ“not to cause release of lysosomal enzymes from neutroph-
.ils (Henson, 1971). Indeed tha sefum treated withlzymosan has also
'5een shown to contain a Factor;'CSa, which is ablé to inducé releasé oF o
IQSosoﬁal enzymes érom cytochalasin B treated neutrophils (Goldstein
| :gg_gl,.1975). Thus the reléasé process is initiated by'the:combihatioh

of $pecific receptors on the leucocyte plasma membrane with.activated
Vcomponeﬁts of the cﬁmplement paﬁhway.InIthis system releaée of
lysosomal conétituenté occurs hy a process called:"ragurgitatipn'

'during feeding"™ resulting from fusion of ﬁha lysosomes with incompletsly
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 closed phagosomes(ﬁigure 1.3}, The pattern of selective release
: eecured in the absencs of added calcium, PreuieUs_merk by Henson
(1971) using peripheral_ledcocytes and ZC was carried out in thae -

pfeseeee of added calcium.

The present resulfs also demonstrate that additien:
sof ealcium ions to rabbit peritoneal neutrophils suspensioes is.e
‘ suitable stimulus for lysosemal enzymes.releeee as measured by’
: release of“/?— gleCUroniease and'lysnzyme. Under these conei£ions
release to the suspending media of approxlmately 30% of the ‘total

.cellular phosphulipase A, activity, as assayed at pH 6 0 towards E.coli

2
: membrane phospholipids, occured in a concentration and time dependant

manner.,

.'The release of ;?-.glecuroniease and lysozyme_Frem -
rabbiﬁ.peritoeeal PMN %eucocytes has been prehiously :eported by
_Northover (19?7).'Approximately 15%.selectiue release of bath‘enzymes
was recorded with 2.0mﬁ cat together with a very lou, é%,.releese eF_
LDH.Ih this study the amounts oFfenzymes released,'beih lyspsomal end
cytoplasmic; were greater and'is.perhaps‘a reflecfion of the stase_of tﬁe
cells et the ehe of the experiment; Tha present observed release of
LDH (TU%) ‘also" re‘f‘lects ‘90% -cell uiability as compared wit.h 2% release
.ef LDH and 98% cell v1ab111ty, obtained by Northuver. However the |
release of LDH was-still much lower than that of the lysosomal enzymes,
;?; glucurenidese.and lysezyme-and'of phospholipase Az.
Pfeuioes uork‘nn“peripheral human PMN leececyﬁes hasi
‘shown that Ca2+ alone only induces'releese of lysozyme and not
# - glucuronidase (Goldstein st al, 1975) thus implying its ability

to cause relesase of enzymes from ths Specific .. granules. The pfesent
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wgrk on pefltonéal pblymorphs and in,agréement'uith thé fiﬁdings of

" Northover (1977) suggests that bnth types of granule enzymes may'be
released. Thus peritoneal PN leucocytes appear to show a greater
capability oF 1ysosomal enzyms release than the peripheral counterparts.
However direct evidence, for or against this suggestion, requires
‘.'furthér work on rabbit paripheral PﬁN's‘sinép the observed discrepan -
‘cies may be species dependant, This difference in capability to lysoso -
mal enzyme release by the.céléium'may be due to the.fact that péfitnneél
TPMN'sare’ alraady‘in a ‘"stimulated” atate as they have migrated to the

sita aF inflammation.

2.2 Properties of the releassed phospholipase A

- These studies were carried out on the released
énzyme obtained from zymosan = complément treated neutrophils. As
calcium ions also caused a selective release of phospholipase A, the

properties were assumed to be the sama.

The raleased.phosphnlipase activity has an unusual
pH profile, ﬁaving two pH'opﬁima, a Broad peak‘in the acld region and
a'sharper one at alkaline pH with.a consistent drop of activity bétween‘
"tﬁe two;péékéwatﬁpH-ﬂ?S.‘Th£5=ﬁay ihdicate-fhe.presencé of fﬁo phospholipid _
splitting activities , parhaps two 1sozymes, or a single protein may |

‘ be rasponsible. Both activities show absolute raquirements for Caz+,

and maximal actiuity at §'x 10 3N Ca « This property is in cantrastr

'to‘the lysosomal phbspholipases of alveolar macrophages which are

2+, but also héﬁe a lower.pH optimum‘of 4.0. From

inhibited by.Ca
' studias in the literature so far, there appears to be two basic types .

of lysosomal phospholipase act1uities°
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1) Enzyma activity inhibited by ca®* and : active in the

pH range 3.3 - 4 5, for example, macruphages.

2) Enzyme activity requiring Ca2+ and active in the pH
range 5.0 - 7.5 (eg. leucocytes).

The acbiuity is considered to be A specific as all

2
of the enzymically hydrolysed radiocactivity, at both pH 9 0 and pH 6.0,
from (1 - C) oleic acid labelled E.coli, appeared in the fatty acid
fraction and nompe in the lysophospholipid fraction. Furth'r use‘of
(1:— 146) palmitate labelled E.coli, which is predominantly incorpor -
ated in the 1 ppsition, revealed the phospholipase activity at pH 6.0

of neutrophil homogénates to be A, specific as the radioactive product

2
of hydrolysis was lysophosphnlipid and not fatty acid,

. Kinetic studies examining the effects of timp and

protein concentrations indicated that phospholipése activity was linear
for 40 minutes using.up tolﬁd‘pg protain if 10 nmoles oflpupstrate were
~ used tS x 10° autoclaved E.coli). The deviation from linearity after
| ihasa valpes may be due to inhibition by producﬁs. Certainly free
fatty acids and lysnphospholipids have been demonstrated to inhibit -
' ,”fébﬁit“pNN"léUcocyte grandle phospholipases‘(Frépson ét al;-1§74)..
| Kinetic studies involving substrate uariation revealad an apparent Km

';value Pur the enzyme of 25 x 10 6N phosphnlipid.

'15torage pf the phnppholipase Az activities pf_both.
.sunipatpd neuﬁrophi} suspension and'the released enzyme in HEPES _
buffered medium exhibited a difference in the stability of the acid
. and alkaline activities. The actiyity at pH 6.0.being approximately‘

~ four times less stable than the activity at pH 9.0, This together‘with'
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the fact that the phospholipase activity has twd pH-Dptima,‘is perhaps

" a furthuriindication that tuo proteins may be responéible.

2.3 Subcellrlar localisation of phospholipase activities

Selective release-of'phosphnlipasa A activity
without cell death and in conjunction with';g- glucurdnidase and
lysozyhe suggests its association with the granules of neutrophil

leucocytses.

Threa types of granules have bsen identified in
rabbit PMN leucocytes by sucrose density gradient centrifugation

-and electron microscopy (Baggiolini et al,1969,, Wstzel gglgl;.196?).

f. (1) The primary or azurophil granules which contain most of
the B~ glucuronidase, myeloperoxidase, approximately 33% of the
lysozyme and are the largest of the Ehree types with.a diameter of

0.5 = 0.8 up.

(2) The secondary or specific granules which are present in
the largest numbers, contain most of the.alkaliné phosphatase activity,
67%-0F“th9?lYSazYme5@6£1Vity“andfrange in size from 0.3 = 0.5 MM in

diameter.'.

(3) Tertiary granules which are the smallest { +05 ~ 0.2 #M),
contain the remainder of the adid hydrolaseé, ére often rnd'shaped
‘and tend to occur in shall clﬁsters_in the peripheral-cytoplasm

(wetzel et al, 1367).

From our findings it is not poss;ble to say with
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which granule (s) tha released phospholipase A2 is associated. The

phospholipase A, described in this study hes. .however. marked similarities

2

‘to a membrane - bound phospholipase A, associated mostly with the

2

azurophil and Epeciric granules_yith -some activity preseht in the .

. tertiary iil - defined granules (Fransen et al, 1974),This latter
~enzyme also has two pH optima, at pH 5.5 and 7.5 with a droé in

- activity at pH 7.0, It also rsquires Ca y shows similar kinetics with
E.coli substrate, but differ in that the actiuity at both acid and

alkaline pH is stable.

A similar study on the cellular localisation of .
.phosphollpase acfiuit@es in{humap peripheral PMN leucocytes has also
'  be9n1r9ported (Fraﬁseh ét él,”ﬁé%7). Human PMN PLA2 is also membrane
- bound, Ca dependant, has ane. optimum peak at pH 7.0, and is assuci -
;atad in part with the azurophilic and specific granules but a major
portion was found with an " empty uesicular-Fraction" conta;nlng 85%
of the ﬁutal élkaliné phospholipase activity of whole homogénates.
The empty vesicular fraction are probably tertiary granulesras‘théy
sédiment éfter specific granuleslfrum sucrose dansity zonal dentri%u -
gétion procedureg; Another difference’/is that phnspholipases-From rabbit
PMNs and éérum show 20 fold more activity than phoSphniipaseé from the

corresponding human sources (Weiss et ai, 19793 ‘Kaplan - Harris Eﬁ.él!

1980). Whether this has any evolutionary significance is not knoun.

: 2.4 The role of PMN lyscsomal phosphoiipaéa A_-in the thlammétory .
. " £

Response

. PMN leucocytes play an extremely impertant role
in the infammatory process. In reponse to chemotactic stimuli they

_sgré ahle'to migrate into fissues in substantial numbers and pérform
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the task of.phagocytosis and dagradation of biological matsriél.'Neutrpphils
_are particularly_lmpoitaht in defence against microorganisms. and

lysosomal phbspholipasas participate in the‘intrécellular_killing and
breakdoun ﬁf fhe organisms. Indeed wﬁen livs E. cﬁli labelled uith

(1 C) palmitic acid are incubated with rabbit neutrophils, within

15 minutes 099% o of the E. coli are killed (non « viable) and 30%.2, coli

phospholipid breakdoun occurs (Elsbach st al, 1972).

"During phagocytosis or stimulatinn of PMN leucocytes
- by non - phagocytosable stimuli such es immune complexas bound to
‘ basemant membranes, thera accurs release of-hydrolytic enzymes whlch

.ara able to impart cohsldarablé damage to the sufrounding\tiésueé. 7
: lﬁdeed in chronic lnflammatury‘statessuch as rheumatoid arthritis much
of.the tissue damage is thought to result from lysosomal onzyma activity
l(Maissmannlgi_gl, 19?2);:Th8 released phospholipass activity is able
- to ﬁydrolyse phospholipids-of call_membrgnas'ﬁa yl&ld polyenoic acids
and lysophospholipids. Lyaophospholipida:are.surfaca active and.éytn.~.
.toxlc'agentéland will potentiete the inflammatipn, Polyenoiclfatty.acids
' can be converted to prostaglandin - llka products by cyclooxygenase :
enzymes which are ubiquitoué. .. |

~PMN~Yeucocytes themsalvas have baen shown te- relaase

a variety of prustaglandin = like products during phagocytosis, for -

example PGE,, PGF,, (Higgs & Youltan, 1972), PGE, (Higos et al, 1975),

2
'rxm2 (Higgs et al, 1976), TXB,, (Goldstein st §_1_,197a), hydroxy acids

(Borgeat et al,1976) and leucotrienes (Samuslsson gt al, .1979).

- The. genaration of all the prostaglandin - like
~ products is dependant upon a supply of polysnoic fatty acids and as

the major source of these ars phospholipids then the action of



14,8

phoscholipase Az is very 1mpoctanﬁ.

2.5 _Phosphdlipase A activity of the cell - fres paritonsal

inflammetory exudate

The peritcneal inflammatory exudate cbtalned 17 hrs

after thioglycollata inJection, was found to be a very potent esource

of phospholipid splitting activity._This anzyme activity has prqperticc
some similar, some different, to the esnzyme relaasad_frcm the neutrophil
during phagocytosis of zymosan - complement particlas. Using comparable
concentrations of substrates (10 - 20 nmoies); substantial snzyme actiyity
cpuld be detectec within 5_minutca incubation at 37°C. This preparaticn
also showed an acid and alkaline optima although the.pnéition of the
alkalinc‘paak was ét.pH 8.0 comppfed with pH 9.0 for the_neutrophii

ialeased activity. The phospholipase activity_was alao.A2

specific.

.: Although thié enzyme ahomed an abgolute requirement
for calcium ions, kinstic atudies Tovealed differant results from -
thoaa obtained using the neutrophil released enzyme. Cloaa axamination
using varying amounts of EDTA shoued that enzyme activity increased
.in a aigmcid fashion, indicating allosteric behaﬁiour; The optimum
concetitration was 1.2mfl Caz+,egi'§§j ceTl L LFIiEe a0
}é'aﬁi%ﬁ*;;. This impiiad that the exudate enzyme is very sensitive -
', to small changes in the calecium cohcentration;'The nectrophil rcleaséc
enzyms chowed the normal hyperbolic curve of non = regulatory enzymss.

- The peritonaal exudate PLA, did ahow hyperbolic characteristics with

2 _
variatinn of autoclaved E.coli phosphclipids, and an apparent Km approx.
&70% 10 m. Thie value is aubstantially greatsr than the corrasponding

Km valug. cbtainad with the neuﬁrophil released enzyme.

- @8& "’)"FDSIEG -for da‘ﬁ&)
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Tha data cbteined on tha storage of tha peritoneal
exudate phospholipasa activity is particulerly interesting and obviously
contrastad with the corraaponding data of tha nautrophil anzyma. The
former activity st acid pH was found to be fairly atabla ta storage at
4°C and 1ost only 12% activity‘ouar 2.5 months. Particuiarly'interesting,_
”ﬁaa the finding_of an actual increase of specific activity, by 79%,
over the Pirst few days (table 3;8), whichlthan gradually returned to
bs the original activity_afaar approximataly.1 month, One explanation
'of.thia finding may be that some of the enzymes exist in the form of
a zymogen, OT Proenzyms, whiah dagaadas to the active species during
: . the first few days storags, and hanaa shows an increase of specific
hactivity. Such behaviour of phospholipases has bsen obsexrved by other
workers, ttienna 8t al, (1969a, 1965b) baua shoun that storage of serum
ar addition of vary high concentrations of tryaain_tn Qhala human and
.rat aaadm increases the phospholipid ~ splitting activity many fold,

'_ and concluded that the anzyma may exist as a iyaagan. Indeed plasma
- may indeed be a viable source of the phaapholipaaa activity seen in
the ianGMMBa peritonea, since serum derived factors alaa infiltrafa

| - 1nf1am‘ad areas durlng the acute reaction. (Fransen 32_21,.1978).

| During the course of this mork a report on the iso -

latinn ‘and characteriaation af a phospholipassa A from rabbit paritonaal

2

- inflammatory exudate was published (Fransan ot al, +1978). The inflammatory

raactzon was elicted by the injection of glycogen in physiological .
saline. The phospholipase activity dsscribed had two pH optima, at pH

2* gependant. A 300 fold

6.0 and pH 7.5, ues A, specific, and also Ca
purificatioa mas carried out using carbcxymafhylsaphadak calumna to yr'2d
la single protsin pesk of 14800MJ, Polyacrylamide gel aiactropharaaia
of this fraction ravaalad this to be a cationic prntein more baaic -

than lysozyma (pI = 10.5). Aa this phasphalipasa haa properties similar
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 .tu the granule associatad activity in PNN laucocytes, it was suggested

“to ba derived from this cell.

' PART‘C 'EFFECTS OF CHLOROQUINE - LIKE AGENTS ON INFLAMMATORY AND |

OTHER PHOSPHOLIPASES

-

3.1 Effect of chloroguine on the EhosEhongase A, activity of Crotalus

Adamenteus venom and of pigﬁpancreas

Chloroquina'diphosphate showed a dose - related 1nhibition‘
~of both phospholipase Az_activities as assayed againat egqg yolk substrates.
Egg yolk substrates consist primarily of phosphatidylcholine (79%) and -

phosphatidylethanolamine (17%) (Raheja st al, 1973). Inhibition towards

the mammalian enzyms was four fold greater than towards Crotalus edamenteus
venom enzyme (E.Dsn values 0.73mM and 3. 1mM rasbectivaly).,ﬁomevar ths
péfallel nature of the inhibitory dose-~ responss curves auggaét a similar -

mode of inhibition of the two enzymes.

Two chemically related structures, an alkaloid cinchonine
gulphata, and the local anassthetic dibﬁcéine, elso exhibited inhibition
toﬂardé pig pancreas PLAZ. The order of decreasing potency was cinchonine .

' éﬁlﬁﬁa‘ta > ¢hleroquine ) dibucaina.

Kinefic studies involving theLvariatidn ofr$ubstrate"
‘iﬁ the pressnce and absence of chloroquine indicated an uncompetitivé ;
inhibition, Similar studies on the variation of ca?t in fha-presanca
‘and absence of either chloroquine ﬁr dibucaina'indicaﬁed'competition,:_'
 between Caz+ and the drugs. Thus inhibition of péncraatic PLA2‘activity_"
may ba dus to binding of the drug molacu;es to the.aqbstrate and thué:

 ’&1tar1ng its physiochemical properties and/cr competition'with the function .
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_of:Cﬁzf on the enzyms.

The effecﬁs.of local‘anaééthatics such ae dibucaine
on phospholipase sctivitiss has ganeratad much intarest; Indead local
anassthetic poténcy parallels the sbility to affect bhosphoiipase | _
activities (Kunze' gt 21,1976). Studies heve shown the drugs to have
multiplé effacts dapending gpoﬁ the nature and source of enzymes.and
subatrates used. Thus inhibition by local anaasfheticé has'béan ﬁbservad'
_.with phospholipasga A2 of pig pancreas uéing égg‘yolklsubst:ates (Schefphof
gg_glﬁ 1972), énd PLA, of human seminal plasma and ﬂgig né a_vaﬁom |
towards gonicated phosphatidylcholine (Kunze st al, 1976), although with

the latter tuo enzymes stimulation of activity at low concantrations :

wes alsc observed. Howsver tha PLA2 from Crotalus gggmenteus venam is
only stimulated and shows no inhibitory effect using either sonibated or

egg yolk aubstrates (Kunze 92'253_1976).

_ | derhypotheais have been forwarded.concerning.the
mode pf inhibitiqh of phospholipass activity. Firstly tha anaesthetic
binds to the substrate thus mddifying ite physiochemical probérties.
" and its susceptibility to enzymic hydrolysis (Waite and Sisson, 1972
Scherphof and MGStanberg; 1975; Stewart Héndrickson and Van Dans 4.Nieras,
1976). Secondly the anaesthstic binds to the enzyﬁe and displaces _
calcium from the enzyme - ca?* complex (Scherphof et al, 1976, Kunze.:-'
53;519-1976). The results .. "oy in this study indicate both a
::binding of the drug to tha substrate and competition with calcium. Indesd
récantly cationic ahphiphilic drugs have also baan shoun to replace
45!.': 2+ from phospholipid monolayars in a doss - dependunt fashion
(iullmann et 21,1980). The potencies of the drugs were related to their
1ipid solubilities, although the charged form of iherdrﬁg wés7gi§p'.

. necessary.
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. - However it should be noted that one shoulﬂ proceed
.mith cautioﬁ when interpreting kinetic data using lipids. Tha'aubatratas
used ara-not in true golution but dispersed as liposomes and micellar
dispersions. Thereforse ahy conclusions derived using classical kinetics

frbm lipids should ba_interprétad as Indications and not as stern fécts.

It may be of importance to mention that in expsriments
with cinchonina aulphatéﬁand,ﬁihuchina,Pbut notwchlnnoquiné, thare ﬁas a
lag phase of 3 minutés before maximum anzymid hydrolysia‘uaé’reachéd.
The réason fof this is not certain but may be a.phyeicai effect such as
an effect on subsfrata.dispersion. Lag phese have beeﬁ observed in a
previcus study by Rosehthal énd Ching = Hsien Han (1970) whers inhibition
| of phospholipgse A2 by phosphinate analoguas was reparted uaing }etﬁer.
sysféﬁs as the reaction madium.
3.2 Effect of chloroguine - like agents on thé inflammatory paritoneal
exudate PLA, activity ' ' |

Phospholipasa A, activity of the rabbit peritoneal

, 2
(deli - f;ae) inflaﬁmatory exudate towards Eagg;;.phosﬁholipids was _
inhibiﬁed by chloréﬁuine, mepacrine.and primaquine. The"inhibitory log =
doze responsa‘curvas_uare.paréllal indicatihg a‘similar mode of inhibition.
Mepecﬁina was almost twice as active as primaquine and five times more
_actiué than chloroquine. The 1nhibitnry potency (mepacrine > prihaqdina

7 bhloroquiﬁe) was related to the lipid solubilitiss of thess compounds
es shown by a cnfralation betwesn ths Icsb of ths druﬁa on phospholipase' _

activity and ths log P valuss dstermined batween chloroform and water.

~ At doses above those causing maximum 1nhibition,
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- ehloroquine and mepacrine showed a ravefsal of-the affect even leading td_
-stimulation of phospholipase activity at greate: than 5mM mepacrine.

. Piimaquine however differed and showed'no revérsal of ﬁhe inhibitory
effect at high doaaé. Thus chloroquine and mépacrina unlike primaquina
cadéad biphasic effacts on ths psritoneal exudate phoaphéiipass‘activity.
This‘differance between the drugs may be dus to etruct@%l differences

of these drugs. Primaquine is an 8 -'aminoquinoline'whereas the other two.

‘are 4 - aminoquinoliﬁe derivﬁtiues. This difference in ring structure

can reolate to differences in the resonance of the charge (whén protonated)

' betwéen‘the ring N and the secqndary amino - N on the side chain (ses

figure 4.1)e Thus with chloroqﬁina.and mepacrine this resonance can

l occur with free movement of the proton béatween the nitrogens,‘but not
with primaquine. This factor togsther with the difference in thes terminal

.amino group may confer markedly different properties dn'the primaquiﬁe

: molgcule. Indeeﬁ differéncas betweeﬁ the hharmacological actionsg of
.chloroquins Qnd primaqﬁine have been reported. They atfack different

 phases of ths 1ife cycle of the melarial parasite, after in vivo

| administration chloroquine ié avidly Eound.by tissues whersas primaqﬁins'
ia barély detectable after 24 hrs (Bouman and Rand, 1980) and primaquine,

“but not chloruquine,.ia a potent inhibitor of aicohol dehydrbganasa o

(Li and Magnus, 1972).

- The biphasic ePPacts observed on the paritoneal exudate

- phospholipase A2 also relats to paradoxical membrane active properties

E ~ of these drugs. All three drugs affected the hypotonic haemolysis of

guinaa'- pig erythfocytes in a_similar manner. (figura\S(SS).
Stabilization was caused at low doses, followasd by labilizafion at.high
dqées,land a reversal agéin gt aven higher levels. Thus.penetratiqn of
" low emounts of drug strengthens the red cell membrane uhile'tdo.ﬁﬁchi

" leads to rupture of the ordersd sﬁructuré; A similéf'observétion for.
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- FIGURE 4.1.

Structual differences betuween protdn movements

in the anbimalarial drugs.
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chloroquine hes been obtained by Inglot and Wolna (1969).

~ The degree of 1nhibitiqn of phospholipése activity
also depended upon other factors. Variation of pH had a profound effect
on the inﬁibiﬁion. Studies uith 1mm-chloruqu1na revaélad the least
inhibitory effect at pH 6.5, Qt pH 7.5 the same level of_drug caused
twice as muﬁh inhibition and at pH 8.5 more tﬁan three timéa as much.
Thus inhiBition'incraaées with increasing pH,rand reflocts the importance
of charge on ths chloroquine moleculs. Chloroquine has two pKa baluas_
= 8.06, pKa, = 10.16 (Rosenbarg and Schulmen, 1978). At pH 7.5 an

1
. forms - :
equilibrium between the mono and d?hexista and 18% of the drug is in’

'pKa

the mbnoprbtonatad form. This amount dacfeases at acid pH‘and 1hcrsasas

" at alkaline pH, #uggesting th#t the ﬁonoprotohatéd form is responsible

. for tha‘inhibition..This may.appear to contradict with the local anaesthetics
vhere greatsr inhibition of'phospholipaae.aétivity is seen at aﬁid fathér
than alkaline pH (Scharphof'and weatanbarg,.1§75). On the other hand ‘
local anaesthgtics_such as dibucaine have essentially one 1on;sable group, .

- the terminal N with pKa = 8,83 (Lullmann et al, 1980). The aromatic N

will stay uncharged as its pKa is 2.2. Thus inhibition is observedrat -

acld pH whers a greater proportionlof the monoprotbnafed species

:exiats.

Storage‘of this enzyme preparation over 3 months
- caused a measurable increase in the inhibition caused by a fixed amount

of antimalarialjdfug. The reasons for this are not knoun.



156

3.3 Kinetics of inhibition af Eeritonaal exudata PLA2 towards E.coli
Ehoagholigids bx magacrine

Kinatic 8tudies of the inhibition revealed results
which differed from those obtained with pancreatic phospholipaaa A2
activity towards eg9 yolk substrates. Inhibition by mepacrine was non -

:competitive with respect to Ca?t

uariation whilst an axpariment 1n
-uhich substrate was varisd did not provide any conclusive rasults.
Thasa differences may reflect the fact that both gnzyme source and :
.phospholipid aubstratea are different. The fact that ons aubstrate is

'preaent as part of a biological membrane and the other as a micellar

'disparaion méy also be important.

It therefore appéars that kinetic studies using 1lipid
systems reveals differing results depending upon the system that is
| being used. Teble 4.1 aummafisas the kinatic studies of inhibition of

phospholipases by cationic amphiphilic drugs.

3.4 Imgnrtaht consequences of inhibition of Ehosgholigase A2 activities
by chloroquins ' ' | 7

Phuspholipaaa A, activities play & kay role in the

2
ganeration of prnstaglandin - 1ike materials by thelir ability to provide

| precursor fatty acids. Also sgents that inhibit phospholipasa A2 acﬁiuities
haue a graater potantiai therapeutic valus in inflammatory conditions

than non - steroidal anti - inflammatory drugs, as they inhibit produots
genarated by both lipoxyganasa and cyclo - oxygenase enzyme systems

(figure 4.2). The NSAIDS being only active in preventing generation of
byélooxygenaae products. Thus agenté that 1nhib1£ phosphnlipasé acﬁiuity

‘.can block generation of proataglandin_andqperokldes, th:omboiénes;;HPETE



TABLE 4.1

SUMMARY OF KINETIC STUDIES OF INHIBITION OF PHOSPHOL IPASES

BY LOCAL ANAESTHETICS AND ANTIMALARTAL DRUGS

L

. ENZYME SOURCE NATURE OF SUBSTRATE - DRUG (S) MODE OF INHIBITION REFERENCE
‘Pancreatic PLA, Membrane bound PL in. | Local Competition with CaZt Scherphof at
: mitochondria and agg | Anaesthetics . al, (1972)
yolk emulsions (L.A.'s) .
PLA, of rat liver Sonicated PE Dibucains ~ Uncompetitive with vaite and
mitGchondria - substrate. Interference | Sisson (1972)
of Ca*” with substrate L
and enzyme
Pancreatic PLA2 ' PC monolayers L.ALts ‘Indepsndant of ca?t Hendrickson +
' ' - concs Lidocaine - Van Dam =
competitive inhibition Miexras (1976)
of enzyme - lipid R
interfacs interaction
Human seminal Sonicated PE and PC | L.AJ's Competitive with Ca' Kunze ot e,
 plasma PLA L o . (1976)
Nala naja uenom - " " "
Pig pancreas PLAz‘ - Egg folk emulsions Chlcroquina. “Uncompstitive with This work
: . ‘ and dibucaineg | - aubstrates. Compatitiva -
‘ : _ with Ca® N :
Rabbit'peritonéal : E.gdig membrane PL's Mepacrine Non - competitive with "
' ' chloroquine Ca** competitive with :

‘exudate PLA

2

primequine .

' gubstrate

LSl
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}Figufe 4.2, Sites of inhibition by anti-ihflammatory drugscggong
the generation of prostaglandin - like metabolites.

MEMBRANE |
PHOSPHOLIPIDS |
‘ I B CHLOROQUINE
GLUFOCFJRTICOID S phospholipase < MEPACRINE
“{indirectly) . A2-
- ARACHIDONIC
o o ACID
NSAIDs | /// - | \\\\
cyctooxygenase lipoxygenase
| | _ HPETE
K | {SHPETE)
PROSTAGLANDINS. \\\\‘
THROMBOXANES A Y
B - . HETE
 LEUKOTRIENES

.Bw 755C inhibits both cycldoxygenasé and lipoxygenase., In leucocytes
SHPETE can be further transformed{into leukqtrienes'which are tﬁe_actiué
" _components of "slou‘rsécﬁing subsﬁance“ (_Nurphy EE al, 1979 ).
Leukotrienes such. as LTC and LTD are extremely potent constrictors of

smooth muscle ( Drazen gt al, 1981 )e
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(which i3 pain pruducing), HETE which 1is chemotactic for polymorphs'and
the newly discovered leucotrienes which are very potent constrictors of

emooth muscle (Semuelsson et a1, 1979; Drazen et al, 1981)s -

. . The concentrations of antimalarial drugs required to
inhibit phospholipage activities a§ presented in this stﬁdy are higher
than the steady state therapeutic plééma levels achiéued'dﬁring treatment.
For'mapacriné this value ia'épproximataly 10~ and for.ﬁhloroquiné 1075n
(wnllheim et al, 1978) and for this reason the impartanca of 1nhib1tion
of phoapholipaae activities by these agents may be qusstionad. Howauer,
B becauge of their lysosomotrophic naturas, the levels achieved in various
. tissuss may exceed the plasma level.by 400 = 700 fold (Berliner et al,

19483 De Duve et al, 19743 Ohkuma and Poole, 1978). At these levels |
. dnhibitory qctiqity-towards phospholipése Az_ié bbserued. The fact that
chioroquine effects on inflammatory disorders are rarely seen bafora tﬁo
. months cﬁntinous therapy, is a reflection of the time requirad_fo build
.‘up sufficient quantities of the drug. '

The IC.. of thesa agents on the rabbit inflamt ed

50
peritonealléxudate'were 3.3 x 10-4M for mepacrins and 1.5 x 10-3m for
chloroéuine.jﬂn the gquinea - pig'igolatéd perfused lung preparation
mepacrina'haa been shoun to exhibit an IC., = 20 Ma/md or approximately |
| 5 % 10 M (Blackwall st al, 1978), and thus showing a difference of
approximately:? fold. Similarly_chloruquine haa bsen reported to 1nhibit
‘PLAZ activity of culturéd inflem ed rat synovium at concentrations as .
lqw as 10 FQ/ﬁi ar 2 x 10'§m (Floman, 1978), and a difference of approx -
imately 75 fold. Thus phoepholipgses of diffarént tisgues show différant
susceptibilitiss to inhibition by antimelarial drugs. These differences
'may be partly related to the diffariﬁg‘ability of the fissues tn conéentrata‘ .

thase.compdundé.
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The inhibition of the generation of proétaglandin - like
-materials may in part axplain'some of ths anti - rhaumétic-effacts of the
drug. Hoﬁaver‘inﬁibition of this enzyme may also aﬁplain the phenoﬁanon of
lipidosis which‘is a build up of polap 1ipids in l§sosomas; (Drﬁnchahn
 'aﬁd Lpllman - Rar.chy 1978). The accumulation of poler lipids can have
grave congeguences in tissues suéh aé tha retina, where a spaciélly
balanced lipid metabolism is essential for normal function. Lipiddsis

"is one of tho factors which leads to the drug - sids effect, ratindpathy.

3.5 Low'dose stimulation of phospholipase activity by cﬁlorogdine
and hegacrine ' '

. On one peritonsal exudate phospholipase preparation
both chloroquine and mepacrine atllou.doses (250 uM and 50 privt respectively)
. cauged a stimulation of enzyme actiuiﬁy. These affacts wefe st?iking
(figure 3.27), reproducible unly on this preparatioh and wereiﬁst éfter‘
2 monthe storage at 4°C. They wers not observed on approximately twelve

other preparations.

Stimulation of phospholipase activity by lou'dosés of
local ahaeétheticé has alse been obseryed (Schgrphof and westanbérg; 19753
Kunze ‘gt &1, “1976). ‘But these effacts are only cbserved on nicellar
'dispersions of phoapholipids.and not uhan the subgtrate mas‘hresent
in membranes. In this study, homéver even when extracted E.coli
phospholipidé were usaed Qs sonicated miceilar disperaions, they failed to
shbw low dése stimulatory effects by ﬁepacrine and chlq:oquina if othai |
enzyme praparationé were uséd (féble 3.12). These rasults_aléﬁ highlighﬁad
the dlffaraﬁceé in actiuify obtained_when tHa same substféte is pfesent
as a micellar dispsrsion or bound in a biological mambrgne. Thus:' | |

phospholipase activity towards E.coli membrans phospholipids was 8 = fold
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’ !_higher than if the same phospholipids were present as sonicated dispersions.

- 3,6 Effects of other agents on_the peritonsal exudate Ehosgholigaaé Aé

. . ©* Four other giﬁgs associated.with the treatment of
"~ inflemmatory disorders were also screened at 1mM concentrations. The
énti ~ arthritic drqgs eodium aurothiohalata and D.; peﬁicillamine
ahoweq no effect against thé peritoneal exudate phospholipaéa A2 |
activity. chever-the anti - inflammatory drugs indomethacin and

.'-bénzydamina were particularly effective ehowing:almoet total inhibition

| at 1mM concentrations. Furth..r study evaluating ICSU values for the

-latter two drugs may be worthwhile to compars their effectivensss against

: their potencies toﬁards the cyclooxygenase ahzyme aysteﬁs; Recently.ldu
concentrations of indomethacin have been reported to inhibit phnspﬁﬁlipase
- A, of rgbbit PMN leucocytes (Keplan st al, 1978). 1 mM indnmathacin
répruducibly caused 14% inhibition, and 50 uM causad 70% inhibition. These
: findinga are 1mportaﬁt as they indicate that inhibition of prostaglandin

synthesis by indomethacin in leucocytes may be tha result of an effect

activity.

- of the drug en prostaglandin synthetase and phospholipase A2

3.7 Effects of chloroguine - 1ike sgents on the phosEholiEase A2 activity
of PMN leucocytss : : ‘ : o

: Chloroqulne =~ like agants shouwed completely contrasting

effects when examined on the phospholipasa A, activity of PN neutrophils

2
as compared with effects obtainad on the paritonaal exudate PLAZ. Studies
conducted on sonicatad neutrophilé, assaying PLA - activity at pH 6.5,

showed stimulatian of activity by chloroquine and mepacrine. Thig- effect

was dose - related and no biphasic effects, as observed with the psritoneal
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gxudate preparstion, wers seen. This finding appears to be unique
a8 mepacrina and chloroquine have always besn observed to inhibit -
. ﬂphospholipase activities (Uergaftlg and Dao Hai,,1972; Canedella gt al;-

| 1969; Blackuell et al, 1978), Nepecrine was again observed to be more

'5'.actiue than chlorequine and in this tase the difference was 10 fold.

_ _ Primaquine behaved dlfferently. Although exhibiting
a slight stimulation at low concentretions (at 0. SmN, 13%) a strong

.:f.inhibition at doees greeter than 1mM was ebserved.

| :The'etimulatery action by chloroguine and nepacrlne ues
" turther shown on other enzyme preparations cbtained from neutrephils '
| including (i)'neutrophils euspended in'wetsr, (ii) 8,200g pellet granule :
.preparetions prepered in sucrese,'end‘(iii) on phespholipase activity'f'
'~Vreleesed-frem neutrophils exposed to zynosan - cemplement particles.
_Studies on the 8 »2000 pellet showed that the etimuletion of activity by
: mepacrine was 2 to 3 fold greater at pH 6.5 than at pH 9,0 indicating 1
':that the diprotonated form ef_the drug was more important for this effect
- then the menop- charged species. This le the.reverse situation to the
inhibitory effects observed on the peritoneal fluid PLA,, uhere the effect
vas greatest at alkaline pn's. Indeed at pH.Q.O chlerequine‘enewed_en‘
inhibition of the zymosan - cpmplemant rele.ased""F_’LAZ' agtivity Purthi .
zf supperting the inhlbitory ectionlef the moneprotenated spscies;'

Studies using a partially purified PLA prepsratien

2

h _fobtained by eulphuric ecid extraction of neutrophils suspended in water _

."revealed even more intaresting results. Nepecrine and chloroquine no

'longer showed stimuletion of PLA activity at seid pH but enly shewed

2
l'inhlbition. This effect was net as strong es that ebteined with the peri -

:: tensel exudete preparation. Nepecrine as. expected ues more petent than
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- chloroquine, but primaquins showed to be the most patent and its
1nh1bitory effect was of the same order and magnitude as that obtained

with the heutrophil homogenate suspsnsions.

. One explanation of the fact that both chloroquina and

- mepacrine stimulated PLA, activity at acid pH with all the other preparations

2
. except the sulphuric acid extracted enzyme, could be the involment of
another factor present in naUtrophils which was lost during the purifi -
~cation procedure.This of cuurée aésumss that the aﬁid extractad PLA2

"is the samg activity that is assayed in the homogenats. Homeﬁer the
possibility that different pdpulations of the phospholipases may exist should
‘not be excluded. Thus in the presence of this endogenous facfor chloroquiﬁa
' and'mepacrine stimulated PLA2 activity while in its abssnce oniy ;nhibition
is observed. The unknoun factor may be an anionic egent since it ﬁrobably '
B binds.with the drugs which are cationic. The possibility that this could ;
be a glycosaminoglycan such as heparin was inuastigated since heparin and
to a gieater extent the ralafed agent, chondroitin - 4 -‘sulpﬁata have been
shoun to be preseht in leucocytes in maaaurable quantitiea (Olsson and
Gardell, 1976; Olsson st al,1968; Avila and Convit, 1976). The latter
authors alaolfound that ths glycosaminoglycana wero able ﬁﬁ inhibit‘so'

- different lysosomal anzymés'including PLA.. On a molar basis the inhibitory

2
potency was heparin 3 chondroitin sulphate » hyaluronic acid, with only

heparin showing activity against PLA,. Thus glycosaminoglycans presant a

2°
mode of control of leucocyta lysosomal enzyms activity.

Heparin is cartaihly able to interact with all thres
" antimalarial drugs as clearly observed vhen solutions of the individual
drugs ars added to hapérin and the resulting 0.D. changes were measured

(figure 3.31). On a molar basis mapacrinp agdin“wéa the‘most active druq.



164

" Heparin itself was Pound to inhibit PLa2

neutrophils st acid pH in agrsement ﬁith the findings of other workers

actiﬁity_af_

(Avila and Convit, 1976; Franson gt al, 1974). If howsver heparin wes
the endégenous factor- then mixtures of mepacrine and heparin added to -

gother o reaction mixtures containing the acid purified PLA, enzyme,

2
should show some antagonistic effects or even etimulation_of activity. -
This étatament agéin assumes that the acid purified snzyme pfaparation |
is the same es in the water homogsnate. However this was not so and the

a anfonic and cationic agénts together showed additiua.inhibitory effacts .

on the acid purified prepération.

It may bes fruitful in future Studies to ﬁxamine the

" possibility that chondroitin sulphate mey bs involvad. This raqqirea
much:highar‘cancentrations than Haparin to affect PLA2 activity and is

~ also pfasent in‘laiger quantities. The interaction betwsen chloroquine X
and heparin provide another factor for the lysosomotrophiec effects of
this drug as the glycosaminoglycans is thoﬁght to be preseht in leucocyte
1y9§somas. o | '

Alternatively the stimulation of PLA_ activity may be

2
dga to anﬁthar factor or even. anothar phennmenon. Franson et al, (1974) o
founq the major portion of_PLA2 actiuity of rabbit neutrophils to be
aésociated with fhe granules ﬁnd membrane bound. Association of the

ahzyme with the membrans may be responsible fﬁr the stimylation of éctiuity
observed as chloroquine is a membrane - active agent. The purification
‘pfocedura.cartainiy prouideé the enzyme in a solubi;ised state which may

account for the difference in responss obtained. This however makes

1nterpratation of the stimulatory effects of chloroquine and mapacriné
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on the zymosan = complement released enzyme difficult unless ene gets‘

the release of membrane fragments aswell. The paritoneal‘exudate PLA2

ia also considersd to bs a soluble enzyms (Franson gﬁ,g;,.1978). ,

Heparin’showed a completely contrasting effectlon the
peritonsal exudate enzyme. At acid pH heﬁarin showed $t1mulation of PLA2
._ activity at exactly the doses required to inhibit the neutrophil enzyme.
. Thie effect was pH dependant as at pH 7.5 the stimulatory activity sﬁoﬁn

by 10 units/ml heparin wes less than half of the affect at pH 6.0 (tablé
.3.19). ﬁuch differences in respenss of the tuo phospholipase activities
 can only be explained by the suggestion the peritoneel exudate PLA, is

a different enzyme and not derived from neutrophils but from:another source.

" Recently rabbit serum.too has been shown to bas a potent

source of PLA, activity (Kaplan - Herris et al, 1980). The described PLA,

_ dctiuity was‘maximally active at 2mM 832+ and higher concentrations led

to a decrease of activity. This is very similar to the response obtained

in thia study, although no sigmaid behaviour was noted betwesn 0 - 2mM Cazf

The stimulation of PLA2 actiu;ty of the peritoneal exudate by heparin is .
shown primarily at pH 6.0 with a reduced effect at pH 7.5, thus the

. physiologi#al aignificahca bf this is not known. Heparin administrétion
to humans in large amounts (5000 units) leads to an incrsase in serum

PLA activity although this has been associéted with A specificity'(Uogél'

_ 1
 and Biermar, 1967).

3.8 Consequsnces of a stimulatory effect of PLA2 of PMN leucocytes at
acid pH R |

‘Stimulation of PLA_ activity could be expectsd to lead

2
~ to an-increass in the release of polyenoic fatty acids and lysophospholipids.



166

Genaration'bf both products leads to a potentiation of inflammatioﬁ as
arachidonic acid is the precursor for the prostaglandin related producta,

- all aof mhiﬁh ars genaratad in stimuiatad neutrophils, and lyébphdspﬁolipids are
¢§tutoxic..5timulation of PLA2 activity by chloroquine at acid pH may

bg particularly imporfant as (1) chloroquine accumulgtes in the lysosomes

. where the concsntration aéhievad can be.up to 700 times that in the quium

(2) the pH of the lysosomes is acid therefore an acid BLA_ activity is

2

importent and (3) the majority of the PLA_ ectivity associated with

2
.rabbit neutrophils is essociated with the granules uith an acid and an

alkaline pH optima.

Recently many studiss have been published which relate

products of Pta hydrolysis and lysosomal enzyme rélease from 1nf1amma£ory

2

.colls (Naccacha st al1,1978; Smolen and Weissmann, 1980; Smith, 1978).'In
particular, many studias involve tha uss of chemoctactic poptides formyl -
methionyl - leucyl - phenylalanine (FNLP) which also cause lysogomal

. enzymse release. Thus if human PNN's that have been treated mith cyto - )

chalasin B are exposed to FMLP, than_falease of lysosomal acid hydrolases

occurs. Release of ecid hydrolaées'could be inhibited by 50u n‘indomathacin, 

12 uM 5, 8, 11, 14 eicosatetrﬁynoic acid (ETYA, a structual énalbgué of
_arachidonic acid) or 18 uM para - bromophenacyl bromide ( a PLA,, inhib;tor)..
~Arachidonic acid itself has besn shomn to cause degrannulation of rabbit

' Fparitnnaal‘PNN leucocytes although prior treatment witﬁ cytochalaéin A

B is necessary {Naccache et al, 1979). The other product of PLA _actiqn,

2
lysophaspholipidé have also been implicated in the relsase process. Thay

are themselves membrané éctiva aﬁd fhus can proﬁota_fuaion of granulés

te phagqaomes or plasma'mambranee._Thay‘also produce intense inflammatipn
when applied locally.(Thouueot gt al, 1974), intraperitoneally |

(Westphal st al, 1970) or suﬁcutanaoﬁaly (Philips gg_g;, 1965). Théy'haue o

'.'alao been shouwn. to stimulate guanylate cyblasé (Shier et al, 1976) theréby‘
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increasing cGMP levels which are knouwn to eJavate during releass of

lysosomal constituents.

| ~ Studies of the effects of chloroquine.shom that at
relatiﬁaly'high concentrations 1t‘1n¢raases the release of lysoscmal '
enzymes (Ringrose et al, 1975; Weissmann gt al, 1975; Riches et al, 1981).
This,propérty may appear wrong fnr a drug that hés been used to treat
inflammatory disorders as most NSAID's and SAID's have generally been
found to decrease release of,lyaoeomal enzymes. Certainly if in PMNYs
acidic phogpholipases are important in lysosomal eniyma relaase; then the.
effacté of chloroquine qbserved in this study wauld explain the incrgasa.-
of release ofllyséaumal enzymes observed by prévious workers. The actions
observed by chloroquina occur at relatively ﬁigh doses, and these levels

-can be achieved by virtue of its lysosomotrophic activity.

Stimulation of phospholipases and thorsfore of pros =
taglandin biosynthesis may also have an anti ~ inflammatory gction as. very
-high levels of proafaglandiﬁs_ara known to h&ue anti - inflammatory affecfsl
such as  inhibition of rate of appearanée of leucocytes and lysosomal
enzYmaa at sites of acute inflammaﬁinh (Zuriér‘g§.§;,'1973; Bonta and
Parnham, 1978); In leucocytes these actiﬁna may arise through increases
of éANP lsvels. Thus the‘lohg lag - psriod required for the onset of
action of bﬁloroquine in inflammatory disorders may raélact the timé
required to_build up sufficient cdncentratidna of drugs fo exert its -
effects. Fuﬁure studies.on tha effects of chloroguine on prostaglandin

production of nautrophil leucocytqs may bé vorthwhile to evaluate this

point.



168

PART D STUDIES OF AN ENDOGENDUS INHIBITDR oF PLA IN RABBIT

' PERITUNEAL pMNtS

4,1 Cellular locslization and proparties

Uhen neutrophils ara'homoganisad in sucrose and then

"-‘cantrifuged at 8,200g, then the majority (90%) of the PLA_ activity was

2
| “found to be associated with the pellet which conasist in the main_of nuclei
and granules. The 8,200§ supepnatant contninéd 1ittle PLA2 gctivity and
this was lost upon storage at 4?C over fiué dayé. On the other hand the
supsrnatant was also found to contain an inhibitory actiuity towards -
PLA\ of the peritoneal axudate.'The.inhibition was dose -,dapendwnt to

a maximum inhibition of 64% (Pigure 3.35). This inhibitory activity was

'indepandant ef pH and similar - dosa - response curves were obtained

‘betueen pH 5.5 and 9.0, -

However inhibition was not independ: nt of pH if inhibitory
potency was assayad againat PLA2 activity of neutrophil - granules (8,200g
pallat). Indeed almost no inhibitory activity was present towards this '
preparation at pH 6.5. hctivity at pH 7.5 has been reported (Franson st al,

1974) uhich was haat.unstable is. probably a protain. Tha different
inhibition patterns obtainad indicated another differance between the

paritnnaal sxudate PLA, and the nautrophil ‘granule PLA activities. Indead

2
it is someuhat of an oddity that the neutrophil cytosol should contain .
an inhibitor uhich was active only at neutral and alkaline pH towards the
PLAZIanm neutrophil granules and active at both mcid and alkaline pH

towards the peritbneal sxudate snzyms.

Inhibition of PLA2 activity by the 8,200g supernatant

~was not confined to the aboue‘mentioned preparstions. Phoapholipasa A2
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of partially purified porcine pancreas and of crude Crotalus adamenteus
venom were also inhibited to similar extents (table 3.23), and therefore
appeared to show little selectivity of action. However the PLA, from Naja
ﬁgig venom was not,inhipited but a 58% stimulation was recorded. This
gtimulation vas prbbably a'non - sbecific protein-effe;t as aﬁuiualent
concentrations of BSA were able to stimulate thé‘activifi;a oflall the
p;apafations examinad. This is probably dus to binding énd_remoualyof

- products, 1e. fatty. acids aﬁd lysophospholipids, which are known_to

cause product “inhibition (Franson gt al, 1574).

Why the enzyms from Naja naja venom waé not‘inhibitad
by‘the neutrophil 8,2009 supernatant is not certain. Since the substrate
vas the samp in all cases, it would_thus be due to differences in the
aniymes;-All the anzyﬁas tested requireﬁCa2+ for'écfiuity”as 1mM EDTA
waé able to fotally 1nhiblt ebery enzyme preparation. This diffafencé
'ﬁay be explained upoﬁ critical e#amination of the size and ionic nature

of the proteins used.

Moat venom phosﬁholipaseé conaist of_differaht numbers
of isdzymes of slightly diffeiing mulecul#r waights'and isoelectric poihfs.
There is generally an abundance of one or a few Particular isozymaa and
tha phospholipase*af’a"particular venom maybe classified as a basic, neutral
or acidic protein with a particular isoelectric point and molecular
woight depending upon tha abundent species. The mors toxic venoms, s
" measured by LD50 values in mice, generally tend to haﬁe bésic,'catibnic
PLAts than the lasé'toxié véhnms which gontain neutral enzyme proteins
(Condrea gt al,1980). Reports in the literature indicated that the PLA,
activities used in this study ie. rabbit psritﬁhaal exudate, rébbit PN

" leucocyte, Crotalus adamenteus venom and pig pancreas are basic, cationic

proteins (Frah'son at al, 1978; Weiss _g_i_:._g_f_l._',‘ 197_5; ‘Uan-D'en‘ Bosch, 19'74; '
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De Haas et 21, 19?0; raépectively). But the anzyme'from Naja naja venom-

is ﬁriﬁarily an acidic enzyme with the most aﬁundantiisoiyme hauing.an
isoelectric point of 4.95 (Salach gﬁ_g;,1971). It is also a larger protein
of MJ = 20,000 uhile the rest are all below 15000MJ. This may also indicate
: thgt inhibitory activity prasent in the neutrophil cytosol is an acidic
protein. Fbrthﬂr uarifigation of thié suggestion féquires study with othér

known acidic phospholipases.

: Recently work by Hirata st al (1980) has also demunstratad

the existenca of a phospholipase A 1nhibitory protain in the polymorphs

2
vhose synthesis could be induced by glucocorticoids.PmN leucocytes troated
with glucocarticoids were shoun to have a reduced responge to the chemo =~
tactic peptide f Mat = Leu - Phe (FNLP) uhich ‘wag related with an

_ inhibition of phoepholipaae aptivitys The inducsed phospholipaae inhibitory
protein Gaa=iaoléted frdm water lysad_ﬁeufrophila which had previously

beeh incubated with flucinoliha acetdnida for 16 hours. The pracipitéte :

| a;iaing from water lysed neutrophiléruas suiubilisad and subsequent gel

£11t ration on sephadex G200 columns revealed a molecular welght of 40,000,
This protein exhibited inhibitory ectivity towards PNN and pancreétic

PLA + However thara is ong notable difference: the phospholipasa inhibitory‘ _
protain as describad by Hirata, was loat when the polymorphs vere treated’
with pronase. As pronage acts on tha ‘suter stirface of tha cells, the PLA2
1nhibitory.protein resides on the plasma membrane. Franson st al, (19?4)
l‘suggested that the PLA inhibitory protein is prusent in the soluble o
portion of the cell as 1t was alse prasant in 100 DOGg suparnatant |

preparations of leucocyte homogengtas.



171

4,2 Endogenous inhibitor of PLA actiuity and the mode of action of

| ataroidal anti - inflammatorx drugs

| Much interest has rebently been shown in tﬁe inhibition
of prostaglandin bioaynthesis by steroidal anti - inflammafory druos (SAID),
-~ which occuré'only-in intact cslls. The fact that glucocorticoids do not
inhibit microsomal cycluoxygenasa (the site of action of NSAIDS) was
ahown by Flower:et al. (1972) In 1975 two hypothes 8. were proposed. Lewis
end Piper suggested that SAID's prevenied the relaasa of prostaglandins
'from the cell by Qirtué of their ﬁembrana atabiliiing.af?acfs gﬁd '
- Grygleuski et al, suggested that glucbcnrtico;ds pféventad the rslpase
of polyenoic fatty acids from phospholipids, and hencs to thaumicrdsomal
- snzyme system for prostaglandin biosynthesis. Therefore glucocortiéoids
me:e_suggested to interfere with phospholipasse A2 activi#ieé.
Sinece then much evidence has bgen put forward substan -

tiating tha lattar theory. Danon and Assouline (1978) showsd that inhibition

| _ of prostaglandin biosynthesis in rat renal papillae by SAIDS inualuad RNA

~ and protein syntheais. Thus the glucocorticoids may work by the same
mechanism exhibitsd by the sterofd hormones on their target cells ié.
combination of the_etgroid witﬁ a cytbsolic receptor protsin, trenslocation
-of this drug - receptor domplexfto°£ha“nudiaus, astimulation of t:anscrip‘-_'
fion énd cbnéaquent biosynthesis of abacific proteins. In 1979 Flower

and Blackwell,‘using the guinea - pig perfuged lung preparation showed

that the glucnccrticaids induced the synthesis of a ﬁblypaptide ﬁr protein
that inhibited tha "z-lalaaae of arechidonic acid from phospholipids. Indsed
‘inhibitors of protaip synthasis such aa:cyclohaximide were able to bioék

the effects of the glucocorticoids. Potent inhibition of phospholipase

activity also axplained why the glucocorticoids are more potent as anti -

inflammatory agants than NSAIDS, as. they prauant availability of substrate
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for both the cyclooXygenase and 11po¥yg§nase enzyme systamé whereaé
the NSAID's oniy blobk cyclooxygenase. Thess effects have been furthuﬁ
. demongstrated on rat psritoneal macrophages whars 1n6ubation with the
- dhuga not anly_induced the blosynthesis of an inhibiior:bf PLAZ, but.élaq
 releasad it into the medium (Carnuccio 35.31,1980), which was tﬁan asséyed
against proétaglandin producfion by léucocytes undergoing phagﬁcytpsis

of killed bacteria. Eﬁidance fhat this inhibitor was preformed aﬁd stored
,‘within macrophages and.rale;sed upoﬁ.incubation with hydrocortisone was

- provided by Blackwell et al, (1980a) whose grouplahowed that the inh;bitory

factor, isolated from both guines - pig lungs and rat peritonesl macrophages

wes a bolypeptida (designated "macrotortin®) of approximately 15,000MU,

. _ An inhibiter of phospholipase activity in the cytosol of
rabbit PMN leucocyies was first observed by Franson EE.QLJ(1974) and this
N obgervation has been extended by'this'Study_ahowing that it was active agaiﬁst'
other basic cationic phospholipasaa but not against the acidic,anionic _
phospholipase from Naja naja venom. Recent work by Dray QEHQL,(1QEU)'
auggestédwthat the rat. 1aucocytea-may be a cell typa ingsnsitive tb the
actions of steroidal anti - inflemmatory drugs. In their study rat peritoneal
PMN laucocytes were incubated with dexamethasone for 2 hrs at 37 °C. Then .'
the calls were separated from the media and further 1ncubated with killed

Bortella partussis in ‘the presence of dexamethasona and the prostaglandln

levels at the end of this incubation were measured by radioimmunoassay.
Balls treated with dexamethasons up to 10 4N shomed no reduction in the

amount af prnstaglandins produced.

”

These observations were furthur substantiatedby work in
our own laboratnry (Traynor, Solanky and Authi, unpublished obseruations)
Rat paritoneal PN laucocytea were incubated with and without hydrocortisone

- for 2 hrs at 37°C. The phospholipase A2 inhibitory activity present in-the
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-8,200g supernatant of leucocyte homogenates towards rat peritoneal exudate
- PLA, was assayed using (1 - 1) oleic acid labelled E.coli, Hydrbcortiaone'

";up to 107 N showed no incresse in the PLA 1nhibitory activity of the

;B 2009 supernatant preparations.

However mork by Hirata et al (1980) showod that rabbit
PNN's do contain an inhibitor of phospholipasa actiuity whose aynthaais
1 ~ could be induced by glucocorticoids bot at laaatls - 10 hours of p:eincubation |
vith the drugs was naoaaaary. fha pnosoholipaaa inhibitoty‘protain-intthia
case had a molacular‘waight of 40,000._Thoa infofmation obtained so far
ravaala the bMN leucocytes to differ from macrophages in.that longer
1noobations with the storoida were necessary to ahom‘an effect ana'tha

- resultant inhibitory protein has a higher molecular weight.

_ . Racantly tha importance of this PMN phospholipasa -_
'inhibitory protein haa been furth.r highlighted by tha finding that some

- patients suffering from ch:onic inflammatory conditions such as systemic

3

t-.”lupua arythamatosia or rheumatoid arthritis contain in their olasma an

- autoantibody towards the phoapholipasa inhibitory protain (Hirata et al,
1981). Thua in such patients this autoantibody allowa increassd formation

- and
. of arachidonlc acidAsubsaquently tha formation of inflammatory metabolites.

. The anti =- inflammatory ataroids hava alao been shown

to enhanca the ability ef tissues to braakdown proataglandina (Noore

- and Hoult, 1980)
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CONCLU S IONS

Phospholipase A, enzymes are belived to play an

2
important role in inflammation by their role in providing polyencic

- fatty acids which'a:e the precursors for prostaglandin'-.like compodnqs.
. The present reseérch shows #hat one cell type known to accumulate at |

- damaged tissues, namely the polymorphonuclear lsucocyte, does release

a phospholipass A, enzyme under various conditions of stimulation.

2
. Indeed the degrse of phagocytosis by the cells correlates with the degree
| of releass of phospholipase Az.

The released phospholipase A, activity has been

2

'charécterissd and compared with a phospholipasa‘a activity found in

2
the peritoneal inflammatory exudate. Close exemination of the properties

and responses to specific pharmacological agents reveals striking differences
betwsen the two enzymes. Table 4.2 summarises the described properties

of the two enzymes.

In agresment with the findings of other workers using
other tissues, chloroguine and mepacrins were found to inhibit phos'- '
pholipass A2

‘of the peritonsal exudate. Inhibition of PLA, activity may
' ~explain some of the antl = rheumatic affeﬁts of ﬁhloroquiﬁa as this
préventa thé generation of prostaglandin - like médiators. It may also
expl#in tha majof side sffect, lipidosis leading'tu ietinopathy, which

i1s a build up of polar lipids within lysoéomes.

However the effect of chloroquine on phospholipases

': 1§ not simply inhibition as described in the litarature,-but biphasic



175

' TABLE 4,2

' COMPARISON OF PROPERTIES OF THE RABBIT NEUTROPHIL RELEASED

PHOSPHOLIPASE A, _AND THE RABBIT PERITONEAL EXUDATE_PLhz.
-

ENZYME CHARACTERISTICS AND EFFECTS OF PHARMACOLOG ICAL AGENTS.

' PERITONEAL EXUDATE

STABILITY AT 4°C

_ MOLECULAR WEIGHTS
( FRANSEN ET AL,%974)

ACID ACTIVITY MORE
UNSTABLE THAN
ALKALINE

15,000

. ENZYME PMN PLA,
CHARACTERISTICS :
PLA,,
- PH OPTIMA 6.0, 9.0 - 6.0, 8,0
~ ca®* REQUIREMENT OPTIMUM = 5mM Ca’t OPTIMUM = 1.2mM
" NDRMAL HYPERBOLIC SIGNOID KINETICS AND
~ CHARACTERISTICS GREATER THAN 2mM
INHIBIT S |
-6 . -6
Km ~25 %10 M ~ 670x 10 M

POSSIBILITY THAT
ENZYME EXISTS AS A
ZYMOBEN

14,800

EFFECTS OF PHARMACO =~
LOG ICAL AGENTS

CHLORDQUINE
AND MEPACRINE

PRIMAQUINE
HEPARIN

NEUTROPHIL 8,200g
- SUPERNATANT

STIMULATION AT ACIO
PH ( INHIBITION ON
ACID - PURIFIED

~ PREPARATION)

~ STIMULATION AT LOUW

CONC, STRONG. INHIBITION
AT HIGH CONC.

INKIBITION AT ACID
PH"

INHIBITION AT NEUTRAL
" PH{FRANSON ET AL,1974)

INHIBITIDN, BIPHASIC
EFFECTS

INHIBITION

STIMULATION AT ACID
PH :

INHIBITION INDEPEND -
ANT OF PH
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dosa Q.respanee curves were observed. These effects were furtnrv repested
whoen physical effecta on membrane stability such as hyptonic haemelysis
of erythrocytes vars examined. Indeed chleroquine and mepacrine uers

| observed to stimulste PLA ectiuity of PNN 1eucecytes. This finding may -
be very important as it explalns the observed increass of lyeasomal
enzymes by chlorogquine from PMN leucocytss.and macrophageg. Furth.r
etudies extending this to prostaglandin synthesis may be worthwhile to
alucidste this point. | B

Recently much interest has been shown in endogenous
inhibitors of phospholipase actiﬁity. Within the lysosomes the
glhcoeamineglycann hepssin may provides regulation of enzyme activity at
acid pH. However st-neutral pH the meje: centrol of"phospholipese_n2
sctiuitfﬁis by a phospholipase inhibitory protein wnose biosynthesis
o csn be ennencsd.by glueeeorticoids. This protein sppeers to have little
selectivity of action_tewerds phospholipages from different sourcas .
axeept perhaps those that are acidic proteins. The phospholipass inhibitory
'pretsin or the lack of its ectivity may be of great importence in
: inf;smmstory conditions as recently'an eutoantibody to this'pretein has
‘been foend in some patients with rheumatoid arthritie and systemic lupus

. erythremstoﬂis. Thus the presence of this eutoantibody may lead to 1nsdequate

'regulstion of phospholipese A activities in these diseased states.
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1., Peritoneal neutrophil leucocytes, derived from the rabbit, release phospholipase A {EC 3.1.1.4) activity during
phagocytosis of complement-coated zymosan particles, or during treatment with Ca?*, This enzyme is able to

release [1-!*C]oleate from the membrane phospholipids of Escherichia coli. 2. The release of phospholipase A
paralleled that of the known lysosomal marker enzymes g-glucuronidase and lysozyme. The phospholipase A
would thus appear to be derived from the lysosomal granules of the cells. 3. The released enzyme is of A; spec-
ificity, has an absolute requirement for divalent cations, and is active over a broad pH range (pH 6=9).

Introduction .

Thé importance of prostaglandins and related
metabolites of arachidonic acid in inflammatory reac-
tions is well documented, as indeed is the role of
phospholipase A, in freeing arachidonic acid from
phospholipids [1,2]. The appearance of prostaglan:
dins in some inflammatory exudates is paratleled by
infiltration of the inflamed area with polymorpho-
nuclear leucocytes. A close correlation between the
release of lysosomal enzymes from these cells and the
appearance of prostaglandins led to the suggestion
that lysosomal phospholipases A,, derived from these
cells, cause the release of precursor fatty acids for
prostaglandin production [3].

A variety of physiological and pharmacological
stimuli are able to cause the selective release of
lysosomal contents from neutrophils. We have inves-
tigated the ability of two such stimuli to cause the
release of phospholipase A, activity from rabbit
peritoneal  polymorphonuclear leucocytes. The
stimuli we have used are Ca?* [4] and the phago-

Abbreviation: Hepes, N-2,-hydroxyethylpiperazine-V'-2-

ethanesulphonic acid.

-

cytosis of zymosan particles coated with complement
[5]. This current paper presents the results of these
findings and a discussion of the properties of the -
released enzyme.

A preliminary account of parts of this work has
been presented [6].

Materials and Methods

All reagents and solvents used were of analytical
grade, '

Neutrophil suspension ‘ _
Female rabbits of the New Zealand White strain,
weighing 2—3 kg, were lightly anaesthetised with
diethyl ether and injected intraperitoneally with 100
ml sterile thioglycollate medium (U.S. Pharmacopea),
supplied by Oxoid Ltd. (Basingstoke, U.K.). After
1922 h each rabbit was anaesthetised by intrave-
nous injection of 80 mg - kg™! sodium pentobarbital,’
then given 150 ml sterile isotonic saline, containing
4 1U./ml heparin, into the peritoneal cavity. The .
abdomen was lightly massaged and the peritoneal
fluid allowed to drain from the cavity via a 16 gauge
perforated plastic catheter. The cells in the fluid were
collected by centrifugation at room temperature for

0005-2760/81/0000-0000/$02.50 © 1981 Elsevier/North-Holland Biomedical Press
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4 min, at 200 Xg. The cell pellet was resuspended in
0.83% NH,Cl in water (pH 7.2) to lyse contaminating

erythrocytes. After 5 min, the cells were collected .

and washed by resuspension and centrifugation in a
buffered medium containing: 150 mM NaCl, 3 mM
KCl, 10 mM glucose, 5 mM Hepes, adjusted to pH 7.4
with NaOH. Microscopic examination of the final

suspension showed that neutrophils accounted for

more than 95% of the total leucocyte population.

Relegse experiments

Aliquots of the leucocyte suspension, containing
approximately 1-107 cells in 1 ml Hepes buffered
medium were incubated in the presence of varying
amounts of complement-coated zymosan particles
- (0-5 mg) prepared as described by Hensen [5], or
calcium (0—5 mM) added in 0.2 ml buffered medium.
Incubations were performed with shaking at 37°C for
60 min, unless stated otherwise, After incubation the
tubes were cooled in melting ice and the cells
removed by centrifugation at 3000 X g for 5 min. An

aliquot of the supernatant was taken for subsequent

assay of released enzymes. Protein in the samples was
determined by the method of Lowry et al. [7] using
bovine serum albumin as standard. In experiments
" using complement-coated zymosan particles the
uptake of particles by the neutrophils was determined
by phase-contrast microscopy, counting at least 100
cells,

Enzyme assays

The marker enzymes f-glucuronidase, lysozyme
and lactate dehydrogenase were assayed by methods
described by others [4]. The results of all assays were
expressed as a percentage of the activity released in
the presence of Triton X-100 at a final concentration
of 02%. It was assumed that Triton released all
leucocyte enzyme activity into the suspending
medinm,

Phospholipase A, activity was determined by the
ability to remove [1-'*Cloleic acid (The Radio-
.chemical Centre, Amersham, UK.} from the mem-
brane phospholipids of E. coli prepared as described
by Patriarca et al. [8]. More than 95% of the incor-
porated 1-'*C label was in the 2-position of the
membrane phospholipids, as shown: by treatment
with  the phospholipase A, of crude Crotalus
adamanteus venom.

Enzyme assays were performed using an incuba-
tion medium consisting of, unless otherwise stated,
7.5-10° autoclaved labelled bacteria, containing
approximately 15 nmol of phospholipid (deter-
mined as described in Ref.9). 40 mM Tris-malic
acid buffer, pH 6.0, 5mM CaCl, and an appro-
priate aliquot of the supernatant, in a total volume
of 0.5 ml. Blanks without enzyme were included
in all assays. Incubations were carried out for 60
min at 37°C in a shaking water bath, then stopped
and hydrolytic activity determined as described
previously [10]. Radioactivity in substrates and
products was counted in 2 medium containing 3 ml
water and 7 ml Unisolve 1 (Koch-Light, Colnbrook,
UK.). Enzyme activities were corrected for non-
enzymic hydrolysis  and expressed as initial velo-
cities or, in release experiments, as a percentage of
the total phospholipase A, activity released after
sonication (6 pm, 3 min). This was preferred to
Triton X-100 treatment since detergents are known
to interfere with the activity of phospholipase A.
Control experiments with the marker enzymes
showed that there was no difference between the total
amounts of enzyme released by the two treatments,
Phospholipase A, activity due to the complement-
coated zymosan particles preparation was 1% or less
of total cellular enzyme.

Enzyme activity was also determined against
E. coli labelled with [1-'*C]palmitic acid (The
Radiochemical Centre, Amersham, UK.) of which
77% was incorporated into the 1-position of mem-
brane phospholipids as determined by treatment with
the phospholipase A, of C. adamanteus venom,

Results

Release of phospholipase A during phagocytosis
Neutrophil leucocytes incubated with serum-
treated zymosan, and therefore particles coated
with complement, at 37°C over 60 min demonstrated
the ingestion of particles and the release of phos-
pholipase A activity. The release was concentration-

dependent, being linear up to 0.5 mg coated

zymosan particles and continuing up te a maximum

release at 5 mg zymosan. By this method a maximum

of 30% of total cell phospholipase A (activity released
by sonication) was obtained. The release of phos-
pholipase A activity was paralleled by the uptake of

e



TABLE [

573

COMPARISON OF PHOSPHOLIPASE A RELEASE WITH PHAGOCYTOSIS OF COMPLEMENT-COATED ZYMOSAN PAR-

TICLES

Neutrophll leucocytes (1 107) were incubated in the presence of varying amounts of complement-coated zymosan particles for
1 hat 37°C. The degree of phagocytosis was determined by light microscopy, counting at least 100 cells, Phosphohpase A activity
released into the incubation medium was assayed as described in the text, Values represent mean + S.D.

Complement-coated % Cells with particles

No. particles/cell Phospholipase A release

Zymosan particles (%)

(mg)

0 ) 0 0 8.3+2.0
0.25 : 53 1.4+0.5 2.9+2.8
0.5 62 20+1.2 16.0 £ 4.0
1.0 ' 83 24417 203+48
2.5 85 28+1.2 25.0+2.0 -
5.0 926 3.2+1.5 30.0x4.0

zymosan granules by the cells, determined either as
the % of cells undergoing phagocytosis, or as the
number of particles ingested by each cell (Table I).
The lysosomal marker enzymes S-glucuronidase and
lysozyme (not shown) were released in a similar
concentration-dependent - manner to the phos-
pholipase A, however, no significant discharge of the
cytoplasmic enzyme lactate dehydrogenase was
observed (Fig. 1). These findings suggest a lysosomal
location for the phospholipase.

ZClrng]

Fig. 1. Release of neut.rophll enzymes in the presence of com-
plement-coated zymosan particles (ZC). Neutrophils were
incubated in Hepes buffered medium in the presence of
varying amounts of complementcoated zymosan particles.
After 60 min at 37°C aliquots of the suspending medium
were taken for enzyme assays as described in Materials and
Methods o, g-glucuronidase; &, phospholipase A; +, lactate
dehydrogenase. Points are means of three observations.
Verticalbars represent 1 S.E.

The secretion of phospholipase A in the presence
of Smg complementcoated zymosan particles
increased linearly up to 10 min, with maximal secre-
tion being obtained after 1 h. A similar response was
seen in the degree of phagocytosis with time, demon-
strating that release of the phospholipase occurred
during phagocytosis (Table II). The same pattern of
release was seen for the lysosoma] marker enzymes

Release of phospholtpase A by Ca™
Addition of Ca®* to the neutrophil leucocytes at

o

CaClyimi

Fig.2. Release of neutrophil enzymes in the presence of
Ca?+, Neutrophils (1 - 107 cells) were incubated in Hepes
buffered medium in the presence of varying amounts of
Ca?+, After 60 min at 37°C aliquots of the supernatant were
examined for enzyme r1elease as described in text. o,
p-Glucuronidase; 4, phospholipase A; o, lysozyme; +, lactate
dehydrogenase, Points are means of duplicate determinations.
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TABLEII

TIME-DEPENDENT RELEASE OF PHOSPHOLIPASE A, g-GLUCURONIDASE, AND LYSOZYME FROM RABBIT NEUTRO-
PHILS IN THE PRESENCE OF COMPLEMENT-COATED ZYMOSAN PARTICLES '

Neutrophil leucotyes (1 - 107) were incubated with complement-coated zymosan for varying times at 37°C. The degree of phago-
cytosis was determined by light microscopy, counting 100 cells, Released enzyme activities were assayed as described in the text,
Values represent mean + 8.D. Single figures are means of duplicate determinations. n.t., not tested.

Incubation time % Cells with particles

Enzyme release (% total cell enzyme)

(min)
Phospholipase A; f-Glucuronidase Lysozyme
0 0 1 5 2,5
3 33 1.3£25 7.5 11.8
5 39 14.8 8.3+24 16.3
10 58 20.7+4.7 15.3+1.6 20
20 n.t. nt, 220%33 24.5
40 84 26,0+ 4.0 24 355
60 ’ n.t. 26.02 294 n.t.

8 Cells incubated in the absence of complement-coated zymosan particles for 60 min release 8.8 £ 0.26% of total phospholipase

Ay, and 10.0 1 4.6% of total f-glucuronidase.

37°C over 1h caused the release of phospholipase A
from the cells (Fig. 2). The release of this enzyme fol-
lowed the pattern of release of f-glucuronidase and
lysozyme, whilst lactate dehydrogenase was not
released. Maximal release of all lysosomal enzymes
occurred at approximately 1.5 mM CaCl,. Using 2.5

30
20
a
un
2
2
L
0 — v y
0 30 60

incubation time (min)

Fig. 3. Effect of incubation time on the Ca?*induced release
of lysosomal enzymes from neutrophils. Neutrophils (1 - 107
cells) were incubated in Hepes buffered medium containing
25 mM Ca2* at 37°C. Aliquots of the suspending medium
were taken for enzyme assay (see text) at times shown. o,
B-Clucuronidase; &, phospholipase A; o, lysozyme. Points
are means of two or three observations, Vertical bars
represent 1 S.E.

mM CaCly a time-dependenf release of the enzymes

" is observed (Fig. 3).

Properties of the released phospholipase A _
The properties of the phospholipase A obtained
from the release experiment were examined without
further purification. The enzyme caused the release
of [1-'%C]oleic acid from the 2-position of the
membrane phospholipids of E. coli, All of the radio-

40

20

% hydrolysis

1

Fig. 4. Effect of pH on the hydrolysis of [1-1%C]oleate-
labelled phospholipids of E. coli by a lysosomal phos-
pholipase A released by neutrophils in the presence of
complement-coated zymosan particles. The complete reac-
tion mixture (0.5 ml) contained 5 mM CaCly, 5 nmol phos-
pholipid (2.5 - 108 E. colf) 60 ug protein and 40 mM appro-
priate buffer (pH 4-6, sodium acetate; pH 5-7.5, Tris-
maleate; pH 7.5-9, Tris-HCI). Incubations were performed
for 1 hat 37°C. ' '

H 5 & 7 B 9 1
. o

- -



TABLE III
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EFFECTS OF NEUTROPHIL LEUCOCYTE PHOSPHOLIPASE A TOWARDS DIFFERENTLY LABELLED PHOSPHOLIPIDS

OF E. COLI

The complete incubation mixture contained 10 nmol phospholipid (5 - 108 E. col), 40 mM Tris-maleate (pH 9.0), 5 mM CaCl,
and 96 pg released enzyme protein (for [1-!#CJoteate) or 20 nmol phospholipid (1 - 10 E. coli), 40 mM Tris-HC1 (pH 6.0), 5 mM

formed for 60 min at 37°C.

"CaCly and 0.18 mg leucocyte homogenate protein {for [1-14C]palmitate) in a total volume of 0.5 ml Incubations were per-

Radioactivity (%) in lipid fractions of E. coli labelled with:

[1-14C]Oleate

[1-14C]Palmitate

Control +Phospholipase ~ Control +Phospholipase
Phospholipid 97 49 73 17.7
Fatty acid | 2.5 50 16.5 27.3
Lysophosphalipid 0.5 1 9.5 55.0

activity released was, after thin-layer chromatography
[10], recovered in the fatty acid fraction, and none
in the lyso product (Table [II), suggesting the enzyme
to be of A, specificity. Using E. coli, the phos-
pholipids of which were labelled in the I-position
with [1-'*C]palmitate, and a preparation of
sonicated neutrophils this specificity was further
confirmed. Although in the substrate only 77% of the
label was specifically incorporated into the 1-posi-
tion, and some fatty acid remained unincorporated it
can be seen (Table I1I} that after enzymic hydrolysis

30,

[
o

- % hydrolysis

N
i

~

5 0 5 10
EDTA {mM) CaCly (mM)

Fig. 5. Effects of CaZ* concentrations on the hydrolysis of
{1-14C]oleatedabelled phospholipids of £, coli by lysosomal
phospholipase A released from neutrophils during phago-
cytosis of complement-coated zymaosan particles. The com-
plete reaction mixture (0.5 ml) contained 5 nmol phospholid
(25 -108 E, col), 40 mM Tris-HCL (pH 6.0), 64 ug protein
and varying amounts of CaCl; or EDTA. Incubations were
cartied out for 60 min at 37°C.

the radioactivity .in the lyso fraction markedly
increased, indicating the removal of the non-labelled
fatty acid in position 2. Of the activity lost by the
phospholipid 80% was recovered in the lyso fraction,
which compares well with the specificity of the
original preparation.

The hydrolytic activity of the released lysosomal
contents towards [1-**C]oleate-labelled E. coli lipids
showed two pH optima, a broad peak at pH 6 and an
alkaline optimum at pH 9.0 (Fig.4). The phos-

06 6
0
e E
g o
Tien 04 5 b
g 3
: 2
£ B
g g |
_g 6-24 E z
E &

AN

o1 0z 03
/TPhusphoIipid] lpM"l

v 10 20
IPhospholipid} (M)

Fig.6. Hydrolysis of [1-14C]oleatedabelled E. coli phos-
pholipids by lysosomal phospholipase A of neutrophils,
released during phagocytosis of complement-coaied
zymosan particles, at various substrate concentrations. The
complete reaction mixture (0.5 ml) contained 40 mM Tris-
maleate (pH 9.0), 96 ug enzyme protein, 5 mM CaCly and
30-20 uM phospholipid ((0.75-5) - 108 E. coli). Incuba-
tions were carried out at 37°C for 60 min.
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pholipase A activity had a requirement for calcium,
At both pH optima maximal activity occurred at a
calcium concentration of 5mM and above. Fig.5
gives the curve obtained at pH 6.0. In the absence of
added Ca®*, activity was less than 50% of the maxi-
mal value. This was possibly due to the presence of
endogenous divalent cations since the addition of
5 mM EDTA abolished activity totally.

Enzymic activity of the phospholipase A; was
linear up to 40 min and up to 64 ug protein. The
effect of substrate was examined at concentrations
varying from 3 to 20 uM E. ¢oli phospholipid per
assay, The reaction remained linear up to 12 uM
phospholipid, equivalent to 3 -10% labelled, auto-

claved E. coli (Fig.6). The Lineweaver-Burk plot of

the data [11] (Fig.6) gives an apparent Ky, of
261078 M. : ’

The released phospholipase A activity was rela-
tively stable to storage at 4°C if assayed at pH 9.0,
losing only 20% of its original activity over 20 days.
However during this same time period 78% of the
original activity was lost if assayed at pH 6.

Discussion

The present results demonstrate the release of

phospholipase A, activity from rabbit neutrophil
polymorphonuclear cells during particle uptake, The
release of the enzyme follows the phagocytosis of
Zymosan in a concentration-dependent manner. The
source of the enzyme would appear to be the

Ilysosomes since its release follows closely the release

" of two lysosomal marker enzymes S-glucuronidase
and lysozyme. The lack of appearance of the cyto-
plasmic lactate dehydrogenase in the incubation
medium demonstrates that the cells remain intact.
The release of phospholipase A, along with the other
lysosomal enzymes, is time-dependent, and follows
the time-dependency of phagocytosis, indicating that
release occurs during phagecytosis. This is to be
expected if the phospholipase is of lysosomal origin,
since the mechanism of release of lysosomal contents
during phagocytosis is by a process termed ‘regurgita-
tion during feeding’, the lysosomal contents being
released through incompletely closed phagosomes
[12].

The Ca?*-induced release of lysosomal marker
enzymes, but not cytoplasmic enzymes, from rabbit

neutrophil leucocytes previously suspended in Ca**-
free medium agrees with previous findings [5].
Since the release of phospholipase A, follows that of
the lysosomal markers, in relation to both Ca** con-
centration and time, we conclude that the phos-
pholipase A, is of lysosomal origin and is released by
exocytosis [15] from polymorphonuclear cells.
However, rabbit polymorphonuclear leucocytes
possess at least two distinct enzyme-containing
granules. The azurophil granules contain most of the
f-glucuronidase, whilst the specific granules contain
most of the lysozyme [13,14]. From our findings it
is not possible to say with which granule phos-
pholipase A, is associated. We are looking into the
possibility of repeating our experiments on human
peripheral neutrophils since such cells, when treated
with Ca?*, are provoked to release lysozyme, but not
B-glucuronidase [15].

Treatment with - either Ca?* or with zymosan-
complement caused the release of approximately 30%
of the total cellular phospholipase A, activity, as
assayed at pH 6.0. The lysosomal marker enzymes
were released to a similar degree. These findings are
in agreement with degrees of release obtained by
other workers [4,5].

The lysosomal phospholipase A, activity released
by neutrophil leucocytes is evident over a broad range
of pH from 5.5 to 9.5, although with a consistent
drop in activity at pH 7.5. Even so, considerable
activity at neutral pH is retained. The enzyme activity
has an absolute requirement for divalent cations, and
shows linear hydrolytic activity up to 3 - 10°® micro-
organisms, representing 12 uM phospholipid.

The sotuble phospholipase A, described here has
marked similarities to a membrane-bound phos-
pholipase A, associated with azurophil and specific
lysosomal granules [16]. This latter enzyme has two
pH optima at pH6 and 7.5, although it has con-
siderably less activity at pH 7, requires Ca®*, has a
similar optimum for substrate, but differs in that
activity at both acid and alkaline pH is stable,
although the apparent instability of the released
enzyme may be due to the presence of released
proteases. An unstable acid phospholipase activity has
been described in leucocyte homogenates [17].

The above differences may suggest that the soluble
enzyme described here might not be derived from the
membrane-bound phospholipase A, of azurophil and



specific lysosomal granules. A possibility is that it
may be contained in a less dense, ill-defined heterog-
enous group of granules [13,18] which, indeed, do
retain a considerable portion of the phospholipase A;
activity of the original leucocyte homogenate [16].

The phospholipase A, activity released by poly- "

morphonuclear leucocytes during phagocytosis or
treatment with Ca**
soluble phospholipase A, found in sterile peritoneal
exudates of the rabbit after intraperitoneal injection
of glycogen [19]. This enzyme is also Ca**-depen-
dent, phospholipase A,-specific and has a broad
optimum at pH 6-8, with slightly less activity at
pH 6.5. The released lysosomal enzyme may well be
the source of this phospholipase since at the time this
enzyme is harvested 95% of the infiltrating cells are
neutrophils [6,18].

The lysosomal phospholipase A, selectively
released by neutrophils may be of importance in the
pathogenesis of inflammatory diseases.
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. PROCEEDINGS OF THE B.PS.,

~ Release of a lysosomal phosphohpase A from

rabbit neutrophil Jeucocytes

KS. AUTHI & JR. TRAYNOR . v

Biochemical Pharmacofugy Laboratory, Department’ of '

Chemistry,  University  of Terhuology. Loughborough,
Leicestershire LET] 3TU )
The appearance of prostaglandins in some inflamma-
tory exudates is paralleled by infiltration of the in-
flamed area with polymorphonuclear leucacytes
{PMN). A close correlation between the release of

“lysosomal enzymes from these cells, and the appear-

ance of prostaglandins led to the suggestion that lyso-
somal phospholipases A cause the release of precursor
fatly acids for prostaglandin production (Anderson,

Brocklehurst & Willis, 1971). The importance of

phospholipase A; in prostaglandin biosynthesis has
been confirmed (Blackwell, Flower, Nijkamp & Vane,
1978). This communication describes the release and
properties of a phospholipase A liberated from PMN
leucocytes during phagocytosis of zymosan-comple-
ment (ZC) {Henson, 1971), and by calcium (North-
over, 1977),

PMN's were obtained from female Whlte New Zea—
land rabbits (2.5 kg) 18 h after intraperitoneal injec-
tion of sterile lhioglycol\ate medium, U.S.P, (100 mi)
as described” by Northover - (1977).
(1 x 107) were incubated at'37° in medium comaining

{mm) NaCl 150, KC! 3, glucose 10, Hepes S, pH 74, .

with varying amounts of ZC or calcium. Aliquots of
the medium were incubated with [1-'*C]J-oleate
libelled E. coli for 60 mins to assay phospholipase
A activity (Authi & Traynor, 1979). ﬂ—Glucuronidase

- lysosyme and lactate dehydrogenase activities were

4150 determined (Northover, 1977). Results of enzyme
assays are expressed as percentages of the activities
released after sonication (6 pm, 3 min) of the cells

(for phospholipase activity), or trealmem with Tnton a

X-100 (0.2%). .
ZC and calcium caused a time and concentration

dependant increase in the release of phospholipase -

A activity. Maximal release of approximately 309, of
the total activity was obtained at 2.5 mm calcium,

or 2 mg/ml ZC. The release of phospholipase A fol-

lowed that of f-glucuronidase and lysosyme, confirm-

Neutrophils .

12th-14th SEPTEMBER, 1979  125P
ing a lysosomal location for the enzyme. No such
release of the cytoplasmic marker lactate dchydrogcn-
ase was observed. |

The released phosphohpase A has two pH optima
at pH 6 (broad) and pH 9 and a requirement for
calcium. The enzyme appears to be of A, specificity
since 95%; of the label incorporated into phospholipid
was in the 2-position and no radioactivity was re-

- covered in the lyso product. A phospholipase A with

similar properties has been found in rabbil peritoneal
exudates after injection of glycogen (Fransen, et al,

1978).

The lysosomal phosphollpase A described may be
of importance in the observed production of prosta-
glandins by PMN leucocytes during phagocytosis
(Htggs, McCall & Youlten, 1975) and in the palho-
genesis of mﬂammatory dxseascs generally L

Wc thank the MRC for support.‘
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0 Antamalurlnl druga of !hc chloroqumc-!ype inh:brl
. lipolytic processes in fat tissue In vitro (Markus & .
- Ball, 1969) and phospholipase activity in various tis- .
sues (Blackwell, Flower, Nijkamp & Vane, 1978) in-
. cluding the melarial parasite (Cenedella, Jarrell &
Saxe, 1969). Several of these drugs have been used .
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Eﬂ'ects or antimalarial drugs on phosphohpase

_ KS. AUTHI &: JR. TRAYNOR .

% Biochemical - Pharmacology  Lahoratory, Department of .
<.t Chemistry, Unlvenlfy of Tﬂhm:foa}'. Loughborouyh Leirt. ‘
- LEN3TU

in the treatment of rheumatoid conditions. We report

the effects of three antimalarial drugs, chloroquine, _

mepacrine and primaquine, on the activity of a crude

. phospholipase A; enzyme obtained from an inflam-
matory peritoneal exudate (Franscn. Dobrow. _Wenss.-- :

Elsbach & Weglicki, 1978).

Phospholipase A, activity was nssayed agamst E ..
- coli labelled with [1-!4C]-oleate. Greater than 95%
: of the incorporated label was in the 2-position of - =
membranc phospholipids. Radiolabetled E. coli were -
- autoclaved for {5 min at 2.7 kg/em? to inactivate .
" endogenous bacterial phospholipases and render the
.- membrane more susceptible to enzymic attack. Assays
were petformed at pH 60 in tris buffer 4 x 1073 m

containing calcium 5 x 10”3 M at 37°C for $ min,

" Lipid products were extracted, separated by TLC and
. areas of plates. containing radioactive lipids were -
“acraped off and radnoaclmty delermmed by scinulla-.

tion counting. -

All three druga mhnblted the enzymic hydrolysm of -
.E. coli Phosphohplds. ICsy - for mepacrine was.- . -
3 k10T
- five times less active. In addition the drugs chloro-

" ' quine and mepacrine showed a stimulation of hy-

M, primaquine was twice and chloroquine:

»

- drolysis at approximaicly 20-fold lower doses, whilst
- at doses above those causing maximum inhijbition a
_reversal of the inhibitory cffects was seen. .

The antimalarial drugs cxamined are amphlphlhc_

cationic drugs. Other drugs of this gencral type in-
hibit phospholipase enzymes, possibly by effects on

* the substrate (Kunze, Nahas, Traynor & Wure, 1976},
- In relation to this we have studied the effects of the

" drugs on the stability of guinea-pig red blood cells

to hypotonic - haemolysis. ANl three " drugs again' .~ ..
- showed paradoxical dose-dependent mhlbﬂory und LT

stimulatory effects.
The findings described may be of relevance to the
use of the drugs in thc treatment of malaria and rheu-

- matoid discases and in their effects in causmg drug~
- induced Ilpldoses. } .

'We thank the M.R.C. for support. IR
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