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| SUMMARY S

The 1nf1ammatory}régct1dn induced by ultpa-violet }‘
radiation has been investiééﬁed,in ﬁhéiskin:of guinea pigs,
rats and rabbits. The source ofﬂrédiatioh wés;alhigh’pressure ;
mercury arc in quartz., Particular Attention'has beep;paid to* )
the increase in,vascular,permeébility‘ihdicatedmﬁy fheuéiuda-'v
tion of plasma protein "labelled" with Evens blue. ‘Th"e time-
courses of superficial erythema and tiééue'leucbdytésis'have |
been correlated with the'permeability.changes.,j |

In all threé species, ultréevioietfinjﬁry'iﬁdu§éé a
diphasic increase in vascular permeaﬁility. In bbth}gﬁinea
pigs and rats, the'early phaqe of the permeabiiaty requnse
lasts about 15 mine. and is inhibited by antagonisﬁs of hista-~
mine in the guinea pig, by antagonists of,S-hydroxytryptamiﬁe-
(5-HT) in the.rat. In the rabbit the early response is
slightly more prolonged and is insusceptible to histwminé
antagonistse | |

The late or principal phase of increased vascular per-
meability matures 20 - 24 hr. after irradiation in’guinea pigs
and rabbits and approximately.so hr. afferiirradiation in raté..
In guinea pigs the 1ate'permeability-response is ins@éceptible
to antagonists of histamine and in rats is insusceptibie to
antagonists of both histamiﬁe,gnd 5-HT.  The:mediat1on of the
late response has beenistudied in,steideﬁéil‘in guinea'pigs.v“
It is unaffected by protgaéé*inhibitors such as the tfypsin}‘

inhibitors from soy bean, 1ﬁmé‘bean, potatb,fonMucbid and
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bovine parotid and also by'g-aminocaproic acld which is an
inhibitor of the fibrinolytic systeme. The response is also
unaffacted by inhibitars of lecithinase activity, by of-amylase,
2-deoxy-(D)-g1ucose or sodium ck-naphthyl a‘cetetey.

Neither erythema nor tissue leucocytosis eppear to be k
consistently related'to the permeability response. In the rat'
erythema is absent and in the guinea pig exper imental neutro-
penia does not influence the permeability response.

The resulbs of this investigation strongly suggest that
none of the known endogenous, penmeability factors induces the
major phase of vascular permeability in ultra-violet injury.

In the light of the above results and other recent work,
it seems that further progress in this field 1s most likely to
result from a correlation of ultrastructural studies with |

biochemical and biophysical investigations.
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Chagter 1. \&":m i.!‘?'r;:,‘ \'RY %‘//'
'HISTORICAL INTRUDUCTION . e

The modern study of inflammation arose from the realisa-
tion by John Hunter, the 18th century English surgeon and
experimentalist, that ".... inflammation, in i1tself, 1s not to
be considered as a diséase,’but aé‘a salutary operation, conse-
quent elther to some violence dr disease, arisiﬁg from'very
different céuses;»and oftén without apparent'cause, and that
its operations are far more oxtensivé ﬁhan simply'thé act of
producing union in parts divided by violence" (Hunter, 1828).

Besideé introducing the concept of 1nflammation as a  B
useful and purposive process, Hunter postulated'that the funda-
mental and earliest chgngQS-occﬁrred in thevsmall blood
vessels. The role of the blood vessels he described as
follows: |

"The very first act of the vessels when thé stimulus
which excites inflammatlion is applied 1s, I believe,}exactly
similar to a blusheess Inflammationvsets out from that point,
and that afterwards a new action begins, which 1s probably
first a separation of the coaguIAting lymph and the throwing
it out of the vessels." o -

The notion of the small vessels as the site of the
earliest changes 1n inflammation was not completely new sinog,
Boerhave, in Holland, in the late 17th and»éarlyllsth deﬁtﬁriés;
had considered that 1nflammation arose from "a conglomeration
of the blood, determined by the»cbnstruction‘of the small
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arteries and a change in the constitution of the plasma"
(Castiglioni, 1958).

Enlarging upon the foundation laid by Hunter, Addison
(1843) and Waller (1846'a) observed the results of chemical
irritation on the circulation of the tongue of the frog,noting
the stasis of blood flow occurring in capillaries some time
after tlissue 1njury. They also described the marginatibn of
leucocytes in inflammation, Wallef'concluding that the "pus
corpuscles” were identical with the colourless corpuscles of
the blood ﬁNallor, 1846 b) and assuming that they passed "de
toute pisce” through the walls of capillaries leaving no hole
behind., -

These observations were further extended by Wharton
Jones (1851) and Iister (1858), the latter, particularly empha-
sising the prolonged nature of the inflammatory reaction
elicited by minimal exposure to irritants, and insisting upon
the need for studying the early changes of Inflammation before
"eeee the coplous exudation of lymph, suppuration, ulceration
or gangrenes...." occurred (ILister, 1858).

Emplojihg mild stimull to elicit the 1nflammatory‘res-
ponse, Lister perceived for the first time that inflammation
could resolve without necessarily prograasing,to suppuration
or necrosis, |

YBut the most important lesson to be learnt from these
simple éxpebiments“, he says, "is that the tissues possesSe...
an intrinsic power of recovery from irritation when it has not

been carried beyond a certain polint; a'prinoipal of fundamental
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importance, which has never, so far as I am’awére,'been estab-
lished or conjectured."” R
Cohnheim, (1889), in his “Lectures on General Pathology R

embodled the results of his own experiments with thoae of
earlier workers and presented the first comprehensive study of.
the vascular changes in 1nf1ammation. |

Cohnheim believed that a "molecular change"” ocourred in
the walls of blood vessels which led,to the events of the
inflammatory reaction, and proposed "that it 1s only and solely
the vessel wall which is responsibleffoﬁ the entire series of
events."” _ | o

He attempted to explain the four classical signs of
Celsus in terms of the vascular reactions which hevobsefved.
Thus, an inflamed part is red due to the overloading of its
vessels; swollen, not only "because of the increased vasdular.
fullness but especially because of ﬁhe great increase of |

transudation"; painful, due to tension on the nerves of

sensation; and warmer to the touch (if auperficial) due to
the increased blood supply.

Cohnheim proposed that increased transudatioﬁ was due 
to both a qualitative and quantitative change in the filtering
capaclty of the vessel'ﬁalls leading to a greatly augmented
flow of protein-rich lymph. In Cohnhéimis own words "..; the
result is an increase of transudation, and of the albuminous
contents, as well as the admixture of the colourless and red

blood corpuscles with the transuded fluid."
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Arnold (1876) considered thaﬁrthere was a tenacious
cement substance between the endothelial cells whose coherence
became less, énd permeability greater in inflammation. 'Oohn-
heim was less committal in proposing that the endotheliﬁm of
the inflamed vessels underwent a Vchange of a chemical nature”,
but at the same time he suggested that increased vascular per=-
meabllity in inflammation might be simply an accentuation of
the normal physiological process of permeability. Thus he
wrote: ' | |

"Between the normal circulation and the inflammétoryv
ciroulaéory'disturbance, there are all mmaginablé gradatibns.
Not only does the Quantity and concentration of the £luid
transuded show such gradual increase that it is altogether
arbitrary whether certain degrees Shauld be referred to‘gg |
inflammation or recognised as within the limits of health;
the extravasation of the corpuscular elements of the blood
presents the like gradations." |

Cohnheim agreed with Hunter that diverse types of
stimuli elicited similar vascular reactions, and that inflam-
mation was invariably assoclated with healing; and with Lister
that suppuration was-ggg_an essential part of true inflamﬁa-x
tion. | ' |

In 1893 Metchnikoff published his "Comparative Patho-
logy of Inflammation". His comparisaﬁ'ofitissua reactions to -
injury in lower forms of life with those in mammals led to his

concept of inflammation "... as a phagocytic reaction on the
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part of the organism against irritants. This readtion is
carried out by the mobile phégocytes, sometimes alone, some=
times with the help of the vascular phagocytes of the nervous
system." ‘ v |

Hetchnikoff attached little importance to the inereased
vascular permeabllity and exudation so much stressed by Cohn-
heim. In Metchnikoff's own words, "... the exsudation of a.}
serous fluid in inflammation cannot be regarded as a means
which the organism may make use of to desfroy the pathogenie’
microbes, this service being performed especially by the
phagocytes. Since, however, the polsonous chemical products
of the bacteria are the most important agencies in producihg
that general intoxication that we know as dlsease, it is
possible that the serous exsudation may serve to attenuate or
modify the action of these products.”

That the "poisonous chemical products of the bacteria
could indeed induce inflammatory changes in the absence of
their parent organism had been shown by Massart and Bordet
(1891), who induced suppurative inflammation in experimental
animals by the subcutaneous injection of bécterial culture
flulds free of organlsms.

Grawitz (1886, 1887) and Scheurlen (iBBV)‘had.shoﬁn
earlier that suppuration could be induced in the absence of
living micro-organisms by the injection of such simple chemical
substance as putresciné and cadaverine, the structures of ihich

are as follows:
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NH,.CH_.CH_.CH .CH  NH . NH .CH .CH .CH CH CH NH .
2 2 2 92 9o 2 2 2 2 2 2 @2

Putrescine ~ cadaverine |

Thus, by the end of the 19th century, inflammation had
come to be regarded as a process caﬁabla of béing ihitie,ted by :
chemlical agents as well as orga'nismﬁ;,‘ ‘but which uvltima'tely was
galutary" or "health promoting; ayprocess' by which noxious
é.gents were overcome and the précess of repair 1ni’ciatéd.

However, Portier and Richet (1902) and Arthus (1921)
showed that agents which themselves were non-toxic s BeZe
heterologous serum, could induce an inflammatory re"s‘plk)nse..
Such discoveries led Opie (1910) to define ihflammation as
",.. the process by which the cells and exudate scoumulate in
irritated tissues and usually tend to protect them vfrom fui‘ﬁher‘
injury." | | o

The advantages of increased permeability in inflammation
are generally considered to be twofold. | _ |

Firstly, as suggested by Metchnikoff, the outpouring of
fluid from the intra-vascular space mey ameliorate the ‘_ef:.t‘ects
of irritant or noxious substances simpij by diluting them,

Secondly, antibody proteins, a#xong the proteins paséing
across the capillary:membrane s may enable the host to neutralise
specifically an irritant or toxic material prgs’enﬁ‘., |

A third function, however, is also served by the
exudate in that invading bacteria become coated with protein
or "opsonih" (Wright and Douglas, 1903-04), a process "ivhich i
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promotes phagoejtosis by making them (baeteria) less offensive
to the leucocytes” (Payling Wright, 1956)..

The accummlation 6f antibodies in inflamed areas was
demonstrated by Rigdon (1939). He injected staphylococcus
anti-toxin or diphtheria antiétoxin 1ntrévenously:1hmed1ately
after inducing inflammation by the appllcation of xylol ﬁo the
skin of rabbits (i.e. during the period of increased vascular
permeability) and observed that the anti-toxins localised in
the inflamed areas. Therapeutic substances, e.g. éﬁlphona-
mides, accumulated similarly. . | |

Though, in general, the process of inflammation may‘be
beneficial, its clinical effedts both 1mmedia£e and remote,
©.8¢ pain, swelling, immdbility, fibrosis and deformity, may
be far from beneficial. Clinicians, therefore, 5ave~sought> 
ways of modifying the response so that desirable and benaficial
effects might be retained, but undesirable aequelae eliminated.

The beneficlal effects of analgesics'and‘narcotics'have
been known empirically to many generations of clinidians.
Major advances in rational therapy, however, are more likely
to result from 1nvestigat1dns based on precise kmnowledge of
the physio-pathological procgssés involved. This thesis
reports an investigation which attempts to coﬁtribute to the
growing basic knowledge of this subject. | |
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Chapter 2. |
PHYSTIOLOGICAL AND ANATOMICAL FEATURES OF VASCULAR PERMEABTLITY

Claude Bernard (1879),was one of the earliest workers to
draw attention to the fundgmental importance in mammals of the
precise regulation of the body fluids' composition - 8 process
made possible by the movement of substantial amounts of water,
electrolytes and other substances betwee@ the blood vascular
system and the tissue fluid-lymph system. The main site of this
exchange is the oapillary‘wall.

Some idea of the magnitude of the capillary bed is given
by Krogh's (1929) estimate that in a man whose muscles weigh
50 kg. with 2,000 capillaries per sq. mm, of muscle, the total
surface area of the capillary bed is about 6,300 sq. metresg
and from Zweifach*s‘(1961) calculation that though one ml. of
blood would take 5 - 7 hdﬁrs to traverse a single capillary,
the caplllary bed is so large that the entire blood volume
(approximately 5,000 ml. in the adult) can be circulated
through the capillary system in a few minutes. As Zweifach
has emphasised, "... the minute vessels represent the focal
point around which the entire operation of the cardiovascular
system is organised" (Zweifach,‘lsél).

Our knowledgé of the organisation of the micro-circulation
largely depends upon the work of Chambers and Zweifach (1947)
and Zweifach (1961), During periods of inactivity, blood flow
through a tissue 1s‘restricted.méinly to preferential or
"thoroughrare" channels joining arterioles and vemules. From
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the proximal, metarteriolar portions of the thoroughfare
channels, capillary offshoots arise at acute angles, each
branch having its own precapiliary sphincter. As tissue méta-
bolism is increased, more caplillaries open up and become per-
fused with blood. j _

Starling (1895), in his classic paper 'On the Absorption T
of Fluilds frqm the Connective Tissue Spaces","obaerved that the
capillary walls'were'ffeely permeable to water and‘oryétalloids
but almost impermeable to proteins. Furthermore, the 1nject16n
of protein into the tissue fluid space in a.concentration | |
approaching that in plasma prevented the abéorption‘of tissue
fluid into the blood capillaries.

"The 1ﬁportance of these measurements", wrote Starling,
"lies in the fact that although the osmotic pressure of the
ﬁroteids of the plasma is so 1nsignifioant, it is of an order
of magnitude comparable to that of the caplllary pressures;
and, whereas caplllary pressure determines transudation, the
osmotic pressure of the protelds of the serum determines
absorption." Starling's hypothesis may be stated thus, where
f1ltration and reabsorption ere in equilibrium:

cP 4 oP_ TP + OP

f. — plasma

where CP = the gffectivg blood pressure within the capillary
OPe.f.z:the osmotic pressure of the extracellular fluid
TP = tissue turgor pressure

OF 1 asma = the osmotic pressure of the plasma in the capillary.
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The Measurement of Capillary Pressure. _

Starling's hypothesis was supported by the work of
Lendis who, by direct cannulation, measured the 1ntra-¢ap111aryf
pressure in the mesentery of the frog (Iandis, 1925-26;'1927 a
and b), rat and guinea pig (Landis, 1950a), in the muscle and
skin of the frog (Lendis, 1931), and in the skin of men (Iendis,
1930b) . | - | N

Lendis observed a falling gradient of‘hydfostatic press-
ure from the arteriolar to the venulaf side of the capillaries.
At the arterial end, the-preséﬁre 1s greater than the colloid
osmotic pressure of the plasma proteins while on the venous
side it tends to be & 1little less (ses Fig.l).

Thus at the arterioler end conditions should favour
fluid filtration out of the vascular bed, while at the venous
end fluid absorption should predominate.

Since the flow through the thoroughfare chennels usually
is rapid with less fall in hydrostatic pressure than in the
true capillary, Chambers and Zwéifach (1947) considered these
channels to be the main site‘of outward filtration in the rest-
ing state. Absorption was regarded as the mein function of the
true capillary. , . v

Increased arterial pressure, Landis (1934) noted, usualli‘
but not_always reaulted in increased fluid filtration. Increased
venous pressure on the other hand 1nvar1ablz resulted in |
increased filtration.

The osmotic pressure of 1nterst1tia1 fluid (2-o mm.Hg.
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in man; Payling Wright, 1956)\and the tissue turgor pressure
(2-3 mm. in man), appear to have 1little ﬁnportancé'in the
physiological control of fluid.mbvémenb.
Permeabillty of the cagillarx wall to _water
Leathes (1895) observed that large volumes of water
moved rapidly from the extravascular compartment after the
intravenous injection of hypertonic solutions. ,‘ '_
Rapid movemént of water in the opposite direotioh'wés
recorded by Hevesy and Jacobsen (1940) who reported that, 30
seconds after the intravenous injection of heavy,w@tpr, it
was diluted by a volume of fluid equal to the expected volume
of extracellular fluid., In man and the guinea pig, 105 = 140
per cent of the water in blood is exchanged per minnté with
extravascular'water (Flexner, Gellhorn and Merrell, 1942;
Flexner, Cowie and Vosburgh, 1948). The rapidity of fluid
exchange was also noted by Pappénheimer (1953) who observed N
that water diffused back and forth across the capillary ﬁall
80 times faster than it was brought to the site by the incoming
blood. B |
Flexner, Cowie and Vosburgh (1948) confirmed the essen-
tlal relation between colloid osmotic pressure and}capillary 
pressure prOposed by Starling, but disagreed with the conven-
tional interpretation of fluid exchange by alternate bulk |
filtration and x."eabsorption.j jTmy considered that "'@iffﬁéion

eesee 1s the essential process by which the e;ohanéé of wﬁter»};

and solutes takes place between plasme and éxtrévngularvfluid?
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Permeability of the capiglanx,wgl;'to electrolytes and small

molecules, v |

The rate of exchange of ions end small molecules is
variable and does not necessarily parallel that of water in
rate or direction. For example, in the guinea pig, 60 per cent
of the sodium and chloride in plasma is exbhanged per minute
wlith that in the extra-vasqular space wheréas,plasma water
exchange is 2.3 timés more rapld than either sddium or chloride.
Calculations from the date of Ray and Burch (1959) indicete that,
in man, the absoluté amounts;of_sodiﬁm chloride eand potassium
ion exchanged per minute are about 19;6003. end éOOg. respec-
tively. | | _ | ”

While sgreeing that water and dissolved gaseévmight
diffuse through the entire capillary membrane, including the
endothelial cell, Chambers and Zweifach (1947) suggested that
the transfer of ionic and other 1ipid insoluble substances is
controlled by filtration through pores in the cement substance
between endothelial cells. They proposed that small molecules
such as water might diffuse freely through the pores but that
1arge'molecules would be held up by a process of "molecﬁlar ,
sieving", a procedure which might be further enhaﬁoed by the
adsorption of protein which partially "clogged" the pores.

The results of Pappenheimer, Renkin end Borrero (1951)
appeared to confirm the "pore theory” of Chambers snd Zweifach.‘

They concluded that uniform pores 60 - 90 £ in dlsmeter or
rectangular slits 37 R wide, occupylng a minute ffaction of the
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total caplillary surface, would account for their findings.
Pappenheimer (1953) later estimated the population density of
the pores at 1-2 x 10° per sq.cme. of eap:_t.lié.ry wall, o
The pemeabilitx of the capillary wall to protein and 11216.

Aithough only 5 per cent of the plasma proteins escaps
through the capillary wall, all the plaéx'na‘ proteins are repre-
sented in this fraction (Yoffey and Courtice, 1956). In genei*s\,l,
the rate of'paésagev of protein molecules across the capillary
membrane varies Ilnversely with their molecular size so that
interstitial fluid and lymph contain proporticnately more albu-
min than globulin ( Loewen, Field and Drinker, 1931).

As with proteins, all the lipid-protein complexes in
plasme have been ildentified in lymph. and hence must have crossed
the capillary membrane ( Page, Lewis and Plahl, 1953; Courtice
and Morris, 1955). The larger (8 -lipoproteins leave the circula-
tion more slowly than the smaller o| -lipoproteins. However,
some of the ﬂ =lipoprotein complex does escapse despite the fact
that its moleoule is approximately twice as large as the pores
proposed by Pappenheimer (1'953)‘. |

In the post-absorptive State in cats which have been redv
fat, the peripheral lymph contalns chylomicrons which appear to
have come from the blood since the chylomicron‘counts of peri-
pheral lymph may vary directly with those of the blood (Yoffey
and Courticé, 1956), However, the clearance'of chylomicrons-
from the plasma of'fat-fed' cats i more rapi_d than can be
explained by the breakdown of chylomicrons into ‘smaller‘ compo-
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nents and subsequent trans-caplllary transport as lipid-protein
complexes. Morris and Courtice (1956) have. suggested’that'some
chylomicrons escape unaltered through the 1ntact capillary wall.

The structure of the capillagz as revealed bx electron

microscopy
Electron microscopic studies reveal three structural

components in the capillary wall - viz. an immer layer of endo-
thelial cells, a basement membrane and aﬁ outer, discontinuons
layer of cells and fibres comprising the adventitia. | |

In the camon type of eaplllary, for example, in skele-
tal muscle, heart, intestines and pancreas, the endothelium is |
a continuous layer without fenestrations or pores (Palade,v1953;
Odland, 1961). Numerous small vesicles 200=600 £ in aiameter
are concentrated along both the inner and outer cell borders,
Such vesicles have been cited as evidence of the intra-vesicular
transport of water and solutes - so called "pinocytosis"

(Palade, 1956) or "cytopempsis" (Moore and Ruska, 1957).

Alksne (1959) reported similar appearances in normal
capillaries in mouse's skin. In addition, he has demonstrated
increased numbers of endothelial vesicles dnring the peribd,of
increased vascular permeability induced by histamine, end also
the intravesicular trensport of dense partieulate matter (ofo
Palade, 1961; Jemnings, Marchesi and Florey, 1962).

In electron micrographs the basement ‘membrane usually

appears as & thin, irregular layer 200-500 g_thick, surrounding”
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the endothelium. It consists‘bf a feltwork of fine fibrils
about 100 2 in dismeter (Palade, 1953) emmeshed in a homo-
geneous matrix of unknown composition. No pores have been
demonstrated in the basement membrane, despite acceptable
limits of resolution in the Iinstruments employed. In fact,

the basement membrane appears to be a significant barrier to
the passage of particles comparable in size tb protein mole-
cules and hence mﬁst be consideréd Jointly with the endothelial
cells as part of the "endothelial barrier", Palade (1961)
suggests that the basement membrane is a ﬁyielding gel" through
which moving particles make temporary chennels as theyﬂpass.

In summary, at least two factors may be involved in the
transfer of 1llpid insoluble substances across the capillary
walls
(a) trensport across the endothelial cell within‘membranous
veslcles,

(b) diffusion across the basement membrane.

Evidence for these processes, however, has lérgely been
obtained using particulate materials like mercuric sulphide
and clearly more information i1s required concerning the passage

of natural proteins.
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Chapter 3.
INCREASED VASCUIAR EERMEABILITY IN INFLAMMATION,

The major, proximate benefita of~1nr1ammat16nvmentioned '
in Chapter 1 result from the accumulation in the injured tissue
of a relatively large amount of protein-rich ekudate due to
increased permeability of the small vessels. Since_the escape
of protein through vessel walls can be detected»fairly easilyl
by labelling with certain dyes, particular sttention has been
paid to the mechanism by which increased vasculer permeability
to protein develops. In thls thesis thé term increased vascu-
lar permeability will be used in this sense. | |

Pormeebility may be increased by simple elevation of the
capillary pressure, as in exercise, without any intrinsic
change in the endothelium-basement membrane complex. Hoﬁever, '
increased capillary pressure alone 1s not adequate to account
for the large increase in permeability of the vascular wall to
protein ocourring in inflemmatione |

The greater Iimportance of some intrinsic change in the
endothelial barrier as proposed by Cohnheim (1889) was shown
by Landis (1934) who, after damaging a cepillary in the exposed
frog's mesentery by gentle'pressure with a glass rod, observed
a greatly increased rate of passgge of colloidal dye through
-the damaged_sectioh compared with the adjacent, undamaged
portion, despite the similer hydrostatic pressure throughout

the vessel.



Cohnheim (1889) was,one‘of the first to postulate that
the essential factor underlying increased permeablility in
inflammation was a "chemical" or "ﬁbiecularﬁ change ih'the
walls of small blood vessels. Its exact nature, however,'
still remains obscure. ,

The concept that this "chemical" or "molecular" change
might be mediated by chemical substances released or activated
in injury largely depends upon the fact that certain agents
which increase vascular permeability can be isolated from both
normal and inflamed tissues. | -

0f the various permeability factors'(PF's) which have
been proposed as natural mediators, those which appear to merit
greatest consideration fall into three maln groups:

(a) Amines, such as histamine and 5-hydroxytryptamine.

(b) Broteases, such as kallikrein, globulin PF, and
plasmin; and polypeptides 1ike 1eucotﬁxine,
bradykinin and kallidin,

(c) Lecithinases, which are the active, permeability-
increasing substances from certaln clostridial
toxins.

_;§§am1n_ was discovered by Windaus and Vogt (1907) and

was later shown by Eppinger (1913) and Sollman and Pilcher |
(1917) to be capable of increasing capillary permeability. By

comparing the vascular reactions'aftér various types of mild



18

injury with the changes occurring after the application of
histemine to human skin, Lewis (1927) concluded that either
histemine or a "histemine-like" substance was liberated "in
vivo" after injury due to e.g. mild heat, ffeezing, pricking,
galvanic current, light strokiﬁg or even after more severe
injury such as that resulting from anaphylaxis, bacterial
toxins oﬁ the application of mustard gase. '

5-hydroxytryptamine (serotonin) was’identified by

Rapport, Green and Page (1948) and 1ater was shown to induce‘
markedly increased vasculer permeability in the skin of rats
(Rowley and Benditt, 1956), but t§ have little effect in the
skin of guinea pigs and rabbits (Sparrow and Wilhelm, 1957).
Polypeptides were first proposed as mediators of

increased vascular permeabllity in inflemmation after Menkin
(1936) found, in inflammatory exudates induced by chemical,
bacterial and thermal injury, a freely diffusible compound
which "manifested no property in common with histamine", He
later claimed to have purified and identified this fraction as
a relatively simple polypeptide "leucotaxine" (Menkin, 1938).
Polypeptides which increase permeability were isolated
by Duthle and Chain (1939) and Cullumbine and Rydon (1946) from
tryptic and peptic digests of plasma proteins (particularly
fibrin and albumin) and were also demonstrated.by Cullumbinb and
Rydon (1946) in the fluid of blisters occurring 2-4 hours after |
thermal or chemical irritation. Spector (1951) also obtained
polypeptides by tryptic and peptic digestion of humen fibrin and



19
reported that polypeptides containing 5-14 amino aclds were
capable of inducing increased permeability and émigration of
leucocytes. | “ ' | .

~ The presencé, in inflamed‘tissues,‘of.PF!s which result
from proteolytic.activity suggested the particlipation in the
inflammatory response of endogenous proﬁeasas activated by
tissue injury. Early presumptive evidence of this was pro-
duced by Beloff and Peters (1945) who isolated from burnt rats!
skin a protease which was later shown to yleld permeability-
increasing material when alldﬁed to act upon £ibrin undér}
appropriate 6onditions (Gﬁllﬁmbine and Ryddn, 1946);'

In 1928 Frey and Kraut described the presence, in the

urine of dogs, of a hypotensiie substance kallikrein, which,

they believed, originated in the pancreas, Kéllikrein has
subsequently been shown to be present 1n‘othér tissues includ-
ing blood (Werle and von Roden, 1936: Frey, Kraut and Werle,
1950; Hilton and Lewls, 1957; Chapman and Wolff, 1958; Fox
and Hilton, 1958; Lewis, 1959), o |
Pharmacologically active peptides produced by the action
of various enzymes "in vivo" are collectively kmown as kinins,
Two such kinins result from the action of_human urinary’kalli-,ﬁ
krein on acid treated human plasma - kallidin T and kallidin IT,.

Kallidin IX is a decapeptide differing structurally from kallie
din T only in having & terminal lysine grouping. Kallidin T is
a nonapeptide 1ndistinguishable frdm‘bfadykinin (Plerce and
Webster, 1961). | | o
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Bradykinin, originally discovered as a product of the
action of trypsin or snake venom on bovine pseudbglobultn
(Rocha e Silva, Beraldo and Rosenfeld, 1949), has been shown to
be a nonapeptide (Blliott, Horton and Lewis, 1961) and has
recently been synthesised (Boissonas, Guttman, Jacquenoud,
Konzett and Stﬁrmer, 1960)s It is one of the most potent pér-
meability factors known (Logan, GeGo and Wilhelm, D.L., cited |
by Wilhelm, 1962).

Plasma kinins are also fofmed by the action of bovine
and human plasmin on plasma proteins (Beraldo, 1950; Schachter,
1956; Lewis and Work, 1957). Plasmin, a proteolytic enzyme

present in biood as an 1ngctive'precursor, plasminogen,
(Christenson and McLeod, 1945) and responsible for the-procéSs
of fibrinolysis (MacFarlane and Biggé, 1948; Astrup, 1956),
can be activated by various kinases, e.g. bacterial (Garner and
Tillet, 1934; Milstone, 1941) and tissue kinase relegsed after
cell damage (Astrup and Permin, 1948).

The plasma kinin formed by human plasmin "in vitro" is
indistinguiéhable from bradykinin (Lewis, 1958). Its raté of
formation differs from that of the kinins formed by the action
of kallikrein on plasma globulin.. Maximal kinin fcrmationvby
salivary kallikrein occurs within a few minutes, whereas with
plaamin, 20-30 minutes elapse before maxmmal kinin formation
occurs (Lewis, 1959) .

Back, Guth and Munson (1963), investigating plasmin

induced hypotension in dogs, were unable to demonstrate
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significant kinin formation by plasmin "in vivo". However,
their findings led them to suggest that'plasminhmay releaée
kallikrein as part of the hypotensive response.

The lack of "in vivo” kinin‘for_'m‘ation described above
1s consistent with the almost complete absence of PF activity
of both human and guinea pig plasmin :in the guinea ‘pi“g (Miles
and Wilhelm, 1960; Logan and Wilhelm, unpublished).

The o(l-g],obulins of guinea pig serum contaln a component
of high molecular weight which can be activated kby dilution to |
increase vascular pemeabil:lf.y in the homologoﬁs species
(Meckay, Miles, Schachter and w.ilheim, 19533 Miles and Wilhelm,
1955; Wilhelm, Miles and Mackay, 1955; Wilhelm, Mill and
Miles, 1957). Both the precursor of the PF and its inhibitor
are also present in tissue fluid and lymph (Miles and Wilhelm,
1958) 4 |

| Similar activable precursors of globulin PF's have been
demonstrated in the sera of rats, rabbits and man (Wilhelm,
1956; Wilhelm, Mill, Sparrow, Mackay and Miles, 1958; Elder
and Wilhelm, 1958; Mill, Elder, Miles and Wilhelm, 1958).

Guinea pig globulin PF, though considered to be a |
protease (Wilhelm, 1962), probably owes most of its permea-
bility increasing potency to the activation of a kininogenase
rather than direct kinin formation itself (Mason and Miles,
1962). | o

Thus, of the three proteolytic enzymes considered as
mediators in this thesis , only kallikrein has been shown to
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be a kininogenase, plasmin and guinea pig globulin PF
apparently owing at least part of their activity to the
intermediary release or activation of a kininogenase.

Lewis (1963) attempted to deduce an important sequen-
tial relationship between the two principal groups of media=-
tors so far discussed in suggesting that histamine, liberated
during various kinds of 1njury in the hind limb ofvthe dog,
might be responsible for the increased concentration in
efferent lymph of the enzyme which,formé plasma kinins.

A1l the above PF's with the exception of globulin PF
in the rabbit resemble histamine in the brevity of their aotionQ
Elder and Miles (1957) reported that certain glostridial |
toxins induced prolonged, and in~some cases, diphasic increases
in vascular permeability when injJected 1n«sub-neorotising doses
into the skin of guinea pigs. In the case of Clostridium
welchli, the PF resides in thec%--toxin which is a lecithinase
(Macfarlane and Enight, 1941). This appears to have been the
only instance so far reported in which proloﬁged increases in
vasculgr permeability have been induced by specific substances.
The { = and /2 =toxins of Cl. ocedematiens also contain lecithi-
nases which as yet have not been characterlised. |

Despite extensive experimental observations on the above
PF's, with few exceptions their natural role in injury has not
been clearly established.

The established role of chemical mediators in various types
of injury.



Prolonged increases in vascular permeability have been
reported in the 1nf1ammatory response to mild thermal injury
(Sevitt, 19583 Spector and Willoughby, 1958b, 1959b; Wilhe]ni
and Mascfm, 1958, ,1960'), bacterial :ln;}dry(Bﬁfke and Miles,
1958), certain forms of chemical injury, e.ge turpeﬁtine- '
induced pleurisy in the rat (Spector and.Willoughby, 1957,
19582, 1959a), U~V radiation injury (Logan and Wilhelm, 1965), |
roentgen radiation injury (Willoughby, 1960; Jolles, quingtonﬁ
and Simon-Reuss, 1961) and ultfé-sonig injury (J.F. Burké,
unpublished; cited by Wilhelm, 1962). o

The various responses appear to differ mainly in the
length of the second or delayed phase, varyihg from é few hours
in the case of bacterial and thermal injury (Burke and Miles,
1958; Wilhelm and Mason, 1960), to more than 23 dajs in the
case of roentgen radiation (Jolles, Remington end Simon-Reuss,
1961). ‘

Chemical injury to the skin,‘induced for example by the
application of xylol in guinea pigs and rats, appears to cause
only a monophasic permeadbility response, though there,may be
two super-imposed components (Wilhehm; 1962). |

In turpentine-induced pleurisy and thermal and U-V
irradiation injury to skin the early phase can be suppressed |
by the use of antihistamines in the guinea pig,'and antagonists_
of 5-HT in the rat. In gulnea pigs antihistamines also]causew
minor inhibitlion of the permeability_response fo’chémical
injury to the skin (Wilhelm, 1962).
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However, in none of these cases, with the particular
exception of Clostridium welchil infections, has satisfactory
evidence of the biochemical mediation of the principal phase

of increased vascular permeability been adduced.
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Chapter 4.

THE EXPERIMENTAYL USE OF ULTRA—VIOEET RADIATION AND ITS
BIOLOGICAL EFFECTS.

Increased vascular permeability 1nduced by'mild thermal
injury is relatively shortlived, lasting only a few hours
(Wilhelm and Mason, 1960) and hence the opportunity for the
administration of potential blochemical inhibitors is rather
restricted.

Accordingly, it was decided to study, as an experi-
mental model, a type of 1njury whose main permeability response
develops more slowly and lasts longer. This technique offered
the theoretical advantage that locally or systemically admin-
istered inhibitors might have a more deoisive effect on the
maturation of the response. |

Since ultra-violet irradiation induces a permeability
response in the guinea pig that matures approximately 18-21 hr.
after irradiation, it seemed a convenient technique for the
present work. | | B

In this study the identification of natural PF's has
been attempted by the inhibition technique of Wilhelm and
Mason (1960) rather than by procedures such as chemical 180~
lation of PF's from inflamed tissues or attempts to deplete
teat animals of endogenoua PF's.

The chemical extraction of PF's from injured tissues
may lead te seriously misleading results as artefactual
degradation compounds may contaminate the final product.
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In any case, chemical isolation alone is inadequate proof of
activity "in vivo". Also, substances such as histamine or
5 -HI' are readily liberated by minor trauma to the skin and
the possibility remains that theiﬁ presence 13”1ncidenta1 to,
rather than the result of, injury. ,

- Various workers héve attempted to deplete,éxperimenbal
animals of potential PF's., The skin of rats can be depleted
of histemine by repeated injections of compound 48/80 (Feldberg
end Talesnik, 1953; Brocklehurst, Humphrey and Perry, 1955; '
Spector and Willoughby, 1957a); of polymyxin B (Pérratt,and
West, 1957; and of 5-HF by the use of reserpine (Ersp&mer,\
1056; Parratt and West, 1957). In rats depleted of histamine,
the permeability response to antigen-antibody rééetions (Feld--‘
berg and Talesnik, 1953) and chemical injury (Spector and |
Willoughby, 1958a; 1959a) is diminished;

However, depletion of PF's by these procedures 1is never
complete and partial and often equivocal inhibition is the usual
effect. Such results are unconvincing as the depletory agents -
themselves may cause severe toxic (Feldberg and Talesnik, 1953)
or other non-specific effects (Spector'and.W1lloughby, 1959a;
Wilhelm et al., 1958). | |

Satisfactory depletion of such PF!s as globuliﬁ PF and
blood kallikrein clearly is impossible without impairing the
health of animals to such an extent that they are unsuitable
for experihéntal use. | | :

Inhibition techniques lack the above disadvantages.
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Provided that reasonably specific inhibitorsvare used,
suppression of the permeabllity response is strong evidence
of the "in vivo" action of the PF in question.

In such studies the use of mihimal injury is essentiai
in order to minimise the release of non-spécific factors’such
as intracellular enzymes and other cell conspituents which |
result from cell destruction, (cf. Lister, 1858).

i ) tra- ot tion

The gross effects of ultra-violét radiation'resﬁlt from
intracellular biochemical changes. The absorption-of U=V
energy causes a disturbancefof biochemical equilibrium, the
degree of which is, in general, propbrtional to the amount df
energy involved (Glasser; 1950)f |

Proteins and nucleic acids probably are the most 1mpof-i
tant "target poftibns" in the cell; proteins‘showing maxiﬁnmv
absorption at 2,800 & and nuclelc acids at about 2,600 £ (Ely
and Ross, 1949). | | |

U-V radiation may affect enzymes within,the cell or ih
the cell wall.. Thus both human erythrocytes in blood (Koeppe,'
1926; Eidenow, 1930) and frog erythrocytes in Ringer s solution
(Maroney, 1960) are haemolysed by U-V radiation.

Koeppe (1926) suggested, in the case of human efythpo-
cytes, that this was due %o "the activation of avcatalaSé B
enzyme in the fatty stroma of the cell wall® (cf. Hogberg and
Uvnas, 1957 on the mechanism of disruption of mast cells by

compound 48/80).
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In the case of frogs' erythrocytes in Ringer's solution,
however, the swelling and subsequent lysis sesm to be osmotic

effects due to the increased tranifer of cations such as Nd*

and K¥ across the cell membrane (Green, 1956),

Investigation of theeffects:of U=V irradiation on non-
human cellular systems has shown that irradiation of yeast cells
causes the release of inbra-céllular materials including the
amino-acids arginine, histidine, threonine, alanine, trypto-
phane and tyrésine which originate either from the cell pro-
teins (Loofbourow, 1947) or the_inﬁra-cellular pool of free
amino-acids (Téylor, 1947; Halvorsen and Spiegelman, 1953)

This process appears to be selective and 1s dependent
upon energy pfovidéd by glucose metabolism (Swénson and Dott;~
1961). | “ _

U-V irradiation of émgggg_ggoteus at}2,537 R increases
the permeabllity of the cell to fluid by inducing the formation
of pinocytotic vesicles, This appears to be purelyva cytoplas~
mic effect aé identical changes can be induced both in enuclea-
ted fragments end in the intact organism (Rinaldi, 1959 a & b).

Experimental eVidencé,ffom the latter system, however,
though interesting and possibly illustrative of genera1 ce1lué
lar processes, must be"interpretéd with caution in relation to
the behaviour of cells in higher animais.

The Effect of U-V Radiation on Skin,

The greatest blological effects of U-V radlation are

obtained with wave lengths 2,000 R -v4,000'ﬂ,‘and foﬁ_the moéf
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part such effects are limited to the integument which, in man
and other animals, 1s screened by the horny layer of the epi—
dermis or by & covering of hair or fur.

In man, little radiation of wave-length shorter than
3,200 ' penetrates below the epidermis, most being‘abaorbed by
the stratum corneum and the stratum granulosum (Bachem, 19293
Takahashi, 1930-31), No radiation at all below 2,400 R reaches
the living part of the epidermis, all being absorbed in the
dead, horny layer of the skin (Bachem and Kunz, 1929). |

In the guinea pig, the stratum corneum is thiek and, as
in man, 1little U-V radiation appears to penetrate beyond the
Spidermis since increased permeability and leucocytic emigra-
tion occur only 1ﬁ the tissue immediately subjacent to the
epidermis (see below). N .

The rat, on the other hand, has a thinner epidermis
which seems to permit greater penetration of U~V radiation
(Hueper, 1941). |

In the rabbit, calculations based on photographic
measurements of the transmission of U-V radiation by the
intact skin of the ear (thicker than 0,23 mm.) indicate that
only 1/48,000th of the incident radiation at wave-length
3,025 R 1s actually transmitted by the skin (Takahashi,
1930-31), _ S i |

The classical reaotioh bf U=V irradiated skin 1s
familiar as sunburn. Erythema, beginning in a féw hours and
becoming maximalvin 12-24 hr., ig accompanied.by,gggg and
gedema. Finally the skin exhibits ﬁiggentation and/or
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eplthelial desquemation in 48-72 hr. The 1ongest wave=-length
of U~V radiation that induces a “burn" in man is 3,150 R
(Laurens, 1938). Below this, there 1s meximel effect at 5,000 2
end at 2,500 R with a pronounced minimum at 2,800 £ (seo Bachem,
1932), correspdnding to maximum absofption.by the proteins of
the epidermis. : ‘ | | |

Erythema results from vaso-dilatation and engorgement of
the superficial blood vessels of the dermis. | |

The mechanism of induetion of erythema is uncertaln. It
seems noteworthy that practically all radiation of wave length
less than 3,200 £ is screened out by the epidermis.(sée above)
and that therefore the vascular changes cannot be attributed to
direct radiation effects upon the dermal vessels. |

Lewis and Zotterman (1926) proposed that e histamine-
like substance is released, whereas Blum (1945) considered the
medlator was some other aiffusible substance. Klouwen and
Mighorst (1957)»suggested tﬁat erythema may be mediated by
hydroxylated ardmatic‘acids whose formation from proteins is
induced by U=~V radiation.

Whatever the mechanism, however, studies in the rabbit's
ear indicate that an intact sensory nerve supply 1s}necessary;
because the appeerance of erythema can be suppressed greatly
or even eliminated by the use of local‘analgesiévor section of vl
the main sensory nerve trunks (Clugot, Cardot and Kofman, 1928).

In man, paradoxically, suhburn erythema cen be suppressed
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by high doses of long wave length U-V (greater than 2,800 X).
Such suppression, howe#er, is accompanied by more, not less,
damage to the skin (Blum and Terus, 1946a).

Using histochemical techniques, Danlels, Brophy and
Lobitz (1961) investigated some of the blological processes
in irradlated slkiine. Glycogen was found to accumulate in the
cells of the basal layer of the epidermis, the concentration
becoming maximal 12 hours after irrediation when 60-70 per
cent of basal cells contained increased smounts of glycogen.
In the next 24 hours, the percenfage slowly decressed, Up to
24 hours after irradiation, when morphological changes
occurred in the upper third of the prickle cell layer, no
change was demonstrated in either the succinic dehydrogenaée
or alkaline phoshatese systems, nor ﬁas increeased staining
for disulphide or sulphhydryl bonds observed.

More sensitive, radio-isotopic investigations of bio~-
chemlcal activity reveal that in the mouse, irradiated skin
shows increased incorporation of 52P into phospholipid as
measured 24 hours after irradistion (Johnson and Mier; 1962).

Similar incorporation of °<P into acidlic phospatides
has been reported in actively secreting cells of pancreas
(Hokin end Hokin, 1958), adenohypophysis (Hokin, Hokin,. |
Saffran, Schally and Zimmerman, 1958), sub-maxillary and
parotid glends (Eggmen and Hokin, 1960; Hokin and Sherwin,
1957) and in polymorphonuclear leucocytes phagécytosing
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starch particles (Karnawsky, 1962).

The latter author has drawn attention to the fact that
"transport of substances across cell membranes‘in an outward
or inward direction over a wide range of particles from that
of a sodium ion to that of a starch'particles'more than 1 p 4n
diameter" is associated with an: 1ncreased labelling of specific
phosphatides of cells ‘with 32P He snggests.that_this maykba
interpreted tentativaly aS=indicat1né uthe involvement of
acidie phosphatides‘in membrane functions eess which could
conceivably underlie the active passage of substances through
membranes over the ﬁhole size spectrum fromktbe tfansport of |
a sodium ion to the formation of a micrdpibécytotié fesiclé
(Palade, 1953; 19565 1959) +... to the>fdrmation~bf a phago-
cytic vesicle (Goodman and Hbore,,1956§ Goodman, Moore and -
Baker, 1956; Essner, 1960)“.

However, the demonstration of the exact significance of
the increased 32P labelling of phosphatides in U-V irradiated
mouse skin requires further elucidation, partigularly in rela-

tion to the events of the inflammatory reaction.
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Chgpter 5
MATERIALS AND METHODS

Animals .
Albino guinea pigs (450-800 g.), rats (200-250 g.) and
rabbits (2.2-3.8 kg.) were used.‘iAlthough smgller‘guinea pigé»
(450-550 g.) were preferred for testing permeability factors,
larger ones (600-800 g.) were found more satisfactory for
experiments with ultra-violet injury;

In all three species, enimals of both sexes were used
for besting PF's, though the cleaner skins of female guinoa
pigs and rats were preferred. In fact, female rats only wére‘
used for ultra-violet experiments. o | |

For tests with permeability factors, a Similar depila-
tioﬁ procedure was used in all specieses The halr on the
animal's back was closely clipped over an area extending from
the superilor borders of thgbscapuiae in front to the level of
the iliac crests behind, and latefally to about the mid-
&xillary line. The stubble was then removed with graj bariun
sulphide paste (Miles and Miles, 1952), after which the animal
was washed with tepid water and soap, and dried with a soft
towel, - | - | |

The fur of depilated'guineavpigs,growg sufficiently in
24 hr. to interfere with ultra-violet radiation; and in 48
hr. the skin of chemically depilated rats devéldpé a dermati- |
tis, becoming brown and scaly. In‘thé rabbiﬁ>a1so, unleés the 
paste used is very thin and its applicationlvery brief?



Fig. 2 The Kromayer lamp modified for experimental use by -
the insertion in the lamp face of an aluminium disc
with a central aperture 8 mm. in diameter
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depilation is follwed within 48-72 hrs. by & severe chem:loiai
dermetitis. | | , |

Thus in ezporiments lasting longer then 12 hi*.' . the
required sites were depllated freshly each mornirig - in éu:lmea
pigs and rabbits with barium sulphide, in rats with an elecitric
shaver . ’ |
The Source of Ulira-violet Radiation.-

A Kromayer Nodel IT lamp was used as & source of U-V'
rediation. It censists of a water-cooled, high pressure |
mercury arc in quartz, housed in & mobile head (Eig.”z). The
emission spectrun consists of a series of intense spectral
lines of wave lergths between 2,570 £ end 3,650 R, super-
imposed on a faint contimuous spectrum extending from 1,850: R s
through the wvisible into the infra red. The passage of the
radiation through 22m. of constantly c:!.rculatin.g cold water
absorbs practically all the infra-red emission, leaving only
one band at 10,140 R. The ratea energy output at the face of
the lamp shield is approximately 522,000 ergs./sq.cm. of radia-
tion up to 3,132 K.

Animals were irradiasted byv applyling the 8 mm. apertﬁ:re
in the head directly to the animal's skin, ‘. |

Although almcst all the infra-red radiat:lon is removed
by filtration through circulating colé. water, the possibility
of mild thermal injury occurring dur:!.ng prolonged irradiati. on, |
particularly, wes ccmsidered. | |

A thermocouple, made in the School of FPhysics, Uﬁiverﬂtyj
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of New South Wales, by soft-soldering insulated Cupron wire
inside a £ inch stainless steel needle of the size used for
intre-cutaneous injection (25 gauge), was inserted into the
skin of irradiated sites in guinea pigs. The maximum tempera-
ture rise during and After irradiation was measured.

After 1;rad1ation for up to 120 sec., maximum increases
of only l.2 degrees centigrade were recorded.

Estimation of increased vascular permeasbility.

Increased vascular permeability was detected by the
extra-vascular leakage of Evans Blue which becomes fimmly
found to the plasma albumiﬁ (Rawson, 1943). |

Pontemine sky blue 6BX (Miles and Miles, 1952) proved
toxic in our guinea plgs, especially during the winter,
However, satisfactory results were obtained with Evans Blue
and this was subsequently used in all three species. |

All three species received Evans Blue 30 mge per kg.;
with a maximum dose of 18 mg. for gulnea plgs wolghing 600 g,
or more. Rabblts and guinea pigs were injected with a 2.5 per
cent solution in 0.425 per cent saline, rats with a 1.25 per
cent solution in 0.64 per cent saline.

The testing and evaluation of'permeabiiity factors was
carried out by the methods of Miles and Miles (1952) and
Wilhelm et al. (1958)., Comparative tests in guinea pigs
showed that the diemeters of lesions induced by several FF's
in enimals injected with Evans Blue were slightly larger than
those injected with Pontemine Blue. Desplte this, the relative
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potencles of the PF!'s in our animals were simllar to those
reported elsewhere using Pontemine Blue (Miles and Wilhebm;
1960) . |

In experiments with ultra-violet injury, the use of a
standerd injury over a constent ares neceésitated‘the measure=-
ment of differences in permeability response by the assessment
of differences in the colour intensities of theilesions,‘rather
than by measuring iesion-diameter as in testing permeability
factors. To do this, colour reference curves were obtained as
follows. | | |

Graded concentrations of Evens Blue diséolvedyinitially
in serum and then diluted with 0,85 per cent saline were
injected intra-dermally in each species in killed, "blued"
enimals, Iesioﬂs were greded visually and‘assigned‘a numéricalb
colcur value, mean results being plétted as illustrated in Fig.3.
The concentrations of dye in solution, which produced lesions of
colour intensity +++ and + were calculated from the figure.

In all subsequent U~V experiments, 0.05 ml. of each of
the concentrations ylelding lesions of lntensity 4_;tt’and +
was injected in each animal, The U-V lesions were then
assigned a numerical colour value by reference to the standard
lesions and the results expressed as dye equivalents by calcula-
tion from the colour reference curves (Fige 3). The dye

equivalent of & lesion is the concentration of Evans Blue in

solution which produces a lesion of the appropriate depth of
colour when injeeted 1htra-derma11y in e volume of 0.05 mle
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Homogeneity of response .

In thé guinea plg, the test area was bounded in front
by lines joining the upper borders of the scapulae, and behind
by & line Joining tﬁe iliac crests. A{roiding the skin 1 cme. on
either side of the mid-line, the test area extended laterally
for 3.5 cm. from the mid-line. A verticel row of 5 - 6 lesions
wes induced on each side of the back. |

In general, the :I.ntensitj of the early and late res-
ponses tended to be slightly greater in the upper thoracic than
in the lumbar re_gi‘ons. Thls variation was countered by dupli-
cating all lesions in each animél, siting one lesion' nearer the
neck on one side and the duplicate lesion nearer the lumbar end
on the other side. A:_I.l results were expressed as ineans.
Drugs. | :

Histemine was used as the acid phosphate (British Drug
Houses) and 5-hydroxytryptamine (5-HT) as the creatinine sul-
phate (Upjohn Co., Kalamazoo, U.S.A.).

The antihistamines triprolidine (Burroughs Wellcome and
Cos) and promethazine (May and Baler Pty. Ltds) were used as
hydrochloride, chlorprophehpyr_idamine (Allen and Hanburys) and
mepyramine (May and Bake::_') as meleate. The welights of histae
mine, 5 ~HT and antihistemines are cited as base. Y'I’he 5 =H.T
antagan:!.s_t s 2-brom-D-lysergic acid dlethylamide (BOL 148), was
supplied by Sandoz Ltd.; compound 48/86 by the Wellcome
Research Laboratories, Beckenham, England; and Polymyxin B
sulphate by Burroughs Wellcome and Co.
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Globulin permeabllity factor (globulin PF) from guinea
pig serum was & pooled preparation containing fractiona G2 and
G,/1R prepared according to Mackay (1955) and Wilhelm et al.
(1957) at the Lister Institute of Preventive Medicine, Londone

Kallikrein, prepared from hog pancreas, iaS»supplied by
Winthrop Laboratories, Sydney; crystallised trypsin (salt free,
2,500 Armour units per mg.) preparéd‘frqm bovine'panoreés, by
Armour Pharmaceutical Cos Ltde, Englend; human fibrinolysin
by the Ortho PhanmaceutngI Corp., Raritan, New Jefsey, U.S.A.
("Actase®) and by A.B. Kabl, Stockholm, Sweden ("Ksbi 1127"), |
Preparations of streptokinase were supplied by Lederle Labora-
tories Division, American. Cyanamid}CO.,‘Pearl River, New'York,
U.S.A. ("Maridase") and by A.B. Kﬁbi, ‘Stockholm, Sweden
(“Kabik:lnase"). ”

Soya bean trypsin inhibitor (SBTT) was supplied by
Worthington Biochemical Sales Co., U.S.A.; lima bean trypsin
inhibitor (IBTT) by Nutritional Biochemical Corporation, U.S.A.s
and potato trypsin inhibitor (PoTI, fraction 4/ITSl) by Dre. J.
Hladovec, FPharmaceutical and Biochemical Regsearch Institute,
Prague, Czechoslavakia. Ovomucoid trypsin inhiblitor was pre-
pared by Dre P.J. Mill at the Lister Institute of Preventivé'
Medicine, London, according to Lineweaver and Eﬁrray (1947).
The trypsin-kallikrein insctivator from bovine parotid glend
("Trasylol", 1,000 KIU per ml.) was supplied by Farbenfrabiien
Bayer, Le#érknsen, Germany, o

SBTI was prepared for use by dissolving approximately
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5 mge in 1 ml, phosphate buffer pH 8, T = 0,2, and then made ui:
in 0.85 per cent saline to the required concentration. Unless
specified, all the other preparations for tests in gulinea p:lgs
and rabbits were dissolved in saline, for ‘tests in rats in
Locke's solutione. , , o .

The inhibitor of the fibrinolytic system,e-amino caproic
acid (E-ACA) and the glucose analogue 2-deoxy-(D)-glucose, were
supplied by the Galiforn:la'corporation for Biochemical Reseai'ch, :
U.S.A. A second preparation of £-ACA was obtained from Lederle
Laborataries through Professor C. de Gmichy, Melbourne, Australiae

A -amylase was supplied 'by_vthe‘Ry‘ata_n Co., Mt., Vernon,
NeY., U.S.A., and sodiumd-napl;tyl‘acetate' by Carnegles of
Welwyn Ltd., Herts., England. - -

A freeze dried preparation of the o ~toxin of Cl. welchii
(prep. 345/Ia) was supplied 'by Dr. M.G. Macfarlane, Lister Insti-
tute of Preventive Medicine, London. For each experiment, fresh
samples of toxin were dissolved in 0,85 per cent saline, held at
4°C and discarded when older than 6 hours (see Elder and Miles,
1957). A |

The saturated calcium salt of ethylenedisminetetrascetic
acid (EDTA-CaQ was prepared as fOliows (Ble.ker , ReGo, pérsonal
communication). To an isotonic aqueous solution of EDTA-Na2
excess CaCO; (approxe. 70 g.) was added-' The carbon dioxide was
allowed to escape and the chalk to settle overn:l.ght’.lbl The |
supernatant 13.25 per cent ﬁDTA-Caz, was dilnﬁed toas per cent
solution with 0.85 per cent salinee , | |
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The lecithin analogue DL-2 3-Distearoyloxypropyl- o
(dimethyl) -B-hydroxyethylammonium acetate was supplied by
Dr. R.P. Geyer, Harvard Medical School, Boston, Mass., U.S.4. |
(see Rosenthal and Geyer, 1960). Disnersions were‘prepared by
dissolving a known amount of solid in boiling acetone and then'
cooling to 37°C. A sufficient volume of O, 85 per cent saline
containing O.lfper cent guines pig albumin was slowly added»to
the dissolved analogue so that the final conoentfationVOf |
ahalogue was approx. 1l mg.Aper ml. The acetone waéetnen A
evapofated under reduced pnessureoat 37°%c. At all stages of
preparation, the solution was constantly'sfirred; The final
volume of the preparation was measured to determine the precise[
concentration of dispersed analogue. .Subsequent dilutions,werej
made with 0.85 per cent salime. - B

Nitrogen mustard (Mustine HN,) was supplied by'Boots
Pure Drug Co. It was administered intravenodsly to guinea pigs‘

angesthetised by the intraperitoneal injection of sodium pento-'
barbitone 40 mg. per kg.

Guinea pigs' and rabbits' skin was fixed in buffered 10
per cent formalin and sections jp thick stained with haematoxylin
and eosin, or with haematoxylin and carbol chromotrOpe for
eosinophils (Lendrum, 19##).

The investigation of histological changes in rats’ skin
included the effects of irradiation‘on mast cells. For this

purpose, the skin sites from rats were fixed in 7.2 per cent
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mercuric chloride in 80 per cent ethanol (XKelsall and Crabbe,
1959) and sections Sp.thick wore stained with buffered
toluidine blue, 0.5 per cent, pH 4.0 (Culling, 1957). Pilot
studles indicated little effect of irradiation on mast cells
and were not pursued; but the same blocks of embedded skin
wore used for the preparation of sectlions stained with

haematoxylin and eosin.
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Chapter 6‘,
THE INFLAMMATORY REACTION IN ULTRA-VIOLET INJURY.

Ultra-violet irradiation of the skin of guinea plgs,
rats and rabbilts induces an inflammetory response consisting
of a diphasic increase 1ln vascular permeability; a single wave
of tissue leucocytosis and, except in the rat, erythemh.

However, there are certain notable differences between
the specles in the rate of development of the permeability
response, a8 well as in the‘intenéity pf tissue lcucOcytosis
and its time relationship to the permeability responée.

Ultra-violet Injury in Guinea Pigs.

Irradiation of guinea pigs' skin for 15 sec. 1nduces a
diphasic inorease in eryéhema.(vaSodilatation and increased
blood flow), a diphasic increase in vascular permeability, and
a monophasic tissue leucocytosis occurring a few hours in advance

of the late phase of increased permeability (Fig.4, top block).

Erythema .
A pale, fleeting erythema whish disappears within 30 sec,

is seen in about half the test animals on completion of 20 sec,
irradiation. | o
In all the animals, a later principal'phase of erythema
begins after 30 min., being pale initially but ihcreasing in
depth and 1htensity of colour dﬁring the 3rd and 4th hours to;’
become an obvious reddish pink of moderate intensity duringétﬁé(
6th to 8th hours. Its intensity vaiies 1little over the ensuing
66 hr., though oedema of the irradiated sitea at 24 hr. makes the
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erythema more apparent. 7

Irradiation for 120 sec. conslstently induces an early
erythema which is deeper in colour than thaﬁ séen afteﬁ 15 sec.
oxposure., After 15-20 mine the initial erythenma fédes markedly
‘without disappearing. It then increases in intensity duringv
the first hour and follows a subsequent time course shmiiar to
that of the later phase after 15 sec. exposure., - After 72 hr.
the lesions are brown and ecchymotic.

Increased vascular permeabllity.

The permeability response to U~V irradiation is diphasic.

The early response. - The‘ear1y reaponse 1s short-lived. After
15-20 sec. 1rrad1ation; the earliest traces of dye appear just.
as the initial erythemavis fading. Permeability is greatest
about 7-8 mine, after irradiation and then declines, having
disappeared in 30 min.

Such a short exposure induces the early response incon-
sistently and the lesions are never more than pale blue in
intensity (dye equivalent 25«75 pg. per ml.).

After 120 sec. exposure, which regularly evokes a pro=-
minent early response, the 1esions are brighter and correspond
to a maximal dye equivalent of about 250 pg. per ml. (range
75=-500 pge per ml,)s The duratién of the early raspdnse
oorresponds very closely wibh'that of the Iincreased pefmea-
bility induced by injected histamine (Miles and Miles, 1952).
The late response. - The earlj‘response to 15-20 sec. irradia-

tion 1s followed by'allatent'period of near normal low permea=-
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bility lasting about 2 hr., This is succeeded by a period of
incerseasing vascular permeability ﬁhich is easily detectable by
8-12 hre and meximal in 18-21 hr. (dye equivalent at maximal
permeability 100 pg. per ml.; range 80-180 pe. per ml.).
The degree of permeability then declines rapidiy'in the next
6 hr. and then more slowly»over the ensulng 24-48 hr.
Histological changes. |

Histologioalfchanges in the dermis and epidermis appear
very rapidly after injury. ‘ |

Within 30 min. of irradiation, intra-nuclear vacuolation
appears in the epidermis, the vaduoies continuing to enlarge so
that in some cases the nucleus becomes reduced to a mere
crescent. | . |

Eigﬁt hr, after irradiation the epithelial cells have
begun to "round up" and become discrete, and their normally
basophilié cytoplaém has become progressively more eosinoﬁhilio.
Smalllintercellular spaces appear in the prickle cell layer and
obvious inter-cellular oedema is present by 16-18 hr,

At this stage there are occasional microscopic areas of
necrosis of the full thickness of the eplthelium, with nuclear
fragmentation. In these areas the epithelium takes on a homo-
geneous eosinophilic colour and.midroscOpiovareas of slough
formatlon are seen. :

'Thirty hre after irradiation mitotic figures appear in
the basal cells of the epithelium of the skin and heir follicles,
particularly in those parts adjacent to aréas of grégtest
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eplthelial damage. ,

The superficial dermis towards the centre of the leslon
is also damaged and the collagen fibres swoll and étain homo-’
geneously with eosin. In addition, they lose their bright
refractility in polarised light. ' | |

In 48 hr. the multi-layered squamous epithelium is
reconstituted in all but the most severely damaged parts, and
the necrotic epithelium is shed in keratin-like, eosinophilic
plaques.

Tissue lsucocytosis.

Skin from depilated control sites in guinea pigs con-
tains only occasional neutrophlils in the superficilal dermis.
Ultra~violet irradiation induces mild cellular 1hf11tration of
the upper third of the dermis. The cells are predominantly
neutrophil leucocytes and up to S5 neutrophils per high power
field (HPF) appear within #-1 hr, By 8 hr, the numbers
increase to 15-20 per HPF and reach a maximal 20-30 per HEF
16 hr, after irradiation. After this, the number of leuco=-
cytes declines slightly to about 10 per HPF at 24 hr. and then
remains fairly constant for a further 24 hr. Eosinophils and
lymphocytes appear in small numbers beyond 12 hr.

- Tissue 1eucocytosis in guinea pigs is always relatively
slight, even at its maximum, and is considerably less than ’
that seen in the rabbit (see below).

Ultra-Violet Injury in Rats.

Irradiation of rats'! skin for 10-3o,sec. elicits res-
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ponses gensrally comparable to those resulting from 15-20 sec.
exposure in the guinea pig. In rats, however, erythema is
inconspicuous or absent, and the late permeability response

matures more slowly (Fig. 4, middle block)e.
Erythema .

The rat is pecullar among the three speoiés tested, in
that skin sites lrradiated for 10 sec, display erythema at no
stage. In fact, in "unblued” animals, the injured Siteslaﬁe
indistinguishable frdm the aﬁrronnddng skin until 24-30 hre
after irradiation when they become bfown and’scaly. Increasing
the time of irradiation to 36 sec, only slightij enhances the
development of erythema. About é mine. after 30 sec, irradia-
tion, a faint brownlsh erythems appears, becoming meximal in
5 min. Thereafter its intensity declines and, while it remains
fairly easily detectable for 30 min., it has disappsared by
45 min. No erythema is subsequently Qétectable and after 30 hr.
the lesions become brown and scaly as after 10 sec.irradiation.

In lesions older than 24-30 hr, after either exposure,
the dermal vessels are very fragile and light stroking or
brushing against the affected sites 1s sufficlent to cause
marked local ecchymosis. |
Incbeased vascular permesbility

The early response, = The early'reapohse to 10450 sec.
irradiation in rats is similar in development and duration to

that in guinea pigs, although 1t is induced inconsistently by

the shorter exposure. After 30 seo.'éxposure in rats,



increased vascular permeability occurs in 2-3 mins, and is
maximal in 7-9 min. (dye equiv. 150 pg. per mle).

The earlypermeabllity changes coincide with the onset
of obvious local oedema. Both oedema and 1ncreasgd'permeabi-
lity begin to decrease after 10-15 min. and while permeability
has returned to near normal levels in 30 min.;‘slight ocedema
1s still detectable.

The late response. - The second or late phase of the

response in rats can be elicited maximally by only 10 sec,
irrediation. The responsé/becomes maximal in 48-54 hrs. (dye
equiv. 140 pg. per ml.), compared with 18-21 hr, in the guinea
pig (of. delayed permeability response in rats after bacterial
injury; oited by Wilhelm, 1962). |
Histologlcal Changes.

Moderate oedema of the dermis and epidermis can be seen
within 30 min. of irradiation, when there 1is already some
evidence of epithelial damage. By l&u4 hrs. the epithelium of
the centre of some lesions has become ‘thinned and eosinophilic,
with pyknotic nuclei. Epithelial degenerative changes are much
more pronounced by 8«12 hr, aftef irradiation when most lesions
show intra-eplthelial vesiculation and a deposit of brown
granular matefial in the superficial layers of the epidermis.
Occasional lesions, particularly after 30 sec.'irradiation,v
appear brown and scaly to the naked eye as eariy‘as‘v-e hr,
after irradiation. o

In 24 hr., the epithelium is a thin, relatively
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structureless layer, and there are patchy areas of leuedcytic
infiltration into the underlying dermis. |

Between 30-48 hr. after irradiation the leucocytic
infiltration of the dermis, which up to thils stage hes been .
only slight, becomes more marked - being most prominent along
the line of future sloughing of the necrotic superfieigl dermis
and epidermis. The slough shows'eV1dehce oflpartial separation
60-~72 hr, after irradiation, by which time all 1esions»are
brown and scaly to the naked eye. The epithelium has been
reconstituted as a single layer in moSt parts, and the number
of neutrophils present in the dermis decreases rapidly. |

At all stages the 1eucooytic 1nf11tration is relatively
slight and there 1s considerably more variation in the degree
of tissue leucocytosis between individual aniﬁals than occurs
in guinea pigse.

Ultra~Violet Injury in Rabbits.
Whereas 15-20 sec. irradiation in the guinea pig end

10 sece in the rat consistently 1n&uces a delayed permeability
response with minimal assoolated histological damage, irradia=- l
tion for only 5 sec. is sufficient to elicit a similar permea-
bility reaction in the rabbit (Fig. 4, bottom block). Short
though this exposure 1s, however, it causes marked histological
damage, the irradiated areasvin 72 hrs. being‘&mall browh |
éloughs "punched out” of the surrounding skin.

Erythema .
Whereas, in the guinea pig, maxﬁnal erythama occurs 1n
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8-10 hr., in the rabbit, erythema in lesions induced by 5 sec;,
irradiation is detectable in 6 hr. but does not reach its
maximal inténsity~unti1 22-26 hr. ‘The'lesions at a2ll times
lack the deep pink dolour that occurs in the gulnea pig and
have a more orange hue. After 30 hr., the lesions become more
orange-brown, and after 42 hr. all become erWnish and scaly.

| Exposure for 120 sec. evokes & similar erythematous
reaponse, but the erythema 1s fainter than after 5 sec,
irradiation. This recalls the obsérvationvof Blum and Terus
(1946) that erythema in human sunburn can be suppréssed‘by large
doses of ultra~violet irradiation of long wave 1ength (2,8003),
but only at the cost of increased necrosis of the skih.‘ |

Increased vascular permeability.

While 5 sec. irradiation consistently induces a late

permeability response in rabbits, it inconsistentlj induces an

early response. Even when present, the early response is often
so feeble that its limits are 6ften difficult to determine.

After 120 sec., irradiation, the éarly permeability
response occurs moré uniformly.: Even so, the response tends
to be erratic and to show great variation between individual
animals. ‘ | ,

Mean results obtained from multiple experiments in
individual enimals indicate that & permhability“response’begins
to develop 2-3 min., after the cbmpletion of irredietion,
showing en upwerd trend in the first # hr., downward in the
second. But the lowest level of perméabilipy foilowing 120 sece.
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50 |
irradiation is never as low as that‘after 5 sec. irradiation.
This apparent fallure of the early respbnse to disappear
entirely probably repiesents the accelerated appearancé (Fig.5)
of the later response (cf. thermal injury; Wilhelm and Mason,
1960). o | |

After 5 sec. irradiation, normal low permeability is
regained at the endiof 1 hr, The:eaffer, a mild increase in
vascular permeability is apparént by h-8hr;, the réte of in-
crease accelerating rapidly thereafter, to reach maximal
permeability 22-26 hr. after irradiation. At peak pérmeability,
the lesiéns_have a dye'equivalent of 360‘pg. per ml. After
26 hr. permeability decreases fairly rapidly until the lesions
are 45 hr, old, when the rate of decrease slows and the
response line shows a plateau formation (Fig.%). Beyond
70 hr. permesbility is minimal.

Histological Changes A

In sections from lesions induced immediately after
"blueing" (i.e. those aged % hr. when the animal was kilied),
mild oedema of the superficial dermis is the earliest histo-
logical change noted. This is succeeded in lesions l-k hr.
old by intercellular oedema of the epidermis and the'appearance'
of nuclear vacuolation and other degenerative changes signify-
ing incipient epithelial necrosis. , ,

Between 4~6 hr., the epidermis and superficial dermis |
are thrown up into papillary folds apd-evldence of‘karyorrhexis |
is seen. Cellular infiltration ofﬁthe’sqperficial dermis has
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begun and neutrophils and "pseudo-eosinophils" are prominent.
"Pgeudo-eosinophils” are neutrophils which, in the rebbit,
have a "predilection for acid dyes" (see Maximow and Bloom,
1957) ., | | . |

By 18-24 hr., most iesions show necrosis of the full
thickness of the epithelium and the presence of a‘great emount
of protein-rich, ocedema fluid. It should be noted thaf this ’
time interval coincidea_with the perlod of greatest vascular
permeability as measured by the dye method and also ﬁith the
presence of palpable oedemsa (18-28 hr.)e In lesions aged 18-
24 hr., 2 much more intense neutrophil infiltration occurs
than is seen in either the rat or the guinea pige.

The inflammatory response to minimai U~V injury in the
rabbit is complicated by a severe degree of skin}damage.
Ieucocytosis seems to occur principally in relation to tissue
necrosis rather than to the other components of the

inflammgtory response.
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Chapter 7

THE EFFECT OF ANTAGONISTS OF HISTAMINE AND 5-HYDROXYTRYPTAMINE

ON THE PERMEABILITY RESPONSE TO U-V_INJURY

Since Lewis (1929) first postulated the release of a
"histamine-like" substance in various types of injury of human
skin, histamine has been conéidered as a hatural mediator of
increased vascular permeability on three principal grounds:

(i) its ubiquitous distribution in animal tissues, (ii) its
proven ability to increase vascular permeability wheh~injected '
into the skin of man and experimental animals, and (iii) its
ready isolation from both normal and injured tissues. However,
this evidence alone is inadequate proof that histamine is the
natural mediator of the wvascular permeability changes conse-
quent on injury. Further information concerning the role of
histamine has been sought by tests with a potent and specific
antihistamine (triprolidine) in an attempt to demonstrate con-
clusively the role of histamine in the various phases of the

permeability response in U=V injury.

Guineg Pigs ,
The potency and duration of action of antihistamines in the

guines pig
Of various antihistamines tested in the guinea pig by

Wilhelm and Mason (1960), the four most potent were selected for
use, hamely, triprolidine, chlorprophenpyridamine, mepyramine
and promethazine.

Each drug was injected intravenously.in a dose of O;l mg.

per kg. body weight and its effects tested on histamine and
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other PF's injected intracutaneously in different groups of
animals at intervals ranging from % - 24 hr. after the injection
of antihistamine. “ |

The responses for the same PF's were alsq tested at simi-
lar intervals in control animals injected intravenously with
0.85 per cent saline. Inhibition of the various’PF'Srat‘diffefe
ent intervals was then calculéted'by the'method of Miles and
Miles (1952) and Sparrow and Wilhelm (1957), inhibition being
expressed as the factor by}which the PF potency of histamine (or‘
the other PF's) in control animals exceeded that in antihista-
mine-treated animals.

The results are summarised in Fig. 6...Tripfolidihe and
chlorprophenpyridamine are the most effective anfagonists; and
both suppress the histamine response over 1,000-fold for 1% hr.
after their intravenous administration. The degree of“inhibition‘
declines rapidly during the third hr. but is still approximately
10-fold during the fourth hr. No inhibition is apparent 6 hr.
after treatment. |

On the basis of the above results, triprolidine was
selected as a potent inhibitor of'histaminé for testsfoh the

permeability response to U-V radiatidn.

The effect of triprolidine on the early permesbility response
to U=V injury ‘ o

-The early permeability response to 120 sec. irradiation
appears within 1 - 2 min., is maximal in 7 - 8 min., and dis-.

appears ‘in 15 - 20 min, This time course is similar to that



54
occurring in mild thermal injury (Wilhelm and Mason, 1960) and
is also remarkably similar to that of the permeability response
to histamine injected intracutaneously (Miles and Miles, 1952).

In untreated control animals, the colour intensity of
lesions induced by 120 sec. irradiation is equivalent to that
produced by the intradermal injection of 0.05 ml. of Evans blue
solution containing 250 Pg. dye pér mi.

Triprolidine, 1n3ected intravenously in a dose of 0.1 mg.
per kg. immediately prior to 120 sec. irradiation reduced the
dye equivalent of irradlated sites to approximately 10 pg. per
ml. In one experiment as little as 0,01l mg; per kg, of tripro-
lidine was sufficient to reduce the dye equivalent of lesions to
40 pge per ml., In other tests, doses»of 1.Q mge triprolidine }
per kg. reduced permeability to such an extent that therdye‘équi-‘
valents of the lesions could not be assessed from the colour
reference curves,

The early permeability response in gulnea pigs 1s clearly
very susceptible to antihistamine., This result strongly suggests
that the early responsé is mediated by endogeneous histamine.

The effect of triprolidine on the Jlate permeability response to

U=V _injury |
The influence of triprolidine on the late permeability

response was tested by injecting the antihistamine systemically
(either intravenously or intraperitoneally) in a doSe of 1 mgs
per kg. |

(1) 9 = 15 min. before irradlation (to ellminate the
early response)
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(11) 3 hr, after irradiation (at the conmencement of
the late response) |

(i11) 4 - 1 hr. before "blueing"” (at the time of

Mml permeability).

In one experiment, the first dose waé given intravenously
and the second and third intraperitoneally; in a second experi-
ment the procedure was reversed, the first and second doses
being glven intraperitoneally, the third intra,venousiy. All
animels were "blued" 22 hre after irradiation and the lesions
exemined % hre later. |

In ;::oth tests, the lesions in test animals had colour
intensities equal to, or slightly greatér than those in control
animals similarly injected with 0,85 per cent saline.

The effect of antihistamine given b& local, intracuta-
neous injection was also tested at similar intervels. The |
detalls of the experimental plan are 1llustrated in Fig. 7.

A row of six skin sites was irradiated on elther side of the
backe For convenience the left side 1s referred to as side A,
the right as side B. The sites are numbered 1 - 6 from the
corvical toward the lumbar region.

Sites 4,, Bl’ A6 and BG were left as untreated control
sites. Triprolidine (10 pg. in 0.1 ml, of 0.85 per cent caline)
was injected 5 = 15 min. before irradiation in, for example,

site A_; and further injections made 3, 20 and 21% hr. after

o3

1rradiativon in sites A, A and As respectively. At similer

C - T8 T4
intervals, the corresponding sites Bg-B5 were injected with 0.1

ml. of physiological saline. The animals were "blued" 22 hr.
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after irradistion and examined 30 min. later. Varlation over
the test area was minimised by using groups of 3 ~ 4 animala ‘
in each experiment and varying the sides of the animals on which
the inhibitor was injected and also the location of the treated
sltes within the areas A and 32_5. |

Two antihistamines, triprolidine and mepyramine, were
tested by local injection. In neither case was thei'e any
inhibition of erythema or the ‘late permeabllity response. In
summary, the failure of antihistamines to suppress the late
permeablility response suggests that histamine plays no part in
the development or maintenance of the late response. Further-
more, the early response which 1s mediated by histamine does not

appear essential for the development of the later events,

Rats .

The effeci; of antagonists of 5~H-T and stamine on the esarly

permeability response in rats

In the rat, 5-hydroxytryptamine (5-EHET) induces a time
course of vascular permeability closely resan'bling that of
histemine in the guinea pige Furthermore, the 5 -HT response
also resembles the early permeabllity response :I.nduced_ in the
same species by mild tﬁe:&mal injury (Wilhelm and Mason, 1060)
oi- 30 sec. U~V irradiation (Logen and Wilhelm, 196»59.). In fact,
5= HP contributes to the mediation of the early themal response

‘in the rat (Wilhelm and Mason, 1960); sand accordingly, the 5-ET
antegonist, BOL-148 was tested against both the early and late
phases of the permeability response in U-V radiation.
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When given to rats immediately prior to 30 sece U=V
irradiation, BOL-148, 1 mg. per kg., strongly suppresses the
early response. Whereas, in control animals the dye eQuivalent
of the lesions is 60 - 120 pge. per ml., in treated snimals it
is less than 10 pge per ml. Even a dose of 0.1 mge per kge. of
BOL-148 is sufficient to reduce the colour intensity of the
lesions to an equivalent of 16 - 38 pge dye per mil,

Although triprolidine in doses of up to 1 mge per kge
intravenously inhibits the effect of intracutaneous histamine
30 to 50-fold in rats, it has no effect on 5=HT similarly
injected and does not inhibit the early‘U-V pérmeability
response.

The effect of antagonists of 5-HT and nistamine on the_late
permeability response

In one experiment the effect of the above antagonists on

the late response in rats was tested by gilving a single intra=-
venous dose of inhibitor (1 mge per kg.) immediately before
"blueing" animals bearing lesions 0 - 72 hr, old.

| In another experiment,y batches of animals each bearing

eight U~V lesions, of uniform age, were injected intraperitoneally

with multiple doses of BOL-148, triprollidine and Locke's solution
respectively. In each case, the test preparations were given

immediately prior to irradiation, then 5, 24 and finally 51 hr.

after irradiation. The last dose preceded "blueing" of the
animels at the period of maximal permeability.

In each of the above experiments, triprolidine decreased
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the amount of dye exudation in treated animala as compared with
controls. Nevertheless, the results were not conclusive since
the colour intensitles of lesions in treated animals still fell
within the lower limits of tests in other control animals.,

In one experiment, BOL-148 gave similar though less marked
inhibition. However, these 5-HT. results must be qualified in
the same way as those for histamine, and hence nb cohclusive
evidence was found to implicate either §-ET or histamine as
mediators of the delayed permeability responée.yo}UeV radiation
in rats.

Rabbits

In the rabbit, histamine has approximately the same PF
potency as in the guinea plg, but 5-HT is relatively ineffective
(Sparrow and Wiihelm, 1957), These observations are also appli-
cable to the animals used in this study (unpublished)._ In view
of these results, triprolidine alone was tested in the rabbit;
and since histamine antagonlsts did not affect the late permea-
bility response in guinea pigs, triprolidine was tested solely
on the early response in rabﬁits. 7 |

The early response to 120'sec. irradiation in rabbits
differs from that in other species in being more prolonged and
lasting at least éo min. Maximal permeability 1s attalned
within 25 - 30 min., after which a slight bub progressive
decline occurs (see Ch. 6). | | |

In the rabbit, the time course of the early U-V response

also closely‘résembles the time course'of the permeability
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effects of intracutaneous histamine, 0.6 pge per lesion.

Although fhe response to injected histamine is substan-
tially inhibited (approximately 35-fold) by intravenous trip-
rolidine, 0.1 mge. per kg., the early permeability response in
U-V irradiation is entirely unaffected.
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Chapter 8
THE EFFECT OF PROTEASE INHLBITORS

Some evidence was produced in earlier chapters to
suggest that certain proteolytic enzymes participate either
directly, or indirectly as kininogenases in the permeability
response in inflammation. If such is the case, agents which
inhibit the prot;olytic or kinin-forming activity of these
enzymes should reduce vascular permeability in injury.

Accordingly trypsin inhibitars from several sources
and epsilon-aminocaproic acid (£-ACA), an inhibitor of the
fibrinolytic system, were tesﬁed in guinea pigs.

The effect of the trypsin inhibitors from soy bean, potato,

lima bean and ovomucoild

The trypsin inhibitors from soy bean (SBTI) and potato
(PoTI) when mixed with guinea pig globulin PF in final con-
centrations of 100 pge. per ml. prior to intracutaneous injec-
tion into "blued" guinea pigs, substantially reduce 1its
permeability increasing effect (approx. 100-fold). In the
same concentrations, lima bean trypsin inhibitor (IBTI) and
ovomucoid trypsin inhibitor (OvTI) are ineffectives

SBTI in a concentration of 100 S per ml. completely
inhibits the kinin-forming activity of plasmin in diluted
human plasma (Lewis, 1958). The permeability increasing
effect of plasma kallikrein is also inhibited by SBTI (Mason,

Brenda gnd Sparrow, Elizabeth, unpublished; cited by Mason
and Miles, 1962). ’

SBTI and PoTI appeared to have equal potency against the
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PF effects of globulin PF and trypsin in preparatory experi-
ments. However, "in vitro” tests suggested that protease inhi-
bitors might have’varying potencies against different proteases
and particularly egainst kallikrein from dlfferent sources
(Webster and Pierce, 1960). Hence all four protease inhibitors,
SBTI, PoTI, LBTI and OvTI, ﬁére tested in guinea pigs*égainst
the permeability response to U-V irradiation. |

The above inhibltors were not‘given systemicgllj since
relatively small doses (3.3 mge. per kg.) glven intravenously in
guinea pigs have been alleged to have non-specific effects
(Wilhelm and Mason, 1960), and optimally effective doses}in
rabbits (25 - 30 mg. per kg.) are toxic (Zweifach, Nagler and
Troll, 1961).

Protease inhibitors were injected locally acéording to
the scheme outlined for the testing of antihistamines (see p.55,
Fig. 7)e While in individual experiments there was some suggés-
tion of slight inhibition of pérmeability by both SBTI end OvTI
injected locally 3 hr. and 20 hr, afterzirradiation, in ell cases
the mean values in duplicate experiments were within the range
of readings recorded for controi sites and are therefore not
regarded as significant. Ihdeed, in some instances treated
sites showed greater permeability than control sites injected
with 0.85 per oént saline. .
The effect of & —aminocaproic acild

Human and guinea pig‘ﬁlasmin are stated to have 1ittle
permesbility Increasing effect when injected intracutaneously
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in "blued” guinea pigs (Wﬂ.helm, Miles and Mackay, 1955). These
results néed careful appraisal in view of thé fact that the pre-
paration of humen plasmin used in the present experiments
(Actase) appeared to be markedly lacking in asctive prinéiple

as judged by its activity against fibrin heated at 60°C for 20
min., When tested against a 0.2 per cent solution of f:l.br:!.nogeh
in veronal buffer pH 7.2 (the same test system used by Wilhelm,
Miles and Mackay, 1955) it beceme apperent that the substance
owed a substantial pari:. of 1ts effect to a high concentfation
of streptokinase aéting on the plesminogen conteminating the
fibrinogen substraté (Logen, G; s unpublished).

€ -aminoceproic acid in a concentration of 1 x 107% to
1 x 1072 M 18 a potent inhibitor in vitro of the activation of

plasminogen to plasmin (Ablondi, Hagan, Philips and de Renzb ,
1959; Alkjaersig, Fletcher and Sherry, 1959 3 Fukutake, Shida;
Arakawe and Kato, 1960), but has little efféct upon pre-formed
plasmine In fact, in concentrations greater than J,O"QM ’ E-ACA
enhences the proteolytic activity of plasmin (Alkjaersig,
Fletcher end Sherry, 1959). ,

. E-ACA was used as an inhibitor to assess the possible
role of plasmin as a mediator of 'pem.xeab'ility in injury. The
acid is a very soluble compound and :I'.s’ i'apidly absorbed and
excreted when given parenteraliy. In the rabbit, 75 per cent
of a single, rapld intravenous dose of 1.0 g. per kg. is
cleared from the blood within 15 min. (Flaum, 1960). In men,
because of the rapidity of excretion, doses of épprdximat'ely
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100 mg. per kge are required for therapeutic effect (Nilsson,
Sjoerdsme and Waldenstrom, 1960).

During preliminary standerdisaetion, &-ACA was first tested
by local injection in "blued" guinea pigs against standard PF's
such as histamine, comf)ound 48/80 and GP glo'bulin_ PF e:t’emplify-
ing short chain amines, histamine liberators and 'protéaseé ’
respectively. | | | N

&-4CA was "non-blueing” in concentrations of up to 162
pge per ml, in 0,85 per cent saline. When mixed with globulin
PF in final concentrations of 100 yg. per ml. (i.e., less than
10~%4) or 10 pge per ml. (less than 10"4M) no inhibition of the
globulin PF occurred, Similar ooncentrations, however s 1nduced
up to 3-fold inhibition of the histemine response 1n "plued"
gulnes pigs. | , |

a-ACA was tested locelly, according to the schedule out-
lined for the testing of antihistamines (see p.55, Fig. 7). |
Concentrations of 0.13 mge per ml, (10~%y) or 13.lv mge por ml.
(10"1¥) injected into separate sites 15 min, before irradiation
and 3 hr., 20 hr. or 21% hr. after irradiation, caused no de-
crease in either erythenia or permesbility when compared with
untreated control leslons or control lesions injected with equi-
valent volumes of 0,85 per cent sal:!,ne. In fact, permeability
tended to be slightly greater in the E-ACA treated lesions tha.n
in the controlse |

In view of its effect on the histamine permeabil:lty res- -
ponse, S-AOA was tested by local 1njection against the early
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permeabllity response induced by 120 sece. U=~V irradiation in
the guinee pige. ‘ |

Two pilot experiments in single animals revealed no
decrease in permeability below control levels in lesions inject-
ed with e-AcA at concentrations of 10~k or 10"1M reapectively.
The effect of Trasylol | '

A polypeptide inhibitor of trypsin and kallikrein iso=-
lated from cattle parotid glands (Frey, Kraut end Werle, 19503
Werle, Maier and Ringelmann, 1952; Werle and Appel, 1958) and
made available commercially as ilmrasylol" (Farbenfabriken’ Bayer)'
was tested in guinea pigs. When mjectgé intravenously in rela-
tively small doses (500 units per kg. body weight), Trasylol did
not inhibit PF's such as histemine, globulin PF, trypsin, kalll-
krein or synthetic bradykinin. 1In fé.ot, the effects of all PFts
were slightly enhanced in oomparison'with the effect of the sé.me
PF's in control animals injected 1ntfavenously with sallne.

A 10-fo0ld increase in dose was required before any sup- |
pression was obtained. Even so, after a dose of 5,000 units
Trasylol per kge, the maximum_in.hibiﬁ:lon of trypsin and globulin
PF was only 2- and 3-fold respectively. |

The effect of Trasylol on the permeability response to
U-V injury was first tested by the method outlined for the
testing of antihistemines (p. 55, Fig. 7). Skin sites bearing
lesions induced by 20 sec, ,irradiatlox_i were injected with 10
units Trasylol 15 min. before irradiation, snd 3 hr., 18 hr.
end 195 hr. after irradiation reSpec'f;;t.vely. The axiimals_ were
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"plued" 20 hr, after irradiation. All treated lesions were com-
pared with untreated control lesions and control lesions locally
injected with 0.85 per cent saline,

Some slight inhibition of both permeability and erythene
was noted in these animals, Control lesions (both saline-
injected and untreated) had dye equivalents of 91 - 138 pg. per
mle., while that of the treated lesions was 66 J&e por ml.
Inhibition was greatest in those lesions injected up to 2 hr.
before "blueing" (i.e. 18 and 195 hr. after irradiation). Even
at maximal inhibition, however, ﬁhe degree of permeability in
inhibitor-treated lesions was always within the range of control
values in other experiments and thus does not represent conclu-
sive evidence of inhibition.

An alternative method of testing was devised to assess
the effect of Trasylol in the developing stage of the delayed
permeability response to U-V injury in guinea pigs in the period
0 - 12 hr. after irradlation. Multiple 20 sec. exposures were
made on the skin of the back in two groups of three guinea‘pigs
so that lesions aged 12, 8, 4, 2, 1 and O hr. were present at the
time of "blueihg". Immediately befare making the first exposures
in the test batch of animals, Trasylol was Injected intravencusly
in 2 dose of 500 units per kg. Further doses of Trasylol were
given intraperitoneally 3% hr., 75 hr. and 1llf hr., after the
first irradiation. A secdnd contfol group'of'animals was irra-
diated in similar manner but received 0.85 per cent saline
instead of Trasylol. All animals were "blued” 12 hr, after
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the first exposure, lesion colour intens:!.tj estimated, and a
response~-line constructed from the means of several readings for
each lesion. In two such experiments (Fige 8) the delayed per-
meability response appeared slightly 'reduced in 1ts early deve-
loping period. Hoﬁéver; the effect was slight, and again results
obtained in the treated groups lie within the range of normal
control variation. |

On the other hand, the .e_egg;x. response was more convin-
cingly suppressed by 'I'rasylol, maximal permeability being reduced
from a dye equivalent of &6 Pg. per ml. to 14 pge per ml. How-
ever, while quite marked reduction of the early response to 20
sec., irradiation 1s effected by a dose of 500 units of Trasylol
per kge, a 10-£01d increase in dose produces negligibi‘e effect
on the early response to 120 sec. irrsdiation. Trasylol has no
effect on erythema in irradiated skin siteé.
The effect of Gls/’P.

Fraction Gls/P of guinea pig serum, a prqpération rich in
the natural inhibitor of the globulin PF (Wilhelm et al., 1955)
was also tested against the late permeability response to U=V
1nj'ury. | '

6,5/P pre-mixed with globulin PF for 90 min. in & "non-
blueing" concentration of 0.05 per cent caused slight inhibition
only (approx. 2.5-fold) of the effect of globulin FF.

‘When tested against the delayed response to U-V injury by
the usual routine for locally e.d;ﬁiﬁi_stered pxjéparations (Fige 7),
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the response was slightly decreased 3 hr. and 19% hr, after
irradiation as compared with seline injected conﬁrols. These
results parallel those with SBETI, but again are similarly |
inconclusive since the results from the treated animals in
this particular experiment fall within the range of control
readings from other experimentse.

In sumary, various protease 1nhib1tdrs appeared to
suppress mildly the late permeability response in oompariéon
with control sites in particular experiments. The suppression
was always slight, but it occurred repeatedly with varilous
preperations. On the other hand, the treated lesions ylelded
rosults that fell within the range of results in control animals
in other experiments. The present work therefore does not permit
firm conclusions concerning the role of proteases,vand the pro-

blem requires further investigation by another technique.
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Chapter 9 o
THE EFFECT OF INHIBITORS OF IECITHINASE ENZYMES

, The only PF's known to have prolonged, local 'effects
comparable with those in ultr.a-violet :I.njui‘y are 'the-a(-'toxinsv
of certain clostridial organisms (Elder end Miles, 1957), ard
rabbit globulin PF (Wilhelm et al., 1958). The clostridial
toxins are effective in variqus species, tut the xfabbit PF 1is
peculiar in that its PF effects are pr,olongéd only wheﬁ tested
in the homologous species. o o |

‘The A~toxin of Cle. welchii induces a diphasi;cv_permeabi-
lity response consisting of a short-lived early réSponse
followed by a delayed phase in which permeability ‘1s maximel
during the third and fourth hours end has declined in six
hours. The Cl. septicum response 1is also diphasic but the
delayed phase appears earlier (within £ hr), and lasts longer
(sbout 6 hr.) than with Cl. welchii d-boxine

With the L~-toxin of Cl. oedematiens, only a late phase
is evoked., It begins in 6 hr., becoming maximal in 24 hr. and
lasting for at ],eaét a further 24 - 48 hr. The A~toxin of Cl.
welchii is a lecithinase, but the o{-toxins of Cl. septicum and

Cl. oedematiens have not been characterised.

There is & remarkable similarity, firstly, between the
time course of the late permeability response to »U-V injury in
guinea pigs (Logan and Wilhelm, 1963) and that to the o{-toxin

of Cl. oedematiens; and secondly, between the ti?nec_:oﬁrsé of

late permeability in mild thermal injury (Wilhelm end Masonm,
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1960) and that of the=-toxin of Cl. welchii. Accordingly,
inhibitors of theo/ -toxin of Cl. yelchil were tested for their
effect on the delayed permeability response to U-V injury in
guinea pigs. |

In the present work, the intracutaneous injection of 2 =
5k jjg. purified Cl. yelchii toxin at hourly intervals for‘% hr.
prior to "blueing" induced permeability responses (see Fig.9)
which were similar to the results obtained by Elder and Miies
(1957). N |

The lethal and permeability increasing effects both
reside in the o(-toxin. The lethal effect can be suppressed by
the previous systemic administration of ethylenediamine tetra-
acetic acid (EDTA; Moskowitz, Deverell and McKinney, 1956) or
its calcium salt (EDTA-Ca; Moskowitz, 1956), the latter com-
pound having the advantage of being less toxic and hence per-
mitting larger systemic dosage. EDTA-Ca also reduces toxin-
induced permeability in guinea pigs (Blaker, R.G., personal
communication). Accordingly the sodium and calcium salts of
EDTA were tested as inhibitors of the permeability responses
to both Cl. welchii «(-toxin and U-V irradiation.

In preliminary éxperiments, EDTA-Na, (0;1’5 100 Pg.‘per
ml,) mized with the o{~toxin prior to intracutaneous injection,
caused very slight inhibition only of the 3 hr. response. Since
EDTA-Na, is too toxic for systemic use in guinea pigs, on the |
advice of.D:ilg.G; ?laker,.DepartmentJOf_Hicrobiclegy and‘
Immunology,vs£ate University of New York, the saﬁufated'caicium

salt was used (EBTA—Caz).
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Doses of 150 mg. per kge of ED‘I'A-Caz caused moderate
suppression of the permeability response to Cle. welchii &-toxin._‘
A single intravenous dose has maximal effects in %+ - 3% hn,
whereas a single intraperitoneal dose has maximal effeét in
the period 2 - 5 hnr, after injection, _

The degree of suppression is markedly increased by
giving repeated doses of EDTA-Ca, (see below). The effect
appears to be Speeific in that PF's 1like histamine, compound
48/80 and globulin PF are not antagonised.

The effect of EDTA-Ca, on the permeability response to

2
U-V injury was tested as followse In two batches of guinea pigs,
skin sites were irradiated 12, 8, 4, 2, %A and O hr, befors
"plueing". One batch of animals received intraperitoneal EDTA-
Caz, 150 mg. per kg. 125, 8 and 3 hr, before "blueing". The
second control batch was glven the same vo].uﬁes of 0.85 per |
cent saline at similar intervals,

As control measures, hourly intracutaneous injections of
Cl. wolchiiol-toxin, 18 end 9 pg. were made for the last 3 hr
before "blueing", in sites adjacent to the test area., Immedi-
ately after "blueing”, injections of histamine, 48/80 and
globulin PF were made in both control and treated animals,

While the permeability response to Cl. welchii of{-toxin
was profoundly suppressed in the test animals, the developing
late permeability response to U-V 1rradié.tion was unaffected

(Fig. 10)s The responses to injected ‘histamine, compound 48/80
and globulin PF were also within normal limits.
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Effect of a lecithin analogus ‘ | , ‘

A synthetic lecithin analogue, 2, S-Distéaroyloxyprdpyi
(dimethyl)~(3 ~hydroxyethylammonium acetate, ‘inhibits "in vitro“‘
the lecithinase A activity of moccasin venom and also the
lecithinase D activity of Cls welchii o{-toxin (Rosenthal end
Geyor, 1960, 1962), In each case, effective mhibif.:r.on '
occurred only when the enzymé and inhibitor were ‘mixed m
adding the substrate. B - .

In addition, doses of 2 - 10 mge of the é.nalogue, gave' |
good protection against the iethal effe_dté of Cl. welchii ol =
toxin, when mixed with the toxin prior to its 1ntravenous or ,
intraperitoneal injection, A dose of 2 mg. given intravenously,
soon after the intravenous administration of toxin, afforded
little protection (Rosenthal and Geyer, 1962). | |

In the present work, a suspezision’ of analogue in 0.85
per cent saline containing 0.l per cent purifiled guinea pig |
albunin did not, 1ltself, increase permeabilituy;in doses up to
16 J@e por 1esi'on.‘ When tested 1ooa11y, the analogue, in doses |
up to 10 pg., did not inhibit the permeability effect of the
toxine. The lack of effect was noted both when the an_alogué |
was injected premixed with toxin, and when injec’ced alone ‘:15 -
m:ln. prior to the toxin. | ‘

On the other hand, a single dose of lecithin analogue,

5 mg. per kg., given intraperitoneally 3% hr. before "blueing",
moderately suppressed the toxin response in lesions 5 hr.'pld;
but the inhibitory effect declined in the third hour.
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Unlike EDTA-Ca,, multiple doses of the analogue have no
more inhibitory effect than a single dose. Like EDTA-Ca,, how=-
ever, repeated doses of the analogue have no effect whatever on
the permeability responses to U~V injury (Fig. 10) or control
injections of histamine, compound 48/80 and globulin PF, though
moderate inhibition of the toxin response occurs, (Inset, Fig.10)

The analogue also has no effect on the U-V permeability
response when tested by local, intracutaneous injection % -
22% hr. before “blueing”. |
Comparison of EDTA and certain antihistamines

Macfarlane and EKnight (1941) have suggested that posi-
tively charged metallic ions are essential for the lecithinase
activity of Cl. welchii toxin "in vitro". Dawson ahd;Bangham
(1961) have also shown that lecithin is hydrolysed by the
lecithinase D of Cl. welchii ol-toxin only when the substrate
possesses a positive electrical charge. Metalllic ions such as
ca*' or long chain bases, e.g. stearylamine, appeared to be
equally effective in achieving the optimal electrokinetic
potential of the substrafe;

Since the permeability effect of the toxin "in vivp" can
be inhibited by a chelating egent which is already fully satu-
rated with ca’’, (see p.39), it is unlikely that inhibition is
due to a calcium-binding effect. This suggested that EDTA-Cag.
might exert its effect by competition with shorter qhain

endogenous amines like histamine or 5-HT.
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Accordingly four antihistamines, Triprolidine, Chlor-
prophenpyridamine, Mepyramine and Prometnazine, were tested
against the PF effect of @\-toxin in guinea pigs; Fech drug was
given in a dose of 0.1 mg. per kg. intravenously in different
batches of guinea pigs. Time courses of increased perméabilitj
induced by toxin were obtained for treated animals by meking
intracutaneous injections of 18 pe. toxin at hourly intervals
over 3 hr. and "blueing"” the animals immediately before the last
injection. |

Triprolidine or chlorprophenpyridamine did not affect
the time course of permeability due to Cl. welchii toxin, but
mepyramine gave slight inhibition end promethazine moderate
inhibition (Fig.ll).

The results indicate an interesting chemical structural
specificity. The antihistamines triprolidine and chlorpro-
phenpyridamine which in guinea pigs had the greantest and most
specific activity against the PF effect of histamine, can be
regarded as substituted aliphatic mono-amines derived from n-
propyiamine (Fig.12). Mepyramine and promethazine, on the
other hand, which were less effective against the FF effect of
injected histamine, can be régarded as substituted di-amines
derived from ethylenediamine (Fig.l2), as can EDTA. On a molar
basis, promethazine has 1,500 times more inhibitor potency then
EDTA-Caz.

The significance of the above observations is at present

obscure, but the results suggest that endogenous basic organic

substances other than histamine might be considered as electro-
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Chapter 10

THE EFFECT OF VARIOUS OTHER CHEMICAL PREPARATIONS

Sodium¢g-naphthy1acetate has been reported to suppress
oedema induced by the injection of formalin in the rat's paw,
i.0. in severe chemical injury (Holler, Lindner and Stoklaska,
1958).

When given to guinea pigs either intravenously (10 mg.
per kg. body wt.) or subcutaneously (100 mg. per kg. body‘ﬁt.),-'
sodiun denaphthylacetate failed to inhiblt the permeability
effect of histamine, globulin PF and synthetic bradYkinin, and.
slightly and consistently enhanced (up to 3Qf01d) tﬁé PF effebt |
of the histemine liberator, compound 48/80. Sodiumel-naphthyl-
acetate also had no effect in guinea pig skin on fhe permea -
bility response to 18 P& Cl. welchii<x-toxin;

When given by local intracutaneous injection in amounts
up to 100 pg., sodium ol-naphthylacetate caused no more "blueing"
than control injections of saline, However, this dose also
failed to inhibit the late U~V permeability response when
tested locally by intracutaneous injection according to the
schedule illustrated in Fig. 7.

The effect of 2-deoxy-(D)-glucose

An analogue of glucose, 2-deoxy-(D)-glucose was found by
Goth (1959) to inhibit the anaphylactoid reaction of rats to |
intravenous dextran or ovomucoid, but did not affect the
reaction to compound 48/80 1njecﬁed intravénously. |

In preliminary experiments in guinea pigs, 200 mg. per
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kg. of analogue given intravenously (see Goth, 1959) failed to
inhibit increased permeability induced bj histamine, globulin
PF or compound 48/80 1njecﬁed 1htracutaneously %‘to 2 hr.laters
The same dose of 2-deoxyé(D)-glucose‘also failed to inhibit the
increased permeability evoked by the injection of 18 pge Cl.
welchiick-tbxin.' . | 7

The effect of the analogue on the perﬁeabiiity résponse
to U-V injury was tested in two ways. The first was that out-
lined for the testing of systemic antihiétamines (see p.55,
Fige. 7). Two groups of animals were injected with 2-deoxy-
(D)-glucose (200 mg. per kge), 15 min. ﬁrior.to irradiation,
3 hr.after irradiation and agein 21 hr, after 1rraéiation. In
the first group,_fhe,first and second injections were given
intraperitoneally and the third 1ntravenously. In thé second
group of animais, fhe first injection was intravenous and the
second and third were intraperitoneal. A further control group
of guinea pigs was injJected with equivalent volumes of saline
by the same routes as the second group abové.

On each animal, 10 sites were irradiated 15 min. after
the first injection of analogue. A1l enimels were "blued" 22
hr. after irradiation (i.e. 1 hr. after the last injection of
glucose analogue) and examined # hr. later. In each case, the.'
mean dye equivalent of the'lesiéns in the treated groups (125
and 72 pg. per ml. respectively) exceeded'that in the controls
(55 pge per ml.). | | o :  ' ,

The analogue was then assessed against the developing -
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stage of the late permedbility response in the manner outlined
for the testing of Trasylol amd the lecithinase antagonists
(see p. 65).

Skin sites were irradiated for 20 sec. in twd‘groups;of‘_
guinea pigs, so thaﬁ, at "blﬁeing", the animals'borehlesionsfo;'
l, 2, 4, 8 and 12 hr, old reSpectivelj. One group of‘aninais was
given intravenous 2-deoxy-(D)-glucose (200 mg}‘per kg.?'immedi-
ately before the initlal 1rradiation, and furthor 1ntraper1tonea1
doses after 3, 7 and 11 hr.

The second group served as controls and was injected with
equivalent volumes of seline at the seme 1ntervals. All animals
were "blued" 12 hr.after irradiation and examined 30 min. later,

Response lines for the enimals treéted;with‘z-deoxy-(D)-
glucose were almost identical with those for the oontrol animals
and indicated no inhibition of the developing permeability res«
ponse (see Fig, 13).

The effect of O(-amylase

The buocal application ofck-amylase-inhman has beon |
claimed to reduce post-traumatic oedeme in orthopaedio injuries
(Thompson, Glick and Silverstein, 1960). |

In doses up to 10 mg. per kge subcntamoously,ck-émylase
has no inhibitory effect on the PF effect of histamine,_globu--
1in PF, synthetic bradykinin or the histemine liberators, com-
pound 48/80 and polymyxin B sulphate. '

The effect ofok-amylase on the late U=~V response was

tested as for systemic antihistaminpa and theoxy-(D)-glucose
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(see sbove). Doses of 1 mge. per kge. were given intraperito-
neally 1 hr.before applying U~V radiatidn, 25 hr, after exposure,
and intravenously, 21 hr.after exposure. Whén compared with
control aniﬁals injected with saline, no inhibition of the

permeability response was detected in the treasted animals.
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Chapter 11
THE EFFECT OF EXPERTMENTAL NEUTROPENIA ON THE TATE PRRMEABILITY
RESPONSE TO ULTRA-VIOTET INJURY IN GUINEA PIGS

The neutrophil response in irradiated skmn sites develops ,

and reaches its peak a few hours in advance of the late permea~

bility response, suggesting that tissue leucocytosis might be
related to, or even a necessary precursof of the late permea=
bility responses. | . |

Male guinea pigs weighihg 600 - 810 g. were anaesthe-
tised with intraperitonesl pentobarbitone 40 mg. per kg. gna
subsequently injected asepticallj with 2 mg. per kg. nitrogen
mustard intfavenously (Bumphrey, 1955).

Daily total and differential white cell counts ﬁere poer-
formed for four days prior to the administration of nitfogen ‘
mustard and daily thereafter until the experiment was concluded,

The absolute neutrophil counts calculated ffqm the above results |

are recarded as mean values for all animels in Fig. 14.
For experimental purposes the enimals were divided inxo

two groups according to whether their neutrophil counts were

lowest (a) 4 - 6 days, or (b) 5 - 7 days, after nitrogen mustard,

All animals appearéd well until the fourth day, when
their fur beceme ruffled. On the 5th day, many 1§y on their
sides and appeared ili; one animal died'oﬁ this daye. All lpst
20 - 70 g. weight during the 7 days of the test period. |

Tn meny animals, the wounds at the site of the intra-

venous injection of ﬁitrogen mustard failed to heal normaily
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and exuded sero-purulent fluid by the 6th - Vth day.

Between the 4th and 6th days after the adminlstration'
of nitrogen mustard, one group of 6 anlmals was tested by |
irradieting skin sites 80 that lesions renging in age from
0 - 42 hr. were present at “blueing".~ Immediately after
"blueing", the animals were injected intracutaneously with
graded doses of histamine, glo‘bulin PF and compound 48/80,
and the resultant dosage-response curves compared with‘pooled,v
results of previous untreated controls. :

The late permeability response in the treated animals
was similar to that in control animals, though the early
response was slightlj diminished. Erythema also showed
little difference in the two groups, though it tended to
decrease more rapidly after Solhr. in}treated animals than
in controls. v | | , |

In animals tested between the -5th and 7th days after
the administration of nitrogen mustard, both the early and
late permeability responses were moderately'depressed;‘
Nevertheless, the depression appeared torbe non-snecifio
because, in the same animals, the PF responses to\histamine,_
globulin PF and 48/80‘were also deoreased. ~In the two experi-
ments, the histamlne response was reduced l- to S-fold, that
of globulin PF 2- to 5-fold, and that of 48/80, 10- to 25-fold.:

The suppression of the U=V response must,therefore-be R

regarded as non-specific and probably related to the debili-~ .
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tated state of the animals, |

Finally, althouéh there was considerable reductidn in‘
the number of circulating neutrophils,'the decraése wgs]_‘
insufficient to eliminate tilssue leucocytosis completely.
Histological sections from lesions 12, 18 and 22 hr. old
contained 0 - 5 neutrophils per HPF in‘the Suﬁerficiﬁl part
of the dermis. . | o .

Taken at face value, 1ﬁ,the ébsence of absolute;
tlgsue neutropenia and in the presence of nonéépecifio”’
inhibition of permeability, the above results do not'suggest
any causal relation between tissue 1eucocytosis‘ahd”inéréased

vascular permeabllity.
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DISCUSSION

Diverse types of experimental injury to the skin of »
1aboratory animals (see Chapter 3) result in a prolonged increase
in vascular permeability lasting from 3 - 4 hr. in the case of |
mild thermal injury in guinea pigsu(Wilhelm and Mason, 1960), to
23 days in the case of roentgen radiatien inanry’in rabbits |
(Jolles ot al., 1961). | - | |

In most types of injury the chief permeability response is
preceded by an earlier, transient response which, in certain . B
types of injury is mediated by histamine in the guinea pig
(Sevitt, 1958; Wilhelm and. Mason, 1958 19603 Logan and Wilhelm, .
1963) or 5-HT in the rat (Wilhelm and Mason, 1960-'Logan and
Wilhelm, 1965b). )

The mediation of the principal phase of the permeability ,
response to mild thermal injury in guinea pigs, rats and rabbits :
was extensively investigated'bY‘Wilhelm:and Mason (1960).'
However, the identification of the relevant factors depended on
the demonstratien that the permeability respense was snppressed"
by appropriate pharmacolegical antageniSts."This requifes in
turn that the antagonists are present in gi;ggtizg_g_gggg;;gtiﬁggif
for ngziggs_gg;g_gignnlz_lggg to influence the permeability

response.
Ultra—violet injary has been investigated on similar lines

for two main reasons - (1), the slower development and maturation:
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of the main permeabllity response may permit the attainment of
effective concentrations or antagonists, and (2), the mediators
of U-V injury may differ frem those in thermal injury.

Nevertheless, the present investigation of the delayed |
phase of the permeability response 1hrU4VIinJury}in guinéa plgs
has still revealed no evidence that known permeability factors
are the natural mediators of the response.' | |

A significant difference between tbe early and late response
in thermal injury in the rat is the fact that the_permeability~
responses occur in different parts of the‘peripheral vascular
bed (Cotran and Majno, 196k). Ths_ggglz~transient response,'
which, in the rat, may be mediated by‘both‘histamine (Spectorland
Willoughby, 1958b; 1959b) and 5-HT (Wilhelm and ‘Mason, 1960)
occurs predominantly as the result of ggggla; leakage. In this
regard, it seems noteworthy that Majno and Palade (1961)
reported that the injection of histamine (50‘pg.) or 5-HT (5 pg.)
in the cremaster muscle of rats induces the leakage of plasma
betueen endothelial ecells lining small yenules 10 - 12 p in
diameter. B | | |

Rowley (1964%) has demonstrated a similar leakage of carbon
particles between the endothelial cells of venules in ‘exposed
sub-cutaneous tissue of the abdomen and also in the skin of the
hind paw of the rat in response to injected histamine or 5-HT;
and suggests that increased vascular permeability is simply due
to increased venular hydrostatic pressure resulting from venous ‘

constriction induced by the injected agents.
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Alksne (1959), on the other hand, using histamine applied
topically to the skin ef the mouse, reported z:ggg_ggl_glgz
intravesicular transfer of colloid markers_across the endothelial
eytoplasm of capillaries rather thancthrcugh intercellular specee.’
The apparent diScrepancy'may be partly explained by the high con-
centration of histamine (% per cent in'distilledwater)’esedrby
Alksne; and the reeults of Majnofend ﬁalade (l961)“eppea:l¢ore :
relevant to this discussion.,". o IR |

The gglgxgd permeability response, on the other hand, ocecurs
predominantly in true capillaries (ct. Voisin and Toullet, 19593
Wells and Miles, 1963). ‘Increased vascular permeability in these
vessels develops after a latent interval and usually does not pro- f
ceed to a stage of complete stasis and obstruction to blood flow ‘
(Cotran and Majno, 196%). In ﬁhe preeent’wcrk; a delayed response,
comparable to the above, occurred in superficial capillaries ‘
immediately subjacent to the epidermis as well as 1n the super—
ficlal dermis, after -V irradiation of the skin ot both gulnea
pigs and rats; and no stasis or crowding.of‘vesselepwith eryth-
rocytes was demonstrable in superficial vesselevin hietologicel |
sections except where frank necrosie occurred. Ahcfher peint
against stasis and in favour of 1ng:ga§gd_blood flow in irradia-
ted sites is the transient blue t'fleteb." of colour that such | |
lesions demonstrate within 5 sec. of the 1n3ection of Evans blue.

Evidence has been presented in earlier cbapters tbat

strongly suggests that the early permeability responee in tissue
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injury is mediated by histamine in the guinea nig,band‘5-HTein
the rat. No evidence has been obtained, however, to implicate»eny
of the known chemical factors as mediators of the lg&g,permeabi- B
1ity response. o o o

Interest in histamine as a mediator of tne'late,response'
was re-awakened by Schayer (1960) who demOnstrated‘increased for-
mation of histamine from 011+ labelled histidine in tbe skin of the
mouse after various stimuli such as exposure to cold, the injec- »
tion of histamine, serotonin or bacterial endotoxin. Maximal .
increase in histidine decarboxylase activityﬁocenrred in about
6 hr. and had returned to normal after 24 hr. _Despite-the above
observations, no evidence was found in the guinea pig that histg-’
mine participates in the delayed permeability,reeponSe to either o
mild thermal injury (Spector and Willoughby, 1958b, 1959b; Wilhelm
and Mason, 1960) oi ultra violet injury (see»Chapter 75.ﬁf 5-HT
activity is also apparently absent in the late permeability res-
ponse to U-V injury in the rat (see Chapter 7). ,

The relation of the histamine- or S-HT-mediated early res- |
ponse to the late permeability response in both the above Species
also remains uncertain, Edery and Lewis (1962) observed that ‘
scalding the hind limb of dogs at 80°C for 15 sec., or the intra- |
arterial injection of histamine resulted in an increased flow of |
lymph containing an elevated level of kinin-forming enzyme. The
increased concentration ofnenzyme,.but got the increased flow of
lymph, was suppressed by the'prior adminietration orvtheanti-~l~“‘
histemine, mepyramine. S ol R
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Partial inhibition of the increased permeabiiity‘indncéd'o |
by injected histamine after the admin:lstriation of SQAC'A, n o
inhibitor of the fibrinolytie system, has been noted in the
‘present work (see Chapter 8), and suggests a possible inter-
relation between the two systems. Any such relation, however, o
must have little importance because the early penmeability res- |
ponse to U-V injury can be suppressed in both guinea pigs and raﬁsﬁ
without apparent effect on the maturation of the late response.,,»
The activation of proteolytic enzymes in injury has been |
noted by various workers including Beloff and Peters (19%4-15)
and Ungar (1947). Hilton and Lewis (1957) subsequently suggested
that bradykinin, a nonapeptide resulting from the action of kinin-
forming enzymes on plasma proteins, might £ill the role postulated
for H-substance by the late Sir Thomas Lewis (1927) and Krogh
(1929). G.P. Lewis (1963) further urged the claims of bradykinin
and a related decapeptide, kallidin, and indicated the conditions
in inflammation which favour their optimal activity., Miles and
Wilhelm (1960) had previously pointed out that criticism of
kinins on the score of short duration of permeability erfects N
might be compensated by the large reservoir of kinin precursors -
in the plasma proteins. . | ‘, } :
Further evidence for the participationjof pr0£eaSeé,
obtained by Hladovec, Mansfeldzand Horakova (1958)'ﬁholobsefved
that oedema and exudation induced in the'hindglimbuof thé fat, v
by the subaponeural 1njection'off10'pérvcent storileokéolip ;
suspension, were suppressed_by.the syﬁfémic'adminiétraﬁiép»bflf«
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trypsin inhibitors from soy bean, lima bean or potato, in doses
of 50 mg. per kg. Ovomucoid trypsin 1nhibitor was ineffective.
The vegetahle inhibitors also suppress the permeabllity effects
of guinea pig globulin PF activated by dilutionvin glass vessels
(Miles and Wilhelm, 1955; Margolis, 1959). |

Wilhelm and Mason (1960)'§1a1m that the suppression of
oedema after kaolin injury noted by Hladovec, Maﬁéfeld and Hora-'
kova was probably non-specific becausevthey observed suppresSion
of the permeability increasing effect of histamine by soya inhibi~
tor in doses of 3.3 mg. per kg. or greater, In view of the obser-
vations of Edery and Lewis (1962) on the effect of mepyramine on |
the level of kinin-forming enzyme 1n lymph aftar thermal 1njury,
as well as the present observatmns. on ‘the_ effect of C-aminocaprod.e
acld on the PF response to histamine, the conclusion of Wilhelm
and Mason seems to need further 1nvést1gation.

A further aspect of the use of antagonists can be illus-
trated by reference to protease inhibitors. These were used in
minimally effective concentrations in an attempt to minimise non-
specific effects. Though laudable in purpose, this approach has
certain disadvantages. The maximal effect of trypsin imhibitors
is obtalned only when the FF and its‘inhibitor are mixed before
injection. In skin sites 1njectéd with 10 pg. of trypsin inhibi-
tors from soya or potato and irmediately superinjected with
globulin PF, considerably less inhibition occurs than when the
PF and antagonist are mixed before 1njection. If the snper- ,

injection of globulin FF is delayed for‘ao min. after the
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injection of inhibitor, virtually‘no inhibition oceurs,

Furthermore, doses of inhibitor at the lower limit of
effectiveness and injected up to 15 min. before 1rrad1ation, are
likely to be markedly'dilnted5 especially during the early phase
of increased permeability, thus further,reducingtthéir already'
limited effectiveness. In any case, 1t is hardly to be expected
that such small doses of inhibitor given at infrequent intervals
eand with such a limited duration‘of‘a¢tivity, w6d1d’éxert a?Sub-
stantial effect on a time course of increased vascular permeabi-
11ty extending over 2% - 72 hr. PRI "

€-ACA 1s an extremely soluble coﬁpound and is’rapidly |
excreted both in the rabbit and ﬁan. The doses offﬂaACA used 1h .
this study theoreticélly were sufficient to secure»optimallyﬁ' |
effective blood levels of ths preparatiOn,‘at 1aaSt'fo? short
periods. However, without precise 1nformatiqn‘on the actual
blood levels of the inhibitor at varying intervals after‘adminis-
tration, it is difficult to draw firm conclusions concerning the
activity of plasmin during the principai phase of pérmeébility;

The results as they stand, though‘neceséérily'Qualified,
suggest no partielpation in the delayed permeability response to
U~V injury by short-acting PF's such as histamine, serotonin,
bradykinin, or other proteolytic enzymes such:asvglobnlin PF, "
kallikrein or plasmin. Indeed, since such.PF's‘induce only
yepular changes of short duration and’hever the capillary changes
characteristic of the delayed permeability nesponse, Wells and

Miles (1963) suggest that a p;igg_zgg;g case exists agalnst their
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participation in the delayed perﬁeability response to tissue
injury.

The apparent similarity between the permeability responses
in guinea pigs to injected cl. ualghiLJi-toxin (Elder and Miles,
1957) and mild thermal injury (Wilhelm and Mason, 1960) in the
first place, and between the delayed permeability responses to
injected Cl. oedematiens o{-toxin (Elder and Miles, 1957) and U=V
injury (Logan and Wilhelm, 1963) in the second place, suggested
that lecithinases might mediate the late response. However, the
results with lecithinase inhibitors appear clear cut. While
permeability induced by Cl. welchii o«(~toxin is markedly inhlbited
by EDTA-Ca,, the developing, delayed response to U-V injury is
unaffected (see Fig. 10). | | |

‘The experiments with the lecithin analogue ylelded similar,
though less convincing results. wae#er, it is noteworthy that
Rosenthal and Geyer (1962) found it necessary'to mix the analogue
and enzyme before the addition of substrate to achieve maximal
inhibitory effect. The addition of analogue after the enzyme had
reacted for a short time with substrate caused comparatively poor
inhibition. In the same way it is possible that a lecithinase
activated by U-V injury‘might unite with its endogeneous substrate
before the poorly diffusible inhibltor, 1njected in suspension,
had an opportunity to exert its effects. HoWever, since repeated
systemic doses of EDTA-Ca2 had ne effect on the U~V permeability
response while having a substantial effect on injected'QL, Eglgali
oi-toxin (Fig. 10), lecithinase activity in the principal pms“e
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of the U~V permeability reSponse'wonld appear to be unlikelyw ‘
Metabolic inhibitors such as sbdium:{-naphthylacetate (the

sodium salt of an analogue of acetie aeid), 2-Deoxwh(D)-glucose

(a glucose analogue) and<x-amy1ase were also ineffective.

Moses, Ebert, Graham and Brine (196#) bave reeently des-
cribed the elaboration of a permeabilityhincreasing and fever- f
inducing substance by granulocytes obtaiped from peritoneal
exudates in rabbits. This‘substance was heat stable and, in the
skin of "blued" rabbits, induced a delayed permeability response
vhich became maximsl in 1# - 2 hr. | | B

In the guinea pig experiments reported in Chapter'é,lit‘was
noted that a wave of tisSue.leucecytosie‘(the cells beipg pre-
deminantly'neutrophils) preceded the delayed permeability response
by a few hours (Fig. W), On the other hand, no similar and con-
sistent relationship between leucecytosis and increased permea-
bility was demonstrated in either the rat or rabbit. Indeed,'in ,3
the rabbit, the neutrophil response reached a peak after the -
maximal permeability effects were observed, and appeared to be
related to the formation of slough rather than to the development
and subsidence of the permeability response. | |

It might be argued that the occurrence;ofptissne necrosis
and slough formation in the rat and the rabblt masked a response
similar in these twe»species‘to‘that eccurring‘ih the ‘guinea pig.
However, the results of experimental neutropenia in the guinea .{7
pig did not support the concept of the delayed permeability :
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response being mediated by a FF eléborated by néutrophil
leucocytes.
Conclusion

The results of the present work on vascular permeability
induced by ultra-violet irradiation eitend and s&pport the
results of Wilhelm and Mason (1960) on mild thermal injury.
The earlier proposals concerning the bilochemical substances
that mediate the principal phase of the permeability response
in various types of injury are clearly becoming increasingly
discredited, and require re-evaluation and considerably more
investigation. |

A logical forward step would seem to be the elucidation
of the events occurring at an ultrastructural level during the
delayed permeability response in different types of injury; and
a comparison of ultrastructural changes induced by wvarious agents
might well provide a clue to an as yet unidentified PF, or
alternatively disclose a hitherto unsuspected mode of.action}
of currently favoured PF's, |

In the meantime, it 1s sobering to reflect that despite
prodigious effort, in terms of factual information concerning
the mechanism of increased vascular permesbility in inflammation,
we have advanced little since Cohnheim (1889) first postdlated
that the vascular events in the inflammatory reaction result
from a "molecular change" that occurs in;the'wallsvof'blood
vessels, and further that "it is only and,sdlely the_vessel-wall

which is responsible for the entire series of events®,
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