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¥i PREFACE

cssentially involved mn this branch of biology, because the
suthor is not qualified for such & diseussion, Only the minimum
of established facts and working theories has been borrowed from
theso basic sci , 8 i y for the eluadation
and understanding of those manifestations of allergy which
the chniclan faces in everyday practice. Tlis work, therefore,
intends to help those medical practi who are ¥ d
in the pathogenesis and basie wtiology of clinical allergy

For purely technical reasons the whole essay 13 divided
into three main chapters, foflowed by ** General Conclusions
In each chapter stress has been laid on one particular object ,
to make the presentation of this object more comprehensive
certain facts and theonies are repeated 1n each chapter

The terminology used for the designation of the intracellular
proteolytic enzymes 15 based 1n prineiple on that accepted by
M. Bergmann (1942), with some modifications For example,
pepsinase, pepsin-like proteinase, Cathepan I, and protease
are synonyms, and they denommnate an enzyme whose
proteolytic activity 1s similar to but not identical with gastmc
pepsin. Trypsinase, teypsin-like protemmase, and Cathepsin [T
are synonyms, and they denominate an enzyme whose
protealytic activity 1s similar to but not identical with that
of intestinal trypsin.  The ntracellular proteinases, however,
differ in many respects from the corresponding enzymes of
alimentary canal.

T wish to take this opportumty of expressing my thanks to
the Carnegie Trust for the Universities of Scotland for mesting
the expenses of production and printing of the colour photo-
micrograph plates as well as covering part of the cost of the
printing of this book. My thanks are also due to Professor
‘A. M. Drennan for his help and ecriticism and for putting at
my disposal ull the rescarch facilities of lus Department, to
Drs F. A Richards, J S. Robson, M, MacDonald-Robson, and
A. Mclean for their assistance with my English and reading

woafs (they bave not, however, cotrected the whole work);
to Mr T. C Dodds for taking colour photomicrographs, an.d
o Mr . Robb for Jus supervision of the ammals and for his
assistance in animal expeniments. 5

Colour photomicrographs and tables are used by kind
Permi.ssion of the Editor of the Journal of Endocrinology

Z. Z. GODLOWSKI.

EpINBLRGE.
May 1933
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CHAPTER I

ENZYMATIC CONCEPT OF ANAPHYLAXIS
AND ALLERGY

INTRODUCTION

EFORE entering upon the discussion of the problems of

anaphylaxis and allergy, their termmology needs to be

clearly defined Anaphylaxis and allergy as wn]l be shown
below, are pathologically and atiol
The only difference between them les in the route and in the
rate of penetration of antigens inte the affected orgamism.
Such dual termmology may cause confusion, hence, as a
matter of co i , the term hyl has been used
for the pt of both exy 1 and chinical
due to senutisation

The generally accepted hypothesis of anaphylaxis 13 based
on the antigen-antibody reaction The exact nature, place,
and mechanism are, however, & subject of unsettled dispute
It will be shown below that manfestations of anaphylaxis are
not directly caused by the antigen-antibody interaction, very
often no anaphylactic symptoms accompany such imteraetion.
In the suggest,ed enzymatic concept of anaphylaxis the

should be ded rather as I

from the Jarlure of the antigen-antibody reaction. The nature
and mode of action between antigen and antibody, as well as

the hanism of and phylactic shock or its
eq\uvalcnts are most sxmply e'(p]amed by the alterations in
and The easiest way of

presenting the enzymatic concept of anaphylaxis 18 to give a
brief description of the nature and the mode of action of antigen
and antibody, and of the mechanism of sensttisation and
anaphylactic shock The basic principles of this concept are
not new, they were suggested by Biedl and Kraus in 1909
and were supported by other workers during the followmng
fifteen years. Contemporary knowledge of eellular biochemustry
and structure was madequately advanced to permit of sufficient
supporting evidence, and this hypothes:s has not been generally
accepted
1 1



2 ENZYMATIC CONCEPT OF ANAPHYRAXIS AXD ALLERGY

ANTIGEN

Definition and Mechamsm of Action.

According to Topley and Wilson (1936) the definition of
antigen is as follows An antigen is any substance which,
when introduced parenterally into the animal tissues, stimulates
the production of antibody, and which, when mixed with that
antibody, reacts with it 1n some observable way. This definition
lays particular stress on antibody In the enzymatic approach
to anaphylaxis the stress is laid upon the close interdependence
of antigen and sensitisation which is the basic feature of ana-
phylaxis  Sensitisation 1s & condition in which toxic enzymes
appear in the cells involved as a result of antigenic action.
Antigen may therefore be described as any substance which,
when introduced into the animal organism, whether orally or
parenterally, is able to induce the formation of (1) a toxic
enzyme system i the cells hable to be sensitised, and (2)
specific antibodies n the tissues concerned. These two funda-
mental features of antigen are not necessarily coupled with
each other, ie, the production of specific antibodies may
take place in an organism in which sensitisation has not occurred,
and vice versa. This is a brief outline of the hypothesis
which is discussed in this work,

Antigen may enter the organism by several portals of entry,
eg , skin, lungs, alimentary canal, etc., or it may originate in
the organism’s own protems In the latter case the protein is
altered in some way, whether ch iy or phy hemically,
and the organism thereafter treats it as a foreign protein. For
example, during and after a surgical operation wmaterial from
damaged cells enters the circulation and may exert, its antigenic
activity wpon various organs

The chemical constitution of antigens varies considerably.
The substance which actually exerts antigenic activity on the
affected cells is always a protein, either wholly or in part.
The substance which originally entered the organism may not
be a protein and may nat possess, per se, antigenic power.
Such a substance after entering the organism interacts sztb
the organism’s own proteins. The resulting compound acquires
antigenic activity (Haplens). .

Antigen, per se, is not toxic: when it enters an organism
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not previously sensitised 1t produces no anaphylactic reaction.
Antigen must be distinguished from a group of substances
w}uch are not antigens but which, when injected nto a non-
ism, produce symp identical with those of
anaphylaxis Examples of tlus psendo-antigeme activity are
the reaction following the intravenous injectton of chloroform
(p. 43), peptone shock (p. 30), and the reaction following
ntravenous injection of human gamma globulin mto non-
sensitised dogs or men (p. 42). The difference between
antigenic and pseudo-antigeme actions 1s of fundamental
importance, because it explains the mechanism of anaphylactic
- reaction The senuitising dose of antigen entermg the cell for
the first time causes toxie protease to appear in the cell. A
second (“ shock ”') dose of the antigen will then initiate toxic
lysis which hb llularly toxic breakdown
By in pseud action, the patho-
logxcal proteolysis is begun without previous appearance of
toxic enzymes (for details see p. 40)

Fate of Anfigen in the Body.

The antigenic protein, n 1ts 1mtial invasion n experimental
anaphylaxis, as well as m chnical allergy, may be distnbuted
all over the It was d d by the rad
tracer technique that practically all organs show the presence
of radioactive antigen (Crampton et al, 1950; Haurowitz
et al, 1951), and that tracer antigen 1s demonstrable n the
cytoplasm as well as 1n the nucleus of the cells (Coons ef al,
1951) Another group of experiments with radioactive antigen
showed that soon after 1ts injection mto speafically sensitised
rabbits radioactive antigen appears first m the microsomes
and later in the hond. (site of
{Peters, 1952b)) of the invaded cells (Haurowitz et al., 1951).
Since the latter are regarded as the place where the proteins
are synthesised (Claude, 1943), the above workers have sug-
gested that antigenic protein may be incorporated nto the
orgamsm’s own pmtcins The final fate of the antigen n the

is not ly known, E: with
protemns marked with azuad;es showed that their molecules
are first phagocytosed by polymorph leucocytes, and later that
these molecules appear in the phagocytes of the reticulo-
endothelial system (Heidelberger ef al., 1933; Sabmn, 1939,
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and others), Dixon et al. (1951), using a double marking method
of proteins with azo-dyes and with radioactive 1131, proved that
dyed proteins aro somewhbat different from the mnon-dyed
proteins 1n so far as their transportation into the interior of
the orgamssm is concerned. They also demonstrated that
antigemie protein gradually disappears from various organs
pari passe with the rise of the titre of the specific antibodies
in tho blood (for explanation see p 15) The longest period
m which antigen in its native form was demonstrated in the
orgamsm was 120 days after its injection (McMaster e al., 1951).
The ultimate fate of the antigen or its demvatives {produced
by union of antigen with antibody) is presumably proteolyss.
According to the theory suggested in this essay, antigenic
proteins may, wn sutable conditions, be incorporated mto the
structure of the host-cell, In such a form they may remain
mtracellular as long as the invaded cell lives They may
or may not alter the whole character of these cells. Further~
more, this physiopathological state may be transmitted to
the next generation according to the Mendehan law.

Haptens.

Primanly non-antigemc substances, such as benzoic acid
derivatives, may acquire antigenic character if, after entering
the orgamsm, they couple themselves with the organism’s own
protem molecules . these newly formed antigenic compounds
are designated as haptens (Landstemner, 1920) or derwative
antigens (Chase, 1952) These attached substances are then
called determinant groups because they confer specificity
upon the protems with which they are nked (Marrack, 1950).
Haptens can also be produced artificially s vitro, and their
specificity may be tested serologically by using specific antisera
(Landstemer et l., 1927, 1929, 1932, 1934, 1939, Pauling et ol.,
1942 , Pauling ef al., 1944).

ANTIBODY

Definition and Mechanism of Action.

Antibodies are protems of globulin type, some of which
are gamma globulin (Kass, 19453 and others) They appear
m the body as a result of antigenic action and are marked
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chemically in such a way as to enable them to interact with
the specific antigen, rendering it inactive (Marrack, 1950).

I the centeria for the clasuification of antibodies are their
effects on the antigenic protein, there are at least five main
types of antibody to be distinguished

1. If the new protein compound, formed from the protem
of antibody and protem of antigen, disintegrates
completely to the level of non-toxic catabolites, such
antibody may be called lysin

If the newly formed protemn molecules become insoluble
in the existing chemical environment and are pre-
cipitated, such antibody is called precipitin (Eagle,
1935)

3 If the wiscosity of the newly formed protemn molecules,
localised on the surface of bacteria or cells, is such as
to cause aggregation of these bacteria or cells, this
antibody is called agglutinin

4. If an antibody attaches itself to the antigen molecules
on the surface of bactena or cells, formmg a layer
which alters the surface-acting forces of the bactena
or cells, thus permitting phagocytosis by phagocytes,
this antibody 13 called opsonin (Mudd et al , 1934)

5 Complement fixation and torin neutrehsation also take
place as a result of attachment of antibody to the
specific antigen (Rich, 1944)

The first type of reaction may be regarded as enzymatic,
and the antibody concerned as proteolytic enzyme This
action may take place either mside the cells or mn the body
fluids, and may be directed either () towards one particular type
of antigenic protein (by fc ion of a * bridge ” or by spatial
adaptability of the interacting molecules {p 24)), or (b) towards
any protein which contacts them in their active form. Ths
does not mean that all proteolytic enzymes existing m the

are p Iytic bodues (for details see p. 8.) The
tryptic action of antlbodxes and enzymes 13 the main topic in
the further discussion on sensitisation and anaphylaxis. The
second, third, and fourth types of antidody may be regunded
as acting through physico-chemical channels; the changes in
solubility and viscosity result from union of antigenie protein
with the protein of antibody. The mode of action of the fifth

o
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type of antibody is as yet not clearly understood ; its action,
unlike that of the first type, is usually antigen-specific.

"The task of the last four types of antibody is to neutralise
the antigen by one of the ab. ioned forms of antigen
antibody reaction By so doing, the antigen-antibody reaction
prevents the spread of antigen and so protects the organism
from sensitisation by the imtisl dose or from anaphylactic
reaction if the orgamsm 18 already sensitised.

Site of Antibody Production.

‘There are various repotts claiming that all cells of a normal
organism are able to produce antibodies (Cannon et al., 1932 ;
Walsh et al., 1934, Westwater, 1940, Oakley et al, 1949).
However, their evidence is not conclusive (critically reviewed
by Cannon et al., 1934) The main source of the production
of antibodies 1s Iymphoid tissue {Drinker ef al., 1941, Ehrich
et al , 1942 . Dougherty et al, 1914a, and others). Whether
the whole lymphatic system or only part of it is engaged in
the production of antihodies depends on several factors. If
the regional lymphoid tissue 13 suffi ly actrve in neutrali
tion of the ding antigen (by antig tibody reaction) so
that antigen cannot pass the regional lymphatic barrier, the
actual task of antibody production rests with the regional lympl
glands If, h er, antigen penetrates through the Iymphoid
barner or is brought imnto the intertor of the organism by
hmzmatogenous spread, the whole lympbatic system may be

d n facturing antibodies (Howell, 1828 ; McMaster
et al., 1935 Sabm, 1939). The lymphattc tissue invaded by
antigen may hypertrophy as a result of its increased activity.
Such hypertrophy presents as & local or general eulargement of
the lymph nodes Thus parenteral admenistration of foreign
protein m awmmals or men may produce enlargement of the
spleen and lymph nodes (Epstem, 1929, Wigeman, 1931;
Rach et al., 1939).

Local Immunity,

The intenior of the orgamsm may be mvaded by the antigen
if 1t travels v1a blood eapillaries, or if antigen-antibody reaction
fails to neutralise the penetrating antigen in the rsgi?n,&l
Iymphoid barrier or in the body flmds. In bot}i cases various
organs are invaded by the antigen and theoretically all these
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invaded organs may produce antibodies Even if these organs
are able to facture specific bodies, the amount of
these antibodies contributed to the general pool in the blood
can be of little sigmificance The ability of other than lymphoid
tissues to produce antibodies may e\'plam therr Iocal 1mmumty

Such a hanism of local i ity is not
(cnncally revxe“ed by Cannon ef al, 1934} Another more
of local ity suggests a )

similar to that operating i local fization of antibodies n
inflamed tissues from the blood (Fox, 1936} The enzymatic

pproach to local i ity offers a daff explanation. The
presence of normal proteolytic enzymes m normal cells,
possessing the power of rapud proteolysis of any protein,
antigeme or not, to the level of non-toxic catabolites, deprives
the antigenic molecules of their toxicity before they can perform
their sensitising action Thus, according to this theory, local
tmmunity depends upon the ability of immune organs (normal
organs) to hydrolyse the antigeruc protemn by therr non-speafic
proteinases ; organs whose proteolytic enzymes are inefficient
are not immune and are hable to be sensitised

Relation of Lymphatic Tissue to the Release of Antibodies.

A specific antigen travelling via the lymphaties guarded by
the lymphoid tissue may be totally neutralised in the Iymphoid
barrier or in the body fluids by one of the five forms of antigen-
antibody reaction  If so, the whole meident of antigen penetra-
tion 18 closed, except that specific antibodies have appeared in
the regional lymphoid tissue This Iymphoid tissue m the
normal process of ageing dmmtegmtes and releases the antibodies
into the ci Thus local tion of antigen 1s
reflected in the body fluids m the form of freo specific antibodies.

Some of the antigen may pass through the defence barmer
of lymphatic tissue or 1t may by-pass 1t by traveling in the
blood stream, in which case all organs, the lymphatic system
included, will be mvaded by antigen i hghly dilute form.
Non-lymphatic argans with deficient proteclytic systems
become sensmitised. If in spite of the dilution of antigen
Iymphoid tissue has been sufficiently stimulated to produce
specific antibodies, these will be temporarily stored there
Thus lymphatic tissue becomes an jmportant source of anti-
bodies. The injection of CIt d corti ds causes
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rapid dissolution of the lymphoid tissue (Selye, 1946); any
antibodies contained therein will be released in such case into
the circulation (Dougherty et al., 1944a, 1944 b ; White et ol ,
1946). If, however, the dilution of the antigen is too high or the
lymphatic tissue insufficiently reactive, no specific antibodies
will be formed, and the injection of Iympholytie corticosteroids
will not influence the titre of the specific antibodies in the blood.
This may explain why the findings of the above-mentioned
workers have not been confirmed by others (De Vries, 1950 ;
Dougherty, 1951).

Specificity of Proteolytic Antibodies.

Intracellular proteolytic enzymes are present mn varymg
quantities in all the tissues of & normal organism, whether or
not ant have been d. These proteolytic enzymes
are non-specific in hydrolysis, s e., any protein which makes
contact with them (in their active form) 1s split very rapidly
to the level of non-toxic catabolites, They can also catabolise
antigenic protemns, yet they must not be regarded as proteolytic
antibodies because the hydrolysis of the antigenic protein has
no specific character. These proteolytic mtracellular enzymes
are designated by various terms, such as proteinase, {rypsinase,
Cathepsin 11, or by vanous other names according to therr
hydrolytic action on the synthetic substrates.

The specific proteolync antibodies are those proteolytic
enzymes which can proteolyse specific antigen only, which were
not present i the cell before the entry of antigen, and which
by the hydrolysis of antigen abolsh its toxic action. The
specific proteolytic antibody may react with antigen in at least
one of two ways

1. Formation of a bridge between molecule of enzyme and

molecule of substrate by a particular polyvalent metal

ion.
2, Spatial adaptability of the “binding planes” between
two interacting molecules.
Details of these two theories are more fully discussed on
ge 24, o
Proteolytic antibodies neutralise antigen by hydrolysing 1?9
protein to the level of non-toxic catabolites. Spearfie proteolytic
antibodies have to be clearly distinguished from specific
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proteolytic toxic enzymes. Toxic proteolytic enzymes act only
on specific antigens, but their final breakdown products are tozic.
In other words, the specific proteolytic antibodies have the
task of defending the orgamism against the noxions actions of
antigen, and the specific proteolytic toxic enzymes damage the
orgamism by their toxic end products
The distinction between specific proteolytic antibody and
specific proteolytic toxic enzyme has fundamental sigmificance
in the enzymatic concept of anaphylaxis, this theory admats
two factors separately operating m the pathogenests of
anaphylaxis
1. Antigen-antibody Reaction —This requires specific anti-
body, and its task 18 to prevent anaphylactic
sensitisation in the affected cells
2 Formation of a Proteolync Toxie Enzyme System —This
the basic ph of anaphylactie
sensitisation
Both these reactions are fully discussed 1n the chapter on
sensitisation
According to the enzymatic approach to anaphylaxis the
anaphylactically sensitised cells manufacture a specific toxic
protease  Once the toxic protease 1s formed in the cell, 1t
remams in this cell for the rest of its hfe, this enzymatic
pattern may even be stretched beyond the life of that cell by
the in of this pathol pattern mto
the biockemical phenotype (Gu]mk 1944) In such a way the
enzymatic constitution may be transmitted to the next
generation of cells and to the mext generation of the whole
orgamsm, This may explain the hereditary character of
anaphylactic phenomena

SENSITISATION

Mechanisms of Sensitisation.

Sensitisation takes place in the cells of so-called shock organs.
These are the tissues where most of the anaphylactic reaction
takes place. Accordng to the enzymatic concept of anaphylaxis
there are two mamn mechanisms of anaphylactic sensitisation :

1. The invasion by the sensitising dose of antigen takes plac
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via the lymphatics from various portals of entry, at a
slow rate (e.g., from respiratory tract, alimentary canal,
skin, ete.).

2. The sensitising dose invades the organism via blood
capillanes and reaches the interior of the organism
ot a tapid rate, by-passing the lymphatic barrier
(e g., by intravenous mjection).

The first type of sensitisation 1s regarded by various allergists
s oceurring in human allergy. The second type of sensitisation
is thought to take place in experimental anaphylaxis. Such a
classification, however, 18 not justified, since in human allergy,
eg , m serum sickness, an “anaphylactic™ mechanism operates ;
¥ice versa, in experimental anaphylaxis, the sensitising dose of
antigen may be mtroduced into the animal organism in the
same menner 8s in human allergy “Thus the main difference
between these two forms of anaphylaxis les in the route taken
by the antigen and hence the rapidity with which it reaches
the shock organs

S by the Mechani of Slow Spread of Antigen.

In this type of sensitwmation antigen travels along the
lymphatics. Most or all of its molecules are arrested by
antigen-antibody reaction m the lymph nodes (p 8), the
cells responsible being lymphocytes, plasma cells, and the
cells of the reticulo-endothelial system (Sabin, 1939, Oakley
et al., 1949, and others). This arrest results i complete, or
almost complete, elmination of the p ing antigen from
the circulating lymph In these arrcumstances sensitisation
does not take place at all In the course of a normal Lfe
the organism 1s contmuously invaded by various antigens,
but the lymphatic barrier prevents their further penetration.
Where the antig bod is inadeq (p. 12},
some of the antigenic molecules may escape this defence
mechamsm and reach the blood stream via the thoracie duect.
These very minute ta of circulating tralised

trgeni lecules p te the mterior of almost all cells
in the orgamsm (Coons et al., 1951). Those cells which originally
possess i active lul pecific proteinases
{Cathepsin IT) can break down the invading antigenic protein
to non-toxic catabolites. These are normal cells; and they may
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be described as insensitive to a given antigen or as immunised
toit The cells which are liable to be sensitised are those which,
at the tm]e of the imtal i lﬂVB.len of antigen, do not possess
fliciently active capable of proteo-
lysing and thus getcmg rld of the antigeme protem  Such
cells are subjected to the toxic action of the unspht antigemuc
molecules. The partially mncapacitated protemnases of the
sensitised cells may be still capable of hydrolysing the structural
protems of therr own eytoplasm but they are mcapable of
proteolysmg a foreign protewn. To the stimulus exerted by the
foreign protein these cells respond with the production of a
new proteolytic enzyme f: d by the h of
*“ enzymatic adaptation ” (p 25). This new enzyme, however,
has two disadvantages . (1) It can proteolyse only to the level
of proteose, and (2) it can proteolyse only specific antigeme
protem. The time required for the manufacture of this new
toxic protease 1s designated as the perod of sensitisation, and
its length vames in various species of ammals It also varies
within the same spectes according to the type of antigen used
for sensitisation.
In other words, m this mechamsm of sensitisation, two
mdependent and parallel processes take place

1 The lymphoid tissue along the paths of the penetration
of antigen 1s stimulated to produce vanous antibodies
(p 3)

2 The cells with mactive non-speafic protemases are
stimulated to produce mtracellular speafic toxic
proteases

The physiopathological process in which a normal orgamsm
18 1nvaded contmuously by varous antigens in ordmary Lfe
may be represented by a simphfied formula Such a formula
illustrates the relationship between the wmvading sntigen snd
the formation of antibody on the one hand, and the process of
sensitisation on the other In this formula AG represents any
antigen y a normal , AB antibody
produced locally in the lymphoid tlssue around the portal of
entry of the antigen, and the numbers attached to these symbols
are arbitrary figures expressing the q of the P
antigen and ibod A- Ar
reaction. Each line repwsents & further stage in the process.
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PHYSIO-PATHOLOGICAL FORMULA OF IMMUNITY
Initial Stage—

AG 10 p e ism | ing AB 0, A-Ar 0;
AG 10 spreads

AG 10 p ism p ing AB 1; A-Ar+3
AG 9 spreads

AG 10 p tes ism 1 ing AB 2; A-Ar+;

AG 8 spreads.

Further stages of antibody production and sensitisation, until
AG 10 penetrates organism possessing AB 10, A-Ar+ 45
no AG spread
AG 10 penetrates organism p ing AB 15, A-Ar+ +;
surplus AB 5,

(Description 10 text }

In the imtial stage of AG 10 penetration the whole amount
of AG 10 reaches the interior of the organism and various
organs are penetrated by vamous quantities of AG, the cells
with mefficient enzymes cannot proteolyse foreign protein and
sensitisation supervenes. If all the cells of an organtsm possess
efficient proteolytic enzymes, sensitisation does not follow
despite the entry of antigen.

If during the pentod of sensitisation a sufficient quantity of
specific antibodies becomes available, the anaphylactic reaction
cannot supervene in spite of uninterrupted invasion by AG 10,
because the barrier of antigen-antibody reaction prevents further
entry of antigen into the sensitised cells. This state of physm-
pathologxcal equilibrium can be mai d only if the anti;

are utralised by antig
reaction erther mn the regional lymph tissue or in the blood.

The prod of antibodies m the org: jnvaded by
antigen gives rise to three main varieties of the immunologieal
Tesponse

1. The tissue whlch manufactures antibodies does not

produce body to tralise the wlmle
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of the mvading AG 10. As soon as sensitisation 18

blish the circulati i protemn enter-
ing sensitised cells precipitates various forms of
anaphylactic reaction , thus is the primary anaphylactic
reaction.

2 The output of spectfic bodies suffices to
the whole of the AG 10. This means that antigenic
molecules cannot pass the barrier of antigen-antibody
reaction to reach sensifised cells {sensitised 1n the
early stages of AG entry) The gquantity of the
available antibody 1s, however, mnadequate to form a
safety margin  Should there be a rapid nerease 1n
antigen absorption or a decrease m the amount of
antibody, the state of equihbrium may give place to
o secondary anaphylactic reachion

3 The production of antibodies goes on until a surplus 1s
obtained , by this action a powerful defence barrier is
formed (AB 5 1 the example quoted above) This
safety margin successfully deals with an acctdental
inerease mn the antigen or with a rapid decrease 1n the
titre of antibody This 1s the state of achive immunity

The state of equalibrium, mentioned m (2), between the
neutralised invasion of antigen and the co-exsting state of
sensitisation may, i swtable pathological conditions, imtiate
a mamfest anaphylaxis For example, if production of anti-
bodies has become supprossed by some exogenous poison such
as barbiturates or iodides or by an mfection, the balance
between AG and AB becomes upset , this loss of balance leads
to the invasion of the imnterior of the organism by some non-
neutralised AG which imtiates vartous anaphylactic reactions
of secondary type

This formula gives & simphfied picture of how various
mechamsms may operate 1 the anaphylactic reaction Vara-
tions are possible, and numerous factors will influence the
character of the response  The quahty of antigen has a decisive
influence , thus if the antigeme protein 13 a virus or belongs
to a bactermm, the response to such an antigen will be

i d and dified by the speefi of the * lwmg
antigen ” In this case ts o (antigenic and virus or bacterio-toxie)
pathogenetic factors of equal unportance mntiate at the same
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time two different. pathological mechanisms which are super-
1mposed one upon the other. Other factors of equal importance
in shaping anaphylactic response are the temperature and pH
of the reaction. These may modify the yield of antlbodxes and
change the velocity of the chemical and phy h
reactions.

Sensitisation by the Mechanism of Rapid Spread of Antigen.

In the mechanism of sensitisation induced by the rapid
spreading of antigen via the blood stream (as 1n most ecases of
experimental anaphylaxis) the antigen reaches the interior of
the organism without having made contact with the lymphoid
tissue  Antigen reaches all organs rapidly but the amount
which actually enters the cells varies considerably because of
the dilution. Those cells which are unable to proteolyse anti-
genic molecules manufacture a speafic toxic protease in the
manner described below Thus the difference between these
two mechamsms of sensitisation lies m the rapdity of the
antigen penetration, without imtial contact being made with
the regional lymph tissue

Lymphoid Tissue in Rapid Spread of Antigen.

In the haematogenous spread of antigen, the lymphoid tissue
all over the body is invaded simultaneously with all other
organs by a smaller amount of antigenic protemn than it would
have received by the (slow) lymphatlc route , this difference is
due to dilution and & lecules are soon
proteolysed by highly active non-speclﬁc trypsinases m normal
organs as well as in the Iymphatic tissue (Dninker ef al , 1941 ;
Fruton, 1946). Before bewng spht the antigen stimulates
lymphoid tissue to produce various specific antibodies. This
short stimulation of lymphatic tissue may give two
q o Tesp

1. The specific antibodies are produced and stored m

lymphatic tissue until they are liberated into the body
flmds by its disintegration in the course of normal
agemng. The cells with a deficrent proteolytic system
have been sensitised by the same dose of antigen as
entered the lymphoid tissue by hzmatogenous spread.
In short, the sensitisation of the shock organs and the
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production and commencing hberation of specific
antibodies into the blood have ocourred simultaneously.
Neither process has mterfered with the other.

2. If the lymphoid tissue has been unable to produce speafic
antibodies despite stimulation by antigen (e ¢ , because
of primary deficiency of lymphoid tissue, or beca.use of
too rapid disi ion of the i
before the stimulus could be exerted), these antthodies
do not appear in the body fluids The organs with the
deficient enzyme system will, however, have become
sensmsed Thus the final state of affars 1s that

on has been estabhshed mn the shock organs
and that no specific antibodies are present m the
organism

If the shock-dose of antigen nvades the intemor of the
by both h and lymphatic routes, the
sequence of events will differ as between (1) and (2) In the
type of response shown under (1) some part or the whole of
the dose of antigen may be neutralised by the circulating
specific antibodies  If only a part of the antigen 13 neutrahsed
the active lecules will reach
cells at the same time as they enter the lymphoid tissue.
Antigenic molecules which make contact with lymphoid tissue
are inactivated by one of the five forms of antigen-antibody
reaction  The part of the antigen which reaches sensitised
cells precipitates a somewhat abortive form of anaphylactic
reaction, since the shock-d has been partly neutrahsed.
Anaphylactic shock, like any violent stress, mohihises the
pituitary-adrenal response. Lympholytic sterods are released
and dissolve lymphoid tissue on a large scale, This large-scale
release of antibodies (Dougherty et al., 1944 a), as an emergency
measure, comes, however, too late to neutralise the cireulating
antigen completely and thus prevent the anaphylactic shock.
Hence, the finding of a high titre of spemﬁc antxbodxes m the
blood, during the if ions of shock or diately after
they have subsided, does not prove that they wero present in
equally high titre at the onset of anaphylactic shock. The
biochemical events of the early stages of anaphylactic shock
are of sufficent magnitude to precipitate the pituitary-
adrenal response  On the other hand, the velocity of release of
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corticosteroids in the pituitary-adrenal response is so high

{Vogt, 1950) that the effects of their lympholytic action may
incide with the ife ions of the later stages of the shock.

‘The high titre of specific antibodies in these ci

therefore, does not prove that they were available in the same

concentration at the onset of the shock and that by interaction

with the shock-dose of antigen they precipitated the shock.

If the total shock-dose of antigen has been completely
neutralised by ewrculating antibodies, the antigen will not reach
the sensitised cells and anaphylactxc shock cannot oceur,
despite the injection of an app hock-d
An experimental animal showing such a lack of response is
commonly regarded as not sufficiently sensitiserd. This certainly
13 not the case. The lack of anaphylactic response in these
circumstances 18 caused by the high titre of circulating specific
antibodies

In type (2) (in which specific antibodies have not been
produced at all) the injection of a shock-dose is followed by
a full-blown anaphylactic shock because the whole dose of
antigen reaches the sensitised cells These ammals are com-
monly regarded as highly sensitrsed, which they are not. The
explanation of this high sensitivity Les m a complete lack of
antibodies in the blood As a result the mjected antigen has
free access to the sensitised cells, which, however, are no more
highly sensitised than those of type (I).

Anti-anaphylaxis.

The nvolution of the lymphod tissue (with stored
antibodees) following the stress of anaphylactic shock (p. 50)
raises the titre of free proteolytic and non-proteolytic antibodies.
The surplus of ecirculating antibodics 13 able to prevent a
second anaphylactic shock should another dose of antigen
be admmistered. This state, known as anti-anaphylazis or
de-sensitisation, develops if the ammal survives the anaphylactic

shock (Zunz et al , 1915) A similar procedure may be utilised

for therapeutic purposes, except that full-blown anaphylactic
shock should be avoided by the mjection of a sub-toxie dose of
antigen, A similar therapeutic 13 the production of
non-specific shock by the injection of heterologous protein,
colloidal sulphur, ete {p 44).
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Passive Sensitisation or Passive Anaphylaxis,

Passwve sensitisation or passive anaphylaris 15 a condition
in which a normal, never previously sensitised person or animal,
if injected with the serum from an anaphylactic per<on or from
an anaphylactic animal, may develop at the place of injectron
vartgus forms of local reaction (wheal, urtica, etc) when
forty-eight hours after the subcutaneous wnjection the specific
antigen is administered into the general crrculation An example
of passive anaphylaxis js the Prausmitz-Kustner phenomenon
(Prausnitz ef al , 1921) Coca ¢! al (1925) mantain that the
antibody operating m the Prausmtz-Kustner phenomenon has
a special character and they designated this antibody as
atopic reagin

The enzymatic concept of anaphylaais offers the following
explanation of passive anaphylaxis The ° toxic enzyme
system ” (nuclear factor plus molecule of specific antigen (for
details see p 25)) formed 1 the sensitised cells 13 continuously
excreted mto the body fluds m vanous quantities, thus the
serum obtained from an allergic subject possesses a certamn
amount of this foxic enzyme system as free protein molecules
So long as these large molecules rematn 1n the mfiltrated tissue
{they remarm there by force of adhesion) the local enzymatic
set-up 13 1dentrcal with that of the donor-sensitised organrsm
There aie, however, the following differences between the donor
{sensitised) and the recip { tised)

1. In the sensitised orgamsm the fozic enzyme system s
distributed all over the orgamsm, whereas i the
recipient organism the foric enzyme system 1s only
locally accumulated

2. In the donor organism the foxic enzyme system persists
permanently with some fluctuations 1n 1ts concentra-
tion, whereas 1 the reciptent organism the locally
aceumulated toxic enzymes disappear 1n a short time
a9 the result of normal proteolysis.

Anamnestic Reaction.

Anamnestic reaction (Greek: dvameris=recollection) is
a reaction to the parenteral admumstration of a heterologous
protein in which vanous antibodies (not related to the mjected
protein) appesr in the body fluids The enzymatic concept of
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anaphylaxis explains this reaction in the following way:
Injected molecules of the heterologous protein release the
pituitary-adrenal response and liberated lympholytic corticos-
teroids produce rapid involution of the lymphoid tissue, Those
antibodies whose production wes induced sometime in the
past, end which have been stored in the lymphoid tissue, are
released mnto the body fluids in the course of the disintegration
of the lymphoid tissue Therefore any factor which is able
to release the pituitary-adrenal response is apt to induce
anamnestic reaction

Histo-chemical and Sub-mi ical Structure of the Cell.

Before entering into a discussion of the altered chemistry
of the gells and body fluids found in anaphylactic reactions it
would be well to ise some of the established facts of the
present-day knowledge of sub-microscopical cellular structure.
The next few paragraphs are based mainly on three sources :
Frey-Wyssling’s (1953) monograph on sub-microscopical brology
of the cytoplasm, Monné’s (1948) review of cellular enzymatic
structure, and “‘ The Enzymes ** by Sumner and Myrback (1950).
The data will be presented i summary form ; they will serve
as a framework and basis for a more detailed review of cellular
changes found in anaphylaxis and in allergy.

The cytoplasm of a hving cell consists of semi-liqmd matter
composed of proteins, lipoids, carbohydrates, electrolytes, etc.,
dissolved or suspended m water The framework of this mass
iz built mainly of proteins whose molecules possess a fibrillar
structure and form a fine network., A stream of water (water
plus substances dissolved m it is called by some workers
enchylema , Monnd, 1948) constantly circulates i the inter-
fibrillar canals thus formed and contacts various parts of the
cell by mesns of chemical, physical, and physico-chemical
interactions. The protein fibnls are formed by a variable
number of polypeptide chams hinked with each other by the
end- or side-groups of the amino acids from which the chains
are built. This hnkage is formed either by direct interaction
of therr side- or end-groups, or by the formation of salts (bridge
formation) by various polyvalent ions (Fig. 1, 4, B, and ¢).

The cortical part of the cell (called also the cell membrane)
is composed mamly of lipoids whose rod-shaped molecules are
in some places pierced by protein molecules The polypeptide
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chains of these protein molecules are contnuously coiling and
uncoiling, shrinking and swelling, shortening and elongating.
In so doing they cause * periodical fenestration ” in the cell
A=Tycosine

_I=Cystine
CH—5—5—CH, lg lc»i
CH-NH, CH—NH, Ho—€ DC-CH, CH—NH,
] i Se—c” i
COCH COOH H H COOH
ypsophane
H,C/ \ﬁ——Cr—CH ,—CH—_NH,
A
\C/ N COOH
H M
Fio. 1s

Examples of three mam types of ammo acids (alphatio, aromatic,
and hetero-cyel) which build polypeptide chamns

Homopolar cohesive bonds
CH

& o oK+
_on- OHTY O g
cl _
OH- *NH, COOH"  cave
s0;- €I o
&

Salt formation

Escer bridge N,
e O NH,

Amide bridge
Sulphur bridge
§ ———

Fro 18
Diagrammatic Tepreeentation of yunction bntwaen nexgbba\m-ng polypeptide
chums m the cytoplenm, O=vater ‘molocules. (Erom A. Frey-W,

of P o Socond Engheh Edinon, 1055,
Elsovier Publuhing Co. Tnc  New York and Amiterdam

membrane and thus permit a foreign molecule, whether protemn
or not, to enter the cell and induce vanous chezmcal or ph) sico-

such ag of

cellular lipoids, etc (Fig. 1, 4, B, and c).




Fio. Io
Model of & molecule of & simple protem of which eight molecules of proteosa
ar0 seen

represents hinkage between polypeptile moloculos (PP); this Linkage
19 hydrolysed by ezo-peptidases (Smith, 1952)
—.— . — represenis hnkago betwecn peptone molecules (Fe) by polyvaleat
10n8, this inhage 18 d b;
i TOpresents linksge between molecules of protecses (Proy, thu
Tinkage 13 hydrolysed also by endopeptidases.
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Antigenic Conditioning of Proteins.

For a foreign particle to enter the cell certain conditions
must be fulfilled ; a particle of appropriate size must be adj
to an open cortical fenestra and a force must be available to
drive it through the cortex mto the interor Two pomts 1
this statement require to be discussed m greater detail

1. The size of the particle
2. The force of suction which actively shifts the particle
nto the interior

1 The importance of the size of the penetrating particles
must be strongly emphasised because size is one of the factors
determining the antigenicity of a given protem.

Foreign protein molecnles, whether they have onginated
outside or inside the orgamsm, are disseminated all over the
organism by the blood and body flmds (Coons et al., 1951}
Protemn molecules of size larger than that of the cortical fenestra
of the host-cell cannot penetrate the cellular nterior, for the
fenestra form the sole means of entry  Therefore these proteins
cannot exercise any antigenic action, despite the fact that they
possess all the other charactenstics of an ant)gemc protem

The importance of molecular size 1 the de of
the antigentc potency of a given protein has been stressed by
many investigators (Neuvil et af , 1946, Lowseleur e al, 1947,
Loiseleur, 1950, and others), their statement that the
antigematy of a protemn vames mversely with its molecular
size is consistent with the theory described above, te, that
antigeme molecules enter the cell through the fenestre

The difference in the molecular size of various proteins also
explams the fact that protein which 1s ughly antigeme when
applied to one species may show no antigenicity when apphed
to another Different spectes have proteins of different
molecular size and that confers specificity on their protems ;
hence their cell fenestra are also of different sizes

2, The force which moves the foreign particle from the
outsmde to the inside of a cell through the fenestrz in the cortex
mey be destrbed as ¢ suction”  This swction is due to
pertodieal movements of the protein molecules n the comcnl
canals of the cell. Protem lecul rcally st
and extending in the cortical canals exercise movements which
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may be compared with the piston moving in the cylinder
whereby the fuel mixture is sucked into the cylinder of a motor
engine. By this mechanism the foreign particle is passively
aspirated into the interior of the cell.

Antigenic potency depends also on the chemical and
physico-chemical properties of the protein. For example,
protein molecules deprived of their lipoid conjugation
acquire strong antigerucity , whereas 1f the lipoid-free protein
molety 1s covered with lipoids such as sodum oleate 1t loses
some of 1ts antigenicity (Jobling efal , 1915a) These alterations
in antigemc power, which are Telated to the presence of the
lipoids m the protein molecules, depend on a twofold action
of the lipoid-free proteins in the interior of the invaded cell :

1 By surface-acting forces they remove the cellular lipoids
from the lipo-protein molecules of structural protemns
(p 55)

2 They augment the existing toxic enzymatic system,
built n the course of sensitisation (p. 28); by this
action they rmitiate toxic proteolysis by specific
proteases

In short, a protewn, if st is o have antigenic potency, mush
fulfil the following three conditions .

1 The size of 1ts molecules must be smaller than those of
the structural protems of the invaded cell

2 Its molecules must escape proteolysis and be brought in
unsplit form to the surface of cells possessing an
madequate enzymatic system , they must be placed
sufficiently close to an open fenestra to be sucked
through 1t

3 TIts chemical or physico-chemieal structure must be such
as to mduce the formation of a toxic enzyme system
and to mitiate its activity in the sensitised cells

Terminol and ification of P

The term protemases is applied to all types of proteolytio
enzymes The terminology of the intracellular pmteinastzs
accepted 1n this essay is based principally on Bergmann®s
clasmification (1942), His earher work with Fruton and Irv.mg
(1941) provided him with the f k of this classificati
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He distmguishes, amongst others, two types of Cathepsin
(mtracellular protemnases) which he extracted from various
bovine and porcine organs. Their proteolytic action on
synthetic substrates resembles either

1. That of gastric pepsin, and these he called pepsinases
or Cathepsin I, or

2. That of intestinal trypsin, and these he called trypsinases
or Cathepsin I1.

However, he found differences between the action of intra-

oellular proteinages and that of the proteolytic enzymes of the

y canal. For le, the optimal pH for the proteo-

Iytic action of gastnc pepsin1s 15 to 2, whereas for beef spleen

pepsinase 1t 18 5 6, for intestinal trypsm it is 7-8 and for beef

spleen trypsumse lt is 4 9. Thrs demonstration of two different

prot each spl proteins to a different

level of d dation, i3 of fund. 1 mmportance to the
enzymatic concept of s,m.phylaxxs sod allergy

The terms foxic proteinase and toxe enzyme system are used

m this essay for those enzymes which by therr hydrolytic

acthty reduce the pro(',cm molecules to the level of toxic

£ For pl which splits protemn
molecules to the level of proteuse and which liberates proteoses
1y or extracellularly 1s called a toxic protease
ty of I P
Tl t were ded at one fume ss

specxﬁc, and this bolef formed the basis for the Abderhalden
reaction (Abderhalden et al , 1909, 1910, a and b, 1911). Joblng
with his co-workers (1915 6) proved this theory to be not entirely
correct They separated vamous proteinases from serum and
demonstrated that the tryptic proteinases po-sessed the capacity
to proteolyse any protemn provided that the lipord * anti-
ferments " of the serum had been removed The present view
18 that only some protemases aro specific.

The proteolytic enzymes cla.ssxﬁed in this essay as trypsinases
or Cathepsin II are % m ch and are normally
abundant in all hving tissues  Lymphatic tissue is particuladly
well provided with lughly active, non-speafic proteinases
(Drinker ef al., 1941 ; Fruton, 1946).

A very brief summary of two theories, illustrating the
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specificity of enzyme-substrate proteolysts, is presented here.
These are .

1. The binding planes theory (Bergmann, 1936).
2, The bridge formation theory (Smith, 1948, e and b).

1. The binding planes theory holds that enzyme and sub-
strate molecules cannot interact unless the configuration of
atoms and atom groups located on the mteracting planes 1s
such that they fit spatially into one another. In other words,
the speeific combination between enzyme and substrate depends
on the pattern in space of the interacting molecules

2 The brudge formation theory holds that the molecules of

SIDE- AND END-GROUPS
OF POLYPEPTIDE

/ CHAINS \

U 1oN++ PROTEWN
o
ENZYME SUBSTRATE
¥1e. 2

Description m text

an enzyme and a substrate cannot start the enzymatic process
untd the reaction between the end- or sde-groups of the
interacting molecules is completed. One or more of the end-
or side-groups cannot react with the corresponding group of
the opposite molecule unless a bridge is formed between them
by one polyvalent metel 1on  Thus the required 1omtc bridge
enables the mtiation of the enzymatic process, provided the
polyvalent 1on itself can react with both enzyme and substrate
molecules In this way the polyvalent ion selects chemically
those molecules which can initiate the enzymatic process By
this action the jonic bridge confers the specifietty upon t}_le
enzyme and protein This theory is presented above in
diagrammatie form m Fig. 2

The distinction between speafic proteolytic enzyme and
speaific proteolytic antibody has been discussed on page 8.
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R ion or A ot T Nular Protei

Sufficient evidence has been adduced that an unsplit protem
molecule or a colloidal particle of swtable size can enter a
normal eell (Monné, 1948) , this penetration takes place durng
the periodical fenestration of the cortical part of the hving
cell (p. 18} Protem molecules, marked with fi t dye,
were demonstrated by Coons et al (1951) 1n the cytoplasm and
nuclei of cells which they had entered by this route The
foreign protemn molecules remaming mtact mside the cell upset
the intracellular equlik by their ch 1 and physico-
chemical actrons, thus delrvering a toxic stimulus to the nucleus
In response to this stimulation the nucleus produces an
organising factor for a new enzyme, and this nuclear element
enters the cytoplasm (Monné, 1948} The nuclear organising
factor may be looked upon as a gene which, having reached the
cytoplasm as a cyfoplasmatic gene (Spregelman et al, 1946),
mteracts with the foreign protein molecule and so creates a
new enzymatic system  This process, leading to the formation
of a new proteinase, may be set 1n motion 1f the existing mtra-
cellular protemases are unable to spht the foreign protem (see
next h). The fc of a new pr 1n these

i must be ded as a t taken
by the nucleus agamnst the toxic action of the foreign molecules
remamung unspht mside the cytoplasm. If the toxic impact
made by the foreign lecules on the t ry of the
nucleus 1s deep enough, or if the constitutional biochenustry of
the nueleus 1s such that 1t cannot form a new normal enzyme in
response to the toxic stumulation, then the nucleus may manu-
facture a pathol 1 or toxic m The toxietty of the
new enzymatic system may be characterised by only partial
proteolysis and by action solely on molecules of the same protein
which participated 1 the formation of the toxic enzyme system,
i.e , this toxic enzyme may be specific.

The reaction of the invaded cell to a foreign protemn may
take a dufferent turn. The new adaptive enzyme may be able
to carry out complete hydrolysis of the invaded protein. Such
sn enzyme, according to Bergmann’s suggestion (1942), may,
in suitabls conditions, be bi-phasic. In the catabolic phase
the large protein molecule 1s split to its primitive components—
smmo acids. In the anabolic phase of the same proteinase, the
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re-synthesis of the protein molecule may be accomplished. If
the new adaptive enzyme has ca.tabnhsed the intruding protem
it may, in its anabolic phase, re-synt} it. Ultimately this
replica of the foroign protein may be incorporated into the
structural proteins of the primarily invaded cell.

The future of these cells is influenced by many factors.
‘They have acquired at least two new features, namely, a new
proteclytic enzyme and a new structural protemn. These two
characteristics completely alter the nature of these cells. The
character of these cellular umts will entirely depend on:

(1) The character of the aedaptive enzyme ;
(2) The ch: ter of the r d protein.

1. If the anabolic and catabolic activities of the adaptive

enzyme are well balanced, and if the reconstituted protein

les have no pathological fe the ceIlu.lar metabolism

will be httle altered If catabohe activity pred in the

cellular metabolism, these cells soon die out and the whole

incident 1s closed More pregnant m consequences is the

alternatxve 1 which the anabolic phase of the adaptive enzyme

m the metabol of the affected cells: the

subsequent pathology will depend to a great extent on the
type of reconstituted protem.

2. The pnmitive catabolites dertved from hydrolysis of the
fore)gn protemn are at first the sole protem material for the

of 1ts lecule by the bolic phase of the
adaptive enzyme. A farther supply of the required material is
later derived from the organism’s own resources. The newly
synthesised protem molecule is a replica of the invading protein
since it was built by the adaptive enzyme Ths replica next
becomes incorporated into the structural proteins of the mvaded
cell. Thus the foreign protein 1s incorporated into the
organism’s own structural proteins, by this action a funda-
mental and deeply rooted alteration has been implanted in the
affected cells.

If the character of the adaptive enzyme is of anabolc type
and the self-renewing protemn possesses antigeme power, te.,
gives nse to toxic protease, a vicious circle may develop.

The invading protein may be pathogenic not only by virtue
of its antlgemc power , for example, it may be a virus protein.
If s0, the vicious circle is doubly harmful, since the reconstituted
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protein has two distinet pathological effects. But this aspect
of the problem cannot be discussed further in this essay, for
such discussion would lead us into the vast fields of inflammatory
and neoplastic pathology.

The process of new formation or reorganisation of the
existing mtracellular enzymes under the action of a new
substrate is called by some enzymologists enzymatic adaptation
{Karstrom, 1938, Spiegelman, 1950, and others). This
theory is bult on observations made on lower organtsms, but
there 13 & strong suggestion that the same process may take
place also in higher orgamsms {Burnet ef al., 1949).

This concept 1s, however, not univessally accepted in 1ts
origmal form Those who object to 1t argue that the new

\ (te, the p antigen) must be chemmcally
closely related to the existing substrate (u.e., the cellular
structural protems) for adaptation to be possible This argument
implies that the new substrate stimulates the existing enzymatic
gystem in such a way as to bring out the activity of an enzyme
already present in the cell (Sevag, 1946)

Toxicity of Enzymes,

Some enzymes possess biological toxicity which they
exercise in various pharmacological ways (Marrack, 1950)
Some of the toxiaity of the toxic proteinases 1s inflicted by the
end products of the hydrolyss carried out by them (Petors,
1952a) For ple, proteoses Iting from this p I;
may appear mn the tissues or 1» the body fluds and be lughly
toxic, as, for example, in anaphylactic shock , the protease
responstble has acquired the features of a toxic enzyme.

Peterman (1942) has suggested that there may be two types
of enzymatic proteolysis* (1) the all or none type, in which
large protem molecules are broken down rapidly to small
dualysable fragments, (2) the piecemeal type, m wiich lughly
dualysable fragments are spht off, leaving heavy particles but
no unchanged protem The pattern of ptecemeal hydrolysis
may be the one which occurs 1n the anaphylactic reaction
Partially altered protein molecules wiich have been reduced
in size by the sphtting-off of & certain number of hght dia-
Iysable fragments (amino acids) are, of course, proteoses—the
first breakdown products of proteins In a later discussion
it will be pointed out (p, 39) that Menkun (1930) was able
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to reproduce some of the manifestations of anaphylaxis by
parenteral imjection in itised animals of subst
which he had solated from inflammatory exudates; these
isolated substances were produmcts of high-level proteolytic
degradation. It is therefore reasonable to assume that the
toxic substances isolated by Menkin are identical with the
proteoses hiberated by toxic proteases Simlar toxie proteolysis
may occur 1n other types of inflammation

The formation of the specific toxic enzymatic system takes
place durmg the period of sensitisation which runs the followmng
course  the nuclens invaded by the antigentc molecules is
stimulated by the toxic action of the unspht protein (Branchet,
1950), this results n the formation of an organising factor
for the formation of 2 new enzyme (Monné, 1048) The
orgamising factor, when 1t enters the cytoplasm, reacts with
other molecules of the same (sensitsing) dose of antigen by
the mechamsm of couple reaction The newly formed toxic
enzymatic system can start proteolysis only when another
molecule of the same protein augments the coupled enzymatic
system (Bergmann, 1942), this augmentation takes place
when antigenic molecules enter the sensitised cells, as, for

le, dunng the ad ration of the shock-dose.

The process of sensitisation and anaphylactic response can

be presented in the following formula

AG' + TE——>AG'TE

toxic proteolyss
AG'TE + AG*——AGTEAG*———————>AG'TE +proteoses

AG?! rep unspht lecules of the itist
dose in the interior of a cell to be sensitised, AG? represents
unspht lecules of the shock-dose; t

H Tep
toxic enzyme mside a sensitised cell, AG'TE represents toxic
enzyme system mside and outside the sensitised cells,
AGITEAG? represents augmented toxic enzyme system which

diately sphts the t; igeni lecule (AG?) to

the level of various proteoses At the end of this hydrolysis

toxic enzyme system (AG'TE) remains intact inside the

sensitised cell ready to be augmented agam if another shock-dose
of specific antigen enters the sensitised cell. :

Ability to produce non-specific proteinases and inability
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to form toxie proteases appears to be, in some cases, organ and
species specific.  For example, the connective tissue sur-

1 the bronchioles in guinea-pigs responds to the
injection of a toxic dose of specific antigen by forming gross
edema {Warren et al., 1948) ; hence, according to the enzymatic
concept of anaphylaxis, the cells of the connective tissue around
the bronchioles m guinea-pigs furm toxie speeific protease
during the course of senmtisation Why only certam tissues
respond to antigese stimulation by forming specific proteases
m species specific anaphylaxis is difficult to say In the case
of hereditary sensitivity the root of tius mability hes probably
in a genetic defictency of the biochemical constitution of the
nucleus (Bourne, 1951), whereas mn the case of acqured
sensitivity the mahility may be caused either by a constitutional
debility of the enzymatic system (in the given organ or given
apecies) or by the ageing of cellular proteolytic enzymes m the
course of normal or pathological wear and tear

Protem Catab seen I the Sub of

the Cell.

The cytoplasmic proteolytic enzymes are protemns whose
fibril-hke molecules are formed of polypeptide chamns just as
are those of substrate protemns The enzymatic proteins are,
however, separated from the cytoplasnue substrate proteins by
an insulating barrter of Lipoids as shown m Fig 3 This
insulating action of kpoids depends on 2 homopolar cohesive
linkage between the end- and side-groups of the polypeptide
chamns of the substrate and those of the enzyme protemns
This blocking action of hipords has been called by varous
authors the anfiferment polency (Joblng et al, 1915a) Any
action which can disrupt this intracellular lipo-protein hinkage
15 apt to start proteolysis. The veloaity and co-ordmation of
the proteolysis depends on the manner i wluch the lpord
molecules are removed from tho hipo-protemn conjugation. For
example, surfacc-actmg substances, such as molecules of
proteins or proteoses (or any other colloidal particles) can
1itiate proteolysis by rapid alteration of the dispersion phase
of hipoids. Colloidal molecules reaching the tenor of a cell
may start a chaotic proteolysis mn this way. If the cells involved
possess a specific toxjc enzymatic system (e, if they are
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sensitised), the specific antigenic molecules can initiate an
uncontrolled foxic proteolysis by the mechanism described
on page 28,

The chemical tions resulting from the substrate-enzyme
union lead to the removal of the peripheral amino acids or
polypeptide chains from the substrate proteins (Fig. 1c). Tem-
porary inactivation of the cellular lipoids may also be achieved
through other mechanisms, as, for example, by a purely chemical
action (p. 53). It has been proved (Jobling ef al., 1914) that
the lipoid molecules can exercise their blocking action only if
they possess unsaturated carbon atoms in their fatty acids. The
saturation of these carbon atoms by various chemrcal methods
(p. 108) may be another mechanism by which intracellular
lipoids are inactivated It 1s not the mechamsm, however,
by which proteoses mactivate lipoids. These operate in all
probability by a physico-chemical means, eg., by altermg the
dispersion phase of the lipoid molecules (Jobling et al., 1915a).
For further discussion on this problem see Chapter Il

ANAPHYLACTIC SHOCK AND THE ANAPHYLACTIC
REACTION

Peptone Shock.

It has long been known that so-called peptone shock and
anaphylactic shock are two identical reactions so far as their
manifestations are concerned (Bied! and Kraus, 1909; and
others). The resemblance of these two syndromes 15 so marked
that most of the early work concerned with the fundamental
problems of anaphylaxis were studied on peptone shock. The
main argument against the peptone-shock theory of anaphylaxis
was that blood withdrawn from & dog in anaphylactic shock
contained no transferable toxic agent (peptone) by which
peptone shock could be reproduced in another non-sensitised
dog (Weil, 1917).

Grosjean m 1892 found that intravenous injection of Witte's
peptone in a dosage of 0:15 to 0-30 gm. per kilo into & normal
dog produces a reaction shown by later workers to be charac-
teristic of anaphylactic shock (Table 1). The basic difference
between these two syndromes 1s as follows - in anaphylactic
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shock the peptone molecules (or any other protecses) are
Liberated inside a previously sensitised cell, whereas in peptone
shock the peptone molecules invade a itused cell from
outside. In order to produce peptone shock 1 2 non-sensitised
dog one must inject & relatively high dose of peptone, because

TaBLE 1

Comparison of the Mamfestations of Anaphylactic and
Peptone Shock wth thewr References

Mamfestation, Anaphylactic Shock.| Pepione Shock.
Hyperbepannemia Jaques et al, 1940 | Quuck, 1936
Hyperbistaminsena Code, 1939 Dale, 1929
Leucopenia Widal et al,, 1921 Widal et al, 1921
Thrombocytopema Dragstedt, 1941 Rocha & Silva, 1946

Increased titre of non- | Joblng et al, 1915¢ | Jobhnget al , 1915 ¢
specific protemase m
blood

Increased titre of pro- | Pleiffer, 1915
tease 1o blood

Increased NPN in blood | Jobling etal, 1915 ¢ | Jobling et al , 19154

Hyperglycamia Zunz, 1924 Zunz, 1924

Hypoprotemnemza Petersen et al , 1923 | Petersen etal , 1923

In{:reased protens 1n | Petersenet ol , 1923 | Petersen et al , 1923

lymph

Increaged lymph flow Petersen et of , 1923 | Heidenhain, 1891

RBC’s in lymph Patersen et ol , 1923 | Heidenhaip, 1891

Increased permeability of | Calvary, 1911 Calvary, 1911
capllartes

Decrease of plasma | Simonds, 1923 Smonds, 1923
volume with bemo-
concentration

Fall i blood-pressure Sunonds, 1923 Simonds, 1923

(1) the dose is diluted by the body fluids and (2) the amount
of peptone which reaches the interior of the cell must be well
above the proteolytic capacity of the invaded cell

Injected peptone molecules penetrate all organs, and those
cells which possess highly active intracellular non-specific
proteinases spht the peptone molecules 1mmedmte]y to the
level of non-toxic b Cells
active protei: cannot p; ly the whole shock-dose of
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peptone ; the portion which escapes proteolysis inflicts its
toxic action upon the intracellular Itpoids in & manner resembling
that of the proteoses produced intracellularly during the
anaphylactic reaction (see next paragraph) Peptone in a
dosage lower than that required for shock is immediately
proteolysed and there 13 no surplus of peptone left to mitiate
rapid and ineo-ordmated intracellular proteolysis. This pomt
18 worth stressing, because 1t explains why mn the blood of a
dog in anaphylactic shock Weil (1917) could not discover any
transferable agent capable of reproducing peptone shock m
another non-sensitised dog

Anaphylactic Shock.

Anaphylactic shock and the anaphylactic reaction are
phenomena which differ from each other only quantitatively.
Both take place 1n sensitised cells, both result from the invasion
of the inferior of sensitised cells by antigen, and m both the
intracellular specific toxic proteases hydrolyse the antigenic
protem to the level of peptone-like proteoses The main
difference lies m the amount of antigeme protein penetrating
the sensitised cells, and 1 the rate of 1ts penetration

By detailed analysis of the Justo-chemical events involved
m anaphylaetic shock, four stages of shock may be distingushed
This separation into stages 1s somewhat arbitrary because each
phase of the reaction runs unmterruptedly into the next with
a very hugh veloaty. However, for purely practical purposes
of presentation of the chemical events, a slow-motion picture
of the brochemical sequence m anaphylactic shock has beenr
formulated Its value 1s solely descriptive

Furst Stage of Anaphylactic Shock

The shock-dose of antigen enters sensitised cells which
already contamn a toxic enzymatic system as a result of
sensttisation The antigenic molecul g thus t
system and thereby set in motion the toxic proteolysis of those
antigenie molecules which have augmented the enzymatic
system with the production of free proteose molecules in the
cytoplasm At the end of this hydrolysis the toxic enzymo
system is ready again to be augmented (and start proteolysis)
by another molecule of antigen if it is available in the cell
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(p 28), the turnover of this reaction will depend on the
dosage of the applied shock-dose of antigen.

Second Stage of Anaphylachie Shock

Proteose molecules which have been born in the cells disrupt
the lrpo-protemn molecules by altering the dispersion phase of
the lipoid component The cytoplasmic struetural proteins,
deprived rapidly of thewr lipord protection, are chaotically
exposed to the hydrolytic action of the cellular non-specific
protemases which have been activated by the same action
(lipo-protein disruption)  Uncontrolled proteolysis of the
structural proteins of the sensitised cells begtns i this way
and eventually leads to the disruption of the cellular structure
and to the release of the cellular enzymes and toxic cataboltes
mto the body fluds

These first two stages may be regarded as the mtrmse
phase of anaphylactic shock because they oceur inside the
sensttised cells

Third Stage of Anaphylachic Shock

The toxin released mto the blood during the first two stages
of anaphylactic shock exerts its pharmacological actions in
organs hitherto unaffected and so gives mse to the varous
constitutional mamfestations of anaphylactic shock  The
third stage may therefore be looked upon as the extrmnsic
phase of anaphylactic shock

Fourth Stage of Anaphylactic Shock

In this stage the final 1ssue of anaphylactie shock takes
place either recovery or death.

In the recovery pened the orgamsm may acqure (1) an
immumity aganst further 1nvasion by the spenific antigen of
the organism  Such immunity 1s due to a massive liberation
of speaific and non-speaific antibodies by lymphoid tissue as
2 result of the lympholytic action of the pitwitary-adrenal
response (p. 48), (2) pathological lesions n the shock organs
or 1n the organs not pnmanly mvolved in the anaphylactic
reaction (ectopic lesions) : both of these changes may ultimately
heal or may establish (3) secondary chronic anaphylactic
conditions (see below).
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Chronic Anaphylaxs.

The seventy of the anaphylactic shock depends on the
amount of proteose released in the cells. This in its tum
depends on two conditions :

1. On the amount of the antigenic protein which has entered
the cells

2. On the kineties of the intracellular toxic proteases and
non-specific proteinases

If the velocity of the protease hydrolysis is rapid enough
and if the t of protein 1s adequate, a full-blown
anaphylactic shock results  If, however, only a small amount
of antigenic protem has entered the cells and this has heen
peptonised, the amount of released proteose 1s also small and
the damage done to the lipo-protein structure is relatively
shght, The symptomatology of this nmuld shock is therefore
less dramatic But this mild degree of shock, if contmually
repeated, 15 apt to precipitate cellular alterations (see below)
of suffictent magnitude to produce a pathological response called
Primary chromc anaphylaxis or the primary chronic allergic
conditton. If an acute shock precedes the onset of the chronic
manifestations, the chrome conditton 13 called secondary
chronic anaphylaxis or the secondary chronic allergic condition.
The acute develops mnto and merges with the chronie stage.

The mamfestations of both types of chronic anaphylaxis
may be localised erther in the shock organs or in the distant
tissues (ectoprc reactions) or mn both The description of the
local and econstitutional mamfestations of the anaphylactic
reaction 15 deferred to the next few paragraphs

Heparin in Anaphylactic Reaction,

Heparn 1s present in all Iiving cells in variable amounts,
either free or conjugated with proteins (Chargaff, 1941). If &
protemn salt of heparin 1s exposed to the proteolytic action of
intracellular enzymes, the heparm molecule may be split off-
Free heparin is Itberated in and eliminated from the uﬁect.ed
cell. The remaining cellular protemns, deprived of heparin,
undergo reversible gelation (Fisher, 1931). This change 1 the
physico-chemical structure of the substrate proteins moy
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influence the affected cell m varous ways, a mobile cell,
for example, may be immobihsed An example of such action
is the arrest of movmg eosinophils 1n the lymphatic barner
m the lamina propria of the intestinal wall (p. 74) If the
amount of the tissue involved in the anaphylactic reaction 1s
great enough, so much heparm may be released that, entening
the blood, it will cause its incoagulability. Thus actually occurs
in the early stage of both peptone shock (Quick, 1936) and
anaphylactic shock (Jaques et al, 1940) In the stage of
recovery from the shock, heparin re-enters the interior of the
gelated cells and restores the semi-liqud state of therr eyto-
plasmatic protemns (Fisher, 1931}, if the cells were immobibised,
it restores their mobility (Godlowsks, 1952¢). The re-entrance
of heparm into the cells Jeads to ramd reduction of the hepann
level in the blood This in turn may cre'nte conditions
ble for clotting, especially where there 18
a physiological slowmg of blood flow, as, for example, at the
junction of a collateral with a main vem (e g., the junction of
saphenous and femoral veins). T}us faII of heparin concentration
may explam the tend to th id n the chmeal
conditions assocrated with vamous types of anaphylaxis
(Gauthier-Villars, 1951) Another consequence of the fall m
hepann concentration is capillary thrombosts with some ex-
tenston proximally and distally inte artenoles and venules.
The mechanism of this capillary thrombosis may be as follows
in the recovery stage from acute or chrome anaphylactic shock,
the focus involved m the anaphylactic reaction rapidly absorbs
heparin from the passing blood, and so promotes clotting m the
capillaries of the affected tissue This mn turn causes an acute
jscheemia of the tissue mvolved 1n the anaphylactic reaction,
leading finally to ischamic necrosis
The release of heparin and its sequel® are the mere con-
of the mt llular proteolysis initiated b) the
of the i Ilular hpoids by p
The release of heparin 1s thus secondary having no direct
causal connectron with the primary mechamsm of the
anaphylactic reaction, therefore heparin mjected m large
doses should not influence the mitiation of shock This con-
cluston was confirmed by an experniment in which the injection
of a very large dose of heparin (2,000 units per kilo) mto
sensitised rabbits and guinea-pigs did not lessen the lethal

7!
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effect of an injection of antigen thirty minutes later (Godlowski,
unpublished data)

Histamine in the Anaphylactic Reacti ’

If the uncontrolled catabolic activity of the anaphylactic
reaction sphts off the amino acid histidine from the polypeptide
chain it may be rapidly converted into histamine by histidine-
decarboxylase (Holtz, 1937, Blaschko, 1945) Histamine may
be released also by a different mechanism In conjugated
form 1t exists m almost all tissues (Gaddum, 1948) In the
course of toxic proteolysis such conjugated histamine may be
liberated 1n the cells, where 1t exerts an intrinsic action, and may
escape nto the body fluids, where 1t exerts its extrnsic action,
precipitating & great variety of mantestations in various
tissues By its extrinsic action 1t 1s responsible for most of the
dramatic symptoms of anaphylactic shock (Gaddum, 1918)
and of syndromes resembling anaphylactic shock (p 40)
Its powerful acton on epithelium and capillaries, on the smooth
muscles of varous organs and on the secretory action of various
glands, 1s the chref agent responsible for most of the symptoms
of shock, so that at one time the anaphylactic reaction was
regarded as histamune powsomung (Dale et @l , 1910-11, Dale,
1929, Schild, 1939, Dragstedt, 1941, and others). The
violent symptoms of the anaphylactic shock produced maimnly
by the release of histammme involve the pituitary-adrenal
response (Sayers and Sayers, 1947) with 1ts own train of effects
(for detals ree * Hormonal Involvement in Anaphylaxis ')

Heparin and histamine should therefore not be regarded as
taking an integral part in the anaphylactic reaction, they
may or may not do so The liberation of these substances will
depend on the chemical constitutions of the split proteins and
on the kinetics of the available enzymes in the affected tissues
If the protems nvolved mn the toxic proteolysis contam &
sufficient quantity of heparm salts, then heparin may reach t.hc
body fluids 1n detectable amounts If the affected proteins
contamn enough histidine and if this histidine 1s set free by
uncontrolled proteolysis, then hustrdie-decarboxylase, if avai}-
able, may convert 1t into histamme. But if hiseammast{ is
present in sufficient concentration at the place of the reaction
1t may destroy the released histamne and so prevent it from

exerting any extrmsic action (Gaddum, 1951). In other words,
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an anaphylactic reaction may take place without the release
of either heparin or of histamine or of both. The leading
symptoms of anaphylaxis may therefore vary from case to case
although the principal pathogenetic mechanism remamns the
same, They may vary m different species and in various
syndromes within the same species

and P m the Ana-

phylactic Reaction.

Human and dog sera normally contan tryptic enzymes
whose activity is blocked by the blood lipoids. When the
dispersion phase of these lipoids 1s altered, the proteolytic
enzymes become active iz viwo and w tifro against both
homologous and heterologous protems (Joblng et al, 1914)
Extraction of & normal serum with chloroform activates these
enzymes, when the Lipoids extracted by the chloroform are
added to the treated serum its tryptic enzymes become mactive
agam. Similar effects may be obtamed by extracting with other
fat sol , by ing the ted carbon atoms of
their fatty acids, or by altering the dispersion phase by means
of surface-acting substances (Jobling ef al, 1915¢, see also
p 108) A similar mechanism of proteolytic activation may
operate in i llular and extracellular pr . Thus
proteolysis m the blood and in the tissues 13 controlled by the
availability of active hipords for the insulation of the substrate
protems against normally present nen-specific proteolytic
enzymes,

In the anaphylactic reaction an alteration occurs in at Jeast
three enzymes in the blood

1 A quantitative change in the titre of non-specific
proteinases.

2 The appearance of toxic proteases

3. An increased titre of sernm esterase

1. During anaphylactic shock the non-specific proteolytic
power of the serum nses rapidly This leads to a significant
elevation of non-protem mitrogen (NPN) in the blood 12 wito
(Abderhalden et al, 1911 ; Jobling et al, 1915¢, and others).
Incressed tryptic activity of the blood obiained from an
anaphylactic dog has also been demonstrated in titro
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(Abderhalden et al, 1911, Zunz et al., 1915; Pfeiffer et al.,
1915). The rise of the tryptic power of the serum varies with
the seventy and the duration of the anaphylactio shock
(Jobling et al, 1915¢) Since the mcrease of NPN in the
blood of an anaphylactic dog exceeded the total N content
of the applied shock-dose of antigeme protein, Jobling and
his co-workers (1915¢) rightly concluded that the excess of
NPN in the blood 18 derived in these circumstances from the
hydrolysis of the organism's own proteins In other words,
during the anaphylactic reaction a rapid toxic proteolysis of
antigen and mcreased normal proteolysts of the organism’s own
proteins elevate the NPN in the blood . on the other hand,
the d and lerated pecific proteolysis depletes
the organism’s stores of proteins

The mcreased proteolysis in anaphylaxis is caused by two
factors -

(2} Inactivation of ltpoids which protect substrate proteins.
) L d output of pecific protemnases,

(@) The mactivation of lipoids m intracellular and extra-
cellular lipo-protem molecules 15 due to the release into the
body flmds of free molecules of various proteoses during the
second stage of anaphylactic shock, the proteose molecules
disrupt the lipo-protem linkage by surface-acting forees (p 55)

() The elevated titre of non-speeific proteinases 1s due t0
the massive dissolutton of lymphoid tissue caused by the
lympholytic steroids released during the pituitary-adrenal
response This 1s put nto operation by the stress of the
anaphylactic shock ttself.

2 The appearance of toxic proteases in the blood of &
sensitised dog, and the rapid increase in its titre during ana-
phylactic shock, has been mdependently established m various
laboratores (Vaughan ef ol., 1913, Jobhng ef al., 1915¢,
Zunz et al, 1915, Pfeiffer, 1915, and others). The titre of
the serum proteases gradually mses durmg the period o
sensitisation and reaches its peak at about the fifteenth day.
According to the suggestion of Jobling e¢ al. (1915¢) the mmtiatzon
of protease-hydrolysis in anaphylactic shock 1s made by the
inactivation of the blood and tissue lipoids which block its

action. . .
The toxic proteolysis carmed out by various proteases takes
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place mainly in the sensitised cells but partly also in the blood
during the second stage of anaphylactic shock (p 33) The
toxicity of this proteolysis les in the release of toxic end
products of protein breakdown (proteoses) The toxicity of
the proteoses has a double mechamsm (2) Proteoses are,
per se, toxie, causing various constitutional mamfestations, and
{b) thexr molecules exercise a surface action whereby the dis-
persion phase of lipoids 1s altered As a result the substrate
protems (of both primanly and secondarily 1nvolved cells) are
exposed to energetic proteolysis by non-specific protemases

The toxic protease-hydrolysis in the affected cells starts in
the first stage of anaphylactic shock and goes on through
the whole of the second stage, proteoses released mto the
blood are found there n detectable amounts soon after the
mjection of the shock-dose of antigen (Jobling et al, 1915¢)
The whole amount of the free proteoses released nto the hlood
throughout, the pertod of shock 1s, however, not big enough to
produce shock the whole blood of an snaphylactic dog,
transfused mto a non-sensitised dog, does not give rise to
shock in the recrpient (Weil, 1917) This fact has the following
explanation . The main source of proteose production 1s the
tissue mmvolved m the anaphylactic reaction  Although damaged
by the anaphylactic storm, these cells are not totally destroyed
and a small gquantity of proteose 13 spilled over mto the blood
This relatively small quantity of proteose, however, 1s sufficient
to mactivate the hpoids of cells not primanly affected, and to
precipitate manifestations which intermmngle with symptoms
derived from the anaphylactic reaction The total amount of
free proteose, however, does not reach the quantity required to
produce peptone shock (Weil, 1917), and this fact is the reason
for Wel’s (1917) being unable to reproduce the anaphylactic
reaction 1n a non-sensitised dog using as & shock-dose the whole
blood of an anaphylactic dog

The toxicity of various proteoses must be discussed mn the
light of recent work by Menk:n (1950) on inflammatory exudates.
He extracted from the mflammatory exudates of serous mem-
branes and tissues various pmtem derivatives, which he

di to Lheu‘ logieal actions. Thus

pyrexn, 1 1 ing factor, leucor
Jactors, necrosin, etc, have been nol&ted m pure forms and
therr respective toxicities have been identified in normal
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animals, The toxic actions of these compounds can be traced
in any form of inflammation; the anaphylactic reaction
histologically represents one form of inflammation whose main
distinctive feature lies in the mechanism of 1its initiation.
Menkin rightly expressed the view that these toxins operate
in anaphylactic inflammations as well. In other words,
the anaphylactic reaction, from the histological pont of view,
represents tissue wnfl localised in certain shock: or certain
ectopic organs, on this local reaction there may or may not be
superimposed manifestations derwved from the release of histamne
and feparin, as well as from the release of the pituitary-adrenal
response

3. High titres of serum esterase have been found in the
anaphylactic dog by Jobling and his co-workers (1915¢). The
meaning of this finding has not been clearly explained. It is
possible that mactivated cellular lipoids, derived from lipo-
protem molecules, escape into the blood from the cells damaged
by anaphylactic shock, and that the high level of Iipoids in the
blood, in turn, mobil tissue Thus the i d
titre of blood esterase may represent a secondary measure
whereby the increased blood Iipoids may be restored to their
previous state.

Syndromes srmilar to the Anaphylactic Reaction.

The chief mcentive to revision of the theory which accepts
an antigen-antibody union as the basic pathogenetic mechansm
of anaphylaxis was the discovery of the fact that mtravenous
mjection of humen gamma globulm into humans, or inte
itact or adrenal d non-sensitised dogs, produced
manifestations mmilar to those of anaphylactic shock
{Godlowski, 19525) Innone of these conditions is the existence
of specific antibodies admissihle , an antigen-antibody reaction,
therefore, can form the pathogenetic basis for none of these
conditions By analogy, the reaction whose manifestations are
jdentical with the above-mentioned syndromes should not be
hnked pathogenetically with the antigen-antibody reaction.
In a review of the literature which has some bearmng on th'e
subject, conditions were found m which the presence of anti-
bodies could certainly be excluded but whose manifestations
ed s striking resemblance to those of anaphylactio
sin shock, and the

PossESS
shock. These were peptone shock, iryp
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reaction due to the intravenous mjection of chloroform; to
the same category belong reactions following intravenous
injections of colloidal and highly emulsified suspensions, or
parenteral admmistrations of heterologous sterle protein
solutions, ete. In order to find a common mechamsm for all
these synd 1t is essential to discover the primary factors
operating 1n each reaction, and then if possible to Iink them all
to a single mechamsm To be able to do this one must first
abandon the theory of antigen-antibody reaction as the basic
factor of anaphylaxis and allergy  One must then discuss in
detail the mechamsm of each syndrome mdividually and find
a or T ble for the bl: of
syndromes of such diverse sehology
The mechanism of peptone shoek has already been discussed
on page 30. The presence of specific antibodies 1s nadmissible
in a dog never previously mjected with peptone Yet such a
dog, 1f injected with the proper dosage of peptone, wsually
develops symptoms 1dentical with those of anaphylactic shock
This fact alone should rule out the antigen-antibody reaction
as the pathogenetic mechamsm of both anaphylactic and
peptone shock Close analysis of biochemical events operating
m both types of shock will elicat the fundamental factors at
work 1 both conditions The basie drfference between ana-
phylactic and peptone shock 1s the period of sensitisation  1ts
presence in anaphylactic and its absence in peptone shock In
the first stage of ana,phylactlc shock the toxic enzymatic
system yields free les of p In tts
second stage these proteose molecules d.lsrupt lipo-protein
Imkage, thus exposing structural protems to non-specific
proteolysis. In peptone shock, mjected molecules of peptone
{which chemucally belongs to the proteoses) imitiate chaotic,
fic pr lysts of the sub protemns by a stmlar
mechamsm In other words, peptone ghock runs a brochemical
course similar to that of anaphylactic shock from jts second
stage onwards. There is no sensitisation period in peptone
shock and therefore no f n of a toxic enzymatic system ;
the role of proteose molecules has been taken over by the
mjected poptone molecules, The biochemical events and the
symptoms produced by them are those of the second and thurd
stage of anaphylactic shock, and hence the sumilarity of these
two types of shock
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Tn the reaction following intravenous injection of human
gamma globulin the molecules of gamma globulin, deprived of
therr conjugation with lipoids by ether fracblonahon, enter
vanous cells where they display the properties of surface-
acting substances (Godlowsky, 18525). Such action leads to
the adsorption of cellular lipoids on their surface, thus dis-
rupting the lipo-protein conjugation. This action, in twrn,
-exposes the substrate proteins in the blood and in the invaded
cells to an uncontrolled, non-specific proteolysis with the
liberation of the various toxins described previously. Thus the
teaction following ntravenous injection of human gamma
globulin into & man, or mto an mtact or adrenalectomised
non-sensitised dog, starts biochemical reactions of the second
and third stages of anaphylactic shock; the manifestations
which follow are identical with those of anaphylactic and
peptone shock.

Trypsin shock can be produced by intravenous or intra-
peritoneal injection of an active or inactive trypsin solution
into a non-sensitised dog (Kirchheim, 1911, 1912, 1813 ¢ and b);
these observations have been confirmed by Joblng ef al
(1915b). The symptomatology thus produced s identscal with
that of peptone and anaphylactic shock. The differentiating
features between frypsin shock and anaphylactic shock are the
ahsence in trypsin shock of a sensitisation period.

Chemically trypsin is a protein  If active trypsin 1s admm-
istered 1t may display a twofold action : (1) as tryptic enzyme
and (2) as protemn molecules Action (1) cannot start unless
protein molecules m the blood and cells are made accessible
to the tryptic action by removal of the hpord fraction from
the lipo-protemn molecules {e.g, by action {2)) Normally the
blood, and all tissues, possesses enough non-specific trypsinases
to proceed with hydmlysls, provxded that the lipoid barrier
in the lipo-protein conjug Th action (1}
of the injected trypsm plays an mslgm.ﬁcanf. role. The maln
factor responsible for the production of trypsin shock is action 2}
in which molecules of trypsm disrupt the lipo-protem conjuga-
tion by & physico-chemical mechanism. Hence the results are
the same whether the trypsin is admimstered 1 its active or
jnactive form The disruption of the hpo-pmtem linkage by
trypsin molecules exposes the organism’s own proteins to

pon-specific proteolysis identical with that of the second and
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third stages of anaphylactic shock * hence the 1dentity of the
mantfestations of trypsin shock with those of anaphylactic
shock.

The 1ntravenous injection of 'm into a dog prod
manifestations which are similar to those of anaphylactie
shock, but they are mtermingled with symptoms derived
from the direct toxic action of chloroform on the Liver cells
(Ratner, 1943) In this case there is a chaotic and rapd dis-
ruption of the lipo-protein hnkage by the fat solvent The
biochemical events which follow are similar to those of the
second and thiwrd stages of anaphylactic shock, and this
simularity 1s the cause of the resemblance between anaphylactie
shock and the reaction following ntravenous injection of
chloroform

N

" oidal &

(eg, sulphur), highly

I d lloidal {eg, fat, kaoln, Jobling
et al.,, 1915 £, iodine compounds Pendergrass ef al, 1942,
Ramsay, 1953, and others), and heterologous protemn solutions,
when applied pamnterall), are apt to pwcnpxtate reactions
sumilar m their and symp ology to those of
anaphylactic shock These reactions may take place if the
injected particles possess the features requured for the penetra-
tion of the cell (p 21} Once m the cell, they display ther
disrupting action on the lipo-protein linkage and iutiate the
type of proteolysis found in the third stage of anaphylactic
shock

In the anti-anaphylactic state the high titre of proteclytic
and non-proteolytic antibodies released wmto the blood during
the shock is maimtamed thereafter by a higher output of
antibodies by the lymphod tissue (p 33) This counter-
measure prevents the penetration of the antigenic protein into
the sensitised cells should another invasion of antigen occur.
It operates mamnly in the body flmds. Although i the anti-
anaphylactic state proteases are present inside the sensitised
cells, these cells have recovered from the previous shock and
are as yet undsmaged For this reason an escape of proteases
to the blood on a large scale cannot occur (Pfeiffer, 1913).

If, however, proteases are present m the body fluids after
the symptoms of acute anaphylactic shock have subsided, one
may conclude (a) that there is an active anaphylactic focus
in the body, and () that the anti-anaphylactic mechanism is
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inadequate. Had it been adequate, all the antigen would have
been neutralised by free antibodies and a chronic state of
anaphylaxis could not have developed

To summarise. the facior common to anaphylactic shock
and {o the syndromes which resemble 1t is @ rapid and uncontrolled
proteolysis of the organism’s own sub proteins initiated, in
the case of anaphylactic shock, by the augmented foxic enzyme
system, wn the cases of the anaphylactic-lile syndromes by the
pseudo-antigenic actions (p. 3) Ths is followed by symptoms
charactersstic of the second and third stages of anaphylactic shock ;
hence the similarity between all these reactions

The ultimate outcome of the non-specific reactions of
anaphylactic type may be different in different circumstances.
For example, 1f an orgamsm suffering from a chrome inflamma-
tory lesion is subjected to one of these reactions, it may even
benefit from it  The metabolic storm may exercise its
benefical action on infl -y lesions by (a) the engagement
of the pituitary-adrenal response with release of C1-oxygenated
corticosteroids (p. 50) and (b) the mutiation of a proteolysis of
great veloaity, which causes a rapid involution of the inflamma-
tory exudates contaimng highly active, but temporarily blocked,
proteolytic enzymes

The Enzymatic Concept versus the Concept ot Antigen-antibody
Reactions in Anaphylaxis and Allergy.

The present orthodox view on the mechanism of anaphylaxis
and allergy holds that an antigen-antibody reaction takes place
i the sensitised cells and m the body flmds, with release
of various toxins (heparin, lustamme) having intrinsic and
extrinsic actions. In other words, the presence of specific anti-
bodies is essential for the mitiation of the anaphylactic
reaction This theory cannot explamn the identity of the mam-
festations of anaphylactic shock with those of peptone shock,
with reactions followng the intravenous injection of human
gamma globulm or fat solvents, or mith * tryptic ghock "-—in
all of which the presence of speoific antibodies is inadmissible

The enzymatic concept counld be adapted to the theory of
antigen-antibody reactions as the basic phenomenon of ana-
phylaxis if all proteolytic enzymes were looked upon as
antibodies. The formation of a specific toxic enzymatic system
inside the sensitised cells could then be regarded as the formation
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of a pathological antibody which by union with the spectfic
antigen carried out a pathological proteolysis Such an approach
to intracellular p lysis cannot be pted for the following
Teasons

1 Hydrolysis carried out by this enzyme lberates end
products of high toxicity, whereas antibody was
defined (p 4) as a substance which neutrahses antigen
and by such action ehminates 1ts toxieity

2. The mamfestations of anaphylactic shock are closely
related to the appearance of proteoses in the body flmds
and are not always related to any known antigen-
antibody reaction (precipitation, agglutination, ete ),
furthermore, antigen-antibody mteracton 1s very often
devord of any noxwious activity i the affected
organism

3 The antigen-antibody reaction 1s a defence measure by
which the invading antigen is neutralised and im-
mobiliced, and 1t cannot, without alteration, be both
a protection agamst damage and a cause of damage—
or hoth defender and aggressor

If all proteolytic enzymes are regarded as specific or non-
specific antibodies the whole process of protem catabolism
should logically also be regarded as an antigen-antibody
reaction  Existing views on proten anabolism would then need
modification, for 1n suitable conditions anabolism and cata-
bolism are carried out by the same enzymes (Bergmann, 1942}

bol of hpoxds and carbohydrates
would also hawe to be included in the category of antigen-
antibody interaction. Thus adherence to the theory of an
antigen-antibody mechanism m anaphylaxis would throw all
present views on metabolism into confusion, giving in return
a confused picture of anaphylaxis and allergy.

It 13 therefore suggested that one should gbandon altogether
the view that an antigen-antibody reaction 13 the basic mechanism
in anaphylaxis and allergy and should accept the view that two
wndependent reactions are concerned—antigen-anitbody reaction
and sensitisation process, the imperfection of the first reaction
causes the second Thus the anaphylactic reaction must be
clearly  di hed from the prereg failure of the
anligen-antibody reaction,
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The sequence of events leading to anaphylaxis and allergy
may be formulated in the following way :

1 An antig body i i hysiological defence
measure preserves the balance belween the organism and
the various antigens 'whlch normall_/ invade every
or This  defe i whether 1t
operales tnside or outside normal cells, neutrahses the
antigens and protects the organism from harm. If ths
defence fails, a pathological process begins.

2. If the invading antigen overpowers the antigen-antibody
defence barrier, 1 wnduces the formation of a specific
proteolytic toxic enzyme system , this process conshlutes
the primary mechanism of sensitisation

3 A later invaswon of antigen (1o, a shock-dose} snittes
toxic proteolysis and Liberates various proteoses ; these
wn lurn achiwate normal mon-specific proteinases and
thereby start @ chaotic pioteolysis of the organism’s own
proteins  The varous organic toxins which resull from
this p’roteoljszs are responszble for the loral and

of anaphyl and allergy.

Y



CHAPTER I
HORMONAL INVOLVEMENT IN ANAPHYLAXIS
INTRODUCTION

N the preceding paragraphs attention has been concentrated
mainly on the primary proteolytic inability of cells hable to
be sensitised. As a result of this inability the invading
antigen molecules cause a of the mtracellular
proteinases In this reorganisation a specific toxic protease 13
formed within the cell, and this newly formed protease sphts
the antigenie protemn to the level of proteose during the next
invasion of the sensitised cells Proteose molecules produced
in small amounts inside the cell in the mitial stages of the
a.naphylactxc shock (intrinsic phase (p 33)) disrupt cytoplasmic
les whereby the sul protems become

&(posed to a rapld and chaotic proteolysis exerted by the

This p lysis results m the release

of various toﬂc int d protein bol which are
ble for various fe of anaphylaxis

“Hormonal parti 1 the phylactic reaction may

be evoked through vanous mechamsms In the present dis-
cussion, attention will be focused mainly on the mobilisation
of the pitwtary-adrenal response m acute and chrome
anaphylaxs, apd on the interrelation between lipords and
adrenocorticosteroids

PITUITARY-ADRENAL RESPONSE
Mechamism of Pitmifary-adrenal Response.

The ptuitary-adrenal response opemtes through five
dent but closely

1. Penpheral h p and ptors of ex-
aitatory or mhibitory stimul
Pathways transmitting these stuauli from the peripheral
receptors to the central receptors,
3 Central receptors n the hypothalamus relaying the
smpulses towards the adenohypophysis.
41

1w



48 ENZYMATIC CONCEPT OF ANAPHYLAXIS AND ALLERGY

4. The adenohypophysis producing hormones which act
upon the cortex of the suprarenal.

5 The suprarenal cortex producing a great variety of
steroids which participate in the metabolic activities
of all tissues

1 The Chemo-receptors and Neuro-receptors —The stimul
acting on the peripheral tissues from the external or internal
environment may be of physical, chemical, or emotional
character (p. 78) They are recorded by chemo-receptors
and neuro-receptors, and are eventually transmitted to the
autonomie nervous centres

2 The Pathways Transmatting Recorded Stumuli —The
pathways transmitting stimuli from the periphery are neural
and humoral in nature Stimulation of the autonomic nervous
system may affect directly the relaying centres in the
hypothalamus {Vogt, 1951) Hagh cervical transection of the
spinal cord, however, does not prevent the mobihsation of the
prtuttary-adrenal response , in these circumstances this response
1s mediated by a humoral pathway, ¢ e, by adrenaline hiberated
from the medulla of the adrenal glands (Long, 1947), fanctioning
through 1ts intact secretory nerve supply (Harris, 1948)
Physiologically, the central ptors may be stimulated
simultaneously through both these pathways

3 Hypothalumus as Relaying Organ.—The neuro-humoral
stimuli brought to the hypothalamus are relayed m the regron
of the median eminence , this results in “. . , the hberation
of & chemo-transmitter which 1s transported by the portal
crculation to exeite or hibit secretory action of the
adenohypophysis *  (Quotation from Harris, 1951, reported
previously by Harris, 1944, and Green et al , 1047.)

4. Secretory Action of Adenohypophysis — There is no
evidence that the adenohypophysis (in humans) possesses
neuro-secretory fibres (Harns, 1951). In rabbits, Vaques-Lopez
(1949) had demonstrated neural fibres connecting the hypo-
thalamic area with the adenohypophysis It is at present
beheved that anterior pituitary secretion can be stimulated
by three mechamisms which may operate stmultaneously or
independently These are .

(a) Release of adrenaline by the sy
system.

et drenal
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&) Fi ions of the ton of adreno-cortical
hormones in the body fluds

{¢) Direct hypothalamic stimulation

{a) The adrenaline and adrenaline-like compounds released
from the adrenal medulla and from other chromaffin tissues
may mfluence the sccretory activity of the adenohypophysts
(i) via the hypothalamus (Gershberg et al , 1950), or (n) by
directly stimulating the cells of the adenohypophysis to secrete
adrenocorticotropic hormone (ACTH) ( McDermott ef al., 1930),
or (iif) by promoting the excessive utilisation of corticosteroids
by the peripheral fissues, thus lowering the sterod level 1n the
blood, which m turn stimulates the release of ACTH (Sayers,
1950 b).

{b) The fl of the conc of corticosterords n
the body flurds has been expenimentally demonstrated to be an
inhibitory or exatatory stimulus for antertor pitwmitary action
The repeated admimstration of cortisone caused depression of
ACTH secretion (Sayers and Sayers, 1947), whilst repeated
stress stimuh (which caused increased utihsation of the
corticosterords) exercised a stimulating effect on the secretion
of ACTH {Sayers and Sayers, 1948)

(¢} Durect 1 of the hypothale m the region of
the tuber cineroum or mammllary hodies produces crculating
lymphopema (de Groot et al , 1930, Hume ef !, 1950) Thus
is considered to be the result of the release of lympholytic
corticosteroids through ACTH action (Dougherty et al, 1946,
aand b, Whyte et al, 1946)

5 Response of the Suprarenal Cortex to ACTH —The
exact mechanism of ACTH action on the suprarenal cortex 1s
unknown. It 1s known that the admumstration of ACTH
stimulates all known functions of the adrenal cortex, and this
is evidenced by (a) hypertrophy and hyperplasia of the cortex
(reviewed by Sprague, 1951), (b) decreased content of ascorbie
acid (Sayers et al, 1945), and cholesterol (Long, 1947) I the
cortex of the adrenals, (c} inereased urinary output of cortical
steroids (critically reviewed by Sayers, 1950 b), (d) atrophy of
1ymphoid tissue and thymus (Selye, 1946), and fluctuations m
circulating eosmophils and lymphocytes (Thomn ef al, 1948).
The practical value of the *eosmopentc test” (Thorn e al,
1948) m assessing adrenocortical activity seems somewhat

4
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diminished by new hght thrown on the mechanism of hormonal
i ia and lymphopeni

P

Relation of Pitmtary-adrenal Response to Anaphylaxis.

The stimulus of a chronic or acute anaphylactie reaction
evokes the pituitary-adrenal response, and the release of
cortical steroids precipitates symptoms which are superimposed
existing mamfestations derived, directly or indirectly, from the
anaphylactic reaction

There is strong suggestion that C'-oxygenated corticos-
teroids exert a powerful influence on the catabohe phase
of intracellular protemn metabolism (Engel, 1949 and 1951;
Hoberman, 1950) This hypothesis was corroborated, both
n vitro and wn two, 1n experments in which these steroids
exhibited therr destructive action on white blood cells (God-
lowski, 1952, Muehrke ef al , 1952) The histological evidence
of this action 15 a rapudly progressive involution presenting m
the nucleus as pyknosis, karyolysis, and karyorrhexs, and in
the cytoplasm as vacuolisation, degranulation, and loss of
staining affinity In 1ts extreme forms, such destructive action
causes complete disintegration of the cell, leaving in 1ts place
an amorphous mass including the débris of the nuclens and
granules (p 90) Smece this leucolytic action of corticosterords
occurs also in vitro (Godlowsk, 1952e; Muehrke et al., 1952),
it 1s reasonmable to postulate that under these experimental
conditions corticosteroids exert a direct action on all white
blood cells. Dougherty ef al (1944, @ and b) and White ef ol.
{1946) showed that ACTH injected into intact ammals causes
a gross mvolution of lymphoid tissue by lymphelysis, and that
such an effect cannot be obtamed i adrenalectomised animals.
From all these experimental data 1t 1s reasonable to assume
that ACTH enhances the catabolism of protein not only
Iymphocyles but in all white blood cells, by stimulating the
release of lencolytic cortical steroids It has been conclusively
proved that in association with the cytolytic action of corticos-
terods the NPN in the blood rises sigmficantly (Pearson et al.,

1949, Engel, 1049, 1951, ¢ and b). These findings may be
interpreted as showing that the intracellular proteolysis en-
hanced by corticosteroids sphts proteins to the level of I\'P'l\
1t is known, on the other hand, that such an action is carried
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out by proteinases of the tryptic type (Holman et al , 1947, and
others) Therefore one can further assume that corticosteroid
cytolytic action may result from the direct or mdirect
stimulation of the intracellular catabolic phase of the metabolism
of protein

INTERRELATION BETWEEN LIPOIDS AND
CORTICOSTEROIDS

Infl of [ on Blood Lrpoids.

In connection with the mediation of corticosterords m the
proteolysis whose results have been observed i white blood
cells it may be of some value to discuss the mterrelation
between lipoids and corticosteroids in the light of present
knowledge in this field

There are contradictory reports on the response of hpowds
to the admimstration of leucolytic suprarenal hormones In
a short expeniment mn normal humans Conn and s associates
(1949) showed that mjection of ACTH (30 to 100 mg ) caused
a marked decrease in total serum cholesterol, due chiefly to
the reduction in the ester fraction Their explanation was that
in this expeniment cholesterol served as & matenal from which
cortical sterords were synthesised Bloom et al (1952) found
that ACTH and cortisone given in dosage sufficient to amehorate
various allergic ) did not f ly affect serum
cholesterol, they found, however, that in normal rabbits
treated with ACTH severe lipemia and cholesterinemia resulted
Further experiments on animals (Kobernik et gl , 1950 , Katzin
et al., 1950, Rich ef al, 1951) and prolonged observations on
humans (Aldersberg et al., 1950, Wolfson et al, 1950) have
demonstrated a definite mcn:use n serum phoiphohpold.s and
in both fractions of chol 1 after the
ACTH and cortisone

The discrepancy n the reports on fluctuation of blood
lipoids in various species of animal and m men following the
adminstration of cortisone and 1ts allied substances has it
source probably n the technique used m these expernments.
The main site of chemical actimity of corticosteroids is in the
cells, therefore lipord fluctuations in the blood may or may
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not reflect the actual cyto-chemical alterations. Hence one
may expect to obtain more information on this problem from
the quantitative and quahtative Justo-chemical analysis of the
tissue lipoids after the admimstration of carticosteroids.

In the following paragraph an attempt has been made to
adduce evidence that CY'-oxygenated corticosteroids participate
in protem metabolism by saturation of the unsaturated carbon
atoms in the fatty acids of the lipoids in lipo-protein molecules
In such a concept the elevation of the blood lipards which
accompantes prolonged ad ion of these corticosteroid
may be referred to the mobilisation of mtracellalar lipoids by
the corticosteroids themselves, by this action corticosterods
disrupt the hpo-protein hinkage of the cytoplasmic molecules
(by chemical mechansm, p 108), thus imtiating protein
hydrolysis, and hiberated lipoids escape from the cells into the
blood This contention derves valuable support from the
co-cxisting shight elevation of the proteclytic power of the
serum (Holman ef al . 1947, Sayers et al, 1949, Godlowski,
unpubhshed data)

Mechanism of Lipoid Inacti by

Before entermg a d 1 on the th tical and practical
appheations of the above-mentioned hypothesis 1t would be
advisable to discuss the facts which led to the suggestion of the
mechamsm of elevation of the blood hipoids during prolonged
admimstration of the C1l-oxygenated corticosteroids

1 It 1s well established that if normal blood serum is
treated with fat solvents such as chloroform, ether, acetone,
ete , tryptic hydrolysis of its own proteins begins, both wn vilro
and w1 viwo, this proteolysis is caused by the removal of the
lipoids (Fig. 3) which protect the blood proteins agamnst tryptic
enzymes normally present in the blood (Schwartz, 1909,
Sugimoto, 1913, Jobling e! al., 1914) .

2 It has been proved that the antitryptic action of lipoids
is directly connected with the presence of unsaturated carbon
atoms m the fatty acids of blood lipoids , any oxidising agent
(such as hydrogen peroxide or iodides, etc.) can destroy this
antitryptic action of lipods by breaking the double bonds of
the unsaturated carbon atoms in the fatty acids (Joblng et al,
1914 and 1915a).
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3. Desoxycholic acid, which structurally s closely related
to the corticosterowds (reviewed by Jacobsen et al , 1951), under
swtable expenmental conditions (Wieland et al., 1916) can
form “a co-ordination compound” with fatty aads. This
newly formed compound of eight molecules of desoxycholic
acid and one molecule of fatty acid aecquires new physico-
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chemical features such as altered solubility, changed melting
Point, ete

If one may be allowed to speculate n human biochemistry
the following mechamsm of the chemrcal mactivation of Lipoids
by the corticosteroids mght be accepted The oxdation
potential of cortisone and 1ts alled steroids {(Anderson et al,
1951} hes m the oxygen atoms or hydroxyl groups attached to
C3, C4, and €7 It has been proved (Kendall, 1949, and
others) that C'* and C'7 possess a key position guaranteemg the
known biological effects of these steroids (eflecting protein
metabolism)  Thercfore one can further assume that the
oxygen attached to the C1 and (% 15 the element which breaks
the double bonds of the fatty acids, thus inactivating cellular
and blood lipoids

The reduction potential of corticosteroids Lies in the redueing
group attached to the C17, saturation of the double bonds m
the fatty acids by hydrogenation can safely be excluded for
two reasons (1) In the living cell oxidation ts more easily
carried out than reduction of the fatty acids, and 1t has been
showir Wobitng e b, 2934} that oxidsion is the process whick
destroys the insulating action of lipoids; (2) corticosteroids
1n which the reducing group is attached to C7 and which possess
n0 oxygen in the positions C** and C¥* (e g., desoxycorticosterone},
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3 1

do not have the biological action with in d
proteolysis (cutically reviewed by Fieser, 1050)

The quantity of C''-oxygenated corticosteroids required for
the inactivation of one molecule of fatty acid depends on the
number of unsaturated carbon atoms, which varies i different
fatty acids Therefore the degree of protein catabolism would
vary not only with the quantity of hormone given but also
with the chemical composition of the lipoids which msulate
the protein

Effects of Leuthin on Biological Action of Corticosteroids.

These theoretical speculations have been tested in an
experiment m which ovo-lecithin was used as phospholipord.
The rationale of this experiment was as follows. f CH4-
oxygenated corticosteroxds mhibit the protecting action of
lipoids agamst tryptic proteolysis by saturation of fatty acids,
then, vice versa, excessive amounts of lipoids (ovo-lecithin)
should exhaust the oxidation potential of Cll-oxygenated
cortico ds, thus blocking their biological activity.

In one group of experiments cortisone acetate (15 mg.)
incubated for one hour at 37° C, was tested for 1ts eosmolytic
and lympholytic potency on adrenalectomised dogs. A few
days later the same dogs were mjected with 15 mg. cortisone
acetate which had previously been incubated at 37° C. for
one hour with 150 mg of ovo-lecithin suspended in distilled
water (5 per cent) The eosmolytic and lympholytic potency
of cortisone was completely eliminated

In another group of experi , adrenal d dogs
were intravenously injected with 20 ml. of a 5 per cent highly

Isified lecithi Y 1 distilled water, fifteen
mmutes afterwards 15 mg of cortisone acetate was injected
subeutaneously During the next four hours the dogs were
injected intravenously every half-hour with 3 ml of the same
suspension of ovo-lecithin ~ The eosinolytic and lympholytic
action of cortisone acetate was grossly reduced

The data so far obtained in the experiments 1 which the
blocking action of lecithin on the biological activity of cortisone
has been assessed support the theoretical speculations Th'B
number of the experiments, however, 13 too small and their
o limited to draw any definite conclusions

nature to
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Physico-chemical, Physical, and Chemical Factors Inactivating
Lipoids.

Cellular and blood lipoids possess the capacity of msulating
the substrate proteins against the tryptic action of proteolytic
enzymes m the manner shown m Fig 3 The destruction of
this mnsulating barrier may be achioved either by the disruption
of the lipo-protein conjugation by physmal and physico-chemical
factors, or chemically b of the ed carbon
atoms (Jobling et al., 1915¢), the exact role played by the
unsaturated carbon atoms in the msulating actron of lipoids 18
not known

The factor which mactivates the hpords’ nsulation of
substrate proteins agamst proteolytic action may operate
through at least, three mechanisms

1. Phy h Hy, by the al of the d
phase of the lipoids in the lipo-protem molecules,
colloidal substances whose particles possess lugh
surface-acting forces disrupt the kpo-protemn conjuga-
t10n by adsorption of the hpoid molecules on the large
surface of therr molecules, In this way protemn or
proteose molecules which have escaped proteolysis
and have penectrated vamous cells (eg, mm human
gamma globulin reaction or n peptone shock)
or have been produced mnside the cell (eg,
anaphylactic shock) disrupt the lpo-protemr equi-
hbrium, thereby exposing substrate protein to
proteolytic action.

2. Physwally, by mtravenous mjection of fat solvents
which remove lipoid molecules from the Lipo-protein
molecules , this action leads to the same disturbance
of lipo-protein equiltbrium as deseribed m (1).

3. Chemically, by saturation of double bonds of the un-
saturated carbon atoms in tho fs.tty acids by varnous

hods such as oxidati or halo-

genation (Deuel 1951), Whereupon the lLipoids
ble of ing the substrate

aro d T of p
proteing

The first and the third methods of mactivation of Lpoids

take place in different stages of anaphylactic shock: the
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physico-chemical method operates in the second stage of
anaphylactic shock and the chemical method, which operates
m the third stage, is carried out by corticosteroids released
through the pitwitary-adrenal response ; the latter type of the
initiation of proteolyss continues proteolysis of a physiological
pattern at a rapid rate which is characteristic for the third
stage of anaphylactic shock

Each of the above mechamsms results in the disruption of
the lipo-protemn conjugation in a different manner and with
different consequences The fundamental result of all these
mechamsms 1s, however, the same: the breakdown of the
orgamsm’s own substrate proteins and the dissociated lipords
from the lipo-protem conjugation may leave thereafter the
interior of the cells. This may explan the elevated lpod
concentration 1 the hody flmds found after the admmistration
of CY-oxygenated corticosterords (Kobermk e al., 1950;
Katzin et al, 1950, Adlersberg et ol , 1950, Wolfson ef al.,
1950, Rach et al, 1951 Bloom et al, 1952) The flooding of
the blood with hpoids may, in turn, induce the liberation
of tissue esterase to dispose of the excess blood lipoids
This may be the cause of the hugh level of lipoaids and of
esterase m the blood which 1s found in anaphylactic shock,

The wactivation of blood and cellular Irpords, leading to the
mtiation of proteolysis, is a process the veloeity of which
gradually ncreases This action of corticosteroids may be
regarded as a physiological mechamsm for the initiation of
protein catabolism, whereas the physico-chemical (by surface-
acting forces) and physical (by fat solvents) mactivation of
lipoids may be looked upon as examples of pathological
mitiation of proteolysis. The rapid and disorderly proteolysis
initiated by the last two factors leaves behind partially
catabohsed protem breakdown products of high biological
toxiaity (proteoses) and liberates phystological substances
which, because of the rapdity of their release, acquire 2
pathological potency (histamine and heparin) The chemical
method of initiation of proteolyss (by the release of cortico-
steroids) may be idered 1w these ces as &
counter-measure whereby the toxic catabolites are disposed
of by normal proteolysis.
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Tentative Explanation of the Action of ¢'l-oxygenated Corti-
costeroids in Anaphylaxis.

It has been conclusively proved in animal expertments that
cortisone and 1ts alhed substances have no effect on the course
of anaphylactic shock 1tself (Leger et al, 1948 , Dworetzky et
al, 1950) The improvement 1n allergic conditions obtamed
by the administration of these cor eroids must, th
operate through a mechamsm other than a direct effect on
the anaphylactic shock which 13 a basie pathogenetic factor
in allergy. It 13 suggested that the mechamsm of the thera-
peutic action of corticosterords mn allergy 1s through chemcal
inactivation of the lpoids m the hpo-proten wherehy
physiological proteolysis is mtated The veloctty of this
proteolysis will depend primanly on (1) the kneties of the
proteolytic enzymes available in the tissues mvolved and
{2) the rate of the disruption of the lipo-protemn molecules by
the corticosteroids

The cellular and extracellular anaphylactic inflammatory
exudates contain large quantities of highly active proteolytie
enzymes (Weiss ef al, 1935, Menkm, 1950, and others)
If the Cll.oxygenated cor d d reach the
quantity requred for the chemical mactivation of Lipoids
in Lpo-protein molecules, a rapid proteolysis begins The
accelerated physiological proteolysis which follows elimmates
exudates accumulated 1n the anaphylactically mflamed tissues
Thus CM-oxygenated corticosteroids exert thewr beneficial
effecis through the of the dary histo-
pathological reaction due to the biochemical activities of the
third stage of anaphylactic shock (p. 34), leaving the primary

i hanism of toxic 1 of the first and
second stages of the anaphylactic shock unaffected.

In other words, CM-oxygenated corticosterords mitiato
physiologieal proteolysis by a systematic and cu-ordfnatcd
inactivation of lipoids in lipo-protein molecules, B.?curdmg to
the proteclytic capacity of the available proteolytic enzymes.
Hence the therapeutic potency of cortical hormones depends
on the kineties of the proteolytic enzymes available at the
time of the admimstration of the cortical hormones ~ Granula-
tion tissue, cellular and fluid components of the inflammator
exudates, all possess a high content of very active proteinase:
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and therefore all these elements are very susceptible to the
proteolysis mitiated by cortical hormones. Lymphoid tissue
«containing as it does  large amount of highly active proteolytic
enzyme (Drinker ef al., 1941; Fruton, 1946; and others), 1s
also highly susceptible to hormonal proteolysis, which leads to
involution (Selye, 1946). Eosinophuls, cells which have recently
reorgamsed their mtracellular enzymatic system in the process
of eosinophilisation (Godlowski, 1952), possess highly active
proteolytic enzymes, and are also highly susceptible to
hormonal proteolysis ~ Neutrophil leucocytes containing highly
kinetic protemnases (Weiss et al, 1935, Drinker ef al,
1941, Rich, 1944) respond equally well to the proteolysis
mduced by steroids, therr destruction, however, is not
reflected m the blood, because the co-existing hyper-mobilisation
of neutrophil leucocytes from the bone-marrow masks the
rapid leucolysis Polymorphonuclear leucolysis, however, has
been clearly demonstrated ¢n wiro and mn expertments in vivo
in which a perfused organ was separated from the general
<airculation and the perfusing blood was subjected to the
cytolytic action of corticosteroids (for details see pp 88-91).
The alility of C'-oxygenated corticosteroids to induce
proteolysis i a tissue containing proteolytic enzymes may
lead to the d of a q eg,
tuberculosis (Michael et al, 1950, Hart ef al., 1950, and
others). A focus of infection in its mactive stage 1s cut off
from direct eirculatory contact with the rest of the organism
by a wall of tissue which consists mainly of epitheloid cells,
lymphocytes, polymorphonuclear leucocytes, and other cells
characteristic of young granulation tissue, all these cellular
elements are abundantly provided with proteolytic enzymes
{Wess et al, 1935, Rich, 1944) Henco rapid hormonal
proteolysis mduced by corticosteroids destroys the barrer
surrounding the focus, thereby facitating the hmatogenous
spread of infeetion
Green, on the ground of experimental work on mitosis
done in association with his co-workers (Green, 1950, Green
et al, 1951, @ and b), came to the conclusion that cortisone
inhiblts the anabolic activity of cells. Short-lived mesenchymal
1 ts which facture various bodies dre out in the
course of the normal ageing process, and they are not replﬂced
Dbecause of the thibition of the anabolic phase by cortl
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Qur knowledge about protein anabohsm is very scanty There
is, however, good reason to believe that the same proteolytic
enzymes are engaged in both anabohe and catabolic action
(Bergmann, 1942) Reversion of metabolism from one action
to another d ds on the of the
chemical ennromnent in which the metabolxc activity takes
place. Therefore the inhibitton of mitosis seen by Green and
his co-workers in tissue cultures 1z v1tro and n vive may result
from both actions ; proteolytlc enzyme engaged 1 catabohc
activity is aut 1y luded from the bolie action
The final morphological results are therefore due to two
co-existing components  aplastic (due to the mhibited
anabohism) and destructive (due to the stimulated catabolism)




CHAPTER I

THE ROLE OF EOSINOPHILS IN ANAPHYLAXIS

INTRODUCTION

Hematopoletic and Non-hsematopoietic Formation of
Eosinophils.

'HE origin and function of eosinophils are as yet not
conclusively established. There are two opposing thearies
of eosmophil formation

1. Leucoblastic 1n the bone-marrow (Ehrlich, 1878-79),
2 In non-hematoporetic tissues.

The protagomsts of the first theory mamtamn that the
presence n the bone marrow of eosinophihe myelocytes as
well as all other forms of maturation of eosinophil, meluding
those seen 1n the circulating blood, strongly supports the view
that eosmophils are formed mn the bone-marrow In other
words, the formation and maturation of eosmophils takes place
n the bone-marrow, and the mature forms of eosinopluls are
discharged 1nto the circulation by the same mechanism as
that by which the rest of the white cells formed 1n the bone-
marrow are released into the blood

The non-hzmatopoetic formation of eosmophils is less
widely accepted , none the less, arguments adduced by its
supporters possess also a sound basis, Many cytalogists
(Dominic, 1909, Ringeon, 1921, Gauthier-Villars, 1950;
and others) have observed eosinopoiesis sumilar to that seen
in the bone-marrow In various non-hematopoletic tissues in
experimental ammals, without an increased eosinopolesis in
the bone-marrow. In other words, m some organs (intestine)
of these animals, a constant eosinopolests takes place physio-
logically , pathologically, eg , in some mflammations, early ant
mature forms of eosinophils arc seen in the vicinity of inflamed
foci (Maximow, 1927, Gauthier-Villars, 1950) If the presence
of early, transitional, and mature forms of eosinophilsis a vahd
argument for the medullary theory, 1t should also l.wld‘ good
for the formation of eosinophils 1n non-h poietic tissues.

60
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2. Pseudo-eosinophils formed physiologically or patho-
logically in various non-hematopoietic organs,
and subsequently mobilised and shifted into the
blood.

Genetically, the latter type of eosmophil does not belong
to the blood elements The *true blood eosinophils” are
descendants of immature white blood cells (promyelocytes or
still earlier forms) which became eosinophilised in’ the bone-
marrow by the same mechanism as that of the eosmophilised
cryptal epithehal cells. The protein molecules which mvade
the immature leucoblastic cell may be of endogenous origin,
eg., heemoglobin, which was found normally to be free in the
bone-marrow (Ringeon, 1938) The protemn which imtiates
eosinophilic transformation of the leucoblastic cells in the
bone-marrow may well be also of exogenous ongm, e g, proten
absorbed in the alimentary tract and disseminated all over
the orgamsm by the hmmatogenous spread. Tus physto-
pathological alteration, viz., eosmophilic transformation,
deprives the eosmophylsed cell of 1ts original morphology
and primary function

Effects of Anti; and D i Diets on
and Tissue Eosmophuls,

The tissue eosinophils in the lamma propria of the mtestinal
mucosa m dogs have been seen by many workers (Kultchitzky,
1897, Sumon, 1905, Biggart, 1932, and others), and all of
them agree that the number of eosmopluls is somewhat related
to the ingestion of protems The early forms of eosinophils
which were also found there were described as eosinophilic
myelocytes (Simon, 1905) In an attempt to explain this
phenomenon 1t is advisable first to review briefly the literature
which has some bearing on ths subject.

Absorption of unsplit protein from the intestinal tract talfes
place physiologically, but only in quantities which are -
sigmficant so far as the nutritive value of protems is concerned.
Alstyne et al (1911), by using a very sensitive precipitin test,
have clearly established the fact that unsplit proteinis absorbed
from the alimentary tract of the guinea-mg Sussmun. et al.
(1628} and Brunner el af (1928} confirmed these experiments
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on human matenal in various anaphylactic conditons In
intestinal disorders associated with impaired digestion, the
absorption of unspht proteins 1s greatly mcreased. the
mgestion of various antigens may give rise to the symptoms
of anaphylaxis (Verzir et al, 1936) From the expermmental
works of Haidenhmn (1888), Ope (1904), Simon (1905},
Biggart (1932), and others, done on guwinea-pigs, rabbits, and
dogs, there appears to be a close correlation between the
tissue eosinophils of the intestinal mucosa and the ingestion
of proteins.

Various forms of eosmophilised eryptal cells are described.
i the hterature under various terms, eg, Paneth cells or
Globular Teucocytes (quoted by Moximow and Bloom, 1948),
the ongin and function of which are not clearly defined
Kultehatzby cells (Kultehitzky, 1897) are those elements in the
ntestinal crypts which are nearest n thewr histology and
suggested function to the * transitional eosmopluls * descrtbed
elsenhere m this essay. Duran-Jorda (1943) suggested that
eosinophils may be formed in the mucosa of the altmentary
canal from lymphocytes passing through the stage of Paneth
cells,

In an attempt to eluadate the connection between mtes-
tinal eosmophilia and the ngestion of protemns, two separate
experiments were carried out for the minvestlga}.)on of this
problem : feeding ammals with a highly antigenic dret, and
alternatively with a de-antigenised diet

Tables 2a, 28, and Fig. 4 show the data of the experiment
in which two normal dogs were kept for five days on a raw-meat
diet. On the sixth day both were laparotomised and bropsies
taken from the h, duod 1€) tleum, and
colon, biopsies from the bone-marrow (rib) anq from a
mesenteric lymph node were taken also at the same time For
the next five days (post-operative catabohc phase) the dogs
were kept on a light mixed diet In the succeez.img ten days
both antmals were put on amino acids diet, described !)y Silber
and his associates, which consists of ten essential amino acids
and covers the N requirement (Silber et al, 1949) Ths d{eb
was supplemented with a vitamin mixture, salts, lard, dextrin,
and water, and it supplied 80 calones per kilo, according to the
recommendations of Allison et al. (1945). On the elevenfh day
of this diet the dogs were laparotomused agam, and biopsies
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taken from the same areas. In the next seven days the dogs
were kept on normal diet and, at the end of this period, they
were killed and specimens of all organs taken for histological

TABLE 2a

Changes of Protern Content in Diet reflected
in Circulatory Eosinophila

Day-to day eweulating  Day to-day or Day to day o
scsnophilsfen mm alternate days altomate dave
Day to day eirculatmg. during 5 dava orculstng cwreulating
somnoptlajon mm Iight, diet of eotmophilsjou o ecamophidjcu mim
Dog  ducng 5 days poet-operative dunng 10 deys dunng 7 dags
) raw mest diet. penod omino send dhet sarcod diet:

b 504 230 870 €@

864 413 517 67

730 620 209 1

810 885 99 198

900 1076 14 328

— - 265 -

- z 0 -
2 580 o T3
2 93 1040
805 158 04
850 214 215
078 520 299
- — 13

— - 100 -

TaBLE 2B

Changes of Protesn Content in Diet reflected in Tissue
Eosinoplalua of Ahmentary Tract

T it couatia 7 7 countym ¥y } countfer 2 7
aflor 5 days raw moat diet  after 10 daya amumo acids diet  after 7 days suxed diot
(means D) (mean +s0)
—
Eosmophula Eosnoptuls ‘Eoswophils
2 —Z sty
Dog Teanss Trans Tranai-
ma Organ  tonal Matsre  Organ  bonal Matore  Orgsn  tonal Motre
1 Stomach O 14010 Stomwch 0 13008 Stomach 15

Duodonurn 24050 383040 Duodonum 3021 121060 Duodenum 83020 333020
Jepsoum 145020 481060 Jopnum 32019 M:011 Jounwn 0011 2803
Toum  18%041 75£082 Toum  4£019 202046 Tlown 65072 49308
Colon, 83010 54016 Colon 13008 22015 Colon 2301 0%

2 Stomach © 4402 Stomach 0 052010 Stomach
Duodeaum 20£01 503082 Duodenum §£009 1(£022 Duodsnurn
Juunum 24023 522035 Jounam 33010 JA£038 Jepunum
Toum 254051 65504 Yours  3£00t 284044 Doum
Colon 85006 252090 Colon  2£012 24040 Colon 3g0i0

The mean values arg of 30w 27 readings,

o )
103031 38404
15048 :ulm
111083 452

T 05038

analysis Al these periods of various diets were pre('ede'd'l,
accompanied, and followed by the *circulati phi
count ”’ (p. 79).
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Fio, 4
The effect of dietary changes on eosimophha

From the data shown in Tables 23 and 28 and diagram-
matically precented in Fig. 4 the followmg conclusions can
be drawn :

1 In a normal dog a raw-meat diet creates condutions m
which the formation of transitional eosinopluls 1 the
intestinal crypts 1s greatly increased; dumng this
stage a very high blood eosinophiha and high ntestinal
eosinophilia develops .

2. A subseqy complete el of proteins from tho
diet, and their replacement by amno .ncxds, reduced
the eosinaphihsation of the eryptal epithelrum. Tm?
days of such a diet, however, cannot completely

suppress eosinophilisation .

1. Cirenlating eosinopenia durmng the penod of pmtem»{me
diet may be regarded as resulting from tl{c suppression
of eosinoplul formation in the eryptal epithelmm.
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Effects of the Diet with De- ised Proteins on I
Eosinophiha, .

In an attempt to elucidate the influence of the nature of
the ingested proteins on the eosinophilisation of the eryptal
epithelium an expenment was carried out on mice. Mice were
chosen for this experiment because, when kept on ordinary
diet (rat-cubes manufactured by the Agricultural Co-operative
Society Ltd, Aberdeen), they do not possess eosinophils in
any form 1n the mucosa of the intestine, nor do they develop
an ntestinal lymphocytic barner to any great extent, they
do possess, however, at the bottom of the intestinal crypts,
numerous zymogen secreting cells (Paneth cells). These cells
in mice differ markedly in therr histological appearance from
the transitional eosinopluls (if these forms of eosmophulised
cells appear 1n the mucosa) The rat-cubes are prepared from
various cereals, salts, vitamins, fish, meat, and drjed mulk.
In the course of prep these wgredients are subjected
to a temperature of 100° C or more, and to a pressure of 25 [b
per sq in or greater, both for over one hour. By these pro-
cedures the protemns of the rat-cubes became denatured,
and they lost their antigenicity (Ratner ef al , 1935) but retammed
their nutritrve value

In this expertment thirty mice of both sexes, of Swiw
stramn, kept on the above diet, and thirty mice on denatured
milk both served as control The expenimental series consisted
of four groups of ten mice each, and all of them were fed on
fresh mulk only, for various periods as shown m Tables
34 and 3B At tho end of each period, the whole group was
killed The intestinal tract, spleen, and bone-marrow of each
ammal were then lustologically analysed.

The results of these experiments wero as follows -

1 Normal white mice kept on a de-antigemised diet do not
develop a lymphocytic barrier to any great extent in
the lamina propria of the absorptive part of the
alimentary canal. Eosmophils are completely absent
from their intestinal mucosa, numerous Paneth eells
are at the bottom of the intestinal crypts closely
grouped one beside the other

2, A moderate number of early and mature eosinoplls
is present in the subcapsular and trabecular areas
of the spleen, and also in the bone-marrow.




Jeunom of a mouse f
for thirty days on fresh milk diet  In the bottom of the erypt
Tormorous columnar cells (Paneth celly) flled With Lo cosimophilic pranales
¥ Zymogenic mitenl partly diwcharged o the Jumen of tho erypt

taming, azo cosn  Magnibcation x 800

Jejunum of the same mouse as in Fiz 3 with numerous transitional ennophilic
epathelnl cells with o resemblance 10 Paneth celis. Numerom mature eaemophity
and lyraphoty tes 1n Lamina propra Mawniig, 420 e Magnsheation x 80,

. (T face gage 66






07

ANAPHYLAXIS

™

ROLE OF EOSINOPHILS

THE

129} poftony
N

1

Josdupen 1a

sty
Vo W N[ Sap o -
WY WD XY an{es Qvaw Y

:
PEPEIFT vETEY Ry
i g zy feiEY ES
HHHEHHEH
LI T N I A |
L N
sy 2 3 T =
HEP i Htu
i % %

- s s o P
PNt e r SN e + +w
PELetoE Lagletd Thelott 1hor, 8l
S % &y =2 5 & ==
¥ o7 R} Eodoraon = P
R R ST R F R S F T
w~mmmmmmummwuu EEEEE B3Efe e
-3 k] g $ 8 S g g
PP PR OB OP OBE PR OELo:ia
=~ S Ee P 2 B B E EF EOEE
£ ¢ gr sy g 1 50 ¢ 3y 3% & 3
iy HPH O OHTH Oy
§ 3 H < H : 3 :
AL AN ML
(o sTuveury {3 2T uvaw) (@ 8% uvow) {0 5T uvow)
wévp 09 a0 »hwp g 40y wp 03 20} shwp o3 a0j
HIUE Yaa v0 edtez g 599} o ool Of i gRa) UD v Gy A 4904} 40 @1 O
R e—— 79 tpidoumos sossry, 10 opycdouneds daweny, o #pdautsos enemy,

I

*spydouIS 0L Jisst L w0 L ) W ¥uj0L ] Wostwabigun-af) peanpag Jo spaffyy

ag unavy,

¥z ¥ ot Fest L2243
{ a8 F uvau) fasTusaw) 1 a2 Fuwuy)
Avp 0g 40} aop g o3

FITE AL UD BOINE O WIS Ueaa) U0 QI O N[z B U0 BOTE ] T B U0 S0 O

\elomnses poojgt ¥

doweos ool o spudourod paoyg  Jo Midonsod oty

(@ 8F uwsus

19 wsqdaunios answ ],

10 wpydoutsos poorgy

o aTue
oad pamivasp
SWpreod 1003 gg

291 SudArpusiod aanr gp
3o widoursos pootig

SPYTONROH Supopang uo BT Y] 1 wuiaod] {pvanaliyun-a(y) paanymeacr fo spnffry

Vg aTavy,



€S ENZYMATIC CONCEPT OF ANAPHYLAXIS AND JaLLERGY

3 A great number of Paneth cells is present in the
crypts in the control and in the esperimental series .
they are histologically different elements from the
transitionn] eosinophils of the eryptal epithehum
{Fgs. 5 and G).

4 After the first ten days of the fresh milk diet, mature
eosinophils begm to appear in the villi of the smaR
intestine, thereafter their number gradually increases.

3. Between the twenticth and thirtieth days of fresh mifk
feeding, transitional forms of cosinophils begm to
appear in the lower parts of the intestinal crypts
(Fig 6) and they persist i unchanged number from
the thirtieth day to the end of the experiment
(sixty days).

Influence of Large Dosage of Hepamn on Circulating
Eosinophilia.

A certam amount of hght may be thrown on the problemt
of the release of eosinophils from the sources of their origin
by the study of the effects of Jarge doses of heparin administered
prior to the injection of eosinolytic hormones (hormones
which precipitate circulating eosmopenia) This experiment
was carried ont on four men and five dogs  Each indindual
experiment was repeated twice (Table 4). In the first part of
the experiment the eosinopenic hormone was given alone, and
this served as & contral In the second part of the experiment,
carned out four days later, heparin, in dosage much higher
than required for the prevention of clotting, was admmisterefl
mtravenously ten mnutes before the mjection of eosinopenic
hormone. Three dogs were mjected with heparin alone. In
the preliminary expenments (two dogs and one man) a low
dosage of heparin, t.c., sufficient to prevent coagulation of
the blood (100 umits per kilo), cither did not influence the
eosinopenia followmg the admmistration of adrenaline or gave
1o constant results

The conalusions from hese experimenty are

1. The number of circulating eosinophils is n:socin!sd in

some way with clotting (for details see pp- 75:76)
The clotting process exercises & less marked influence
on the circulating Iymphocytes.
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70 ENZYMATIC CONCEFT OF ANAPHYLAXIS AXD ALLERGY

2. Circulating cosinopenia is provented by heparimsation of
the hlood in vivo (in proper dosage) when this precedes
the injection of the eosinopenic hormones. In some
cases hepatimsation may produce even an increase
m the number of eirculating eosinophils,

3. The polymorphonuclear leucoeytosis which follows the
admimstration of these hormones s not affected by
heparinisation.

4. The normal clotting time js shightly shortened by the
admimstration of eosinopenic hormones,

Origin of Eosinophilisation of the Cryptal Epithelial Cells.

An understanding of how the cryptal epithelial cells of the

become philised may Ml the problem

of eosinophil formation in general For this reason various

sources of this phenomenon are discussed below There are

at least four possihle explanations of the appearance of
eosinophilic granules in the eryptal epithelial cells .

1. Zymogemec Materal as Source of Eosinophilisation of
Tutestinal Emthelial Cells —It 15 well established that cryptal
epithelial cells actively participate m the intestinal secretion
(Verzar et al, 1936, and others) There nre suggestions that
this activity may be the source of the eosmophil gramules in
the epithelial cells , they might resuit from the retention of the
zymogenic material i the resting stage of these cells, or the
enzymatic matenal itself mght form the eosiaphilie granules
inside the cytopl before 1t is elini i during the active
secretory stage

In an attempt to show the relationshup between the secretory’
stages and the appearance of eosinophilic granules in the cryptal
epithebal cells the following hstological sections were propared.
Figs 7, 8, and 9 show the epithelial cells of a dog's jejunum
in the resting phase. The dog. previously fed on raw meat for
five days, was starved for forty-eight hours prior to the expert-
ment. Fig 9 presents an intestinal crypt slightly distended,
with large columnar epithehal cells containing big vacuoler
of retained secretory material in their cryptal ends Th?‘ﬂ
cells of the resting stage show no resemblance to the eosinop(ul'}c

nules seen in Figs. 7 and § of the same dog ; here eminop}uhi
epithehi\l cells in vamous stages of maturation are seattered
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Biopsy of dog's duodenum
mized dict- forty eight Hours
on water and destrose. Plane
of section cuts tangentially
;hmugh the wall of the crypt,
umen of the erypt 13 not seen :
:ftxﬁcml stratification created
Vanous stages of maturation
4 eounophilie _epithelum
Wo neighbounng  cells
u{nml erypt 1 early atage
ofcosmophibeation, ‘T o other
ey are about to leave the
eryptal wall  Stawing, azo
conn. Magnification x 1000
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Biopay of dog's jejamum on
raw.mcat diet; fastmg condli-
toms Specimen taken durng
thind biopay opemtion in &
control anmal  Numerous
soqnophibie eryptal epthelial
cells 1n various stages of
maturatton with variabla
smounts of eosipophilic granit-
htion in cytoplasm
neghbouning cells in _Intera]
crypt n later stage of
developing eommaphiliation
Yn lamna propria numerous
Jymphocytie cells and s few
comnophils  Staming, a7a
eoun  Magmfication x S0,
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Dog's jepmum, raw mest diet for five dass, m fasting con-
dition, with secretory action 1n form of large vacuoles located
at the end of the cell directed towards the lumen of the erypt
No to the o

Statning, aro ecam  Magmficntion x 1000
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fiesy ¢
crypg:??ﬂ ut.hroughout the whole length and thicknes of the
pha.’f:e ;ﬂfnplc 0!: intestinal epithelial cells mn the secretory
Tmouse ﬁ,;,’l‘:“ m Figs. 5 and 6, 35 taken from & non-fastng
becems.e iy fh':mﬁ@ has :een chosen as the expenmental ammal
of b mtostt xlnouse the secretory cells and eoumnophthic cells
reembla stinal erypts are dfferent types of cells bearg no
o EN«' nce to one another The secreted 2ymogeme gramules
the I ; n ;he cryptal end of the secretory cells as well asn
alnass z’t’ "h the crypt , they are large, woarss gransles localsed
The et the e{\d' of the cell nearest to the lumen of the erypt
ot the s C?nhﬁxnlng these granules are grouped close together
conce "‘3’} bottom t?f the erypt . these are the Paneth cell~,
et r‘ne probably in the zymogenc actinity of the eryptal
el" etiunt § they are, however, distinetly dafferent from the
oamophiliced epithebal cells seen wm Fig & m the ame
non-fasting mouse
im"“?‘“ the suggestion that the ccoretory material of the
estinal cr)"ptal cells is the source of the cosmophilic granules
n '_he eosinophilised epithelial cells may reasonably be
eonsidered as ivalidated.
I 2. Blood Eosinophuls ay Source of Eownophliation of the
{;:lvilmul Eputhehal Lining —The eownophiined cryptal epr
ehal cells may be “lerwed from altered blood eosmophtls
which have invaded the cryptal wall and sutwequently adapted
themselves morphologieally 0 the local condttions Thas
contention canaot by accepted for the follow ing reasons
{2) Cisculatang eosinophils have completed theis maturstion ;
a morphologieal transformation of ¢he mature bleod
eosinophil mto an early of trennqonal form of
eounophil, of s1ze and shape smiar to those of the
adjacent columnar equthehal cells, 13 istologically
madmssible
Numerous immature eoumoptuls of mono-Jobulst
type ate present in the lamna propra outside the
cryptal g, at o time when the pcrxphernl bleod
1 entirely free from these forme.
I eryptal eoynophilised cclis are denved from
mature  blood eoamophiby It would be difficult to
explain why they begin their strmcturs) transforma-
t1on bhefore entering the cqpml hung.  On the
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other hand, early essinophils, formed locally and
leaving the cryptal lining m their immature form,
may become arrested in the lamina propria by the
mechanism pieviously described (pp 35-74). The
arrest of eosinophils moving from the crypts towards
the intenior explains the presence of immature
eosmophils in the lamina propria w hile the circulating
blood 1s entirely free from them.

(6) The nucleus of the eosinophilised cells in the epithelium
in the early stages 1s always large, vesicular, and
regularly rounded, contaming threads of coarse
chromatin By contrast the nucleus of the blood
eosmopluls 1s very densely filled with chromatin and
characteristically bi-fobular. A transformation of
bi-lobular into a mono-lobular nucleus cannot be
easily aceepted

(¢) Figs 7, 8, and 10 show two adjacent eosinop)u!ised
epithelial cells. It is difficult to believe that these
two cells could have penetrated to such a position
in the cryptal wall by amaboid movements fron
outside the crypt, whereas the process of eosmophlic
transformation may affect two neighbourmg cells
if the condrtions for eosinophilisation exist m tvo
adjacent cells.

Thus the myelogenous origin of the eryptal eosmophilised

cells appears to be lughly improbable

3. Argentaffine Cells as Source of Eosinoplilisation of
Intestinal Epithelial Cells—Argentaffine cells can eaaly be
excluded as a source of eosinophilisation of the cryptal epithelial
cells, since the gastric mucosa contams a great number o
argentaffine cells and is absolutely free from transitional
epsinophils (Figs 12 and 13). .

4. Local Formation of Eosmophils as Source of Eon'nﬂ-
philisation of Intestinal Epithelial Cells —Another explanation
of the appearance of the eosinophilic granules in the cr):P“‘}
epithelial cells js a local ion of eosinophuls in the
mucosa. To substantiate this contention it js essential 0
discuss intestinal digestion of proteins in the hght of the
exp t with de-ant tion of protemns in the dret
(p- 66) and in the light of the theory of enzymatic adnl’““h"§
of intracellular enzymes initiated by the invasion of the affectes
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cells by the unsplit protein molecules poscessing antigenic
capacity,

Unspht protein molecules can be absorbed from a normal
or pathological intestinal tract and cause vartous anaphylactic
reactions (Verzar el al, 1936) In Part A of the dsetetic
experiment described on page 63, ten days of an amino acd
diet rapidly reduced cryptal eosmophilisation In Part B of
the same experiment with the de-antigemsed protem diet.
tranzitional and mature eosmopluls remaived ahsent from the
intestinal muco<a. They appeared thece only when the same
protein in jts native form (not de-antigensed) had been cupplied
From this experiment it may be deduced that the mamn factor
which precipitates eosinophilisation of the cryplal epithelium
the antigenicity of the wgested protens  The phymico-chenmeal
equilibrium of these cells 1y severely disturbed by the entry
of foreign protem with antigemic power It 18 suggested that
_thxs disturbance leads to the appearance of eosmophilic granule~
in the eytoplasm.

Enmzymatic Adaptation as Working Theory of Eosinophilisation.

The intracellular changes leadwg to eosmophilisation tay
Ve better understood n the hght of the theorv of enzymatic
adaptation (Karstrom, 1938  Spicgelman 1030 . and others)
Details of this theory have been discussed i the chapter on
“Sensitisation,” The nucleus, sttmulated by the intruding
Trotein molecules, produces, as an adaptive enzyme, & new
Proteinase which can catabohse the foreign protemn molecules
{Fruton ef af , 1941} In its anabohe phase the same adaptive
engyme can re-synthesise a new protem molecule (Bergmann,
1042) ulich in its structaral pattern 13 wdentiosl with that of
the invading molecule  The newly formed sephea of the foresign
Pratem 13 next meorporated snto the structure of the primarily
invaded cell, Decause 1ts molecules synthesiced by the cell’s
own enzyme acqmire the structural pattern of the cell’s onn
proteins. In ths way a cell invaded by antigeme molecules
Lecames s new biological entity, lasing ite on‘gm:'lI structure
and function, One of the structural and functional teans-
formations is the aequisition of amorboid molulty. Ultimately
this cell moves away from the eryptal hnlpg etther into the
Tumen of the erypt {Fig. 10) or, miore often, into the intetior of
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the villus (Fig 11) When it thus migrates, its antigenic
property is carried with 1t (Godlowsks, 1048 b),

Function of Lymphoid Barrier in the Lamuna Propria Mucoss
of Intestine,

On the way into the mterior of the organism this newly
formed cosinophil must pass through the | | ymphooytie barrier of
the lamina propria mucosz. This lymphocytic barner has been
buult gradually in the course of repeated mvasions by various
antigens from the lnmen of the gut (Kuezynsky, 1822). Ths
barrier, through the vanous antiborthes which 1t produces,
serves as o defence wall agamst penetrating antigens from the
alimentary canal (Kuczynsky, 1922, Howell, 1028, McMaster
elal 1935, Ehnchetal, 1842) It may operate alsa by means
of an antigen-antibody reaction in one of the forms previowsly
descrtbed (p 3)  The eommophils contammng a tephica of
antigemie protewn i their eytoplasm enter the Jamma propna,
where they encounter a high lfocal concentration of specific
antibodies  These antibodies penetrate the interior of the
passing eosinopbils and mteract with the antigen therein  As
a result of this mteraction the phils become porars}
unmobibised  Thus those eosinophils which carry antigen are
arrested m the lamma propria and remain immobihised there
until the immobihsing mechamsm of the antigen-antibody
reaction becomes exhaunsted

Mechanism of the Arrest of Fosinophils n the Intestinal
Lymphocytic Barrier.

Blood eosinophils are etther of true or of psewds type
(p 61), true cosinophils (z &, those formed w the bone-marrow)
pass unaffected through the lamime proprma mucoswe, canung
no histo-chermeal repercussions, because the intestmal lymphoid
parner possesses no speafic antibodies agamst antigen carned
by them. The frue cosinophils may, on the other hand, possess
an antigen winch was mcorporated 1 there structure in the
bone-marrow, which, however, nas brought to the hone-marrow
by hematogenous spread from the absorptive sm‘f{l?e of tlhe
ahmentary canal. In this ease the )ymp?mcync harrier cfd ¢ \t}
Jamma propris mucese may possess specific n}nt:bc{(lws !N '.:,.
these eosinophils incidentally are pasung the intestingl mueo;
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::é\ e;h_e :1;ctdatmg blood, they may be arrested there by
matgre anty ody reaction.  This explains the appearance of
o feoemophds in tht? intestinal mucosa before the transi-
o forms of eosinophils were formed 1 the cryptal lining
1:}:9 which were f:ed on antigenic proteins (Tables 34 and 38)
hmmate;; pgeu.do eosinophils (z‘e, those formed mn the non-
—— Ipolehc organs-—eg., intestine), which were mutially
i obihsed 1 the intestinal lymphocytie barner and which
&ntig:n- mtl.‘);) g '. d their mobulity in the final stage of the
the zman lh‘Ody mterfzchon (p 76), can be 1earrested m
it die ! ich eontams.a igh titre of locally accumulated
P Oi es lm Iymph('nd tissue, provided that the eosmophils
n (he{‘ the meantime resynthesssed the antigemic protein
. ir cytoplasm. 'The process of clotting appears to
;"hg'c :Ll nflportant part m the immobilisation of eosmophils
ooy s is 50 19 suggesfed by the fact that heparmisation of
ot ?od, in cor‘lcentmnon higher than that required for the
olition ('Jf clotting 1n vivo, prevents or sigmficantly diminishes
<€asinopenia and Jymphopenta, or in certain cases causes a Iise
m the cireulatmg eosmopluls and lymphocytes (see experunent
“lffl heparin on p 68). These fluctuations the numbers of
€osinophuls and lymphocytes cannot be attributed to a technical
€‘r'mr,» smee they were consistently found under the same
experimental conditions, and they were also observed 1
conditions by Samter {1949)
The experiments with de-antigenised protems 1n the duet
and those with heparmmsation 1z viro Suggest

1. That the primary mechatism whicll ymmokhses eosimo-
closely related to the

phils m the 1ntestinal mucosa 14
antigen-antibody reaction
2 That the atrested eosinophils are m that stago of the
antigen-antibody reaction 1n which cellular protewns
are depnved of heparmn
sation (in the istial stage of
bles Mood coagulation {pre-

n similar

The process of de-heparm
antigen-antibody reaction) resem
cipitation), but 1t takes place 1n the eytoplasm of the affected
cells, The mam difference, however, hetween intracellular
clotting and blood congulation hes in the reversibility of the
former process (Monng, 1948). One can therefore postulate
that the arrest of eow—--+te in the Iymuhatic barrier of the
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intestinal tract is due to the precipstation of the cytoplasmic
proteins which follows the elunination of heparin; this in
turn leads to loss of mobility of eosinophils  As soon as thiz
phase of the cellular reaction ceases, the eytoplasmuc protein-
coagulum within the eosmophils may become re-heparinised.
The cell, thus regaitung its mobibiy, is able to leave the
lymphosd barnier  Such a methamsm would also explam the
mobilisation of eosmophils by a lugh concentration of heparin

Role of Hepann in Mobtlisation of Eosmophils.

Heparin conjugated with protewmns (Chargafl ef al, 1941)
is present normally within the cells of all tissues (Charles ¢f al.,
1933}, and it ensures thew szemi-fimd state (Fisher, 1931),
Duning anaphylactic shock the level of heparin n the blood
15 abnormally hugh {Jaques ef al, 1941). The excess hepann
is probably rel d fiom 1ts jugated form n the cells
involved m the anaphylactic reaction

The mobhsation of easwophils by a hgh concentration of
heparin m the blood has been confirmed m an experiment
in whick an solated loop of gut was perfused with lighly
hepanmsed blood Hepann m lower dosage, but i amounts
sufficent to prevent coagulation, gave sneonstant and varmble
figures for emeulating eosmnopluls (Table 4) It is assumed,
therefore, that hepartn can penetrate the arrested eosmnophils
and restore the fuidity of the eytoplasmic protems only
when m high concentrations. The relatively small sise of
eosmophils m the perfusion expenment (described on p. 8%
was due te the perfusing of only & small ares of intestine 1f
however, the whole orgamsm was properly heponmsed (dogs
7, 8, and © of Table 4), so that eosinophils were mobihsed from
the whole surface of the mtestune, the increase in the circulating
eosmophils was high enough to be statistically significant.
Thus eosinophils regain their mobihty and, reaching the blood,
elevate the arculating eosinophil count. Further details of the
heparin action on h: Hy mduced eosi is discuseed

on page 90

Place ot Origin of Eosinophils.
The above experiments suggest that medullary angd extra-
mednllary eosinophsl formation may normally take place
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:‘;:nultaneo.usl)n They also lead one to regard the mucosa of
thP small intestine as a normal source of eosmophilic cells
blP h]ood‘; ﬂ)e.se, as pseudo-eosinophils, may coninbute to the
. lood eosmoph}ha. R The absorptive surface of the intestinal
tact acts physiologically as 2 wide portal of entry for various
R;mgens. During this physiological absorption, munute amounts
of unsplt protemn penetrate the cryptal epithehal cells and
tra.nsform‘ them into eosmophihe cells These cells thus
farry various antigens whose mvasion of the organsm on a
ige scale is prevented by the defence mechamsm of the
ntestinal lymphowd barrier (p 96)

The formation of pseudo-eosinophils 1 non-hzmatopoletic
organs other than alimentary canal 15 concervable on. theoretical
grounds, provided that a focus contaning antigemic protein
€usts in the body Eosmophuils which duffer i ongin possess

1

:Y'O‘feaf}u'es in their hstol Y and the

1 ;i of eosinophilisation by which they were
formed. The type of protein which yutiated the eosinophilisa-
tion may differ in e hils formed in different sources

Thus there are at least two types of eosinophuls n the eirenlating
blood under normal conditions, namely, those formed m the
bone-marrow and those formed i the alimentary canal, each
type 15 genetically different and each type may carry & different
antigen in 1ts cellular proteins

THE FATE OF EOSINOPHILS IN EOSINOPENTA
HORMONALLY INDUCED

INTRODUCTION

ulating eosinophl fluctuations has m
Tecent years aroused a great nterest in many research labora-
tories and m chniwcal departments mamly because these
fluctuations have been observed to be closely correlated to
adrenocortical activity, sinular eosinophil fluctuations have
been found to accompany the admimstration of those specific
(ACTH) and non-specific (¢ msulin} stimult which induce
endogenous Iiberation of adreno-corticosteroids  The eloso
association of the circulating eosi ia with the administra-
tion of exogenous ACTH led Thorn and lus associates (1948)

The problem of cre
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to the elaboration of the eostnopenic fest for the assessment of
the physiological activity of suprarenals. Others suggested
that the eosinopenic test may well be used for the assessment
of the biological potency of various brands of corticosteroids
with assumed eosmopenic action (Randolph, 1950, Speirs,
1952). Before accepting eosinophil diminution in the circulating
blood as a morphological expression of cortieal activity it
must first be proved conclusively that this phenomenon results
directly and solely from the action of corticosterords If the
eosmopenic activity Involves intermediate secondary and
tertiary factors, the L from the inopenic test may
be fallacious, because the intermediate factors may be primarily
affected (for detals see pp 73-99)

It 15 an undeniable fact that the injection of potent -
CHt-oxygenated corticosteroids is normally followed by eosino-
penia , this eosmopenia lasts for so long as the other acute
effects which resulted from the increased level of these
corticosteroids are present After admmistration of a potent
preparation of ACTH similar effects can be noticed plus other
signs of adrenccortical stimulation, eg., increased urinary
output of 17-ketosteroids (Sprague et al, 1950, and others)
Stimul such as injection of adrenalme (Bertelli ef al,, 1910,
and others), insulin hypoglyceemia (Godlowsk:, 1946; and
others), mtrapentoneal mjection of ammonmun chlonde’m
saturated solution (Josey ef al., 1932 b), intramuscular injection
of sodium bicarbonate (Lawrence ef al, 1932), injections of
turpentine or nuelein (Staubli, 1910), as well as a great \f&ﬂet."
of infections (Zappert, 1893), parenteral admumstration of
foreign protein (Staubli, 1910), starvation (Opie, 1904), intra-
vascular haemolysis (Meyer ef al, 1909), mternal hmmon‘h:!gev
hypertensive cnisis, acute amnoxta, cohcky pain, and various
chemical agents (Domarus, 1931), surgical procedures (Laragh.
1948), traumatic hemorrhage (Recant et al., 1950}, and fcb{"lle
conditions (Gabrilove, 1950) are among those stymuli whxci
have been observed to cause eosinopenia. Finally, physica
stimuli such as exposure to rapid changes of !empcratﬂfs
(Josey ef al, 1932a), and vartous emotional reactions sucl\:o

fear, excitement, ete. (Spews ef al, 1949), can at¥
anger, , ex ent, be all
precipitate eosinopenia, 1t seems reasonable to descl"llm“g
these influencing factors as stress met with by ‘f‘"e;')mwml
organism durmng everyday life (for details sec **Ho
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.Invculvement ") In other words, these pharmacological,
immunological, nutritional, physico-chemical, and emotional
stmuli which act upon an orgamsm mfluence also arculating
eosnophils and they do so by adrenocortical hormones Iberated
through the pituitary-adrenal response These compheated
biochemical actions reflected m eosmophil fluctuations do not
exp.lain the role, the mechamsm, and the meanng of the
¢osinopenia w hich follows.

METHOD

The following techmgque was appled m an attempt to
elueidate the fate of eosinoptuls 1n hormonal T

Eostnophil Counting.

An eosinophil count was made simultaneously by two
methods

1 Randolph’s counting-chamber method (1944).
2 Differential count and total white blood cells (WEC})
count

Method (1) gives the wiite blood cells eount and the absolute
onnophil count. Method (2) gives the number of eosmophils
Per 100 white blood cells The absolute eosmophil count by
method (2) was determined by plotting the white blood cells and
Aifferential count The circulating eosinophil count was caleulated
by taking the average of the two figures obtamned by these two
methods  This modufication was called for because the ather
white blood cells reported in the present communication were
caleulated also 1 absolute numbers per cubic mullimetre from
the differential count and white blood colls count  Most
expe s were ded pamied, and followed by
such a crculating ;usmophzl count, otherwise 1t 13 specified
shich count was determimned.

As o
t of Tissue hil

ally induced cosinopena
1 in animal material at
nopenic stimulus was
o from normal

Tissue eosinophilia during hormon:
%as investigated both in human and
the end of the fourth hour after the ool
admunstered. The human materal was obtatn
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individuals during the admunistration of an adrenaling drip,
or four hows after the symptoms of hypoglyemmia had
appeared. Tissue from lungs (Godlowsks, 1949), hver, spleen,
and bone-marrow was obtamed by needle aspiration biopsy
An mguinal lymph node (with the adjoining subeutaneous
tissue and skin) as well as a specimen of skeletal muscle was
surgically removed.

Expeniments were conducted on dogs wherever material
for histological analysis of human organs was unobtainable
Seventeen dogs were divided into four groups  of these, three
groups were treated and one group served as control The
eosmepeme action of ACTH * was mvestigated in the first
group (comprising three dogs), of adrenahne n the second group
(compnising three dogs), and of isulin hypoglycema m the
third group (comprising two dogs) The last group of nine
dogs served as a control (Table 5)

Two other dogs were given adrenalme and killed four hours
later, specimens of all organs were taken for sections to detect
whether the eosmophils had been arrested durmng the cir-
culating eosimopema, and if so, where It was found that the
mtestinal mucosa was the only organ showing tissue eosino-
phiha, attention was therefore directed to this tissue For
this reason biopsies in survival experiments were taken only
from the alimentary canal, mesenteric lymph node, and rih
bone-marrow , the eosmophil count in mb bone-marrow films
was made accordng to the recommendations of Best m}d
Samter (1951) The findings in the mesenteric nodes and in
the bone-marrow were persistently negative, therefore these
results are not presented in the tables, and in further referenf‘é‘j
to biopsies these organs are not mentioned The lemaxn:;:n
organs were not obtained for hustology until after death of the
animal tion and
Al dogs, after & few days of prelimmary observation "
routine treatment for intestinal worms (Dxceste_xl, M & B, “E“
subjected to an mitial laparotomy, During 1‘*}’“‘[’""‘:““3
opsies were taken from the stomach, dnodenum, ]el‘l?thp'
ileum, and colon Two or three weeks ]aiver theA dogs of s,
expenimental series were injected with eosl:ﬂOP“nw hom:"th or
At the end of the fourth hour the animals were e
, Armour Standard LA-1.4, and Cortisone scetate W I et

* AcT e
1 alcobal, Merck & Co., Inc, need m the present inv
;;v“:x?e Sedical Research Counetl, London, without tharge
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(1) re-laparotomised and ahmentary canal specimens taken,
or (2) lalled and specimens of all organs removed for section.
The amimals which were re-laparotomised were kept for seven
days, in order to recover from the effects of the mjected
hormones and from the operation itself Then they were killed
and specimens of all organs were taken

The control group was treated 1n the same manner except
for mjection of eosmopeme hormones . thus the effects of the
operation itself on the tissue eosmophilia of the mtestmal
nucosa was assessed

Laparotomies were performed under general anmsthesia
(sodum thiopentone, Boats) In the first group two
hypophysectomised dogs were mjected mtramuscularly with
10 mg. ACTH on the sixth day after hypophysectomy, and
2t the end of the fourth hour both dags were killed

Al dogs of treated and control groups were kept on
water and dextrose for forty-eight hours prior to bropsy
This measure was adopted to ehmmate the influence of
protein intestinal digestion on the histology of the mucosa
whilst minimising starvation effects on the hypothalamico-
Mtuitary-adrenal system (Opie, 1004) ,

The tissue spectmens removed were fixed n Helly's
modification of Zenker’s solution, embedded paraffin,
sectioned and stained with azo-eosm. In cases treated with
ACTH some sections were stamed with azo-eosm and some
by Jacobson's method for argentaffine cells (Jacobson, 1939)

Effects of Eosinopenic Hormones on White Blood Cells.

Direct action of eostmopenic hormones on white blood cells
war investigated on vive and n vifro. i

1 In vivo.—The mnfenor vena cava (ive) was hgated
below the opemings of the remal vemns (Lagature 1). Both
common jliac vems (c1v) were alo hgated at ther ongm
(Ligatures 2, @ and ) Blood i one o1v. was separated from
the rest of the vessel by another hgature placed at its ']\mcuo;:
with the 1 v ¢ (Ligature 3) and served as a control. Through
the wall of the other ¢ v a needle was meerted and all t!x? blood
fiom this carva-tliac pocket was nsp')mt.ed mto = siliconnel
&yTinge  the desired amount of eosmopenic hormone was nd.ded
toit Through the same needle the blood was remjected into
the vessel and another hgature (Ligature 4) placed beforo the

r
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needle was withdrawn . the coagulation factors liberated from
the damaged venous wall were thus isolated The cava-lies
pocket remaned 1n the peritoneal cavity of the anmstheticed
dog for two to three hours and the white blood cell analysis
of both control and treated blood was made.

2. In witro.—Heparinised blood {09 ml. of venous hlood +
100 anti-coagulant units of heparin) was mixed with eosmopenic
hormone  Another sample of the same heparinised blood
served as a control  Both samples were placed m the incubator

inf v cava

v renahs

Ligatare 1

Ugacure 3
Uigature 4

Ligature 22
Com Hlacy

Ligature 36

Ext dliac ¥

Jat Wacy
Fro 14
Cura slwc pocket, description 1n text

at 37° C for three hours and white blood cell analyss w83
made of both samples. The correction of the dilution factor>
in all coleulations was made by the following formula .

Number of cells found x total blood volume (blood+hormone).
Oniginal blood volume

This formula was applied to all experiments.

Intestinal Perfusion. e

Intestinal perfusion was performed on four d?g;':xlnwn
sodium thiopentone general anmsthesia A loop © d] L orr
was removed from the peritoneal cavity (vein am
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hgated, leaving untouched nerve supply m the mesentery).
and a segment of ahout 15 em of it was perfused with the dog~
own blood (200,000 anti-coagulant units per 200 mi of blood)
at the. rate of 100 drops per minute As soon as perfusion was
established the perfused loop was returned mto the pertoneal
cavntg', The perfusing blood in polythene tubing was warmed
t038°C i a water bath. The perfusion lasted two to four hours
and was made in an ordmary transfusion set Oxygenation of
the perfusing blood took place mn the air through which the
falling blood drops from the venous outlet of the tubing passed
{a distance of 1 m.) to the collecting vessel, the change of
colour of the venous blood to bright red proved that
ovygenation took place In two dogs the effects of heparmised
blood alone on mtestinal eosmophilia was studied  In another
two dogs perfuston consisted of 200 ml of heparimised blood
to which at the begmmng of the perfusion 2 ml Eucortone
(Allen & Hanburys Ltd ) was added as eosmopenic hormone .
a further 2 ml Eucortone was added at the end of the second
kour of perfusion A biopsy from the jejunal loop outside the
perfusion area was taken before the perfusion was started

At the end of the perfusion biopsies were taken from the
Perfused area and also from the area outside the perfused loop

The collection of samples of perfused blood for white blood
cell analysis was made at hourly mtervals from the venous
end of the tubing , at the same time systemic blood samples
wete collected  The morphological discrepancies bets een these
two blaod specimens proved the complete 1olation of the two

circulations
Hypophysectomy.
Hypophysectomy * carried out transpalatally was follow ed
£ the stalk  After the death of the

by electric cautermsation of
ammal the stalk area was
discover whether the destruction of
complete (Pickford ef al., 1951).

investigated by semal rectioning to
the pars tuberalis was

Clotting Time.

Clotting time was determined by the glass capillary method.
* Hypophyscctomy was performed by Dr M Pichford in the Department of
Thysiology, Edinburgh Cni eraity:
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Adrenaline Infusion and Insulin Hypoglyssemia.

Adrenaline infusions and msuln hypoglycemia were used
in men aeccordmg to the technique deseribed elsewhere
{Godlowski, 1946). Adrenaline {0:3 mg per kilo of 0-1 per
cent. ag. sol) was injected subeutaneously into dogs and
supplemented by 1 mg of adrenahne m ol Insuln hypo-
glycema was induced mn dogs by subcutaneous mjection of
3 units of soluble msulin per kilo. Hypoglycemia has been
termnated by intravenous injection of 20 to 40 m! of 20 per
cent glucose solution followed by high carbohydrate diet.

RESULTS

Clinical Experiments.

Clinical experiments were carried out on five normal persons ;
three were put on adrenaline drip and two were given msulm
hypoglycemia Four hours afterwards biopsies were taken
from the bone-marrow, lung, skin with subcutanecus tissue,
lymph node, skeletal muscle, Liver, and spleen. None of these
bi showed inophils in sufficient number to explan
the co-existing eosmopenia. These findings confirm the
previously reported fact that eosmopenic hormones possess no
eosmopeme action on the bone-marrow eosmophils {Godlowski,
1918 a).

Tissue Eosinophilia in Ammals,

In the expenments with eosinopenic hormones the mfluence
on tissue eosinophilia was studied m eight dogs, nne dog
served as control The result of the eosinopenic action of
ACTH, adrenaline, and msulin are presented together, since
they all work through the same mechamsm, ve , the hberation
of adreno-cortical sterords.

At the time of circulating eosmnopenta the lamina propra
mucosz of the small mntestine was nddled with mono-lobular
and bilobular eosinophils (Fig 16). The data presented in
Table 5 show the mean values of ninety High Power Flei:i(
{HPF) counts of the tissue eosinophils \fxth therr Stanffatro
Deviation (SD). The term early or tmnsehqml Jorms rPfelzﬁ"
moho-nuclear cells of various shapes and sizes which cort
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variable amounts of philic les and
masses  These cells are, as a rule, localised in the lower parts
of the erypts of Lieberkuhn The most immature forms of
tln.ete cells have a columnar shape similar to the neighbouring
epithelial cells (Figs 10 and 11) They are, however, usually
larger than the adjacent cells in the epithelial Lning They are
four to five times bigger than mature blood eosinophils The
nucleus of such a pnmutive cell 1s, m 1ts mtial stages, large
and round, and contamns coatse chromatin threads, m the
later stages of maturation the nucleus becomes more compact
(Figs 7, 8, and 11). The presence of many vacuoles i the
oytoplasm gives this primitive cell an appearance of bemng
hydrated (Figs 10 and 11), 1t thus stams more Lightly than the
adjacent cells of the epithelum ~ Later still such & cell shrinks
he eosinophilic granul dense and the cell approaches the
pattern of a cireulating eosinophil (Figs 7 and 8) The onginal
columnar shape is lost as it acqures amcebord motihity, and
the nucleus gradually assumes an iregular shape (Fig 11)-
These transformations may oeour m the cryptal epithelum,
n the lumen of the crypt (Fig 10), or, most commonly, m the
lamina propna mucoswe, therefore the Japuna propria may
contain mono-lobular and by-lobular eosmophils

The columnar pattern of the deepest parts of the erypts 18
usually lost owing to the crowding of epithehal cells ot the
semercular base of the crypt the part of the cells directed
towards the lumen of the crypt may become very thin If the

plane of the section cuts tangentially through this part of the
‘become separated

erypt, certain cells—by pure artefact—may

from the cryptal lamen and so produce an artificial stratification
Whenever this happens to an eosmophtlised cell, one gets the
erroneous impression that it 18 situated at the periphery of the
crypt andl tht st has no duect contact with the eryptal lumen
(Fig 7) Thes may bo mismterpreted &s being penetration of
the eryptal wall from outside  This pomt i3 worth stressing
because i the discussion on the eosmophihsation phenomeneoi
1t plays an important role.

Argentafiine Cells 1n Almentary Tract .

Abundant argentaffine _cells (ac) (shoving redhipwy
granulations when stained with azo-eosin &S seen in Ny 1)
are scattered throughout the whole thickness of the guzfije
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TABLE 5-—Eosinophil Levels

Tod or 3rd
Firet biopay O ek
Initsal eoslaophil
eoninaphiy Tiseve corinopnllel  lovels
level, Hrresh mena &
meen £8 5 SD . Hormone
Dog  (eellal Trawdt (eellel  advminia-
B cumm)  Oman  tonal  Mitwe comm)  Cteed

1 200210 Stowach ) 14030 350406 ACTH,
Intestine 54060 193070 0
Colon HESH I 1onx

20 176213 Stomach 0 13025 200xl0  ACTH,
Totetine 94030 283058 = AR
Colon () )
5 a1 Stomeen o 0 2027 ACTE
Tntetime 35008 14008 *T AT
Colon 0 13002
4 10:13 Stomah 0 ) 0143 Adrenstive,
Itstlne 52002 53007 = N
o 1ioa 'siodl
5 2210 Swmen 0 ) 0215 Adreoatine,
Infortioe 74001 415060 S
Golon t300r 3108
6 20821  Stom o 31003 93345 Advenaline,
Iotestiar 12001 MY000 T
Gicg o 13060
7 a0a12  Stom o ¢ 100x1z Tomin
=17 Rimioe  140os 4papes 001 T
ion 2foor 300
§ 19025 Stom o ) 33647 Javain,
=0 TaNme  savoe anfoos 0T Ta
Solon [EL . F¢11]
9 25127  Stomaeh 0 1002 11046  None
Pnteacias 44005 203008 ogtrol
olon 15002 1380
0 2923 Stomesn ¢ 2x001 1 Nous,
*3 0 fNavhe sseoy aiisyr 10X Mo
o3 M EiH
U 10048 Stoman 0 ) 15 Nope,
=0 [iine  esves  ssoos  1ES Nom,
Slon 15000 7500
12 24047  Stomach 0 1£001 635210 Nowe
*T Rieme  gaboy spioay el N,
fom 4%007 #300s
0042 Stomach 8 12001 30329 Nome
» £ IREi esbos shi0gh 23 et
Colon fEx I FE T
4 1930415 Stomach 0 14005 150010 Nome,
MRl I adhor R0 20 Nt
o (e R
3 Stomach 0 o s2as  Nome
1 0RY pE ashor s3aboe = ot
o 200l HER
52046 Stomach 0 3 0044 Nome
® *%  fofetne si00s 364008 Copirot
on. 1236 0%
5 Stomach 0 94007 43428 Noms
WoOSMAT IRRNR oo siiode ontrot
Son T 1az0%0 18340

The mean valies of itestmal tissue eosmaphilia were ohtalned from the readmgs of h0 I::shll
‘Power Fields (HT ) of tissue sections of duodesum, jefunum and leum, 3¢ HP T of &

mucosa  Fig. 13 shows argentaffine cells (in a section froﬂ;
the same tissue block of the same ammal as shown 1n Fig 12
stained by Jacobson’s method) but no transitional eosianhlf:
m the gastric mucosa In the small intestine in two adjacen
sections of the same tissue block the number of argentafﬁni_
cells per high power field is £2, whereas the number o

transitional eosinophils 18 £8,
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wd after Hormone Treatment

4 fir_after hormone freatment 7 days after gecond binpsy
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—stamidand devistion.
Values for stomach and colon were obtained In the ssme ¥ay 8 wetanda
+’Dags 2 sud § wers hypophysectonied.

Intestinal Eosmophiba related to Eosinopenic Hormones.
Tissue eosinophilia of the small v

blood eosinopenia, shows & significant

eosinophile when compare!

15 and 16 and Table 3). T

w the pm«exper\mentﬂl and experment:

87

ntestine, at the time of
t rise in the number of
3 with the mitisl biopsies (Figs.
he cryptal transitional eosinopluls
al periods showed no
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significant change. The intestinal eosinophilia. of the post-
experimental period was of the same degree 2s in the experi-
mental period (dogs 1 and 7 of the treated series). The control
animals showed an equal rise in intestinal eosinophilia during
comparable periods (Fig. 17)  Furthermore, the cryptal
transitional eosinophils mn the post-experimental periods of
the treated and control series showed a sigmificant rise in
number per high power field despite the fact that there was
no lati; (i i

8 £
The conclusions from these experiments may be summarised
as follons —

L. In the epithelum of the intestinal erypts there are cells
with eosmophilic granules which morphologically can
be regarded as early forms of blood eosinophils.

2 The 1ncreased eosinophilia of the intestinal mucosa in
the experimental and mn the control periods should be
considered as a result of repeated traums of the
operation itself These traumatising stimuli intensify
the process of loeal formation of eosnophils and
mobilise the mwechanism wherchy eosinophils, which
are moving from the eryptal lining towards ?he
nterior of the organism, are arrested mn the I.&uuna
propria mucose The arrest of eosinophils in the
lamina prapria, however, does not prevent the return
of carrculating eosinaphis to the previous Jevel.

3. Eosinopenic hormones which exhibit their action on tl}e
cwenlating eosmophuls do not maintain their eosinolytic
activity on the tissue eosinophils

4. Argentaffine cells are histological elements unconnected
with the transitional eosinophils of the eryptal

epithelum

Intestinal Perfusion.
The perfusion experiment was carried out i
of two dogs each  The data obfained are presen
Gs. ,
o Kdym A & loop was perfused with 200 ml. of {he &?5(;
own heparinized blood.  In the systemic blood the whn:‘he .
cell count was significantly jncreased in tno homis, i
crease being due to circulating polymorphonuclear lewcocy

n two group*
ted in Tables
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Within the same time eosinopenia developed. Both these
Phenomefm resulted from the stress of the operation and general
anasthesia (Laragh, 1948).

In the perfusing blood a slight eosinaphil increase was

worth 110tlcu‘ng, even thongh by itself this elevation was too
§xrla]1 to be significant. The tissue eosinophslia of the perfused
iejunal mucosa showed a sigmficant decrease during that same
peniod.
In Part B a jejunal loop was perfused with 200 ml, of the
dog’s own heparimsed blood to which Eucortone had beon
added  The systemic blood showed the same findings as in
Part A In the perfusing blood the tofal white blood cell count
was significantly decreased only 1 one dog (No 3) This was
the result of a great reduction in eosinophils, lymphoeytes. poly-
morphs, and monocytes {Tables 61 and 68). All granular groups
of winte blood eells showed conspicuous degranulation and loss
of staning affinity, with vacuolisation of the cytoplasm  The
nuclej showed marked regressive changes in the form of pyknosts
and karyorrhexis. The lymphocytes and monocytes exhibited
similar changes. The red blood cells did not show any
«gnificant signs of damage due to the altered osmotic pressure

At the end of the perfusion the eosinophil count per lugh
power field of a section from the perfused area of the jejunuin
was sigmficantly reduced.

The conclusions drawn from the perfusion expenment are -

1 The stress of the operation itself preaipitates changes
in the systemic blood which are chaiacteried by
polymorphonuclear leucocytosis and eosinopenia,

2. Dunng the perfusion the heparinised blood shows a
slight eosinophil merease. This small rise in pumber
of eosinophils per cubic millimetre 15 not sigmificant
per se, but taken in J] with the signi
dirnution 1 the tissue cosmnaplulia of the perfused
Jeyunum it may be regarded as & result of the mohilising
effect of hepann on the tissue eosinophls 3 th? small-
ness of the perfused area from which ocesinophils were
mobilised explains the slight increase in number of
eosmnaphuis in the perfusing b"’O‘_l-

3. The perfusing heparinised Blood with E\‘mortcn‘e added
eauses & great dinuaution in the circnlating eosinophils,
polymorphonuclears, Iymphocgtes, and monocytes.
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All white blood cells in these expenmental condittons
show regressive changes m both cytoplasm and n
nucleus, and these changes take place m the blood
stream,

4 The final quantitative and qualitative changes in the
white blood cells in the perfusing blood contamung
eosmolytic hormone result from twa independent
actions -

{a} The mobilsation of eosmophuls by heparm from
the perfused area

(b) The cytolytic action exerted by eoxinopenic
hormone on all white blood cells i the
perfusing blood

The ?Ine:t Achion of Eosmopeme Hormones on White Blood
ells.

The direct action of eosmopenic hormol
<ells was investigated in two seporate expenments
i titro

In vive (Table 7) —Eoumophils were the leucocytes most
affected by the leueolytic hormones . next i susceptibihity
tame the monocytes and lymphocytes. and the least affected
Were polymorphonuclear leucocytes AMany of the white blood
eells showed the features of disintegration described in the
Perfusion experiment.  Blood samples ‘mised with desoxyeorti-
costerone acetate (DCA) did not exhiit sinmlar quantitative or
quahtative changes in their w Tute blood cells The effectiveness
of the cytolytic action in the 1solated blood tn w0 was related
to the concentration of the administered hormone and to the
duration of 1ts action. .

In wiro (Table 8) _ Eosinopenic hormone nuxed with
heparimsed blood also caused sigmficant Aunnution m eosito-
phils, whereas lymphocytes, monocytes, and pofymorplfunuclenr
Ieucocytes were only slightly affected.  Tho eytolytic action
was also related to tho concentration and the Jength of time
of the action of the hormone admimstered.

The conclusions from these experiments are )
< n direct eytolytic action

1, Eosi j} o9 PONICS
. inopenic hormones T o
on white blood eells under the experimental conditions

apphed.

nes on whte blood
n, vivo and
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2. The (.leshuctu'e action of these hormones affects all
white blood cells, polymorphonuclear leucocytes,
lyx.nphocytes, and monocytes being less susceptible to
this action than eosnopluls.

3. Involutionary changes m all white blood cells were
present in both experiments described.

DISCUSSION

lating Eosinonhil

Phuei 1 Fluet oG

In recently published reports (Rud, 1947 ; leading articles,
Lancet, 1950, e and b ; and others) doubts have been expressed
about the accuracy of the methods at present in use for the
counting of eosinophils The mam objection stressed 15 the
great vamation in counts of crculating eosmoplhils, even i
normal conditions, which makes 1t mmpossihle to establish a
base line for their evaluation These difficulties, which doubtless
exist, result cluefly from the fact that the counts of
orrculating inophls fluctuate sig) tly even in physio-
logical conditions ., such fluctuation 15 one of the bawe
phenomena of eosmophil function , tins phenomenon has been
termed endogenous eosingpenia (Halberg, 1952}

Adrenalime (in swtable dosage and admimstered in an
appropriate way) precipitates eosinopenia by mobibsing the
pitwtary-cortical response, the chemical and morphological
results can be detected m from ten to twenty munutes after
miravenous 1mjection, or a httle later after subeutaneous
mjection (Godlowski, 1948a. and others)  Adrenalne
Liberated from the adrenal glands of the organism itself acts
far more guickly (Vogt. 1950) On the other hand, dissipation
of adrenaline from the suprarenal medulla takes place casily
during everyday bfe by the run and fight mechanism descnibed
by Cannon, which m recent termunology 1s designated as
sympathetico-ndrenal discharge  Speurs et al (1949) have shown
that a drop in eosinophils occurs after simple handhnng[
experimental animals, and that this fall 1s caused by liberation
of adrenaline from the adrenal medulla, this eosinopema 1s a8
great as that followmg injection of ACTH or adrenaline itself.
It has been shown (Halberg, 1952, Higgins, 1952) that
1, 4 it iologi

occurs phy lly and is charac-

s ) nd s
terised by a fwenty-four-hour periodicaty cycle. This eosinopenic
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thythm is species specific, and this spectes specificity depends
on the initiation of vital activities as well as on the action of
hght  Thus in humans and n dogs (diurnal type of life) the
lowest count of eosinophils occurs n the early hours of the
morning ; in mice and rats (nocturnal type of Iife) 1t occurs i
the early hours of the ght This physiological rhythm i the
circulation of eosinophils is controlled primanly by the action
of the autonomic nervous system, the endocrinological response
being secondary.
Tt 1s worth mentionng that a post-adrenaline eosinopenia
In hypophy: ised or adrenal & arumals does occur,
but its origin is not clearly understood It has been found
that in adrenalectomused dogs (Erdstem ef al 1945) and 1n
bypophysectomised rat (Fry, 1952) and muce (Spewrs, 1952
and others) a transitory eosinopema take place after the
injection of adrenaline , this type of post-adrenahne eosimopenia
13 non-specific 1 character and vanes greatly from one species
to another. The suggestion that adrenaline m these arcum-
stances causes sequestration of eosinophils the capillary bed
of various organs (eg, humgs, hver, spleen) by its action
on the autonomic nervous system has heen disproved n
men and m dogs by the experiments previously deserihed
(P 81)  The post b pema of lectomised
or hypophysectormsed laboratory ammals may be explained
by the following comeidental factors (1) The existence of
additional adreno-cortical tissue elsenhere 1 the body.
(2) regeneration of the removed organs, or (3) stunulation of
other organs by adrenalme to produce steroids with mld
eosinolytic action (e g , gonads . Fry, 1952

In other words, the great vamations m
eosmophils found m physiologieal conditions are the result
of a very senstive and rapudly operating eosinopenic reaction

in which the autonomrc nervous system, glandular part of the
are tved . the i

:\'er, the primary link m this chain of

errculating

Prtuitary gland, and
nervous system 1s, how
Physiological reactions.
H, i ia and Tissue

In the experiments already described, in which eosinaprnjs
stimul; were appled 1n the form of three different hormonra,
the results obtained were almost identical ~One coull fuyy

i
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which are” ooty n}n of ] tho«seh adreno:eomcal steroids
mechanism andpthelmeean: mil: Calft’fmg .eosmopem'a. The
nieeds ehacidation g of this action 15 not clear and

ACTH does not exert its eosinopenic action unless the
'com-x of at least one adrenal gland is able to seerete stercids
in sufficient amount to eliminate eosnophils from the cireulation
(Thom ef af, 1948). But there 15 no general agreement as to
whieh steroids possess an easinopenic action. Compounds E
and F, the amorphous fraction of cortical extracts (Well ¢f ol
1940, Engstrom, 1948, Fourman et al., 1950 Higging, 1952;
and others), and whole gland extracts unguestionably possess
this activity, Desoxycarticosterone acetate exhibited very
weak eosinoperue as well as lencolytic action m the expeﬁmemx;\
conditions desenibed elsewhere i this easay

The hustological results of the seres of experiments presented
here point to the mucosa of the small intestine as the only tissue
m the dog which contains a sigmficantly bigh number of
eosinophils  dunng hormonal arculating eosinopemua  The
question now arises as to whether eirculating eosmophis are
arrested in the intestinal mucosa and thereby removed from
the areulation causing eosmopenza  The answer to this question
lies 1m a closer analysis of the fluetnations m tisstie eosmophilia
of the small intestine Eosinophils were found in the mtestinal
mucosa in the experimental periods in much higher numbers
than during the pre-experimental periods  On the other hand
the readings of tissue eosinophlia m the post-expermental
pertods and in the non-treated controls were either equal 1o

or higher than those of the expemmental periods, while the
hil d within normal

number of circulsting eosinop T @
limits (Table 5) In other words, the high intestinal eosinophilia

of the expermental period cannot he regarded as resulting
from the arrest of the Dlood eosinophily, with consequent
eosinopenia in the blood  The local arcumulation of eonunophils
in the mucosa and the contemporary blood eosinopenia ure tno
. the i testinal ¢ phatia i

muecosad

consed by aceelerated forration of eosmophibs in the s
o Jymphatic barrier of the lamina proprid

and their arzest in the ; p
while moving from the crypts into the intexior o'f the organism
(for mechamsm see p. 78). Both these factors, i e, the forma-

unrelated ph
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tion and the arrest of eosinophils, are aggravated by the
repeated t. of the ] mucosa by biopsies
The blood eosinopenia, comerding with the tissue eosmophiha,
cannot therefore be regarded as resulting from the arrest of
crculating eosinophils in the mtestmal mucosa , 1ts cause must
be sought in the direct action of the corticosteroids on

phils by the } which 1s described m detail
on page 38,

The increasing tissue eosinophiha 1n the traumatised organs
dunng the coexisting hormonal eosinopema in the blood pomnts
to the difference between tissue and blood eosmophils so far
as their susceptibihity to the eosmolytic action of corticosterords

15 d. The tissue phils are p ly resistant
to the eosmolytic action of corticosterords at a time when the
arcnlating phils are mghty ptible (Godlowski, 1952a)

This observation has been confirmed also by others (Gordon,
1952 ; Muehrke, 1952, Speirs, 1952) In an attempt to explam
the resistance of tissue eosinophils to the hormonal lytic action
1t will be well to examine the arrest of eosmophils m the
intestmal mucosa more closely (for detals see p 75) The
arrest of eosinophuls in the lymphoid tissue which surrounds
the portal of entry of the antigen (carred by eosmophils) is per-
formed by an antigen-antibody reaction in the following manner
the gelation of the cytoplasm of eosmopluls, which occurs dur-
mg the antigen-anttbody reaction (antigen of eosmophils and
antibody released from the lymphocytes of the Iymphoid barrer,
for details see p 74), immobthises the eosmophils and makes
them impenetrable by the cortrcosteroids  Until the cytoplasm
of the eosinophuls has been made flud agam by hepann (p. 76)
the corticosterords cannot enter them and are therefore nriable
to mitiate protemn catabohsm, which is ultimately responsible
for the destruction of eosmophils. But when thew cytoplasm
becomes flud again the eosmophils regan their motility and
move away from the tissue in which they were arxys(ed; at
the same time they become penetrable by the corticosterouds
and may be destroyed by the accelerated protemn catabolism
which follows this penetration

Direct Action of Eosinopenic Hormones on ‘White Blood Cells.
nts to test the direct action of Cl-oxygenated

Expenme: 0 :
s on white blood cells wm vito and in tlro

corticosteroid
7
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(Blf'n:(l}i:ig:nand 6? Z, afxd 8) hs:ve shown that a very high dosage
6 acetate is required to perform the destructive
action. These experiments have also confirmed the finding that
?urtlcosteroids destroy eosinophils in the blood stream but not
in the tissues (di d in the di h).  The
concex.ltmticn of cortisone in these expen‘me;ts was mﬁch.higher
than is ever found under natursl conditions. It seems that
such massive dosage is necessary to compensate for the artificial
mihew of the experimental conditions described. Smee the
involution of all white cells caused by leucolytic corticosterods
is both marked and rapid (confimed also by Padawer et al.,
1952), one can bly 1 late that the involution is due
to the catabolic phase of mtracellular protein bol The
alternative suggestion that the anabolic phase 1s mhibited
(Green, 1950, and others) seems less attractive because anabolic
inhibition would require a much Jonger time to produce the

degree of destruction seen in the presented experiments.
The susceptibility of white blood cells to this action under

di 1

experimental ishes in the following order -
easinophils, monocytes, lymphocytes, and polymorphonuclears
It s d that eosi ia following the appli of a

P J
potent eosinopensc sterord is due to the dismtegration of eosinophils
n the blood as a result of mediation of the eosmnopene sterords 1n
the protein metabolism leading to a rapidly progressing prolewn
degradation. Dismtegration of the nucler and cytoplasm of all
types of white blood cells resulting from the accelerated protein
catabolism can be seen in a blood film. The coexisting mobilisa-
tion of polymorphonuclear leucocytes may mask the cytolysis
of these cells {seo next paragraph). By analogy one can expect

leration of the catabol of cellular proteins in other
{issues whose enzymatic structure is similar to that of white
blood cells (for details see “ Anaphylactic Reaction ™). This

contention finds valuable support in the negative mitrogen
balance seen in clinical cases of hypercorticism and in treatment
with & high dosage of cortisone or ACTH,

Muehrke ef @l. {1952) find that heparin mixed with the blood »
imhibits the destruction of eosinophls caused by
eroids They do not report the effects
r white blood cells, nor do they uﬂ'zzr
nhibiting action of heparin in their

in vilro
CM-oxygenated corticost
of these steroids on othe
any explanation of the i
experimental conditions,
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. Th? mhﬂ)it,ing action of heparin on the eoswnolytic activity
of comoos.teroxds may be slluminated by discussing two findings
hreported. d P dently (1) Inhib by hepann of the

ydrolytug action of trypsin at pH 7 3 through the formetion
ofa t‘{y?sl{l-hepal‘ln complex , this complex may be dissociated
by acidifying to pH 30 {Fisher ef al, 1937, Rocha e Silva
et al s 1945). (2) The destructive action exerted by cortico-
steroids on eosinophils by means of a rapid proteolysis of their
cellulla}- proteins (Godlowski, 1952a) In the expenmental
conditions applied by Muehrke and his co-workers, hepann
maﬂ.lvated the tryptic enzymes m the blood, thus cortico-
steroids could not mitiate proteolysis eostnophils desprte
the disrupti of the lipo-prot lecules (p 51) and despite
the exposure of therr cellular protemns to hydrolysis, because the
Proteolytic enzymes were blocked by heparm  This mechamsm
is unlikely to operate s» vizo unless and until a very high dosage
of heparin (p 68) has temporanly mactivated all the availablo
active prot mn the This independent observa-
tion of Muehrke and his co-workers 13 very valuable because
1t supports the d 1 that lysis, when
caused by corticosterords, 1s primarily a proteolysis
_ . In the prevention of hormonal eosmopema by heparin, two
independent factors are mvolved .

1. The inhibition of proteolytic enzymes which are actively
destroying the eosmophuls of the arculating blood
2. The mobilisation of the tissue eosmophls.

Heparin when mjected mtravenously wn ugh dosage causes
a significant merease 1 circulatg eosmophds (dogs §, 9,
and 10 (Table 4)) When in a perfusion experiment it is
added to the perfusing blood a sig dimi of the
tissue eosmophi! count of the perfused organ results, together
with a simultaneous but slight increase in the eosinophil number
in the perfusing blood (Tables 64 and 68)

In the light of this discussion the eosinopenic test (Thorn
et al., 1948) must be regarded as an msufficiently reliable test
tor the biological activity of C* 2 d corti i
it is not accompanied by evaluation of the hcpann, lovel in

i i

the blood. Heparin in high T
il is even in the pr of fully active corticosteroids
id

1
Y
Hence the 1 that corti and the
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glands are not the only factors which » igni
£ - . may  significantl;
influence the eosinophil count in the ec:sx‘nctpem‘vz}te‘;t,a -

1 T tosic  f

-
M of  Polymor

Tajection of Corticosterqids,

. Menkin's (1950) work on the biockemical composition of
mﬂan?matory exudates explains (in some measure) the lenco-
cytosis which follows the administration of £ sygenated
corhcost‘eroids. a Jeucoeytosts which masks the simultaneous
destruction  of polymorphonuclear leucoeytes  (see  also
Pp. 58, 88). A close analysis of the fluctuations which ecour
in the polymorphonuclear leucocyte count during perfusion
experiments (Tables 64 and 68} strongly suggests that Menkm
findings are applicable in these conditions.

In the experiment m which a dog's intestme was perfused
with Lis own blood to wiuch Eucortone had been added, the
polymorphonuclear leucocytes (in dog No 3) were rapidly
reduced 2 munber  The maskng action could not take plare
in the perfusing blootl because the perfusing cireuit was cut off
from the source from which polvmorphonuclear leucocytes
would have been mobilised But the syatemic bload, at the
same tune, showed a steady nise of polymorphonuclear leneocytes
fthis blood remained under the action of the corticosteroms
Liberated from the dog’s own suprarenals by the stress of the
operation and general anwsthesia) Compasing at howdy
intervals the lencocyte figures of the perfusing blood with those
of systexme blood, one finds a reduction of polymorphouuclear
lencocytes mn the former and a rise in the latter.

Menlhsn isolated from infl tory A 8
whieh he designsted lewcocytosts promotmg factor which s
derived from the cells participating in the inflammatory reaction.
Sisee palymorphonuclear leucocytes are the most charactenistic
and cells par ipating in on, 1t 13 con-
ceivable that they contnbute substantaily to the production
of the leucacytasis promoting factor

These two independent findings can be correlated with one
another and may esplain the mechanisnt of pal_nnorphonuclen;
Jeucacytosis followng the mtion of C“"V-‘.a b
corticosteraids, As a result of the catabolic action o{ these

i, palsmorphionuciear leucocytes d and

corti
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they release the leucorylosis promofing factor; this n tum
mobilises polymorphonuclear lencoeytes from the bone-marow
to such an extent that the coexisting polymorpholvas is
completely masked and leucocytosis supervenes

FUNCTION OF EOSINOPHILS

Summary of Eosinophil Formation.

Any living cell, whose mtracellular enzyme system has
become changed n such a way that invading protemn molecules
ate no longer split, may turn nto an eosmoplml This change
seems to be related to the physiological or pathological ageing
of the enzyme system The foreign proten molecules remaining
unaltered in the mterior of such a cell stimulate the nuclens
to produce a new proteinase or to reorgsnuse the existing
debilitated proteinases (by a process of adaptation of enzymes)
in such a way that the foreign protein can then be catabolised.
This reorgamsed enzyme m its anabolic activity may re-
synthesize a protein molecule which m 1ts pattern 1s & replica
of the unginal invading molecules (Bergmann, 1942) This
newly reproduced protein molecule, as manufactured by the
cell’s own enzymes, 15 mcorporated mto the structure of the
cytoplasmic proteins Such a posability 1n the formation of
eosinophils is supported by the recent histo-chemcal study of
eosinophuls by Vercanteren (1931) In thus way the debilitated
cell b a new hiol 1 and logical umt By the
formation of a new structure this cell loses 1ts origmal functron
and former appearance, acquiring at least two new character-
isties  motility of amebord type (Sabin, 1923) and the abiity
fo transport antigens in its own eytoplasnue  proteins
(Godlowski, 19484) In such circumstances the cell loses the
functions of the tissus in which 1t onginated and it migrates
from 1ts place of ongmn by its newly acquired motility.

Relation of Eosinophils to Lymphoid Tissue.

The further fate of such & cell depends on whether it is
intercepted by the lymphoid tivite surrounding the portal of
entry of the antigen (carried by the migrating eosmophils},
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or whether it avoids contact with the Iymphoid barrier and
penetrates the interior of the organism via the blood (r 19
An example of the first possibili by is the tion of eosinophil:
from the eryptal lining of the intestinal rycosa into the interjor
of the villus, where the lymphoeytic barrier of the lamina
propna atrests the moving eosmophils (for the mechanism of
the arrest see p, 35) An example of the second possibility
3s the migration of the eosinophilised leucoblastie cefl from the
bor{e-maﬂow into the blood  When eosinopluls with reprodnced
antigenic protein in their eytoplasm pass agan through the
mt(?stmal lymphaid barrier (which 1s & zone contammg specific

tibodies in high tration) they agsin make contact
with the specific antibodies; the resulting union of antigen
and antibody causes their arrest. A zone of hugh hire of
antibodies surrounds the portal of entry for any antigen
{Drinker ef al, 1941). Such a local concentratton of spectfic
antibodies, undiluted by the body Auids, is sufficient to
precipitate local antigen-antibody mteraction and to immobilise
the movmg antigen, this local accumulation of antibodies
need not necessarily be reflected w the cirenlating blood

Eosinophils as Source of Antigen.

As soon as eosmophils regain their mobihty by re-
heparmisation of thewr gelated cytoplasmic protem (p. 76)
they move away mto the mntertor of the organism via lymphatics
or blood-vessels Such eosmophils are now deprived of ther

icity by the antigen-antibody reaction which occurred

i the lymphatic harmer, but they still retain the power of
re-synthesisig the antigenic protem by means of the anabolic
phase of thewr newly formed prot: Such ¢ b of
the antj protem by phils is possible. The renewal
of antigenicity in eosinophils is limited by the faet that tl?e
eosinophils have moved away from the place whese the antigenic
protemn entered the body, a region where they could recewve
further supphes of antigen to incorporate into thewr own
cytoptasm. 1 by chance an eosinophil, having r&synthesxseéd
its antigen, should pass a second time through the Iy.vmph::ilg
Yarrier surrounding the portal of entry of 1t§ antigen, it wo! !
be agein arrested and de-antigenised  In this way aLp?:m?nen
blished of a T ion by the lymp tissue

eycle 18
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and re-antigenisation by the newly formed proteinases of the
Protemns of eosinophils

Those eosinophils which avoid the barrer of the antigen-
antibody reaction, or which have re-synthesised the antigeme
Protein, represent a potential source of the antigen In normal
conditrons these cells are exther repeatedly do-antigemsed m the
lymphocytic tissues or, 1f they make contact with sensitised
cells, they may prectpitate a mucro-anaphylactic reaction
Eosinophuls with retamed antigematy were removed from the
Peritoneum affected by anaphylactic Inflammation mn expen-
ments on guinea-pigs (Godlowsks, 19485) Such eosmophils,
not having made contact with the lymphoid barmer, possessed
4 strong antigenic power

Eosinophils as Source of Anaphylactic Reaction.

Eosinophuls carrying antigeme protems in therr cytoplasm
are & potential cause of anaphylactic reactions The antigeme
Protein, however, being 1ncorporated nto the structure of the
cell, cannot be iberated until the cell disintegrates This was
shown in an expersment 1n winch a suspension of specifically
senwitised eosmophils could not produce an anaphylactic
Teaction m the Schultz-Dale test until they were completely
destroyed by repeated freezing and thawing (Godlowski,
19485) The life-span of eosinophils 1s not known It 1s possible
that easmophils, of the same age and carrymg the same antigen
may dismtegrate i the normal ageing process at the same time
and in sufficiently high numbers to hberate a toxie dose of
antigen, but in normal conditions such possibility is very
remote. The mmute amount of antigemc protein hberated
from a small number of eosmophils represents & sub-toxic doso
which can be neutralised by free antibodies 1n the blood, thus
in normal conditions no such micro-anaphylactie reactions take
place - therefore the antigemc capacity of eosinophls under
normal conditions, from the powmnt of view of pathogenicity, s
small, If, however, the number of ereulating eosmophils is
very high, the hberation of antigen may become sufficient to
Precipitate varous degrees of anaphylactic reaction.

Path PO of
Eosinophils would thus seem to represent a form of cells
without speaific ongin, and with or without antigenic power.
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The presence of eosinophils 1 the blood proves that there is
n t.he organism at least one portal of entry for one or more
antigens  Since eosinophils are at present regarded as normal
elements of the blood there are two alternatives to be considered
with regard to their physiopathological state

1 Anaphylaxis is a physiological phenomenon 1t occurs
physiologically when an unsplit protein molecule enters the
organism by any channel, or originates within the normal
organism In such circumstances the pathological mamfesta-
tions of anaphylaxts begm to appear only when physiological
counter-measures normally taken by the organism do not
balance the 1ill-effects caused by the entry of unsplit protem
Here the eosinophils, if therr number 1 within normal limis,
are normal cells which are unable to proteolyse the mvading
{physiologically) unspht protem molecules. This mabihty of
eosinophilised cells results from the wear and tear process of
thexr cellular enzymes m normal or in accelerated metabolism,
The falling protemnases are thereupon reorgamsed and so
enabled to reproduce the invading protein.

2 A is is a pathol 1 oh of 1
incidence Ths latent physiopathology 1s brought to the hight
only in 1ts more severe forms  In its mildest form an&phylax.ns
may be regarded as a pathological condition fippe;.zring in
every orgamsm, and subjecting 1t to stramn which, in tumn,
accelerates the process of ageng of the mtracellular enzymes,
‘The eosinophils 1 such a concept must be regarded as pabl:uy
logical elements, even if their number is within normal hmits
By their non-specific origin and noxious characte}' th'ey exhibit
a primary imperfection m the biochemical eonstitution at the

time of the formation of the organism




CHAPTER It
GENERAL CONCLUSIONS

'HE cells hable fo be sensitised are thowe whose proteolytic
enzymes possess msuffictent potency to proteolyse the
3 antigenic proten molecules which have mvaded ther
interior. This enzymatic disability may be caused by
1, Primary constitutional abnormahty of the enzymatiw
system, this feature may be organ and spectes specific.
this enzymatic pattern 1s ruled by the Mendelian law
in hereditary transmisston
2, A normal agemg process of proteolytic mtracellular
enzymes.
3 The action of cytoplasmic toxins, directed towards
cellular enzymes
To acquire antigeme potency a protein must fulfil the
following conditions
1. Its molecules must be smaller than those of the host-cell.
2 Tts physico-chemeal structure must enable 1t to stimulate
the nucleus of the host-cell for enzymatie adaptation
3. It must escape proteolytic cleavage by the exsting
enzymes in the invaded orgamsm
The antigenic protein molecules remaining unaltered n
the interior of the enzymatically disabled cells strongly
stimulate the cytoplasmic proteolytic enzymes to reorganise
themselves by the mechamsm of enzymatic adaptation The
cells which cannot in these circumstances reorgamse their
Proteinases disintegrate completely The cells which are able
to reorganise their protemnases become sensitised Ths intra-
cellular enzymatic transformation constitutes the primary
feature of sensitisation. N
The adaptation or reorganisation of the {ryptic enzymes in
the sensitised cells is arranged in the following manner, A
specific proteolytic toxic enzyme system 1s formed intracellularly
by the mechanism of coupled reaction , ths system consists of
the nuclear organising factor and molecules of the urltlgem.c
Protein. This enzymatic system cannot start proteoly<is until
and unless it is a:zgmented by another molec\ll.e of the same
antigeme protem; this augmentstion oceurs in the second

(shoek) invasion of antigen
105
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In the initial stages of anaphylactic shock the tosic hydro-
lysx; yields various proteoses intracellularly which, by intrmsic
action, disrupt the intracellular lipo-protein molecules thereby
exposing structural protems of the cytoplasm to tryptic
hydrolysis  In the later stages of anaphylactic shock the
Pproteoses, by extrinsic action, mactivate lipoids in the lipo-
Protein conjugation in the cells not primanly affected by the
anaphylactic reaction. Thts action starts chaotic proteolysis of
toxic and non-toxic types and liberates toxic catabolites which are
ponsible for the ations of the anaphylactic reaction
Thus the mitial and primary stages (in the intrinsic phase)
of the anaphylactic reaction take place in the sensitised tissues;
in the extrinsic phase of the anaphylactic reaction the whole
orgamsm is mvolved in the “ proteolytic storm »

Antigen-antibody union, per se a non-nogious reaction, is a
defensive measure which takes place mamly 1n the fymphod
tissue and in the body fluids , it has the task, in the first place,
of preventing the access of antigen to cells with an inadequate
proteolytic system, 1 e , 1t prevents sensitisation  In the second
place, it prevents the access of antigen to sensitised cells and
so prevents anaphylactic shock

Proteolytic antibodies may he regarded as those proteinases
which appear in the cells as a result of antigemc stimulation
and which can proteolyse only the antigenic molecules to the
level of non-toxic catabolites.

Toxic proteolytic enzymes are those protemnases which
appear in the cells and next m the body fluids as a result of
antigenic stimulation, and which can hydrolyse only the
antigente protein (specific) to the level of towre catabolates. i

Various togic intermediate catabolites of protein hydrolysis
are set free during the uncontrolled anaphylactic ;‘)m\tcolys}s
2nd, liberated into the blood, they exert their extrinsic toxic
activities. The chemical stress of t}xls action, 1 turn, mobll}scs
the p,tmtary-adrenal response which releases a great varn?g
of corticosteroids  Released CM-oxygenated c":‘w“?m
matatain the proteolysis which has been 1mtiated by Plfl0 le‘;i?:
pberated intracellularly in the early stages of the anaphylacti

action The mamfestations denived from this endacrln;
rizvo[vemwt are superimﬁe,dr:ﬁ?mthe symptoms produce
ongially by th? a;apz;iacre}lceased toxic protem catabolites

The quably hazacter of the anaphylactic reaction; the type

determines the ¢

r
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of catabolites released depends pumanly on the chenucal
composition of the hydrolysed protems The main toxns
Teleased into the body flnds during the anaphylactic reaction
are heparin, hist: , and vanous pi

Heparin released from protemn salts m the early stages
of the anaphylactic reaction causes mcoagulability of the
blood, in the recovery stage of the anaphylactic reaction
a tendency towards an increased coagulability supervenes as
& result of the rapid withdrawal of heparin from the blood
The de-heparinisation of the blood protemns 1s caused by
re-heparinisation of the protems of the tissues mvolved 1n the
anaphylactic reaction This ncreased coagulabiity favours
the formation of ntracapillary clotting which 13 responsible
for the sschemic necrosis so charactenstic of the later stages of
anaphylactic mflammation

Histamme released during the anaphylactic reaction 1s
responsible for most of the dramatic mamfestations of
anaphylactic reactions by 1ts intrmsic and extrinsic actions.

Catabolites of the higher level of protein hydrolys:s (proteoses)
released duning the anaphylactic reaction (lencotaxin, leuco-
¢eytosts promoting factor, leucopeme factors, pyrexin, necrosm,
etc.) are responsible for vamous local and constitutional
manifestations.

Symptoms 1dentical with those of the anaphylactic reaction
€an be produced by application of agents capable of mitiatmng
chaotic and lled Hular pr ysit The<e
agents are .

1. Physical - ntravenous injection of fat solvents. .

2 Physico-chemical ~ ntravenous mjection of colloidal

solutions, eg, protem, peptone, sulphur, ete, or

non-colloidal suspensions, €4, kaolin,
. Chemucal : intravenous jections of oxidising agents such

as hydrogen peroxide, 1odides
\? teolysis can be i

Int lar and
in viro and n riro through the disruption of the lipo-protein
molecules, lipoids in Lipo-protein molecules  protect tl.w
protem components against an interaction with the protein
of proteolytic enzymes These lipoids may be rendered
inactive in the following manner by the same agents as those
which precipitate anaphylactie-like syndromes:

1 By removing the Iipoid barrier separating the substrato
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proteins from proteins of eng:
ymes by fat solvents
., such as chloroform, acetone, ete, (physxial acti(:]n)‘e e
2, Byl'a]tenng the dispersion phase of the lipoids in the
sg)c;-pmtellxll g\tl)lecules by surface-acting substances

cli ag colloidal solutions nr non-colloidal i

{physico-chemical action). o1 suspensions
3 By breaking the ('lnuble bonds in the unsaturated fatty
acids of the hipoids, ¢ ¢ , through oxidation by hydrogen
peroxide, halogenation by odides, ete (chemueal action).

er:;}l;j st:::s of tb? anaphylactic reaction releases the pituitary-
8 ponse ©  lberated corticosteroids interfere with
various phases.of peripheral metabolism , those steroids which
:}:e ;flvolved in prote.m metabohsmv min:ateyroteolysw by

e distuption of the lipo-protemn conjugation in those tissues
“‘Iucl-l are rich in proteolytic enzymes.

Lipo-protein conjugation has the task of protecting the
substrate proteins against undue hydrolyss carried out by
the proteolytic enzymes normally present m all organs  Any
action which disrupte the lrpo-protein molecules is apt to
release proteolysic of the orgamism’s own proteins Rapid
disruption of the lipo-protemn conjugation leads to partial
hydrolysis which leaves behind highly toxic protein cataboltes.

C'l-oxygenated corticosteroids disrupt the lipo-protein con-
jugation by saturation of the double bonds in the fatty acid:
of the lipoids : this action 1s closely co-ordinated with the
tryptic capatity of the proteolytic enzymes available  this
proteolysis leaves no toxic degradates of protein.

The beneficial effects of the (1-oxygenated corticosteraids
in allergic conditions are produced by elimination of the

a isto-chemical ch s 1n the affected tissue, these

changes ‘take place in the third stage of anaphylactic shock,
and the steroids remove them by initisting the proteolyst
of the accumulated mflammatory exudates this proteolysis,
however, leaves the primary mechanism of the Brst and second

stages of the anaphylactic shock unaffected. .
¢ formation of eosinopbils or eosinophtlisa-

The process Of bliss-
tion takes place in those cells which do not possess s.umcwml,\
active proteinases, These cells, iavaded by unsphit protemn

lecul ise their i lular enzyme systems under
on of foreign protein molecules The nesly
ases in their catabolic phase rreonetitute

8
the stimulating actu
reorganised protein
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the invading foreign protem and incorporate it into (i
structural proteins of cytoplasm  Thus eosinophily may
become a source of antigen
Eosinopuls are cells which are formed physiologieatly fy
the rame mechamsm 1n the bone-marrow, in the mueonn of
the alimentary canal, or m any other nou-lm'nmtupnlnlIn
tissue m which the conditions for eostnophilisation niy exhyf,
Those formed 1n non-hzematopoletic tissues may he owignnts
as  pseude phils because, ding to ewmly loplen]
classification, they do not belong to t!l? t!’\\?l blood clonian (s,
Antigenic protem when absorbed in the m‘testinn MY ¢htise
not only eosinophibsation m the eryptal epithelium It 44,
may stimulate the mntestinal Iymphord tissue bavtior to Jreutus o
specific antibodies  These two effects are produced by difte s, "
parts of the same antigeme protemn  Thus eoellnnphlln Cituiryy
antigen m their coytoplasm, while moving thigyy, 40
Iymphocytic bamer. meet a hugh titre of speolfic apff,egy,,
As the result of the antigen-antibody reaction (nptfy, , ot
eosmophils and antibodies of lymphoid tissue) tonduiphite gp
temporarily arrested there and temporarl{y deprivnd of thely
antigentcrty  The arrested tissue eosmophils can f 0 silisa of
when the arresting mechamsm of the antigen-antiliuly ety
becomes exhausted Eosmophils deprived of gy Knthu yfy
potency are thus mobised and shifted uto the 0811 e gy
Here, however, the antigemcity of eosmophily yyy , testinsf
by the anabolic action of their newly reorgantaed yyy, ftrave w,
During the eosnopenia wmduced by h'ormonn e sitnt iy
eosmaphils are destroyed 1 the blo;)d by the Iytte aiffiy o)
CM.oxygenated corticosteroids which ’acu‘luml" M Iy,
cellular proteolyss By contrast the tigy, nitugfiile
because of thew altered phveico-chemical yy, = " ol
susceptible to the eosinolytic action of corticosterq, Al othey
white blood cells are affected in & s'ml.hf 85 by Sl agugrine
action of corticosterowds, but the‘coex‘litmg WA 'nf
polymorphonuclear lencocytes masks their dentruegg,,
Eosinophils are to be regarded as carriers of y,
If large numhers of these cells are destroyed,
protem may be liberated m s“mcm;t et by o yitote
an_anaphylactic reaction But ',es'f'”.“"ﬂ f rominoph?
sufficiently masaive to cause an anaphy lactje it pust

a rare occurrence X
Fosinophikarecxamplesoficolatedeelisnti, . o &

oty anfiyens.
thely antlgenic
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a new function— - .
actiity of cosinophils s eine ey 28 I procn; Ui
in pathologi it ' 31 Pl ! as well as
tmf con diﬁ'?:i cl?:;h(tzn;ar ?‘etzaﬂ; difference between theso
concerned) in the type of ‘h” & hunytmn of eosinophils s
study of eosinophifisation {a ° synt ense;if E:f;toem. A fuller
Fr 3 oy
astic protein in particular.
cbe’:i’;lpmsm“ of anaphylactic pﬁnomena’ whether histo-
Eosmoph;;; :;: svti::;_mnal, can be fraced i all iving otganisms.
Y found in the very young embryo, & finding
which should be looked upon as evidence of anaphylasis.
The df‘“”"‘w betscen the physiological and pathological
3““?1}'.‘ actic response hes m the type of antigen which imduces
us response and i the degree of the response  The presence
of nrlﬂghy!amc symptoms in normal mmdimduals may be
garded, therefore, as the physiol 1 resy of & nermal
organism to stumuli mflicted upon 1t by the environment,
This physiological anaphylaxis may be sggravated if the
mmunological counter-measares {(in anaphylactie reaction)
taken By the organism agamst these stimult are inadequate
Thus eosmophilisation 15 regarded as & result of the
inadequacy of the witeacellular p Iysis which aleo forms the
basis of anaphylactic renction; hence sosmophls may be
looked upon as & histo-chemical evidence of anaphylactie
response  Ansphylacte response, m furn, 15 81 expression of
either pormal or pathological exhaustion of the proteolytic
capacity of the enzymatio system So long as the aged enzymes
are replaced by normal adeptwe enzymes, the whele process
may be regarded as beneficial because 10 provides the cell with
& new potent enzyme- 3t “ reyuvenates " the cellular enzymes.
When t he regenerated adaplive enzyomes sequire 8 toxic chasseter,
1his process invalves the cell in a Vaoious cirele which constitutes
the basis of sensisation  The pathology swhich results from
this involvenent is shaped by (1} the character of the antigen
which has indueed sensitisation, (2} the breakdown products
which are hiberated danng the toxre proteolyms, and (3 .ﬁlﬁ
predisposing factors of the snvolved organ {e£. anstomical
Structire, supersidded infection, sto).
In other words, clinjesl allergy 1s an “9%3'_“"'*‘;“{) rqup;"t;;
of Phygiqlogica! unsfphy!ams, which 15 conditioned by
coesisting predisposing factors
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