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P r e f a c e. 

This essay deals with enzymatic causation 

f anaphylactic reactions,and with the rôle which eo- 

inophils play in anaphylaxis.Since anaphylactic rea- 

ions represent non-specific stress stimuli,their pri- 

ary symptomatology is intermingled with the secondary 

anifestations from stress stimulation.The chief aim 

of the present thesis is to demonstrate ,that a 

group of manifestations which bear the name mq of 

anaphylaxis or allergy,are signs and symptoms which 

result from the different pathogenetic origins.A ten- 

tative effort is made to segregade the anaphylactic 

manifestations according to their primary pathogeneti 

factors.A thorough review is not,theref ore,intended 

to be made of any of the three main problems:eosino- 

phils,enzymatic theory of anaphylaxis,or hormonal in- 

volvement in anaphylaxis.It is,however,intended to de 

nonstrate a close interdependence and causal relation 

ship between disturbed enzymatic proteolysis and hor- 

onal discrasia. 

The tittle ".... anaphylactic reactions re- 

ated to hormonal alterations" may be misleading,be- 

cause only one particular hormonal involvement ( pi- 

tuitary- adrenal response ) in anaphylactic reactions 

is discussed,although many other endocrinopathies 

may be closely connected with allergy. 

The enzymatic theory of anaphylaxis was re- 

c 
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jected. many years ago,for lack of conclusive evidenc 

and because some experimental findings contradicted 

he rationale of this theory.By taking advantage of 

ew developments in histo- chemistry and modern knew- 

ledge of sub -microscopical cellular structure,this 

thesis attempts to produce a new evidence in support 

of the enzymatic theory;furthermore,it endeavours to 

answer the objections previously advanced by antago- 

nists of this theory.If,however,the enzymatic theory 

of anaphylaxis is now to be accepted,its original 

form requires substantial modifications in a_ccordenc 

with modern views,and this is another aim of this 

thesis. 

For purely mnemonic reasons the whole essay 

is divided into three main chapters followed by "Ge- 

neral conclusions ".In each chapter stress has been 

laid on one particular object;,to make the presentati 

of this object more comprehensive,certain facts and 

theories are repeated in each chapter. 

The terminology used for the designation of 

the intracellular proteolytic enzymes is based in 

principle on that accepted by M.Bergmenn (1942),with 

some modifications .Pepsinase,pepsin -like proteinase 

or Cathepsine I,are synonyms, and they denominate an 

enzyme whose proteolytic activity is similar to that 

of the gastric pepsin.Trypsinase,trypsin -like protei- 

nase,or Cathepsine II,are synonyms,and they denominat 

an enzyme whose proteolytic activity is similar to 

sf 
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that of intestinal trypsin.The intracellular protein e 

ses,however,are not entirely identical with the cor- 

responding proteolytic enzymes of alimentary canal 

(see pAge 24) 
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press my thanks to the Carnegie Trust for the Univer- 

sities of Scotland for the covering of the expences 

of the production of the colour photomicrograph pla- 

tes and their printing,- to Medical Research Council 
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to the Lister Institute in London for the charge -free 
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Professor A.M.Drennan for his help and criticism of 

the work presented in this thesis and for giving at 

my disposal all the Research facilities of his Depart- 

ment,- to Professor J.H.Gaddum for the constructive 

criticism of my thesis,- to Dr Janikiewicz for help 

in clinical experiments,- to Drs Williams and Geirin- 

ger for English rasing,- to Mr Dodds for the produc- 
t 

tion of colour photomicrographs,and to Mr Robb for 

supervision of animals and assistance in animal ex- 

periments. 
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Chapter I, 

Pnzymatic concept of anaphylaxis and allergy. 

(1) Introduction. 

Before entering upon a discussion of 

the problems of anaphylaxis and allergy,their termi- 

nology needs to be clearly defined.Anaphylaxis and 

allergy,as presented below,are pathogenetically and 

etiologically identical conditions.The only differen- 

ce between them lies in the route and in the rate of 

penetration of antigens into the affected organism. 

Such dual terminology may cause confusion,it has 

therefore been avoided in the present essay as far as 

possible.As a matter of convenience the term anaphy- 

laxis has been used for the phenomena of both expe- 

rimental and clinical reactions due to sensitisation. 

The generally accepted hypothesis of 

anaphylaxis is,at present,based on the antigen-anti- 

body reaction.Its exact nature,place and mechanism 

are however,an object of unattled dispute.It will be 

shown below that phenomena of anaphylaxis are not di- 

rectly related to the antigen -antibody interaction; 

anaphylactic phenomena should be regarded rather as 

an escape phenomenon from the anti en- an.tibod reac- 

tion.The mechanism of antigen action and sensitisation 
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as well as the nature of antibodies and of anaphylac- 

tic shock or its equivalents,can be elucidated by re- 

fering all these problems to alterations in intracel- 

lular proteolysis.The easiett way of presenting the 

enzymatic concepts of anaphylaxis is to give a brief 

description of the nature and the mode of action of 

antigen and antibody,and of the mechanism of sensiti 

sation and anaphylactic shock.The principles of this 

conceptille are not new;they have been suggested by 

Biedl and Kraus in 1909,and were supported by many 

followers during the next 15 years.Contemporar, know- 

ledge of cellular biochemistry and sub -microscopical 

structure,however,did not enable them to produce sa- 

tisfactory evidence to support their hypothesis and 

thus convince general opinion. 

r. 

(2) Antigen. 

Definition. 

Antigen is a protein in its unsplit 

native physico- chemical form which invades the orga- 

nism either from outside through various portals of 

entry (such as the alimentary canal,the lungs,skin, 

etc.),or originates inside the organism from physico- 

chemical alterations of its own proteins.The antige- 

nic protein is non -toxic per se,because its initial 

invasion does not,as a rule,produce any toxic pheno- 
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mena.The subsequent invasions of the same antigen, 

holaver,meet certain cells of the organism altered in 

such a way that a "toxin" is liberated in these cell 

The initially produced "toxin" (protein catabolite) 

leads to secondary physical and biochemical changes, 

resulting in the discharge of a variety of physiolo- 

gical substances such as heparin and histamine.If, 

however,they are released into,or withdrawn from the 

body fluids in abnormal quantities,they acquire pow- 

erful pathogenetic activity.Apart from these physiologi- 

cal substances,there are simultaneously released va- 

rious toxins such as higher degradation products of 

protein which can act upon the primarily invaded cell 

and upon other cells which were not originally invol- 

ved ( details in "Anaphylactic reaction "). 

Fate of antigen 
in the bodes. 

The antigenic protein in its 

initial invasion in experimental anaphylaxis may be 

distributed all over the organism.It was demonstrated 

by the radio- active tracer technique that practical* 

all organs show the presence of radio -active antigen 

(Crampton et al.1950;Haurowitz et al.1951) ,.and that 

the tracer antigen is demonstrable in cytoplasm as 

well as in the nucleus of these cells (Coons et al. 

1951).Radio- active tracer studies have made a further 

contribution to the elucidation of the fate of the 

antigen in the sensitised organism (Haurowitk et al. 
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1951);soon after the injection of the labelled anti- 

gen into specifically sensitised rabbits,antigenic 

protein appears first in microsomes,and later in the 

mitchondria of the invaded cells.Since the latter are 

regarded as the place where the proteins are synthetk,- 

zed (Claude,1943),the above authors have suggested 

that antigenic protein may be incorporated into the 

organism's own proteins.The final fate of the antigen 

in the organism is not definitely known.Experiments 

with antigenic proteins marked with azo -dyes showed 

that their molecules are first phygocytosed by poly - 

morphs,and soon appear in the phagocytes of the reti- 

culo- endothelial system (Heidelberger et al.1933;and 

others).Dixon et al.(1951) using a double marking 

method of proteins with azo -dyes and with radio-acti- 

ve 1131 proved that dyed proteins are somewhat dtfferént 

from the non -dyed proteins in so far as their trans 

portatt on into the interior of the organism is con - 

cerned.They also demonstrated that antigenic protein 

gradually disappears from various organs pari passu 

with the rise of the titer of the specific antibodies 

in the blood.The longest period in which antigen in 

its native form was demonstrated in the organism was 

120 days after its injection (McMaster et al.1951). 

'The final fate of the antigen or its derivatives 

(produced by the unification of antigen with various 

antibodies) is presumable their proteolysis.The anti 

enic molecules which penetrate various cells remain 
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in their interior until normal catabolic processes 

of protein eliminate them in the form of various pro- 

tein catabolites;this process may last in various 

organs for various length of time. 

Háptens. 

Non-protein substances may acquire 

antigenicity after they enter the organism by uniting 

with organism's own proteins (haptens;Landstainer,192o 

and altering them in such a way as to be able to exec 

a stimulus for the re- organisation of the intracellu- 

lar enzymes (for details see below). 

(a) Antibody. 

Definition and . 

mechanism of 
action. 

Antibodies are proteins - some of 

$em garrnna globulins (Kass,1945) - marked chemically 

in such a way as to enable them to react with the 

specific antigen.In the case of proteolytic antibodie 

specificity may,or may not exist.If specificity exist 

it then operates through mechanism of bridge formatin. 

'etween the enzymatic protein and the substrate pro- 

tein by a one specific polyvalent ion (see page 25 ) 

e main possible results of the interaction between 

he antigen and the antibody are the following: 

(1) corn fete disintegration of the newly formed pro- 

tein compound (from protein of antibody and pro- 

) 
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teiri of antigen) by proteolysis,exid. such an anti- 

body is called lysin; 

(2) formation of an insoluble compound,and this anti- 

body is called precipitin; 

(3) change in the viscosity of the newly formed com- 

pound,a.nd such an antibody is called agglutinin. 

The first type of reaction may be regarded as an en- 

zymatic activity of the proteolytic pattern ,and the 

antibody carrying out this activity as proteolytic 

enzyme.This action may take place either inside the 

cells or extracellularly in the body fluids,and may 

be directed either towards one particular type of 

antigenic protein (by formation of the bridge built 

by polyvalent metal ion :see page 25 ),or towards 

any protein which contacts them in their active for_z.. 

This action of the antibodies is the main topic in 

the further discussion on sensitisation and anaphy- 

lactic reaction.The 2nd and 3rd type of antibodies 

can be regarded as acting through physico- chemical 

channels,causing changes in the solubility and visco- 

sity of the newly formed molecule which resulted from 

the unification of the antigenic protein with the pro- 

tein of antibody.This action in contra- distiction to 

proteolysis,is usually antigenic specific. 

Site of antibody 
2roduction. 

The site of the production of 

antibodies may be in any cell of the organism invaded 
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by antigen (Oakley et al.1949).The main source of the 

production of a :n.ti bodiesein. a. given case,depends,how- 

ever, on the portal of entry of antigen. In mamr patho- 

logical cases the invasion of the organism by antigen 

takes place through the lymphatics (for details see 

page 19,21).The nearest lymphoid tissue is massively 

invaded by the antigenic molecules,and it may respond 

with the production of various antibodies (McMaster 

et al,1935).The lymphoid tissue disintegrating as it 

ages,gradually releases these antibodies (Drinker et 

al.1941):those are the antibodies which are present 

in the body fluids without the action of any stress 

stimulation.If an acute stress stimulus mobilises the 

.ympathetico- adrenal discharge (Dougherty et al.1944b) 

Which releases lympholytic corticosteroids (see pages 

56 &64 ),the titer of antibodies in the blood may 

rise as the result of the accelerated lymphoid tissu 

dissolution. Such was the mechanism of the release of 

antibodies in the series of experiments set up by 

Dougherty et al.(1944b).Tn other experiments in whip 

the technicue of sentsitisation was altered in such 

Away that the lymphoid tissue was either not sensi- 

tised or was sensitised but did not manufacture the 

second or third type of antibodies on which the in- 

vestigatôr's attention was concentrated,the pituitary} - 

adrenal response did not cause a release of antibodie 

(De Vries,1950 ;Dougherty,1951). 
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Local immumitz. 
If antigen penetrates the organis 

(i.)via blood ca.pillaries,or (ii.) via lymphatics,but 

the lymphoid tissue on the route of invasion is not 

sufficiently developed,or (iii) if some of the mole- 

cules of the massively invading antigenic protein 

avoid arrest by the lymphoid tissue - various other 

organs are simultaneously invaded by the same antigen 

which escaped the antigen-antibody interaction in the 

lymphatic barrier.These cells are also able to manu- 

facture antibodies (Oakley et al.1949) .The amount of 

such antibodies released into the blood is,however, 

not very significant.The ability of other tissues 

than lymphoid tissue to produce antibodies may explel 

the "local immunity" of various organs. 

Relation of lymoha.tie 
tissue to antibodies. 

If a specific antigen travels 

m 

is lymphatics guarded by a lymphoid tissue possessi 

ufficient Quantities of specific antibodies,it can 

be locally intercepted by antigen -antibody reaction 

in one of the three forms mentioned above;this will 

prevent further penetration of the antigen.If,however, 

the sentising dose of antigen invades the organism j 

via the blood capillaries ( e.g.in experimental ana- 

phylaxis) ,the antigen will reach the interior of the 

organism avoiding a direct c©ntact with the lymphoid. 

tissue.Such antigen will eventually contact the lym- 

phoid tissue from the interior of the organise( with 
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the circulating blood) but in highly diluted form. 

It is therefore a poor stimulus, or no stimulus at all, 

to the lymphoid tissue for the production of various 

antibodies. Re- injected antigen, in such conditions, 

reaches the sensitised cells and causes an anaphylactic 

reaction which in turn mobilises the sympathetico -adre- 

nal discharge ( for mechanism see " Anaphylactic reac- 

tion " ). ell- oxygenated corticosteroids, liberated 

in this response accelerate the protein catabolism of 

various tissues)which in case of lymphoid tissue leads 

to its disintegration ( Dougherty et aí.1946 ). In 

these circumstances the lymphoid tissue does not release 

antibodies in detectable quantities into the blood; 

this may be the reason why some workers could not confirm 

the Dougherty et al. findings ( De Vries,1950; Dougher- 

ty, 1951). 

Specificity of 
proteolytic 
antibodies. 

The proteolytic antibodies may be spe- 

cific or non -specific in character. The former can pro - 

teolyse only the specific antigen, and the specificity 

of this reaction depends on the formation of bridges 

between the protein molecules of the enzyme and the 

protein molecules of the substrate by one particular 

polyvalent ion ( see page 26 ). If the proteolytic 

enzyme is non -specific, any protein molecules which con- 

tacts it in its active form, may be proteolysed. The 

intracellular and blood proteolytic enzymes 
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as well as the substrate proteins 

ly insulated by lipoids molecules forming a lipo -pro -1 

tein compound which prevents an uncontrolled intra- 

or extra- cellular proteolysis ( for details see "Ana- 

phylactic reaction" and " Inter- relation between li- 

poids and corticosteroids ").The chief action of the 

specific proteolytic antibodies is to split the anti- 

gen molecules into non -toxic catabolites;therefore 

the proteolytic antibodies can be regarded as proteo- 

lytic enzymes, and vice versa,some proteolytic enzy- 

mes can act as antibodies.Proteinases which split pro- 

tein to the level of non -toxic catabolites belong to 

the type of trypsin (trypsinases,Cathepsin II ).) and 

those which proteolyse it to the level of peptone 

or peptone -like proteoses,are the pepsin type(pepsi- 

nase,Cathepsin I ).Since pepsin -like proteinase pro- 

duce by their proteolytic action highly toxiccleavage 

products,they cannot be regarded as antibodies.Accor- 

ding to this enzymatic classification,sensitised cell 

manufacture pepsinase,a.nd all other cells .roduce onl 

trypsinases.The ability to produce one or the other 

type of intracellular proteinases is,in most of the 

cases,of a permane' character;a cell which has once 

acquired this enzymatic pattern retains it for the 

rest of its life,or it may even be stretched beyond 

the life of the individual cell by the incorporation 

of the enzymatic constitution into the "biochemical 

I henotype "(Gulick,1944);in such a way the enzymatic 
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constitution may be transmitted to the 

of cells,and to the next generation of the whole or- 

ganism.This may explain the hereditary character of- 

anaphylactic phenomena. 

next generation 
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(4L nsitisation. 

Sensitisation takes place in the 

cells of so called "shock organs ".These are the tis- 

sues where most of the anaphylactic reaction takes 

place.According to the enzymatic concept of ana- 

phylaxis there are two main mechanisms of anaphylac- 

tic sensitisation: 

(1)in whtth the invasion of sensitising dose of 

of antigen takes place via the lymphatics 

from various portals of entry,at a slow rate 

( e.g.from respiratory tract, alimentary canal, 

skin,etc.); 

(2) in which the sensitising dose invades the 

organism via blood capillaries,and reaches 

the interior of the organism at a rapid rate, 

by- passing the lymphatic barrier. 

The first type of sensitisation is 

regarded by various allergists as occuring in human 

allergy.The second type of sensitisation is thought 

to take place in experimental anaphylaxis.Such a cla- 

sssification,howeverlis nd justified since in human 

allergy e.g.in serum sickness or in various acute 

infections an "anaphylactic" mechanism operates. In 

experimental anaphylaxis,on the other hand,the sensi- 

tising dose of antigen may be introduced into the 
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animal organism in the same manner as in human. aller- 

gy.Thus the main difference between these two forms 

of anaphylaxis lies in the mode of spreading of the 

antigen and in the rapidity of its penetration. 

Slow -spreading 
type. 

In the slow- spreading type of sen 

sitisation via the lymphatics the antigenic molecules 

reach the nearest lymph tissue,and most of them are 

arrested by the limphocytes,plasma cells and the cell - 

of the reticulo- endothelial system(Oakley et a.í.1949) 

This results in almost complete elimination of the 

Oenetrating antigen from the circulating lymph.In 

these circumstances sensitisation does not take pla- 

Ice at all.In the course of a normal life the organism 

is continously invaded by various antigens;by the 

above mechanism the lymphatic barrier prevents,however 

the penetration of various a_ntigens.In certain ca.sesç 

owever,ihmxif mxirmii some of the antigenic molecu- 

les may escape this lymphatic defence mechanism and 

reach the blood stream via the thoracic duct.These 

very minute amounts of circulating antigen penetrate 

the interior of practically all cells in the organism 

(Coons et al.1951).The cells which originally possess 

sufficiently active intracellular trypsin -like protei 

nases (Cathepsine II) can proteolyse the invading an- 

tigenic protein to the non -toxic catabolites;such 

normal cells may be called "non- sensitive" to,or 
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'mnunised" against the antigen.The cells which are 

liable to be sensitised are those which at the time 

of the initial invasion of the antigen do not possess 

sufßciently active trypsinases to be able to get rid 

of the antigenic protein;such cells stimulated by the 

toxic action of t':e unsplit antigenic rnoleeules,pro- 

duce a new proteinase of the pepsin type (Cathepsin4 

I ) which possess the power of spliting the antigenic 

molecules to the level of toxic catabolites (details 

of its formation on page 27 ). 

According to this concept ,two 

independent and parallel processes take place: 

(a) the lymphoid tissue along the paths of the 

penetrating antigen is stimulated to pro- 

duce various antibodies, 

(b) the sensitised cells are stimulated to pro- 

duce intracellular specific proteinase. 

If the lymphoid barrier with the discharging mechanis 

of antibodies,built up in the course of sensitisation, 

operates satisfactorily,the antigenic molecules in 

their subsequent invasions cannot penetrate the inte- 

rior opt the organism through the lymphoid barrier.If, 

however,the defence mechanism of the lymphatic wall, 

for some reason fails,a smaller or greater amount of 

antigen may reach the interior,causing various degree 

of antigenic reactions. 
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In the rapid- spreading type of 

sensitisation via blood capillaries (which takes pla- 

ce in most of the cases of experimental anaphylaxis), 

the antigenic protein reaches the interior of the or- 

ganism without initial contact with the lymphoid bar- 

rier.Thus the cells of various organs are invaded by 

antigenic molecules on a large scale and at the rapid 

rate.Cells which are liable to be sensitised manufac- 

ture pepsinase as in the slow- spreading type of sensi- 
i 

sation;their trypsin -like proteinases being deficien' 

cannot split antigenic molecules which exert their 

stimulating action on the nucleus for the production 

of a new enzyme.The "non- sensitive" (normal) cells pro - 

teolyse invading antigenic molecules to the non -toxic 

catabolites.The lymphoid tissue all over the body is 

also invaded by the antigenic molecules but in rela- 

tively small Quantities due to the dilution factor of 

the body fluids, and the antigenic mole cules are soon 

roteolysed by the non- specific try-osinases which are 

ery active in the lymphoid tissues (Drinker et al.l9 1). 

s far as the production of non- proteolytic antibodie' 

y the lymphoid tissue is concerned,there are two 

possibilities:the amount of the antigenic protein 

may be (a) sufficient,or (b) insufficient,to stimulat 

their manufacture. 

L :Itj hoid tissue 
id- sprea- 

trpe. 
ln ra 

If the lymphoid tissue was suffi 
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ciently stimulated for the production of the non-pro- 

teolytic antibodies,disintegrating lymphoid tissue 

liberates these antibodies into the body fluids under 

the action of the pituitary- adrenal response released 

by anaphylactic shock.They come too late,however, to 

prevent the contact between the circulating antigen 

and sensitised cells. 

If the lymphoid tissue was not suf 

ficiently stimulated for the production of non -proteo 

lytic antibodies,obviously such antibodies do not ap- 

ear in the body fluids at all,despite the existing 

nvolution of the lymphoid tissue. 

The shock -dose of antigen also. 

ritalw rapidly invades the interior of the organism 

via. blood capillaries and reaches sensitised cells 

at the same time as the lymphoid tissue.That part of 

the antigen which makes contact with the lymphoid ti 
proteolytic 

ssue is inactivated by the existing and non- proteoly- 

tic antibodies km kkt& in one of the three form . 

of antigen- antibody reaction mentioned above.The part 

of the antigen,however,which reaches sensitised cells 

is catabolised to the level of peptone or peptone -like 

groteoses thus precipitating peptone shock.Peptone 

shock in turn,as a violent stress,mobilises the pitui -, 

tary - adrenal discharge with the release of the lympho4 

ytic steroids which dissolve the limpid tissue on a 

arge scale.The released antibodies are,however,too 

late to neutralise\ the circulating antigen. 

Ifs 
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The involution of the lymphoid 

tissue (which was sufficiently stimulated for the pro.4 

auction of antibodies ) following the stress of the 

anaphylactic shock may be reflected in the body fluid 

in form of high titer of free antibodies.0 nder these 

circumstances the high titer of the specific antibodi s 

is able to prevent the next anaphylactic shock,should 

another antigen dose be administered.This is the state 

of anti -anaphylaxis or "desensitisation" which deve- 

ops if the animal survives the anaphylactic shock 

(Zunz et al.1915). 

Re- organisation 
of intracellular 
proteinases. 

It is at present accepted,that 

an unsplit protein molecule can penetrate the interior 

of a normal cell (Monné,1948) ; it takes place during 

the periodical f enettrations of the cortical part of 

the living cell (for details see page 37 ).Such could 

be the mechanism by which protein molecules,marked 

with fluorescent dye,penetrated the interior of va- 

rious cells,as demonstrated in both cytoplasm and 

nuclei by Coons et al.(1951).The toxic action of the 

foreign protein remaining intact inside the cell,sti -' 

mulates the nucleus to produce an organising factor 

for a new enzyme,or for the re- organisation of exis- 

ting enzymes;this nuclear element is next eliminated 

into the cytoplasm (Monnb,1948).Such stimulation for 



24 

the production of a new proteinases occurs,if the ex 

sting intracellular trypsinases are unable to split 

the foreign protein;in such circumastancesthe nucleu 

manufactures a new proteinase of another type as a 

defensive measure.If the nucleus cannot respond in 

this manner to the stimulating action of the unsplit 

protein,the cell undergoes a gradual and complete dis- 

integration. 

The process of new formation or re- 

organisation of the existing intracellular enzymes is 

called by some enzymologists "enzymatic adaptation" 

(Karström,l938).This concepts is,however,not uni- 

vemally accepted in its original form.The main objec- 

tion raised against it is that the new substrate 

(penetrating antigen) must be chemically closely re- 

lated to the existing substrate,for "adaptation" to 
5 

be possible.This suggestkthat the new substrate stimur 

lates the existing enzymatic system in such a way than 

it brings out the activity of an enzyme which already 

existed in the cell but did not demonstrated its acti- 

vity (Sevag,l946). 

Terminolom and classification 
of »roteinases. 

The terminology of the intracellui 

lar proteolytic enzymes accepted in this essay is ba- 

sed principally on the Bergmann's classification(1942). 

is earlier work with Fruton and Irving (1941) provi- 
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ded him with the framework of this classification.He 

distinguishes,amongst others,two types of Cathepsins 

(intra- cellular proteinases) which can be extracted 

from various bovine and porcine organs.Their proteo -- 

lytie action on synthetic substrates is similar eithe' 

to: (1) that of gastric pepsin,and these he called 

pepsinases or Cathepsin I,or 

(2) to that of intestinal trypsin,and these he 

called trypsinases or Cathepsin II. 

Bergmann,however,clearly distinguishes the intracellu 

lar proteinases from the proteolytic enzymes of the 

alimentary canal.Por example,the optimal pH for the 

proteolytic action of gastric pepsin is 4,O,whereas 

for beef spleen pepsinase it is 5.4;for intestinal 

trypsin it is X7.81 and for beef spleen trypsinase it 

is 4.9. The fact of the existence of these two forms 

of intracellular proteinases splitting proteins to 

various levels of the degradation,is of fundamental 

importance in the rationale of the enzymatic concept 

of anaphylaxes. 

Specificity of 
intracellular 
proteinases. 

Intracellular proteinases were 

egarded,at one time,as exclusively specific,and this 

formed the basis for the Abderhalden reaction (Abder- 

d8rhalden et aí.1909 -10 a,b ).Jobling et al.(1915 a) 

proved this theory not,be entirely correct,by separa- 

ting various proteinases from the sera,and demonstra 



26 

trating that tryptic proteinases can proteolyse any 

protein,provided that the lipoid "antif erments" of 

the serum are removed.The present view on the speci- 

ficity of the liltracellular proteolytic enzymes is, 

that such specificity exists only to a limited extent 

and only for certain proteinases (Smith,1951).Thhe dia- 

gram presented below shows the bridge formation by a 

polyvalent ion between the protein of the enzyme and 

the protein of substrate.The specificty of a given 

4111111173K. 

side & end groups 
of polypeptide 

chains 

Protein 
of 

f+ Protein 
ion of 

substrate 

proteinase lies in the formation of the bridge by one 

specific ion. 

In the case of anaphylactic sensiti 

sation the proteinase manufactured by the sensitised 

cells is protein specific i.e.it can split only the 

specific antigenic protein.The original disability 

then which leads to sensitisation is the formation of 

a specific pápsinase instead of the formation of a 

non -specific trypsinase. The non- specific trypsinases 

are present in a r a,alor "non- sensitised" cells; 
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those cells which do not possess proteinases suffi- 

ciently active to catabolise foreign protein,manufac- 

ture a specific pepsinase degradating antigenic pro- 

teins to the level of peptone or peptone -like proteo 

ses. 

The production of the specific intr 

cellular pepsinase in the sensitised cells may have 

the following pattern.The nucleus invaded by the an- 

tigenic molecules (Coons et al.1951) is stimulated by 

the toxic action of the unsplit protein;this results 

in the formation of an "organising factor" for the 

formation of a new enzyme (IIenn,1948).This organisin 

factor reacts with the antigenic molecule by the me- 

chanism of "couple reaction" forming an enzymatic 

system which can initiate protemlysis only if the 

whole system is augmented by another protein molecule 

(Bergmann,1942).The latter reaction actually occurs 

when molecules of the specific antigen enter the sen- 

sitised cell during the administration of the shock - 

dose. 

The proteolytic action of intracellu- 

lar pppsinase and trypsinases is blocked by lipoids 

which form an insulating barrier between the protein 

of enzyme and substrate (see Diagram 2 ).Any action 

which removes indiscriminately the protecting lipoid - 

e.g.the human gamma globulin (Godlowski,in print,b ), 

peptone, trypsin (KircIeim,1911 -l3 a,b,) ,chloroform 

(whiple,1913),etc.initiate a rapid proteolysis which 
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which leads to the same manifestations as seen in an 

phylactic shock;the specificity of anaphylactic shoo 

lies therefore in the presence of a specific pepsinase 

in the sensitised cells which is able to catabolise 

specific antigenic protein only.Protein which posses, 

ses antigenic properties has no insulating lipoid ba- 

rrier,and its antigenicity may be eliminated by cove- 

ring protein molecules with lipoids e.g. sodium ole- 
which is present in certain blood lipids 
ateA(Jobling et aí.1915 a ).Protein molecules depri- 

ved of the lipoid molecules penetrating sensitised 

organism perform double action: 

(a) they inactivate cellular lipoids by the sur- 

face- acting forces, and 

(b) the remaining molecules which not participa- 

ted in the inactivation of cellular lipoids, 

a muent the existing enzymatic system built 

in the course of sensitisation (see the pre- 

ceding paragraph),and thus initiate rapid 

activity of the specific pepsinase. 

The proteolysis carried out by pepsinase splits the 

antigenic molecules to the level of peptone or pep- 

tone-like proteoses,which in turn cause farther in- 

activation of the cellular lipoids exposing substra- 

te proteins of the cell to the proteolytic action of 

the cellular trypsinases which begin chaotically pro-, 

teolyse the substrate proteins;the rapid and uncon- 

trolled proteolysis sets in motion the whole chain 

of reactions which are described in "Anaphylactic 

shock ". 
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The ability to produce trypsina.se: 

and the disability to form specific pepsinases appea' 

to be organ and species specific.For example,the con 

nective tissue surrounding the bronchioles in guinea 

pigs respon to the injection of toxic dose of speci 

fis antigen with gross changes in the form of edema 

(Warren et al.1948);hence according to the concept 

mentioned above,the cells of the connective tissue 

around the bronchioles in the sensitised guinea -pig 

form pepsinase in the course of sensitisation.Why 

certain cells respond to antigenic stimulation with 

the formation of the specific pepsinase,is difficult 

to say.The root of this disability lies probably. in 

case of species specificity,in a genetic deficiency 

of the biochemical constitution of the nucleus,and 

in the case of acquired sensitivity,such a defficien- 

cy may be caused by the ageing of cellular enzymes 

in the course of normal or pathological "wear and 

tear ". 
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(5)Anaphylactic reaction and anaphylactic shock. 

Anaphylactic 
peptone shock. 

Anaphylactic reaction and ana- 

phylactic shock are phenomena which differ from each 

other only nuentitatively.Both take place in sensi- 

tised cells,both result from the invasion of the in- 

terior of the sensitised cells by entigen,and in both 

an intracellular specific pepsinase proteolyses the 

antigenic protein to the level of peptone -like pro- 

teoses.The main difference lies to the amount of the 

antigenic protein penetrating into the cells,and in 

the rate of its penetration.From what was said in th 

previous paragraphs it is clear that the anaphylacti 

reaction results from the intracellular liberation 

of peptone molecules.in peptone shock similar mani- 

festations are produced in a non -sensitised animal 

as a result of the penetration of peptone molecules 

from outside into the cell.ît has been known for a 

very long time that so called peptone shock and ana- 

phylactic shock are two identical reactions (Biedl 

and Kraus,1909; and. others ) ;the identity of these 

two reactions is of such a degree that most of the 

early work on the fundamental problems of anaphylaxi 

was studied on peptone shock.The main argument again t 

peptone shock -theory of anaphylaxis was that the blo d 

withdrawn from a dog in anaphylactic shock did not 

possess a transferable toxic agent i.e.peptone,by 
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which a peptone shock could be reproduced in another 

non -sensitised dog(Weil,1917). 

Peptone shock. 

Grosjean in 1892 found that 

intravenous injection of Witte's peptone in a dosage 

of 0.15 to 0.30 gm per Kilo into a normal dog,produ - 

ces a shock,the manifestations of which were,by later 

workers,identified with those of anaphylactic shock; 

this is visualised in Table 1.`I'he principil differen- 

ce between these two reactions lies in the mechanism 

of penetration of peptone molecules into the interior 

of the cell:in anaphylactic shock they are liberated 

inside a cell which was previously sensitised,and in 

peptone shock the peptone molecules invade a non -sen- 

sitised cell from outside.In order to produce peptone 

shock in a non -sensitised dog,the dosage of peptone 

must be relatively high because of the dilution facto 

of the body fluids.injected peptone molecules penetra 

to all organs, and those cells which possess fully ac- 

tive intracellular trypsinases,split the peptone mo- 

ecules immediately to the level of non -toxic cataboli 

es.Cells which do not possess trypsinases in suffi- 

iently active form,cannot proteolyse the invading 

eptone molecules which commence their toxic action 

on the intracellular lipoids (details below). 
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T a b 1 e 1. 

Comparison of the symptomatology of anaphylactic and peptone shock 
with their references. 

21a2 1.9.12_ 

Hyper -hep ar ina.emi a. 

Hyper - histaminaemia 

Leucopenia 

Thrombocytopenia 

Increased trypsinase 
titer in serum 

Increased pepsinase 
titer in serum 

Increased N.P.N. 
in blood 

Hyperglycaemia 

Hypoproteinaemia 

Increased proteins 
in lymph 

Increased lymphflow 

RBC.s in lymph 

Increased permeability 
of capillaries 

Decrease of plasma 
volume with haemo- 
concentration 

Fall in B.P. 

Anaphylactic shock 

Jaques et al.1940. 

Code,1939. 

Widal et aí.19 21. 

Dragstedt,l941. 

Jobling et al.1915 c. 

Pfeiffer 1915. 

Jobling et a1.1915 c. 

Zunz ,19 24. 

Petersen et al.1923. 

Petersen et al.1923. 

Heidenhain, 1891 

Heidenhain, 1891. 

Calvary,1911. 

Simonds 1923. 

Peptone shock 

Quick,1936. 

Dale,1929. 

Widal,1921. 

Rochage Silva,l946. 

Jobli4g et al.1915 c. 

0 !1 

Jobling et al.1915 d. 

Zunz,l924. 

Petersen et al.1923. 

Petersen et al.1923. 

Heidenhain, 1891. 

Heidenhain, 1891. 

Calvary,1911. 

Simonds,1923. 

Simonds,1923. Simonds,1923. 
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An.aphyla.ctic shock. 

In anaphylactic shock in order to 

produce such a reaction,the organism must first be 

sensitised.This means that existing intra.cellu.ar t 

psinases are not sufficiently active to be able to 

proteolyse an invading antigenic protein in the affe - 
ted cells.In such circumstances the nucleus produces 

another proteinase which is of pepsin type.(Details 

see page 27 ).This pepsinase is specific in its pro 

teolytic action i.e.it can proteolyse only the speci 

fic antigenic protein.In the second,or toxic invasio 

of entigen,its protein is split to the level of pep- 

tone which in turn inactivates the cellular li3oids 

insulating the substrate proteins.This latter action 

exposes the substrate proteins to the tryptic action 

of various trypsihases of the affected cell.These try 

psinases were not active enough to proteolyse the fo 

reign protein,yet they still possess enough potency 

to initiate proteolysis of their own protein deprived 

of lipoid protection.The destruction of the cellular 

proteins damages the cellular structure and liberates 

great quantities of proteolytic enzymes,and of variou . 

proteolytic catabolites of high biological toxicity. 

One of the results of this action is the elevation of 

Non- Protein -Nitrogen(N.P.N. )which always accompanies 

anaphylactic shock( see Table 1) .The other pathogno- 

monic features of biothem? cal nature are:presence of 

pepsinase (Pfeiffer,1915) and increased titer of try- 
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psi nases in the body fluids (Jobling et x.1.1915 c ) 

Rationale of 
enzymatic mecha- 
nism of anaphylactic 
reaction. 

Thus the anaphylactic reactiox`L 

which takes dace rimarily in the sensitised cell 

has no direct relation to the antigen -antibody reac- 

tion because specific pepsinase which initiates the 

pathological roteolysis,cannot be regarded as a Pro-} 

teo.lytic antibodyithe antigen -antibody reaction occurs 

in "non- sensitised" cells in lvmhoid cells or in th 

body fluit)in various forms such as agglutination or 

precipitation of the antigenic protein causing no 

release of toxic catabolites resDá:nsible for the ma-1 

nifestations of the ana h lactic reaction.The main 

task of antigen -antibody reaction is to revent the 

anaphylactic reaction.The anaphylactic reaetion,the- 

refore,lnay be regarded as an escape phenomenon from 

the antigen- antibod- reaction.If this mechanism of the 

intracellular release of peptone or peptone -like pro 

teoses with subsequent production of peptone shock is 

the basis of anaphylactic reaction,its occurence proves 

that the antigen - antibody defending mechanism has in 

some way failed. This inadequacy in the defending sys- 

tem initially enabled antigenic molecules tiapenetra- 

te the barrier of the lymphoid tissue thus allowing 

the sensitisation mechanism to come into play in the 

enzymatical].T disabled cells.At the subsequent inva- 

sions of antigen the debility of antigen- antibody 



35 

defence allowed x.Ì ±mxmat antigenic protein to make con 

tact with the sensitised cell,and to precipitate pep -' 

tmne shock. 

The enzymatic concept 

xis is based on two fundamental facts: 

of anaphyla- 

(1) formation of the cytoplasmatic pepZsinase 

which proteolyses antigenic protein to the 

level of peptone, 

(2) a temporary inactivation of the cellular li- 

poids by the peptone molecules exposing sub- 

strate proteins of the cells to uncontrolled' 

proteolysis. 

Chronic ánl - 
1 axis. 

The severity of the anaphylactic 

shock depends on the amount of intracellularly relea- 

sed peptone which in turn depends on two conditions: 

(a) on the kinetics of the intracellular pepsinase, 

(b) on the amount of the penetrating antigenic pro - 

tein.7,1aen the velocity of the pepsinase proteolysis 

is great enough Sand the amount of antigen adequate, 

a full -blown anaphylactic shock results.If very small 

amounts of antigenic protein penetrate the cell and 

they are subsequently peptonised,the amount of the 

released peptone is also small and the damage done to 

to the lipoid- protein structure is relatively slight, 

The symptomatology derived from this micro- peptone 

shock,therefore,is less dramatic.Such a micro-shock 



36 

if repeated continously is,however, able to precipita- 

te cellular alterations ( described below ) of suffi- 

cient magnitude to produce a pathological state cal- 

led chronic ananh laxis or chronic allergic condition. 

In such condition the infinitely small amount of anti- 

genic protein which escaped the antigen. - antibody rea-L 

ction in the lymphocytic wall surrounding the portal 
of antigen 

of entry,angd which also escaped interception by the 
A 

free antibodies in the blood,enter the cell and in 

those possessing pepsinase,produce a micro-shock. 

The increased titer of peptic and 

tryptic proteinases in the blood as well as the in- 

creased titer of serum lipase (Jobling et al.1915 c ) 

strongly support the concept of the enzymatic invol- 

ment in anaphylactic reactions.The increase of pro- 

teinases in the blood may come from two gources: 

(a) pepsinase from the cells actually involved in th 

anaphylactic reaction, and 

(b) trypsinases dlirtved partly from the cells invol- 

ved but mostly from the lymphatic tissue. The,A 

disintegration of the lymphoid tissue and the libera- 

tion of the tryptic proteinases takes place as the 

result of the re.e of the lympholytic corticoste- 

roe during the pituitary-adrenal response to the che- 

mical stress of the anaphylactic reaction ( see page 

56 ). The free circulating tryptic proteinases 

may be regarded as proteblytic antibodies released 

Tmainly from lymphatic tissues. The presence of papsi 



37 

nase in the blood proves the existence of a focus of 

" sensitivity " in an active state of anaphylactic 

response. In the light of this enzymatic and bioche- 

mical analysis, anaphylactic shock may be differen- 

tiated from peptone shock by the presence of the pep - 

sinase in the body fluids in anaphylactic shock anal 

its absence in peptone shock. 

Histochemica and 
sub -microscopical 
structure of cell. 

The histochemical changes of the 

affected cells during anaphylactic shock can be vi- 

sualised by interpreting the altered chemistry of the 

body fluids found during anaphylactic shock, in the 

light of present -day knowledge of sub -microscopical 

cellular structure. The main facts of the next para- 

graphs are based on two sources: Frey- Wyssling` gmono- 

raph (1948), and Monnt's review (1948). 

The cytoplasm of a living cell 

Consists of a semi- liquid matter composed of proteins, 

lipoids, electrolytes, etc.,dissdved or suspended in 

water. The main framework of this mass is built by 

proteins whose molecules possess a fibrillar structu- 

be forming a fine network. The constant streams of 

ater ( enchylemg Monn,1948) in the interfibril- 

ar canals thus formed, contact various parts of the 

ell by means of chemical or physical or physico -che- 

ical interactions. The protein fibrils are built py 
polypeptide chains 

variable number of axe, linked with each 
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Schematic representation of junction possibilities between neighbouring 
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sling,1948). 
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other by the end- or side- groups of the AxcdAmaxdma . 

which form individual polypeptide chain 
amino acid The inter -amino acid linkage is made by 

a direct interaction of their side- or end -groups or 

by salt formation (bridge formation ) with various 

polyvalent ions ( see Diagram i ). 

The cortical part of the cell ( cell 

membrane) is formed partly by polypeptide chains and 

partly bic lipoid molecules. The permanent coiling 

and uncoiling, shortening and elongation, shrinking 

and distension ( hydration and de-hydration ) of the 

polypeptide chains causes periodical fenetrations of 

the cellular cortex built up mainly by lipoid mole - 

cules.During these periodical fenestrations a foreign 

molecule e.g. protein, can penetrate the interior of 

the cell. 

The cytoplasmatic enzymes are proteins 

whose molecules also form fibrils composed of polypep 

tide chains as described above.The polypeptide chains 

of the enzymes are, however, separated from the sub- 

trate protein of the cytoplasm by an insulating barr- 

ier of lipoids as shown in Diagram 2. These insults 

ting lipoids act by blocking the end- or side- groups 

f polypeptide chi ±ns of the substrate proteins and 

f the enzymatic prroteing. This protective action of 

lipoids was called by various authors the " antifer- 

ment " potency ( Jobling et aí.1915 a )4 If the li- 

poid -protein linkage is disrupted for instance, by 
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alteration of the dispersion phase of the lipoid mo- 

lecules by sur Lace- acting substances ( e.g. large 

protein or peptone molecules ) which have penetrated 

the interior of the cytoplasm, the exposed part of th 

protein molecule of the substrate makes direct con- 

tact with the enzyme protein. The chemical reaction 

resulting from this substrate -enzyme unification lead 

to the cleavage of the peripheral amino acids or of 

r olypeptide chains of the substrate proteins. Such 

intracellular proteolysis can be initiated by the in- 

activation of the cellular lipoids as the result of 

r .hysic:o- chemical action of the peptone mole cule.The 

emporary inactivation of the cellular lipoids may 

lso be achieved through other mechanisms, for exam - 

'le, through a purely chemical action ( see page 58). 

t has been proved (Jobling et al.1914 ) that the li- 

void molecules can exercise their protective action 

only if possessing unsaturated carbons in thier fatty 

cids. The saturation of these carbons may be another 

way of inactivating these lipoids; the process of 

saturation of the fatty acids of lipoids, is unlikely 

to operate in the case of the tee inactivation of 

lipoids by peptone.It seems more likely that peptone 

olecules produce their inactivating effect through 

a physico- chemical mechanism e.g. by altering the dis- 

.. ersion of the lipoids molecules ( Jobling et al.1915 

Further discussion on the mechanism of lipoid inac- 
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tivation is found in the paragraph on " HornonRJ in- 

volvement " page 58 -64. 

Hearin in anaphs axisi . - - 

Heparin is present in all li- 

ving cells in variable amounts, conjugated with pro- 

teins of the cell ( Ohargaff,1941 ). If a protein 

salt of heparin is exposed to the proteolytic action 

of intracellular enzymes, the heparin molecule is 

split off the protein moiety.Th.is results in the libe -i 

ration of free heparin and its elimination from the 

affected cell. The remaining cellular proteins depri- 

ved of heparin, undergo gelation ( Fisher,l931 ). 

Such a change in the physico- chemical structure of th 

substrate proteins may influence the affected cell in 

various ways;. for instance,. if such a cell possesses 

mobility, it may be immobilised.An example of such ac ion 

is the Arrest of moving eosinophils in the lrniphocyti 

barrier in the lamina propria of the intestinal wall 

( see " Fosinophil formation, page 84 ) . The de -he- 

parinisation of the cytoplasmatic proteins may be ref-, 

lected in the physico-chemical state of the whole 

lood. If the amount of the tissue involved in the 

anaphylactic reaction is great enough, so much hepa- 

in may be released that ,entering the blood, it would 

cause its incoagulability.This actually accurs in the 

arly stage of both peptone ( Cuick, 1936 ) and ana- 

hylactic shock ( Jaques et a1.1940 ). In the stage 
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of the recovery from the shock, hepari-n re- enters ti 

interior of the gelated cells restoring the semi -li- 

Quid state of the cytoplasmatic proteins (Fisher,1931 

if the cells were immobilised, it causes their re-mo- 

bilisation ( Godlowski,in print,a ). The re- entrance 

of heparin into the cells leads to rapid reduction of 

the heparin level in the blood. This in turn may cre 

ate c ' onditions favourable for spontaneous clotting. 

-uch an intravascular coagulation would be initiated 

n the places where a physiological slowing of blood 
occurs 

eloci ty,,,by the anatomical structure,e.g. at the jun- 

tion of the saphenous vein with the femoral vein. 

This may explain the tendency to thrombotic accident 

in the clinical conditions connected with various 

types of anaphylactic reactions. Other conseQuences 

of the rapid re- heparinisation of the anaphylactical- 

ly inflamed tissues are thromboses localised in the 

capillaries extending to arterial and venous pre -ca- 

pillaries.The mechanism of these thromboses may be as 

follows. In the recovery stage from the acute or chr 

nic anaphylactic shock, the focus of the tissue invol 

ved in the anaphylactic reaction, rapidly abscgvs he- 

Sarin from the passing blood.Rapid de -hepa rinisation 

of the blood proteins leads to the formation of the 

capillary clot extending to the pre -capillaries. 

is intern causes an acute ischemia of the tissue 

involved in the anaphylactic reaction, leading finally 

to ischemic necrosis. 

3 
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The release of heparin and its se- 

auelae are the mere consequences of the intracellula 

proteolysis initiated by the inactivation of the in- 

tracellular lipoids by peptone molecules. The relea. 

se of heparin is thus of a secondary nature having 

no causal connection with the primary mechanism of 

the anaphylactic reaction; therefore heparin injec- 

ted in large dosage should have no, influence on the 

initiation of the shock itself; this was confirmed 

in an experiment in which very high dosage of hepari 

( 2000 units per Kilo ) injected intravenously 30 

minutes before a second injection of antigen did not 

prevent the fatal issue of the anaphylactic shock in 

sensitised rabbits and guinea -pigs (Godlowski,unpubb 

lished data ). 

Histamine in 
anaphylaxis 
and in shock. 

If the uncontrolled catabolic acti- 

vity of the anaphylactic reaction splits off an ami- 

no acid such as histidine from the polypeptide chain, 

it may rapidly be converted into histamine by histi- 

dine-decarboxylase ( Holtz,19374Blaschko,1945 ). 

The re] se of histamine may also have a different me- 
, 

chanism.Histamine in conjugated form exists practica 

lly in all tissues ( Gaddum,1948 ). In the course 

of toxic proteolysis such conjugated histamine may 

be liberated into body fluids.Histamine in turn exert 
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its phamacological action of an intrinsic or an ex- 

trinsic character (Gaddum,.1951) precipitating a great 

variety of manifestations in various tissues.The his 

tamine released into the blood ( in extrinsic action) 

is responsible for most of the dramatic symptoms of 

peptone and anaphylactic shock (Gaddum,1948 ). Its 

powerful action on the epithelium of the capillaries, 

on the smooth muscles of various organs, and on the 

secretory action of various glands,is the chief pa- 

thogenetic factor responsible for most of the shock 

symptomatology, small= so much so that, at one time, 

the anaphylactic reaction was regarded as histamine 

poisoning (Lewis,1927). The violent symptoms of the 

shock produced by the release of histamine, involve 

the pituita y- adrenal response ( Sayers and Sayers, 

1947 ) which in turn precipitates other symptoms com- 

plicating the histo- chemic_ --al manifestations of the 

anaphylactic shock ( for details see ". Hormonal in- 

volvement in anaphylaxis " ). 

Released heparin and histamine in ana- 

phylactic shockh 
du 

no e rgprded as an integral part of 

the anaphylactic reaction; they may, or may not occur 

The liberation of these substances will depend on the 

chemical constitution of the split proteins, and on 

kinetics of the available enzymes in the affected 

tissuep. If cleavaged protein possesses a sufficient 

quantities of heparin salts, the heparin may be relea 

sed in detectable amounts into the body fluids. If 
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the affected proteins contain enough his(idine, and 

if this histidine is set free by uncontrolled proteo- 

lysis, then histidine-decarboxylase,if available,may 

convert it into histamine. If, however, histaminase 

is present in sufficient concentration at the place 

of the reaction, the released histamine may be des- 

troyed, thus preventing its extrinsic action (Gaddum, 

1951 ). In other words, an anaphylactic reaction. 

may take place without the release of either,heparin 

or histamine,or both. The leading syrnptoriatology in 

various cases of anaphylactic reactions may therefore 

present an entirely different picture although the 

principal pathogenetic mechanism remains the same. 

This explains the variability of the anaphylactic 

manifestations in various species,and in various syn- 

drome within the same species. 

Proteoses and 
an jhyl axi s. 

The most constant, and therefore, 

the most characteristic substances released in chro- 

nic and acute anaphylactic reactions are intermediate 

protein catabolites of proteose type ( Jobling et all 

1915 d ). These catabolites are highly toxic, and 

they were isolated, in more or less,pure form. They 

have been variously termed,leucota:xin,leucocytosis 

promoting factor, leucopenic factors, necrosin, pyre- 

xin,etc. (Ivlenkin,1950). The names themselves explain 



46 

the pharmacological actions of these smbstances, and 

they were isolated from inflammatory exudates or from 

the affected tissuep. 

The anaphylactic reaction, histologi- 

cally and toxicologically,is one of types of inflam- 

mation,and the only differential characteristic lies 

in the mechanism initiating the inflammatory reaction. 

In anaphylactic inflammation the intra- cellular enzy- 

matic re- organisation leads to the formation of pepto- 

ne from the antigenic protein inside the affected cells. 

All the protein catabolites described by Menkin, both 

in their intrinsic and extrinsic actions produce the 

most constant and most characteristic features of the 

anaphylactic reaction. If heparin or histamine are 

released, their pharmacological effects become super- 

imposed upon the primary symptomatology of anaphylatt'_.o 

reaction. 

PPsinase in 
shocks. 

Pfeiffer (1915) has shown that in 

anaphylactic shock a pepsin -like proteinase appears 

in the blood and in the urine, and the titer of serum 

and urine pepsin activity is parallel to the severity 

if the anaphylactic shock. This proteinase is absent 

rom the body fluids in the pre - and in the post -shod 

eriods. In the " anti -anaphylactic stage " (presence 

f the circulating trypsinases and other antibodies ), 

his pepsin -like proteinase is also absent from the 

ody fluids, despite the re- injection of the specific 
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antigen. Even in severg peptone shock this pepsine 

like proteinase does not appear in the blood;the pre- 

sence or absence of the pepsin -like proteinase in the 

blood is the only feature which biochemically diffe- 

rentiates between anaphylactic and peptone shock 

(Table 1 ). Both,peptone and anaphylactic shock do,.' 

however, show a highly significant rise in the titer 

of the tryptic action of the blood (Jobling et al. 

1915 c ). The intravenous or intraperitoneal injec- 

tion of trypsin into a non -sensitised. dog (Kirchheim, 

1911, 1912, 1913 a,b ) produce the symptomatology of 

both,peptone and anaphylactic shock; the existence 

of such a. " sin shock " was confirmed. by Jobling 

et al. (1915 b ) and by others. The intravenous in- 

jection of human rrrnálobuli n into a non- sensi- 

tised adrenalectomised or non -sensitised intact 

dogs, or into normal humans, (Godlowski, in print b ) , 

produces a reaction identical with the anaphylactic 

shock, peptone shock, trypsin shock or the reaction 

followigg the intravenous injection of certain fat 

solvents. 

All these apparently unconnected ob- 

servations can be explained by analysing the mechanis 

by which shock -producing substances of entirely dif- 

ferent biochemical and pharmacological character pre- 

cipitate. identic -a1 synptomatology. 

In a .na:, hylact.c shock the sensitisi%n 

dose of antigen. invades cells deficient in tryptic 
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activity; the pésistence of unsplit antigenic mole- 

cules inside the cell, stimulates its nucleus to pro- 

duce intracellular pepsinase. On second invasions of 

the antigen, the newly formed pepsinase splits the 

antigenic protein to the level of peptone or peptone- 

like proteoses.Peptone molecules originated intracel- 

lularly disrupt the lipo- protein eciuilibriim and thus 

initiate an uncontrolled proteolysis ( see page 33 ). 

From the cells affected by such a metabolic storm, 

pepsinase and trypsinases as well as various toxic 

by-products of proteolysis,are spilled over into the 

body fluids. 

In human gamma globulin. reaction, 

the large molecules of gamma globulin, deprived of 

their conjugation with lipoids by ether fractionation, 

enter various cells where they display the property 

of " surface -acting substance ". Such action leads 

to the absorption of cellular lipoids on their surfa- 

ce thus disrupting the lipo- protein equilibrium. Thi 

action in turn exposes the substrate proteins to an 

uncontrd.led proteolysis by intracellular trypsinases 

( non- specific ). Thus the human gamma globulin re- 

action in its final stage leads to uncontrolled pro- 

teolysis of tryptic type, which takes place also in 

the anaphylactic reactions, and which is ultimately 

responsible for the anaphylactic manifestations. 

In £e acetone shock there is no,"sensiti- 

sation stage" (characteristic for the anaphylactic 
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reaction ) , therefore there is no intracellular re- 

organisation of the enzymatic structure and there is 

no/ formation of specific pepsinase.Peptone molecu 

les penetrate various cells from outside and those 

cell; which cannot split peptone molecules to the 

level of non -toxic catabolites, are exposed to the 

physico- cheimical action of the peptone moles cules 

leading to the disruption of the lipo-protein equi- 

librium.Subsequent events are identical with those 
not 

of anaphylactic shock,except that pepsinase isi,manu- 

factured in the affected cells, and is therefore 

also absent from the body fluids. 

In the " anti -anaphylactic state " 

the circulating trypsinases and antibodies of other 

types, released into the blood at the time of shock, 

prevent the penetration of the antigenic protein into 

the sensitised cells.This defence mechanism operates 

in the body fluids. Although in " anti- anaphylactic 

state " the pepsinase exists inside the sensitised 

cells, it cannot leave the interior of these cells 

because the retained structure ( not being,at the mo- 

ent,damaged by the catabolic storm of the shock ) 

revents its escape into the blood. 

In I.EyEsirsh22L the first and second 

hases of anaphylactic shock ( pepsinase formation 

and lipoid inactivation ), and the first phase of 

eptone shock (lipoids inactivation by peptone mole e; 

are omitted by the injection of the active trypsin 

) 
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which rapidly catabolises the organism's ownroroteins', 

and releases the same toxic catabolites which appear 
! 

in the final stage of anaphylactic shock, human gam -' 

ma. globulin reaction or in peptone shock. The reac- 

tion following the injection of 3s5f inactivated try- 

pain acts through a. similar mechanism to human gan na 

globulin reaction. 

Enzymatic con., çe t 
versus antigen-- anti - 
body concert of 
anaohl axi s. 

The orthodox view on the mechanism 

of anaphylaxis is founded on the assumption that du- 

ring the antigen-antibody interaction ,which takes 
ì 

place in the sensitised cells,various biological to- 

xins with their intrinsic and extrinsic actions (he- 

parin and histamine ) are released; the same reaction 

if occurs in the body fluids appears to be harmless. 

In other words, the presence of specific antibodies 

is essential for the initiation of the anaphylactic 

reaction. On the bases of such a theory it would be 
to explain 

impossibleAthe identity of the manifestations of ana- 

phya.ctic shock with those of gamma globulin reaction 

in man, or in non-sensitised dogs, of peptone shock, 

of trypsin shock and of the reaction following intra- 

renous injections of certain fat solvents, in none of 

which the existence of specific antibodies can be ac- 

cepted. 

The enzymatic concept could only 
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be fitted into the existing antigen -antibody interac- 

tion theory of anaphylaxis, if all proteolytic enzy- 

mes were regarded as antibodies. In such case, the 

formation of a specific pepsine.se inside the sensiti- 

sed cells could be regarded as formation of a patho- 

logical antibody which carries out an abnormal pro- 

teolysis p. s. If all proteolytic enzymes are 

regarded as specific or non -specific antibodies, then 

the whole process of -protein catabolism should also 

logically be regarded as xlamxibtx antigen- antibody 

reaction.This in turn should modify the existing view 

on the protein anabolism which, in some conditionn 

is carried out by the same enzymes (Bergmann,1942)4 

The adherence to the theory of the antigen- antibody 

mechanism of anaphylaxis would thus throw all present 

views on protein metabolism into a confusion. It is, 

therefore, more reasonable to abandon antigen-anti- 

body mechanism as the basic phenomenon of anaphyla, 

xis, and accept two independent phenomena of (a) 

physidogical defence by antigen - antibody interaction 

against penetration of various antigen, and this 

interaction takes place inside or outside normal cells 

with/ equal result of antigenic neutralisation, and 

(b) formation of specific pepsinases inside sensitised 

cells, which results, on the one hand, from xxxm t± 

the failure of antigen -antibody defensive system, and''. 

on the other hand, from a constitutional biochemical 

upset of the enzymatic system. 
JÉ-tcE;v 

e?"> 
0 a Ina 
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Chapter II. 

Hormonal 'involvement in anaphylaxis. 

(1) Introduction. 

In the preceding paragraphs attention 

has been mainly concentrated on the primary tryptic 

disability of cells liable to be sensitised. As a. 

result of this disability the invading antigen mole- 

cules ( non -insulated by lipoids ) cause a re- organi -i 

sation of the intra- cellular proteinases. In this 

process of re- organisation, a specific pepsinase ap- 

pear in the cell and, this newly formed pepsinase 

splits the antigenic protein to the level of peptone 

during the next invasions of the sensitised cells. 

Peptone molecules in small amounts inside the cell 

in the initial stages of the anaphylactic reaction, 

inactivate the lipoids, which insulate the substrate 

proteins and the enzymatic proteins; this inactiva- 

tion of lipoids exposes the substrate proteins to a 

rapid and uncontrolled intracellular proteolysis. 

Such a. proteolysis results in the release of various 

toxic intermediate protein catabolites which are res- 

ponsible for various manifestations of anaphylaxis. 

Hormonal participation in the anaphy- 



53 

lactic reaction may be evoked through various mecha- 

nisms. Attention in the present discussion will be 

focused mainly on the mthbilisation of the pituitary- 

adrenal response in an acute and chronic anaphylaxis, 

and on the inter -relation between lipoids and adreno- 

corticosteroids. 

(2) Pituitary- adrenal response. 

Mechanism of 
pituitary-ad- 
renal response. 

The pituitary - adrenal response 

operates through 5 independent but closely co- ordina 

ted mediators: (1) chemo- and neuro- receptors of exci- 

tatory or inhibitory peripheral simuli, (ii) path- 

ways transmitting these stimuli from the peripheral 

receptors to the central receptors, (iii) centre] 

receptors in the hypothalamus relaying the impulses 

towards the adenohypophysis, (iv) adenohypophysis 

producing secretory effects directed towards the cor 

tex of the suprarenals, (v) the suprarenal cortex 

producing great variety of stroids which participa- 

te/ in the metabolic activities of all tissues. 

(i) The chemo- and neuro -receptors. 

The stimuli acting on the peripheral tissues from 

the external or internal environment may be of p 

sical, chemical or emotional character (see page 9;). 
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They are recorded by chemo- and neuro- receptors, and 

are eventually transmitted to the autonomic nervous 

centres. 

(ii) The pathways transmitting these stimuli are neu 

ral and humoral in nature. Stimulation of the auto- 

nomic nervous system may bring these stimuli directl 

to the relaying centres in the hypothalamus (Vo dt, 

1951); high cervical trans -section of the spinal 

cord, however, does not prevent the mobilisation of 

the pituitary-adrenal response;,In these circumstances 

this response is mediated by a humoral pathway, e.g. 

by adrenaline liberated from the medulla ( Long,1947) 

functioning through its intact secretory nerve supply 

(Harris, 1948). Physiologically, both these pathways 

may stimulate the central receptors simulataneously. 

(iii) The neu ro- humoral stimuli brought to the hypo- 

thalamus are relayed in the region of -the median 

eminence;. this results in the liberation of a chemo- 

transmitter which is transported by the portal circu- 

lation to excite or inhibit secretory action of the 

adenohypophysis (Harris, 1944; Green et al, 1947 ). 

(iv) Secretory action of a.denohy opyhsis. 

There is no ev4idence that the adenohypoplysis ( irj;- 
:luna/) possesses neuro- secretory fibres (Harris,_1951). 

t is at present believed that anterior pituitary 

ecretion is stimulated by 3 mechanisms which may ope- 
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rate simultaneously, or may each work independently. 

These are: 

(a) release of adrenaline by sympathetico -- 

adrenal discharge, 

(b) fluctuations of the level of adrenocor- 

tical hormones in the blood, 

(c) direct hypothalamic stimulation, 

(a) The release of adrenaline ( adrenaline -like com- 

pounds ) from the medulla may act on secretion of the 

adenohypophysis (1) via the hypothalamus (Gershberg 

et al, 1950 ), or (2) by directly stimulating the 

cells of the adenohypophysis to secrete adrenocorticoi 

tropic hormone (ACTH) (McDermott et al. 1950), or 

(3) by promoting the excessive utilisation of cortico- 

steroids by the peripheral tissues thus lowering the 

steroids level in the blood which in turn stimulates 

the release of ACTH (Sayers, 1950 b ). 

(b) The fluctuation of the level of corticosteroids 

in the blood as an inhibitory or excitatory stimulus 

or anterior pituitary secretion was experimentally 

emonstrated. The repeated administration of Corti - 

one caused depression of ACTH secretion (Sayers & 

Sayers, 1947 ),whilst repeated stress stimuli (Which 

caused increased utilisation of the corticosteroids) 

exercised a stimulating effect on the secretion of 

ACTH ( Sayers & Sayers, 1948 ). 
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(e) Stimulation of Hypothalamus in the region of tu-- 

ber cinereum or msimillary bodies results in circula 

ting lymphopenia ( de Groot et al. 1950; Hume et al. 

1950 ), which is considered to be an expression of 

the release of lympholytic corticosteroids resulting 

from ACTH action. 

(v) The mechanism of ACTH action on the function of 

of the suprarenal cortex Is unknown. It is known, 

however, that the administration of ACTH stimulates 

all known functions of the adrenal cortex which are 

expressed by (i) hypetrophy and hyperplasia of the 

cortex ( revied by Sprague, 1951), (ii) decreased 

content of ascorbic acid ( Sayers et al.. 1945 ), and 

cholesterol in the cortex of the adrenals ( Long, 

1947 ) , (iii) increased urinary output of cortical. 

sterttds (critically reviewed by Sayers,950 b ), 

(iv) atrophy of lymphoid tissues and thymus (Selye, 

1946 ), and fluctuations in circulating eosinophi.ls 

and lymphocytes (Thorn et al. 1948); the practical 

value of the white cells fluctuations in assessing 

adrenocortical activity seems somewhat diminished 

by new light thrown on the mechanism of hormonal eo- 

sinopenia and lymphopenia (Godlowski,.in print a ). 

Relation of pitui- 
tary-adrenal res- 
ponse o anap y- 
taxis. 

The stimuli of chronic or an acute 

anaphylactic reaction evoke the pituitary-adrenal 
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response, and the release of cortical steroids ,1preci - 

pitate:s symptoms which complicate - existing manifestant 

tions derived 2mmm directly or indirectly from ana- 

phylactic reaction. 

There is strong ev-,_ence that 

C11- oxygenated cort4teroids exert a powerful influx 

ence on the catabolic phase of intracellular protein 

metabolism ( Hoberman, 1950) . This hypothesis was 

corroborated,both in vitro and in vivo, in experiments 

in which these steroids exibited their destructive 

action on all. white cells (Godlowski, in print a ). 

The morphological signs of this action have been de- 

monstrated microscopically by rapidly progressing 

involution presenting in the nucleus as pyknosis, 

karyolysis and karyorrhexis, and in the cytoplasm as 

vacuolisation, degranulati on and loss of the stainin 

affinity. In its extreme form such a destructive ac- 

tion causes complete disintegration of the whole cell 

leaving in its place an amorphous mass with the debri 

of the nucleus and granulations. Since this leucoly- 

tic action of corticosteroids occurs also in vitro, it 

is reasonable to postulate that corticosteroids under 

these experimental conditions exerted a direct action 

on all white cells. Dougherty et al. (1944 b ) and 

White et al. (1946) showed that ACTH injected into 

intact animals causes a gross involution of lymphoid 

tissue by cytolysis of the lymphocytic cells, and that 

such an effect cannot be obtained in adrenalectomised 
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animals. Prom all these experimental data it is re-- 

sanable to assume,that ACTH enha. ees the catabolism 

of proteins not only in lymphocytes but also in all 

white cells by stimulating the release of leucolytic 

cortical steroids. It has been conclusively proved 

that at the time of the cytolytic action of cortico- 

steroids, the H.P.N. of the blood rises significantly 

( Pearson et al. 1949; Engel, 1951a). These findings 

may be interpreted as shoring that the intracellular 

proteolysis enhanced by corticosteroids splits protei s 

to the level of non -coagulable N compounds. It is 

knovm,on the other hand, that such an action is car- 

ried out by proteinases of the tryptic type (Holman 

et al. 1947; and others ) . Therefore one can fur- 

ther postulate that corticosterioö4 cytolytic action 

results from the direct or indirect stimulation of 

intracellular tryptic proteolysis. 

) Inter -relation between li olds and corticosteroids. 

Influence of exogenous 
corticosteroids on 
blood lipoids. 

In connection with the stimulation 

of tryptic antion by corticosteroids, seen in white 

blood cells, it may be of some value to discuss the 

inter -relation between lipoids and corticosteroids 

in the light of present knowledge in this field. 
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There are contradicting reports on the, 

question of the response of lipoids to the adminis- 

tration of leucolytic suprarenal hormones. In a 

short experiment in normal subjects Conn et aí.(1949 

showed that injection of ACTH ( 30 to 100 mg ) causad. 

a marked decrease in total serum cholesterol du e 

chiefly to the reduction in the ester fraction. 

Their explantion was that cholerol served in this 

experiment as a material from which cortical steroid 

were synthetized. On the other hand, experiments 

on animals ( Kobernik et al. 1950; Katzin et al..195o 

and proloed pbservations on humans ( Adlefisberg et 

al. 1950; Wolfson et al. 1950 ) have demonstrated a 

definite increPse in serum phospholipids and in both 

fractions of cholesterol after the administration pf 

ACTH. The elevation of the blood lipoids which ac- 

companies proloed administration Of C11- oxygenated 

steroids may originate in the mobt i sation_ of the 

intracellular lipoids which function as insulating 

protection for proteins; such a vibw derives valu- 

able support from the co- existing accelerated proteo- 

lysis. 

I:Iechanism of 
lipoids inactiva4 
tion by cortical 
steroidsm 

The suggested inactivation of lipoids 

by 011 -oxygenated corticosteroids is supported by 

three observation, and the mechanism of this inacti- 
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vation may be as follows. 

(i) It is well. known that lipoid solvents such 

as chloroform, ether, aceton, etc., can ini- 

tiate ,both in vitro and in vivo, the tryp- 

tic activity of normal blood serum by re9 

moving the lipoids which protect the blood 

pio teins against Cryptic enzymes normally 

present in the blood(Schwartz, 1909; 

Sugimoto, 1913; 3obling et al. 1914 ). 

(ii) It has been proved that the anti- tryptie 

action of lipoids is directly connected 

with presence of unsaturated carbons in the 

fatty acids of lipoids; any oxydising a.genf6 

( such as hydrogen peroxide or iodites ) 

can destroy this anti- tryptic action of 

lipoids by breaking the double bonds of the 

unsaturated carbons in the fatty acids 

(Jobling et al..1914 and 1915 a ). 

(iii) Desoxycholic acid which is closely related 

to the corticosteroids ( reviewed by Jacob- 

sen et al. 1951 ) under suitable experimen- 

tal conditions (Wieland et al. 1916 ) can 

form a ' co- ordination compound " with fatty 

acids. This newly formed compound, composed 

of 8 molecules of desoxycholic acid and one 

molecule of fatty acid, accuires new physic. 

co- chemical features such as altered solu- 

bility, changed melting point, ett. 
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If one may be allowed to speculate in 

human biochemistry, the following mechaa ism of the chef 

mical inactivation of lipoids by the corticosteroids 

could be assumed. The oxidation potential of Corti- 

sone and its allied steroids ( Anderson et al. 1951) 

lies in the oxygen atom or hydroxyl group attached 

to C31. 011 and C17. It has been proved (Kenda1,1949; 

and others ) that C11 and C1 7 possess a key position 

gua:ranteing the known biological effects of these 

steroids (effecting protein metabolism). Therefore 

one can further postulate that the oxygen attached to 

the 011 and C17 may be the element which breaks the 

double bonds of the fatty acids, thus inactivating 

cellular and blood lipoids. 

The reducing group of corticosteroids 

ttached to the C17 can safely be excluded from this 

ction for two reasons: (a) oxydation is the process 

which destroyes the insulating action of lipoids 

(Jobling et al. 1914 ), (b) corticosteroids with the 

reducing group attached to 017 and possessing no oxy- 

gen in the positions C11 and C17 ( e.g.desoxycorticos - 

tenone ) are deprived of the biological action cennect 

ted with increased proteolzrsis ( critically reviewed 

by Fieser,1950 ). 

The amount of C11- oxygenated steroids 

rectuired for the inactivation of one molecule of fat- 

ty acid depends on the number of unsaturated carbons, 

which varies in different fatter acids.Therefore the 
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degree of protein catabolism varies not only with the 

amount of hormone applied but also with the chemical 

composition of the lipoids which insulate protein. 

Effects of lecithin/ 
on biological action 
of corticosteroids. 

'these theoretical speculations 

have been tested in an experiment in which ovoleci4 

thing was used as phospholipid. The rationale of thi 

experiment was as follows: if C11- oxygenated corti- 

costeroids inhibit the protecting action of lipoids 

against Cryptic proteolysis by satur lIRffe double 

bonds of the unsaturated carbons of fatty acids,then 

vice versa, an excessive amounts of lipoids (ovole- 

cithin/ ) show exhaust the oxydation potential of 

C11- oxygenated corticosteroids, thus blocking their 

biological activity. 

In one group of experiments, Cor- 

tisone. acetate (15 mg) incubated for 1 hour at 37 °C 

has been tested for its eosinolytic and lympholytic 

potency on adrenalectomised dogs. A f'ew days after- 

wars the same dogs were injected with 15 mg Cortiso- 

ne acetate which was previously incubated at 37 0C for 

1 hour with 150 mg of ovolecithine suspended in dirt. 

water ( 5% ). The eosinolytic and lympholytic poten- 

cy of Cortisone was completely eliminated. 

In another group of experiments, 

adrenalectomised dogs were intravenously injected 

s 
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with 20 ml of 5 % highly emulsified ovoleci thin sus- 

pension in distilled water; 15 minutes afterwards 

15 mg of Cortisone acetate was injected subcutaheous 

1y. During the next 4 hours the dogs were indOcted 

intravenously every half hour with 3 ml of the same 

suspension of ovolecithin. The eosinolytic and lym- 

pholytic action of Cortisone acetate was grossly re- 

duced. 

The data so far obtained in the experi- 

ment in which the blocking action of lecithin on the 

biological activity of Cortisone has been assessed, 

support the theoretical speculations. The number of 

the experiments, however, is too small to draw any 

definite conclusions. 

The inactivation of lipoids by C11-oxy- 

genated corticosteroids, and the ini.tiati.Ó of pro- 

teolysis ( Holman et aí.1947 ) appears to be relative 

ly slow process which gradually accelerates. This 

action of the corticosteroids can be regarded as a 

i.hysiologic. -al mechanism for the biochemical initia- 

ion of protein metabolism. The physico- chemical or 

physical inactivation of lipoids exerted by surface - 

acting substances,or by fat solvents, may be, on the 

other hand, regarded as an example of pathologmcal 

i.roteolysis. Such a rapid and disorganised proteoly -- 

.is leaves behind partially ca:tabolised protein corn - 

sounds of high biological toxicity (proteoses ) and 

liberates physiological substances which,because of 
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the rapid rate of their release, acquire pathogenetic 

potency ( histamine and heparin ). Details see page 

41 -45 

physico-chemical, 
Ehysical and che- 
mical factors inacti- 
vating lipoids. 

Thus the inactivation of lipoids, 

insulating proteins against proteolysis, may have 

three mechanisms: 

(1) protein or proteose molecules penetrating the 
in 

cell from outside ( e.guman gamma globulin 

reaction or in peptone shock ), or originating 

inside the cell ( e.g. in anaphylactic shock ), 

cause an alteration in the dispersion of the ce 

llular lipoids thus rendering them inactive; 

(2) fat solvents removing lipoids from their conju- 

gation with protein, expose the substrate protei . 

to proteolysis; 

(3) saturation of the double bonds of the unsatura- 

ted. carbons in the fatty acids of the lipoid mo- 

lecules deprives them of their protective poten - 
cy. 

s 

The first and the third type of in- 
activation takes place in different stages of the 
anaphylactic reaction: the physico- chemical type of 
inactivation by antigenic protein initiates the reac- 

tion , and the biochemical type of inactivation car- 

ried out by the corticosteroids, continues the pro- 

teolysis at a rapid rate. Etch of the above mecha- 
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nisms results in a disruption of lipo-protein conju- 

gation. In. consequence the substrate proteins are 

exposed to proteolytic action and, the lipoids leave! 

the interior of the cell. This explain the increased 

lipoid level in the body fluids, seen after the ad- 

ministration of Cl1- oxygenated corticosteroids 

(Kobernik et al. 1950; Katzin et al. 1950; Ad.lersberg 

et al. 1950; Wolfson et al. 1950) . This may also 

explain the constant high level of lipoids and este 

rase observed in anaphylactic reactions (Jobling et 

al. 1914 ). The esterase is discharged into the 

blood to dispose of the excessive concentration of 

lipoide. 

Assumed action 
of Clé -oxs%gena. -- 
ted corticosteroids 
in pathological 
proteolysis. 

In the light of such a concept of 

the initiation of the protein catabolism, the bene- 

ficial effects of 011 -oxygenated corticosteroids in 

various pathological entities, lies in the correc- 

tion of the protein degradation. If protein catabo- 

lism is arrested at a level in which the released 

products possess high biological toxicity, such pro- 

teolysis acquires pathogenetic potency. Normal pro- 

tein catabolism leaves behind no toxic products. 

Administered 011-oxygenated corticosteroids in crease 

the rate of protein metabolism, and, at the same time, 
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enable proteolysis to pass safely through the higher¡ 

levels of degradation without the production of to- 

xic catabolites. In other words, 011_ oxygenated core 

ticosteroids stimulate physiological proteolysis by 

systematic and harmonised inactivation of lipoids 

( in lipo - protein molecules ) according to the proteó- 

lytic capacity of the existing proteolytic enzymes, 

Hence the therapeutic potency of cortical hormones 

will depend. on the kinetics of the proteolytic enzy- 

mes at the time of the administration of cortical 

hormones. Since all wetly formed tissues, in parti- 

cular granulation tissue, white cells of the blood, 

or cellular elements and fluid components of inflam 

atory exudates, possess a high content of very acti 

ve proteinases, they are very susceptible to the 

proteolysis initiated by cortical hormones. Lymphoi 

tissue containing, as it does, great amount of highl 

active proteolytie enzymes ( Drinker et al. 1941 ) 

is highl.T susceptible to hormonal proteolysis with 

r-esulting involution of the lymphoid tissue thus 

leading also to the circulating lymphopenia (Selye, 

1946; Thorn et al. 1948 )4. Eosinophils, being cells 

which have recently re- organised their intracellular 

proteinases in the process of eosinophilisation (de- 

tails see pages 25 -28,83 ), are also very suscepti- 

ble to hormonal proteolysis. Ieutrophils also con- 

tain highly kinetic trypsinases ( Drinker et a.l.1941, 

and they also respond to hormonally induced proteo 
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lysis which leads to their disintegration. Their 

destruction, however, is not reflected in the blood,' 

because the co- existing mobilisation of polymorphs 

from their physiological stores ( bone -marrow ) 

maska the rapid leucolysis. Polymorpholysis, however 

can be clearly demonstrated in vitro, and in -rI ex 

periments in vivo in which an perfused organ is iso- 

lated from the general circulation, and the perfusin 

blood is subjected to the cytolytic action of corti- 

caster/bids ( details see pages 105,108,116-119). 
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Chapter III. 

(A) The role of eosino hill in anaphylaxis. 

(1) Introduction. 

Medullarsr and 
extra -medullary 
formation of 
eosinophils. 

The ovigin and function of eosinophi 

are as yet not conclusively established. There are 

two oilpsing theories of eosinophil formation: 

(1) leucoblastic in the bone -marrow 
(Ehrlich,1878 -79), 

(2) extra -medullary. 

Protagonists of the first theory main 

tain that the presence in the bone - marrow of eosino -- 

philic myelocytes as well as all other types of eosi 

nophils, including those seen in the circulating 

blood, strongly supports the view that eosinophils 

are formed in the bone -marrow. In other words, the 

formation and maturation of eosinophils takes place 

in the bone - marrow, and the mature forms of eosino- 
mechan 

phils are discharged into the circuâtion by the same, 

by which the rest of the white cells fromed in the 

bone -marrow are released into the blood. 
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The extra- medullary formation of 

eosinophils is less widly accepted, none -the -less ar- 

gument adduced by its supporters possess also sound 

basis. Many cytologists ( Dominici, 1909; Ringeon, 

1921; and others ) have observed eosinopoiesis simi- 

lar to that seen in the bone- marrow in various extra - 

medullary tissues in experimental animals, without 

finding an increase in the circulating immature forms, 

and without increased eosinopoiesis in the bone -mar - 

row. In other words, in some organs ( intestine ) of 

these inimals a constant eosinopoiesis takes place 

physiologically; pathologically e.g. in some inflam- 

mations, early an mature eosinophils are seen in the 

vicinity of inflammed foci ( Maximow, 1927 ) . If the 

presence of early,transitional and mature forms of 

eosinophils is a valid argument for the medullary the 

ry, it should also hold good for the extra- medullary 

formation of eosinophils. The truth, therefore, seem 

to be that eosinophils are formed in the bone - marrow 

as well as in extra- medullary tissues, wherever the 

onditions for their formation may exist. Therefore 

he elucidation of the mechanism of eosinophil forma - 

ion is more important than the dispute about the pla- 

ce of their origin. 

(2) Mechanism of eosinophil formation. 

actors conditionin 
eosino hilisationo 

The main principles of eosinophil 
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formation are: 

(1.) any cell in the living organism invaded by 

molecules of antigenic protein may turn eosi- 

nophilic provided 

(2) the enzymatic structure of the cell which is 

about to become eosinophilised bears features 

of an insufficiency in intra- cellular proteo- 

lysis. Such a cell bears, therefore, the fear 

tures of an inadequacy as regard the perfor- 

mance of normal functions;, 

(3) an unsplit protein molecule possessing antige is 

capacity invading such cell, exerts a stimul 

for the re- organisation of the intra- cellular 

proteolytic enzymes. This re- organised enzy- 

me system is able not only to catabolise the 

invading molecules but also, in the anabolic 

phase, to reproduce the antigenic protein and 

to incorporate it into the structural proteins 

of the cell, 

Classification 
of eosinophils, 

From the point of view of the exis- 

ting embryological classification, such a concept is 

not admissible, since all morphological elements of 

the blood have been proved to be of mesodermal origin 

Sh view, however, of the formation of eosinophils 

locally in tissues of non-mesodermal origin ( epithe- 

lial lining of the intestinal crypts ), two types of 
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cells with eosinophilic granulations should be dis- 

tinguished in the blood: 

(1.) " true blood eosinophils " formed in 

the bone -marrow or in any other haemato- 

poietic organ, 

(2) " pseudo- eosinophils " formed physiolo- 

gically or pathologically in various 

non- haematopoietic organs, and subseaue 

tly mobilised and shifted into the bloo 

Genetically, the latter type of eosinophil does not 

belong to the blood elements. The " true blood eosi- 

nophils " are descendehts of immature white blood 

( promyelocytes or still earlier forms ) which became 

eosinophilsed in the bone -marrow by the same mechani 

as that of the eosinophlisation of the cryptal epi- 

thelial cells ( see pages 81 -84 ). The protein mo- 

lecules which invade the immature leucoblastic cell 

are of endogenous origin e.g, haemoglobin which was 

found normally to be free in the bone-marrow (Ringeon, 

1938 ). This physio- pathological alteration viz.,. 

eosinophilisation, deprives the eosinophilised cell 

of its primary morphology and primary function (see 

page 81 ). 

The tissue eosinophils in the lamina 

propria of the intestinal mucosa of the dog have peen 

seen by many workers ( Kultchitzky, 1897;, Simongl905; 

Biggart, 1932; and others ), and all of them agree 

that the number of eosinophils is somewhat related to 
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the ingestion of proteins, The early forms of eosino - 

phils which were also found there, were described as 

eosinophilic myelocytes ( Simon,19O5 ). In an attempt 

to elucidate the connection between intestinal eosi- 

nophilia and the ingestion of proteins, two separate 

experiments were carried out for the re- investigation 

of this subject. 

Effects of raw- - 
meat diet on 
circulating 
and tissue 
eosinophils. 

Table 2 and Diagram 3, presented 

below, show the data of an experiment in which two 

T a b l e 2 a. 

Changea of protein in the diet reflected in circulating eosinophilia in 2 dogs. 
Day -to -day circu- 
:lating eoa. /cmm. 
during 5 days raw- 
meat diet, 

Day -to -day circu- 
: lating eoa. /cnm. 
during 5 days light 
diet of post- opera- 
: tive period, 

Day -to -day or 
alternate days 
circulating eoa/ 
cmm.during 10 days 
amino acida diet. 

Day -to -day or 
alternate days 
circulating eos./ 
cmn. during 7 days 
mixed diet. 

,u 66644 415 517 67 
8 730 620 299 119 
z 810 885 99 196 

ó 900 
A 

1075 144 
265 

326 

30 

560 0 715 163 
N 642 98 1040 399 

z 805 
850 

158 
214 

604 
275 

359 
460 

w 978 520 399 538 
q 133 

100 

T a'0 1 e 2 b. 

Changes of protein in the diet reflected in tissue eosinophilia of alimentary tract 

Tissue eo.couat /HPF after 
5 days raw -meat diet 
(mean = S.D.) 

Tissue eo.count /HPF after 
10 days amino -acide diet 
(mean = S.D.) 

Tissue eo.count /HPF after 
7 days mixed diet 
(mean = S.D.) 

Eosinophils 

Organ 
Transi- Mature 
tional 

Eosinophila 

Organ Transi- Mature 
tional 

Eosinophile 

Organ Transi- Mature 
Lionel 

H5tomaoh 
¿Duodenum 
z Jejunum 
s*i leum 
q Colon 

24 
14 
18 
8 

0 
10.50 
=0.20 
= -0.41 
= -0.10 

1 

38 
48 
75 
5 

=0.10 
10.40 
10.61 
'- -0.52 
=0.15 

Stomach 
Duodenum 3 
Jejunum 3 

Ileum 4 
Colon 1 

0 
10.21 
10.19 
= -0.19 
=0.08 

1 

12 
14 
20 
2 

=0.06 
= -0.60 
-10.11 
=0.46 
=0.15 

Stomach 
Duodenum 
Jejunum 
Ileum 
Colon 

8 

6 

6 

2 

0 

=0.20 
= -0.11 
10.72 
=0.10 

2= -0.15 
33 10.20 
38 10.50 
48 = -0.60 
6 10.42 

Stomach 
°;Duodenum 20 
°Jejunum 24 z 
Ileum 25 ó olon 8 

A 

0 
=0.10 
=0.22 
=0.51 
=0.06 

4 
50 
52 
65 
25 

±0.20 
10.62 
10.35 
=0.44 
=0.90 

Stomach 
Duodenum 8 

Jejunum 3 
Ileum 5 
Colon 2 

0 
=0.03 
=0.10 
=0.04 
=0.12 

0.5 
14 
18 
28 
3 

10.10 
=0.22 
=0.36 
=0.44 
=0.40 

Stomach 
Duodenum 10 
Jejunum 15 
Ileum 11 
Colon 3 

0 
=0.31 
=0.48 
=0.53 
= -0.10 

38 
33 
45 
9 

0 

=0.40 
=0.25 
=0.70 
=0.36 

The mean values are of 30 HPF readings. 

normal dogs were kept for 5 days on a raw -meat diet. 

On the 6th day both were laparotimised and biopsies 
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were taken from the's tomach, duodenum, j e junum, ileum 

and colon;.biopsies from the bone -marrow (rib) and 

from a mesenteric lymph node were also made at the 

same time. For the next 5 days ( post -operative ca- 

tabolic phase ) the dogs were kept on a light mixed 

diet. In the succeding 10 days both animals were put 

on à i.ñd a idg diet, described by Silber and his as- 

sociates, which consists of 10 essential amino acids 

and covers the N requirement ( Silber et al. 1949 ). 

salts, 
This diet was supplemented with vitamin mixture,n, ard, l 

dextrin and water, and it supplied 80 calories per 

Kilo, according to the recommendations of Allison et 

al.( 1945 ). On the 11th day of this diet the dogs 

were laparotomised again, and the 

the same areas. 

on normal diet and, 

ere killed, and specimens of all 

istological analysis. All these 

lets were preceded, accompanied 

bsolute count of circulating 

of ph' s method (1944) . (for 

biopsies ttken from 

In the next 7 days the dogs were kept 

at the end of this period they 

organs 

periods 

and 

taken 

of 

for 

various 

followed by an 

eosinophils using Ran - 

details see pages 92 ). 

From the data shown in Table 2 and dia- 

atically presented in Diagram 3, the following con- 

clusions can be drawn: 

(1) in a normal dog a raw -meat diet creates condi- 

tions in which the formation of transitional 

eosinophils in the intestinal crypts is greatly incre*- 

sed;during thissttge a very high blood eosinophilia 
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and high intestinal eosinophilia develops; 

(2) the complete elimination of proteins from the die 

and their replacement by amino acids, reduces the 

eosinophilisation of the cryptai epithelium. THn 

days of such a diet, hover, can not completely 

suppress eosinophilisation; 

(3) circulating eosinopenia during the period of pro- 

tein -free diet may be regarded as resulting from 

the suppression of eosinophii formation in the 

cryptal epithelium. 

nGanr. 3. 
11 days 

amino -acids. 

5 days 
raw meat. 

7 days 
mixed diet. 

t, 
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Effects of diet 
with de- antigenised 
roteins on intestinal 

eosinophilia. 

In an attempt to elucidate the 

influence of the nature of the ingested proteins on 

the eosinophilisation of the cryptal epithelium, an 

experiment was carried out on mice. Mice were chosen 

for this experiment because when kept on the ordinary 

stock diet ( rat cubes manufactured by North -East 

Agricultural Co -op. Soc.Ltd.,Aberdeen ) they do not 

have eosinophils in any form in the mucosa of the in- 

testine, nor do they develop an intestinal lymphocytic 

barrier to any great extent; they do possess, however, 

at the bottom of the intestinal crypts numerous zymoTen 

secreting ( Paneth ) cells. These cells in mice dif- 

fer markedly in their histological appearance from the 

transitional eosinophils ( if such eosinophils appear 

in the mucosa ). The rat cubes are prepared from va- 

rious cereals, salts, vitamins, fish, meat and dried 

milk. In the course of preparation these ingredients 

are subjected to a temperature of 1000 C or more, and 

to a pressure of 25 lbs per sq.in. or greater, both 

for over 1 hour. By these procedures the proteins of 

the rat cubes become denaturated, thus losing their 

antigenicity ( Ratner et al. 1935 ) but retain their 

nutritive value. 

In this experiment 30 mice of both 

exes,of Swiss strain, kept on the above diet, and 30 
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mice on denatikra.ted milk{® both served as control. 

experimental series consisted of 4 groups of 10 mice 

each, and all of them were fed on fmsh milk only, for 

various periods as shown in the Tables $ a and 3 b. 

At the end of each period, the whole group was killed 

The intestinal tract, spleen and bone -marrow of each 

animal were then histologically analysed. 

T a b l e 3 e. 

Effects of denatured (de- antigenized) proteins in the diet an circulating eosinophils 

Blood eon. of 
30 mice: 
permanent diet 
of denatured 
Protein 
(me - S.D.) 

160 1 B 

Blood ewe. of 
30 mine: 30 
days on 
denatured milk 
(mean 1 S.D.) 

172 i 6 

Blood ens. 
10 mice on fresh 
milk fix 10 days 
(mean - S.D.) 

192 1 5 

ens. Blood a of 
10 mine on fresh 
ilkfr. 20 days 

(mean - S.D.) 

189 i 10 

Blood a 

o 

of 
10 mice on fresh 
ilk fir 30 days 
(mean - S.D.) 

662 1 15 

o 
Blood a of 
10 mine on fresh 
Ilk for 60 days 

(mean i S.D.) 

210 i 11 

T a b l e 3 b. 

Effects of denatured (de- antigenioed) proteine in the diet on tissue eosinophlle 

Tissue eo s of 
30 mice: 
permanent 
denatured 
protein 
(mean - S.D.) 

Tissue a 

p 

B. of 

30 mice: 30 
days o 

n denatued milk 
(mean - S.D.) 

Tieeue eoe of 

10 mice on 

fresh milk 
for 10 days 
(mean - S.D.) 

Tl saum GOB. of 
10 eio on 
fresh milk 
for 20 days 
(mean S.D.) 

Tissue of 

10 mice on 
fresh milk 
for 30 days 
(mean - S.D ) 

Tissue eoe of 
10 mice on 
fresh milk 
for 60 days 
(mean i S.D.) 

P, m 
Pw mE m p} p mi m .p . 

p 

mÉ m u_. 

p 

mE m (ñ 
p 

mÉ m mw 

p 

Ñá Ea H 

oM + co 
Oó 

+4001 oÓ 0 + + 

The mean values are taken from 90 oFF readings of duodenum, jejunum, ileum, 30 BP? of each. 

a Few celle in each BFF. 

+ 0 to 1 pill every few BPF. 

Denatured milk a boiled for 1 hour under 25 15. pressure. 

The results of these experiments were as follows: 

(1) normal white mice kept on a de- antigenised 
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diet do not develop a lymphocytic barrier to any - 

great extent in the lamina propria of the absorp- 

tive part of the alimentary canal. 

Eosinophils are completely absent from their 

intestinal mucosa;. 

(2) a moderate number of early and mature eosinophils 

are present in the subsapsular and trabecular 

areas of the spleen, and also in the bone -marrow; 

a great number of Paneth cells are present in 

the crypts in the control and in the experimen- 

tal series: they are histologically different 

elements from the transitional eosinophils of 

the cryptal epithelium (Figs.l0 and 11 ); 

(4) after the first 10 days of a fresh milk diet, 

mature eosinophils begin to appear in the villi 

of the small intestine; thereafter their number 

gradually increases; 

(5) between the 20th and 30th days of fresh milk fe- 

eding, transitional forms of eosinophils begin 

to appear in the lower parts of the intestinal 

crypts (Fig.11) and they persist in unchanged 

number from the 30th day to the end of the expe- 

riment (60 days). 

(3) 

Influence of large 
closes ot heparin 
on circulating 
eoslnopnllia. 

A certain amount of light may be 

thrown on the problem of the release of eosinophils 
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from the sources of their origin by tle study of the 

effects of large doses of heparin administered prior 

to the injection of the eosinolytic hormones (hormo- 

nes which precipitate eosinopenia ). This experiment 

was carried out on 4 men and 5 dogs. Each individual 

experiment was repeated twice (Table 4). In the first 

part of the experiment, the eosinopenic hormone was 

given alone, and this served as a control. In the 

second part of the experiment, carried out 4 days la- 

ter, heparin in dosage much higher than required for 

the prevention of clotting, was administered intrave- 

nously 10 minute before the injection of eosinopenic 

hormone. Three dogs were injected with heparin alone. 

In the preliminary experiments ( two dogs and one man 

a low dosage of heparin i.e. sufficient to prevent 

coagulation of the blood (100 units per Kilo) either 

did not influence the eosinopenia following the admi- 

nistration of adrenalin or gave nozi constant results. 

The conclusions from these experiments arei 

(1) the number of circulating eosinophils is 
assotiated in same way, with the clotting 

process (details see pages 41 -45 ). 

The clotting process exercises a less m 

ked influence on the circulating lympho- 

cytes; 

(2) circulating eosinopenia is prevented by 

heparinisation of the blood in vivo (in 

proper dosage ) when this precedes the in- 
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jection of the eosinopenic hormones. In some 

cases heparinisation may produce even an in- 

crease in the number of circulating eosinophils; 

(3) the polymorph leucocytosis which follows the 

administration of these hormones (Dougherty 

et al. 1944 ) is not affected by heparinisa- 

tion (see pages 41,65 ); 

(4) the normal clotting time is slightly shorte- 

ned by the administration of eosinopenic hor- 

mones. 

TABLE 4. 

Inhibition of hormonal eo -penia by elimination of clotting in blood. 

Initial values ' lalues at end of 4th hour. 

NO. 

V-1 .gi.,,-{{i 

Y,G 
00. 
r1 0 

5g 

7 F U 

FF 
VOP.Ú.i0.ÚR.0.VY9x 

m0 
F i0 T 
0 uE i 0 9 
?.0 U 

FáF 

m 
ç Á 
IA-+ 0. 

mF 
ri O 
a E U 

H.-IF 

m FF a 
r1.1 0.I Y Y 
Ó6t017 

Y 

r-m 
F 
m 

F m 
O a 

F U 

4+-FIÑY 
MÚÑ0,-FI 

F 

F Ñ 
é á F 

m 0 0 Fox,+ 
H.-1 Y 
Y F U 

ÓBYr-. 

U 

G,-Fi 
0 ad 00 
F O 

mF 
3:1' 9 

mm 
F.,..-{1I 

1+G 
m a6 
-1 0 9 
0.9' HN 
Um0.V.-láciaáÚY9 

Y>. ao5 .{ 0 b.00 
FgTaF 

m 
..Fi Á Y 0. 
m c. 
ri 0 
7 pT U 

F.iF 

m 
F F+ 
N rl O 
Y Y 
06,p011 

a 

man 

b 

241 1840 2700 14 0 - A.C.T.H 
30 mg, 

100 1240 9020 10 

135 1353 2337 12 125000 
hrs. 

jOCmg:H 214 3760 12760 4 hrs. 

a 
2 

man 

115 2300 

1640 

2200 

2000 

16,5. 

16 

o 

125000 

- 

4 
'hrs. 

A.C.T.H 
45 mg. 

A.C.T.H 
45 mg, 

63 

152 

2038 

5320 

7738 

9570 

10 

4 hrs. 
118 

a 

3 

man 

b 

106 2700 2385 6,5. 0 - Adrenal 
5 mg. 

10 2180 13944 4 

136 2385 3264 4 75000 4s Adrenal 
5 mg. 

108 3132 7320 4hrs. 

a 

4 

man 

b 

729 3888 3480 7 0 - Adrenal 
5 mg. 

260 3900 20280 5 

268 1824 3420 7 125000 4s. Adrenal 
5 mg' 

293 3150 18000 4 hRrs. 

. 

a 
5 

dog 

b 

521 1806 5590 6 0 - corti- 

2Ö me. 
B 

390 1300 10400 4 

304 1380 6716 7 15000 4,s. 
Corti- 

. 

20 mg. 
759 4600 16100 

4 kirs. 

a 
6 

b 

1312 4100 9840 5 0 - Insulin 
50 units 

483 1539 13680 3 

738 4235 11300 4 30000 4 ,s Insulin 
50 units 

858 3042 18450 4s. 
a 

7 

b 

620 3255 5185 9 0 - Insulin 279 
50 unitttthhssst'' 

2011 6500 6 

600 3200 5910 5 25000 4,s Insulin 545 
50 units 

3640 13280 
4 

8 647 2184 6158 7 25000 its. 0 847 2914 5264 4 hrs. 

2'9 32 2140 7918 8 25000 4 ts. 0 243 3870 5400 4ts. 

10 522 5220 7975 9 20000 ,s 0 860 5332 10492 
4 s. 

Córtisone acetate, produced by Merck & Co Inc.Rahway N.J. Batch No.A009125. 
A.C.T.H.Armour Standard LA -1 -A Lyophilized both supplied by the Medical 

Research Council. 
Columns a. represent control and columns b represent experimental series. 

z TWA figures of the last 4 columns were obtained after end of 24th hour. 
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Origin of e osi- 
nophilisation. 

Since the phenomenon of eosinophilisa- 

tion of the cryptal epithelium is of great value in 

the elucidation of the mechanism of eosinophil forma 

Lion, at least four possibilities of its origin shoul 

be discussed. 

Z ó epic 
material as source 
o eosinó i1 anion. 

The cryptal epithelium participates 

in intestinal secreition ( Verzbr et al. 1936); this 

action may be the source of eosinophilisation by the 

retension of the zymogenic material in the secretory 

cell ( Cowdry, 1932 ). A secretion of the intestinal 

mucoda of a fasting dog ( Fig.12 ) shows the inactive 

stage of the cryptal epithelium (no eosinophilisation 

ID. Fig.10, on the other hand, the secretory stage of 

the intestinal epithelium is demonstrated in a non - 

fasting mouse ( coarse granulations secreted into the 

lumen of the crypt ). Fig.? shows another part of the 

small intestine of the same fasting dog as presented 

in the Fig.12, and it demonstrates a great many tran- 

sitional eosinophils in various stages of maturation. 

rthermore, in a non -fasting mouse, the process of 

ecretion and eosinophilisation of the epithelium 

exists side by side (Figs. 10 and 11 ): they are ob- 

viously of different histological categories. By co 

paring these sections it appears evident that secreto- 
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ry activity does not influence the histological cha. -- 

racter of the eosinophilised cells in the intestinal 

epithelium. These findings therefore seems to inva- 

eidatel the hypothesis that epithelial secretion is 

the source of eosinophilisation. 

2 Blooâ. eosinophils 
as source of eosin64 
p ilasation. 

The eosinophilisation of the c 

tal epithelium may result from the invasion of the 

cryptal wall by blood eosinophils and from their sub 

Sequent morphological adaptation to local conditions. 

Such a contention cannot be accepted for the following 

reasons: 

(a) a columnar shape of the early eosinophil 

cells and their size similar to that of the 

adjacent epithelial cells makes the recon- 

struction of the intermediate stages of this 

morphological adaptation of eosinophils im- 

possible particularly in view that circula- 

ting eosinophils have completed their matu- 

ration.Although numerous immature eosinophfls 

of mono -lobular type are present in the la- 

mina propria outside the cryptal lining,but 

the blood is at the same time entirely free 

from such cells; therefore their myelogenous 

origin is highly improbable. If loam one 

were to accept the view that the cryptal 

eosinophilised cells are derived from blood 
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eosinophils, it would be difficult to explain 

why they should have begun their structural 

transformation in the lamina propria before 

entering the cryptal lining; 

(b) the nucleus of the eosinophilised epithelium 

in the early stage is always large, succulent 

and regularly rounded,containing threads of 

coarse chromatin. By contrast the nucleus of 

the blood eosinophil is characteristically bi- 

lobular. 

(c) Figs. 5,6 and 7 show adjacent eosinophilised 

epithelial cells. It is difficult to believe 

that these two cells could have penetrated to 

such a position by amoeboid movements. 

(3)Argenta.ffine cells 
as source of eosino- 
p ilisation, 

Argentaffine cells can easily be 

excluded as a source of the eosinophilisation pheno- 

menon since they are found in great number in the 

gastric mucosa. which is absolutly free from transitio- 

nal eosinophils ( Figs. 8 and 9 ). 

.(41 Local forrriation 
of eosinophils as 
source of eosinphi o- 
11sation. 

Anotfer explanation of the eosi- 

nophilisation of the cryptal epithelium is a local 

formation of eosinophils in the intestinal mucosa. 
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To substantiate this view it is necessary to discuss 

intestinal digestion of proteins in the light of the 

experiment dealing with de- antigenisation of proteins 

of the diet. 

Unsplit protein molecules can be a 

sorbed from a normal or pathological intestinal tract 

and cause various anaphylactic reactions ( Verzár et 
21.1936 ). In Part A of the dietetic experiment, 10 

days of amiOno acid diet rapidly reduced cryptal eo-- 

sinophilisation. In Part B of the. same experiment, 

with the de-antigenised protein diet, transitional 

and mature eosinophils were not present in the intes- 

tinal mucosa until similar protein in their native 

orm had been supplied. From this it may be conclu- 

aed that the main factor which precipitates eosinophi 
lisation of the cr tal e ithelium is the retained 

ent eniëitóy ofó the i_ n estedi proteins. The localisa- 

tion of the eosinophilised cells in the lower parts 

¡f the crypts suggests that physico- chemical factors 

may be involved in the penetration of unsplit protein 

into the interior of the cryptai epithelial cells 

( see page 37 ). The cellular disturbance of physi- 

co- chemical equilibrium resulted from the invasion of 

t'oreign protein molecules alters the biology of the 

Epithelial cells and leads to its transformation into 

an eosinophilised cell. 
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" Dnzimatic adaptation " 
as workinatheom of 
eosin.ophilisatione 

The intracellular change leading 

to eosinophilisation may be visualised by accepting 

the " enzymatic adaptation " ( Karstróm,1938) as a 

working theory. This theory is built on observations 

made on lower organisms but there is a strong sugges- 

tion that the same process may take place in higher 

organisms ( Burnet et a1.1949 ). Details of this 

theory are discussed in the chapter on " Anaphylac- 

tic reaction "(page 37 ). The nucleus stimulated 

by the intruding molecules produces, as an adaptive 

enzyme, a new proteinase ( Fruton et aí.1941 ) which 

can catabolise the foreign protein molecules. In it 

anabolic phase the same adaptive enzyme can re -syn 

thetise a new protein molecules ( Bergmann,1942.) 

which is of the same structural pattern and which 

may be incorporated into the structure of the prima- 

rily invaded cell. In this way a cell invaded by the 

antigenic molecules, loses its original structure 

and function, and becomes a new biological entity. 

Amongst other structural and functional transformatio 

is the acquisition of amoeboid mobility. Ultimately 

this cell moves away from the cryptal lining either 

into the lumen of the crypt ( Fig.5 ) or, more often, 

into the interior of the villus (Fig.4 ). When it 

thus migrates,its antigenic property is carried with 

it ( Godlowski,1948 b ). 
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Function of J n-- 
2hoid barrier in 
lamina propria 
of intestine. 

On the way into the inttrior of 

the organism, this newly formed eosinophil must pass 

through the lymphocytic barrier of the lamina propria. 

This lymphocytic barmier was built gradually in the 

course of repeqed invasions by various antigens; 

by the production of various antibodies (McMaster et 

al, 1935 ) it serves as a defence against penetrating 

antigens from the alimentary canal. The defence sys- 

tem of the intestinal lymphoid barrier may operate 

through mechanism of the antigen- antibody reaction 

in one of its form described above ( see page ii ). 

The eosinophils with antigenic protein in their cyto - 

plasm, enter the lamina propria where they encounter 

a high concentration of specific antibodies. These 

antibodies penetrating the interior of the eosinophil 

produce an inter- action with the antigen carried by 

this cell. As a result of this inter -action the 

eosinophil becomes temporarily immobilised. Thus 
as 

eosin_ophi]ioc.arriers of antigens are arrested in the 

lamina propria, until the immobilising mechnism be- 

comes exhausted ( Bee pages 41- 44,4). 

Mechanism of arrest 
of eosinoph11 iñ 
intestinal lympho- 
cytic barrier. 

Blood eosinophils are either of 
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true " or of " the pseudo " type (seed page 69); 

" true " eosinophils ( farmed in the bone - marrow) 

pass uneffected through the lamina propria mucosae, 

causing no histo -chemical repercussions because the 

intestinal lymphoid barrier does not possess specific 

antibodies against antigen carried by them. The 

" pseudo " eosinophils ( formed in the intestine ) 

which were initially immobilised in the intestinal 

lymphoid barrier and subsequently re- gained their mo- 

bility in the final stage of the antigen -antibody 

inter -action (see pages 41 -44 )a can be re- arrested 

in the zone with high specific antibodies titer, if 

they reproduced the antigenic protein in their cyto- 

plasm ( see page 122 ). The process of clotting 

appears to play an important part in the mechanism 

of immobilisation of eosinophils. This is suggested 

by the fact that heparinisation of the blood in con - 
th4 

centrations higher,that regmired for the abolition 

of clotting in vivo, prevents ( or significantly di- 

minishes ) eosinopenia and lymphopenia, or in certain 

cases causes a rise in the circulating eosinophils 

and lymphocytes. These fluctuations in eosinophils 

and lymphoc rtes cannot be attributed to a technical 

error since they were constantly found under the same 

experimental conditions, and incidentally they were 

.bserved in similar conditions by Samter (1949). 

The experiment with de- antigenised 

proteins in the diet and those with heparinisation in 
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vivo, suggest (a) that the primary mechanism 

which immobilises eosinophils in the intestinal mu- 

cosa is closely associated with the phenomena of the 

antigen -antibody reaction, and (b) that the arres- 

ted eosinophils are in that stage of the antigen-an 

tdbody reaction in which cellular proteins are depri- 

ved of heparin. This process of de- heparinisation 

( in the initial stage of antigen -antibody reaction) 

may be of similar nature as blood coagulation (pre- 

cipitation ) but it takes place in the cytoplasm of 

the affected cells. The main difference, however, 

between intracellular clotting and blood coagulation 

lies in the reversibility of the former process 

( Monnn, 1948 ). One can therefore postulate that 

the arrest of eosinophils in the lymphatic barrier of 

the intestinal tract is due to the precipitation of 

the cytoplasmatic proteins with the elimination of 

heparin; this in turn leads to loss of mobility of 

the eosinophils. As soon as this phase of the cellu- 

lar reaction ceases, this cytoplasmatic protein coa 

gulum of the eosinophils may become re-heparinised. 

The cell, thus regaining its mobility, is able to 

leave the lymphoid barrier. Such a mechanism would 

explain the mobilisation of eosinphils in the experi- 

ment with high dosage of heparin, discussed in the 

next paragraph. 
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Heparin^role in 
mobilisation of 
eosinophils. 

Heparin conjugated with proteins 

(Chargaff et al.1941) is present normally within the 

cellg of all. tissues (Charles et a1.1933) , and it 

ensures their semifluid state ( Fisher, 1931 )4 

During anaphylactic shock the heparin blood level is 

abnormally high ( Jaques et al.1941 ). The excess 

heparin is probably released from its conjugated fo 

in these cells involved in anaphylactic reaction (se 

page 41 ). The moblisation of eosinophils by high 

dosage of heparin has been confirmed in an experimen 

(described in details on page 98 ) in which an iso- 

lated loop of gut was perfused with highly heparinise 

blood. Heparin in lower dosage, sufficient, however, 

for anticoagulant purposes, gave inconstant and va- 

riable figures for circulating eosinophils (Table 4). 

It is assumed therefore that heparin can penetrate 

the arrested eosinophils and thus restore the flui- 

dity of the cytoplasmatic proteins only when in high 

concentrations. The relatively small rise of eosino- 

phils in the perfusion experiment ( described on page 

105 ) was due to mall area of the intestine perfu- 

sed from which eosinophils were mobilised. If, how- 

ever, the whole organism was properly heparinised 

( dogs 7,8 and 9 of Table 4 ), so that eosinophils 

were mobilised from the whole surface of the intestine 

the increase in the circulating eosinophils was high 
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enough to be significant. Thus eosinophils regain 

their mobility and, reaching the blood, elevate the 

circulating eosinophil count. Despite the eosinoly- 

tic action of corticosteroids, eosinopenia could not 

take place because the mobilisation rate of eosinophils 

was either equal to, or higher than the rate of eosi- 

f_olysis, and in this way existing eosinolysis was 

masked by co- existing mobilisation. 

In view of t1 se facts one can assume 

that the high dosage of heparin does not prevent eo- 

sinolytic action of cortical sterrids per se. What 

heparin really does is to mobilise the arrested eosi- 

nophils. By doing so, heparin causes the tissue eo- 

sinophils to be shifted into the circulation. Thus 

eosinophils which have been destroyed by the eosino- 

lytic action of steroids, are replaced. If, however, 

tissue eosinophilia is very low, or absent, mobilisa 

tion cannot take place and the eosinolytic action of 

the steroids is clearly reflected in the circulating 

eosinopenia, despite the flooding of the blood with 

heparin. 

Place of eri in 
of eosinophils. 

The above presented experiments sugge 

that both medullary and extra - medullary eosinophil 

formation may normally take place side by side. 

They also lead one to regard the mucosa of the small 

intestine as one of the normal sources of origin of 

t 
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eosinophilic cells which may contribute ( as pseudo-. 

eosinophils ) to the blood eosinophilia.. The abso 

tive surface of the intestinal tract acts physiolo- 

gically as wide open portal of entry for various 

antigens. During this physiological absorption, mi- 

nute amounts of unsplit protein penetrate the cryp- 

tal epithelial cells and transform them into the eo- 

sinophilic cells. These cells thus carry various 

antigens whose invasion of the organism on any large 

scale, however, is prevented by the defence mechanis 

of the intestinal lymphoid barrier (see page 84). 

The extra -medullary formation of 

eosinophils in places other than the alimentary ca 

nal is conceivable on theoretical grounds, provided 

a focus with unsplit protein possessing antigenic 

power, exists in the body. Eosinophils formed in 

various sources possess two things in common: histo- 

logical appearance and biochemical mechanism of eosi- 

nophilisation. The type of protein which initiated 

the eosinophilisation may in each case be different. 

Therefore, there are physiologically, at least, two 

types of eosinophils in the circulating blood, namely 

those formed in the bone -marrow, and those formed in 

the alimentary canal; each type represents genetical- 

ly different elements, and each type may carry in its 

cellular proteins a different antigen. 
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The fate of _eosin hp ils in eosi_ enema hormona1]y 

induced. 

(1) Introduction. 

The problem of eosinopenia has been 

recently investigated in many laboratories. This 

is chiefly because it has been observed that eosino- 

penia is closely assotiated with adrenocortical ste- 

roids activity, and also with the activity of the 

factors which stimulate their endogenous output. 

It is suggested that the presence or absence of eosi- 

nopenia after administration of adrenocorticotropic 

hormone (ACTH) of the adenohypop4ysis may be consi- 

dered as a functional test for the adrenal cortex 

(Thorn et al.1948 ). Before accepting eosinphil di- 

minution in the circulating blood as a morphological 

expression of cortical activity, it must first be 

proved conclusively that this phenomenon results di- 

rectly and solely from the action of corticosteroid 

If the eosinopenic activity of corticosteroids invol- 

ves intermediate secondary or tertiary factors, the 

conclusions from the Thorn test may be fallacious,_ 

because the intermediate factors may be primarily af- 

fected. 

It is an deniable fact that,the in- 

jection of potent C11-» oxygenated corticosteroids is 
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normally f followed by n y eosi ogenia, this lasts for as 

long as the other effects which resulted from the 

increased level of corticosteroids. After adminis- 

tration of a potent preparation of ACTH, similar 

effects can be noticed, plus other signs of adreno- 

cortical stimulation, e.g. increased urinary output 

of 17- ketosteroiás ( Sprague et al.,1950;and others ). 

Stimuli such as injection of adrenaline (Bertelli et 

ä,l.1910; and others ) , insulin hypoglgcaemia. (Godlow- 

ski,1946; and others ), intraperitoneal injection of 

amonium chloride in saturated soílution (Josey et al, 

1932 b ), intramuscular injection of sodium bicarbo- 

nate ( Lawrence et aí.1932 ) , of turpentine or nuc- 

lein ( Stäubli,1910 ), as well as great variety of 

infections ( Zappert,1893 ), parenteral administration 

of foreign. protein (Stäubli,1910 ),starvion (Opie,. 

1904 ), intra- vascular haemolysis (Meyer et a1.1909),, 

internal haemorrhage, hypertensive crisis, acute an- 

oxia, colicky pain and various chemical agents ( Do- 

marus,1931), surgical procedures (Laragh,1948 ),trau- 

matic haemorrhage ( Recant et a1.1950 ), febrile con- 

ditions ( Gabrilove,1950), are among those stimuli 

which have be -en observed to cause eosinopenia. Final - 

ly physical stimuli such as exposure to rapid changes 

of temperature ( Josey et al. 1932 a ), and 

Ivarious emotional reactions such as anger, fear, ex- 
1 

i 

citement, etc.( Speirs et aí.1949 ), can also precipi- 

tate eosinopenia. It seems reasonable to describe all 
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these influencing factors as stress met with by every 

living organism during every -day life ( details in 

" Hormonal involvement " ). In other words, these 

pharmacological, immunological, nutritional, physico- 

chemical and emotional stimuli which act upon moving 

eosinophils, do so by adrenocortical hormones libera- 

ted through the pituita r- adrenal response. These 

complicated biochemical actions do not explain the 

role and the mechanism of the eosinopenia which fol- 

lows. 

(2) Method. 

The following technique was applied in 

an attempt to elucidate the fate of eosinophils in 

hormonal eosinopenia. 

Eosinophil 
counting. 

Eosinophil count was made simultaneous -- 

ly by two methods: 

(a) Rendolph's counting -chamber method (19444 

(b) differential count and total white count. 

Method (a) gives the total White blood cells (WBC) 

count and the absolute eosinophil count. Method (b) 

gives the number of eosinophils per 100 white cells. 

By plotting the WBC and differential count, the abso- 

lute number of eosinophils per cmm was determined. 

The circulating eosinophil count was calculated by 

taking the average of these two figures obtained by 
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these two methods. This modification was called four 

because the other white cells reported in the present 

communication were calculated also in absolute num- 

bers per cmm from the differential count and WBC. 

Each experiment was amplaatEft preceded,accompanied 

and followed by such a circulating eosinophil count. 

Assessment of 
tissue eosino- 
philia. 

Tissue eosinophilia during hormonal- 

ly induced eosinopenia was investigated both in hu- 

man and in animal material at the end of the 4th hour 

after the eosinopenic stimulus was applied. The hu- 

man material was obtained from normal individuals 

during the administration of an adrenaline drip, or 

four hours after the symptoms of hyphoglycaemia had 

appeared. Tissue from lungs ( Godlowski,1949 ) , li- 

ver, spleen and bone - marrow wss obtained by needle 

aspiration biopsy. An inguinal lymph node ( with the 

adjoining subcutaneous tissue and skin ) as well as 

specimen of skeletal muscles, were surgically remo- 

ved. 

Experiments were conducted on dogs 

wherever material for histological analysis of human 

organs was unobtainable. Seventeen dogs were divide 

into 4 groups: of these,three groups were treated,ad 

one gaup served as control. The eosinopenic action 

ACTH* was investigated in the first group (compri -- 

mACTH,Armour Standard LA -1 -A and Cortisone acetate 
in saline suspension with 1.5% benzyl alcohol,Merck 
& Co.,Onc. Rahway,N.J.,used in the present investiga- 
tion were supplied by the h+dical Research Council. 
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sing 3 dogs ), of adrenaline in the second group 

(comprising 3 dogs ), and of insulin hypoglycaemia 

in the third group ( comprising 2 dogs ). The last 

group of 9 dogs served as a control ( see Table 5 ). 

Two other dogs were given adrenaline 

and killed 4 hours later; specimens of all organs 
taken 

wereAf or sections to detect where the eosinophils 

had been arrested. It was found that the intestinal 

mucosa was the only organ showing tissue eosinophili 

attention was therefore directed to this tissue. For 

this reason biopsies in survival experiments were ta- 

ken only from the alimentary canal, mesenteric lymph 

node and sternal bone -marrow; the eosinophil count 

in sternal bone -marrow films, was made according to 

the recommendations of Best and inter ( 1951). The 

findings in the mesenteric nodes and in the bone -mar- 

row were persistently negative, therefore these re- 

sults are not presented in the table, and in further 

references to biopsies, these organs are not mentio- 

ned. The remaining organs were not obtained for his - 

tology until after death of the animal. 

All dogs, after a few days of prelimi- 

nary observation and routine treatment for intestinal 

orms ( Dicestal M & B ),were subjected to an initial 

laparotomy. During laparotomy biopsies were taken 

prom the stomach, duodenum, jejunum, ileum and colon. 

IIo 

or three weeks later the dogs of the experimental 

Series were injected with eosinopenic hormones. At 
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the end of the 4th hour, the animals were either (a) 

re- laparotomised and alimentary canal specimens take 

or (b) killed and specimens of all organs removed fo 

section. The animals which were re-laparotomised 

were kept for 7 days, in order to recover from the 

effects of the injected hormones and from the opera. 

tion itself. Then they were killed and specimens of 

all organs were taken. 

The control group was treated in the 

saine manner except for injection of eosinopenic hor- 

mones; thus the effects of the eperation itself on 

the tissue eosinophilia of the intestinal mucosa was 

controlled. 

Laparotomies were ge- 

neral anaesthesia ( Sodium thio -penthone, Boots ), 

In the first group two hypophysectomised dogs were 

injected intramuscularly with 10 mg ACTH on the 6th 

day after hypophysectomy, and at the end of the 4th 

hour both dogs were killed. 

All dogs of treated and control groups; 

were kept on water and dextrose for 48 hours prior 

to biopsy. This measure was designed to eliminate 

the influence of protein intestinal digestion on the 

histology of the mucosa whilst minimising starvation 

effects on the hypothalamico- pituitary- adrenal system. 

The tissue specimens removed were 

ixed in Hely's modification of Zencker's solution 
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embedded in paraffin, sectioned and stained with azo- 

eosin. In cases treated with ACTH, some sections 

were stained with azo -eosin and some by Jacobson's 

method for argentaffine cells (Jacobson,1939). 

Effects of eosino 
genic hormones on 
white blood cells. 

Direct action of eo sinopenic hormo- 

nes on white blood cells was investigated in vivo and 

in vitro. 

Inf.v.cava. 

J Lv.renalis 

Ligature 1. 

Ligature 3. 
Ligature 4. 

a Com.iliac v. Ligature 2 . 

Ext.iliac v. 

Ligature 2b. 

Int.iliac v. 

(i) in vivo: the inferior vena cava (i.v.c.) was li- 

gated below the openings of the renal veins (ligatur 

1 ).Both Common iliac veins (c.i.v.)were also ligate 



97 

at thib&r origin ( ligature 2 a and 2 b ). Blood in 

one c.i.v. was separated from the rest of the vessel 

b7,, another ligature: placed at its junction with the 

i. v.at. (ligature 3 ) , and served as a control. Through 

the gall of the other c.i.v. a needle was inserted 

and all the blood from this cava -iliac pocket was 

aspirated into a " siliconised " syringeí the desi- 

red amount of eosinopenic hormone was added to it. 

Through the same needle the blood was re- injected in-L 

to the vessel and another ligature ( ligature 4) pla-tt 

ced before the needle was withdrawn: the coagulation 

fá @tors liberated from the damaged venous well were 

thus isolated. The cava -iliac pocket remained in the 

peritoneal cavity of the anaesthetised dog for 2 to 

3 hours, and the white cell analysis of both control 

and treated blood was made, 

(ii) in vitro: heparinised blood ( 0.9 ml of venous 

blood + 100 anti -coagulant units of heparin ) was 

mixed with eosinopenic hormone. Another sample of 

the same heparinised blood served as a control. Both 

samples were placed in the incubator at 37 °C for 3 

hours and white cell analysis was made of both sym- 

ples. The correction of the dilution factor in all 

calculations was made by the following formula: 

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

This formula was applied to all experiments. 
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Intestinal 
perfusion. 

Intestinal perfusion was performed. 

on 4 dogs under thio -pentone general anaesthesia. 

A loop of jejunum was removed from the peritoneal 

cavity ( vein and artery ligated, leaving untouched 

nerve supply in the mesentery ), and a segment of 

about 15 cm of it was perfused with the doges own 

blood ( 200000 anticoagulant units per 200 ml of 

blood ) at the rate of 100 drops per minute. As soon 

as perfusion was established the perfused loop was 

returned into the peritoneal cavity. The perfusing 

blood in polythene tmbing was warmed to 38 °C in a 

water -bath. The perfusion lasted 2 to 4 hours and 

was made in an ordinary transfusion set. Oxygenation 

of the perfusing blood took place in the air through 

which the falling blood drops from the venous out- 

let of the tubing pasped a distance of 1 m to the 

collecting vessel; the change of the colour of the 

veiaous blood to bright -red proved that the oxygena- 

tion took place. In two dogs, the effect of hepari- 

nised blood alone on intestinal eosinophilia was stu 

died. In another two dogs, perfusion consisted of 

200 ml of heparinised blood to which, at the begin- 

ning of the perfusion, 2 ml Eucortone ( Allen &Han- 

burys,Ltd.) was added as eosinopenic hormone.; a fur- 

ther 2 ml Eucortone was added at the end of 2nd hour 

of perfusion. A biopsy from the lepx2xximx jejuna]. 
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loop outside the perfused area was taken before the 

perfusion was started. At the end of the perfusions, 

biopsies were made from the perfused area and also 

from the area outside the perfused loop. The collec- 

tion of samples of perfused blood for WBC analysis 

was made at hourly intervals from the venous end of 

the tubing; at the same time systemic blood samples 

were collected. The morphological discrepancies 

between these two blood specimens proved the comple- 

te isolation of the two circulations. 

Hao h sectomy. 

Hypophysectomyx, carried out trans- 

palatally, was followed by electric cauterisation of 

the stalk. After the death of the animal, the stalk . 

area was investigated by serial sectioning to disco- 

ver, whether the distruction of the pars tuberalis 

was complete. 

Clotting time. 

Clotting time was determined by 

the glass capillary method. 

Adrenaline infusion 
& insulin hocaemia. 

Adrenaline infusions and insulin 

hypogycaemia were used in men according to the tech- 

* Hypophysectomy was performed by Dr. M.Pickford in 
the Department of Ph ysiology,Edinburgh University. 
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nique described elsewhere ( Gofdlowski,1946 ). Ad- 

renaline ( 0.3 mg/Kg,of 0.1% a.q.sol.) was injected 

subcutaneously into dogs and supplemented by 1 mg of 

adrenaline in oil. Insulin hypoglycaemia was indu- 

sed in dogs by subcutaneous injection of 5 units of 

soluble insulin per Kilo. Hypocaemia was terming 

ted by intravenous injection of 20 to 40 ml of 20% 

glucose solution followed by high carbohydrate diet. 

(3) Results® 

Clinical experiments. 

Clinical experiments were carried 

out on 5 normal persons; three were put on an adrena 

line drip and two were given insulin hypoglycaemia. 

Four hours afterwards biopsies were taken from the 

bone -marrow, lung, skin,with subcutaneous tissue, 

lymph node, skeletal muscle, liver and spleen. None 

of these biopsies showed eosinophils in sufficient 

number to explain the co- existing eosinopenia. These 

findings confirm the previously reported fact that 

eosinopenic hormones have no eosinopenic action on 

the bone -marrow eosinophils.( Godlowski,1948 a ). 

Tissue eosinophilia 
in animals. 

In the experiments with eosinope- 

nic hormones, the influence on tissue eosinophilia 

were studied in 8 dogs; 9 dogs served as control. 

The result of the eosinopenic action of ACTH, adrena -T 
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line and insulin are presented together, since they 

all work through the liberation of the adrenocorti- 

cal steroids. 

At the time of circulating eosinope- 

nia, the lamina prpria mucosae of the small intesti- 

ne was riddled with mono - and bi- lobular eosinophils 

(Fig.2). The data presented in the Table 5 show the 

mean values of 90 High Power Fields (HPF) counts of 

the tissue eosinophils with their Standard Deviation 

(S..D.) . The term " transitional forms " refers to 

mononuclear cells of various shapes and sizes which 

contain variable amounts of eosinophilic granules or 

eosinophilic masses. These cells are, as a rule, is 

localised in the lowest part of the crypts of Liebe 

kuhn. The most immature forms of these cells have a 

columnar shape similar to the neighbouring epitheli 

cells ( Figs.4 and 5 ). They are, however, usually 

larger than the cells of the adjacent epithelium; 

they are 3 to 4 times bigger than mature blood eosi- 

nophils. The nucleus of such primitive cell is in 

tially large and round, and contains coarse chromati 

threads. Later, the nucleus becomes more compact 

(Figs.5,6 and 7 ). The presence of many vacuoles in 

the cytoplasm gives this primitive cell an appearance 

of being hydra.ted.(Figs.4 and 5 ); it thus stains 

more lightly than the adjacent epithelium. Later 

stili such a cell shrinks; the eosinophilic granules 

condence and the cell approaches the pattern of a 
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circulating eosinophil (Figs.6 and 7). The original 

columnar shape is lost as it acquires amoeboid mobi- 

lity, and the nucleus gradually assumes an irregular 

shape ( Fig.4 ). These transformations may occur 

in the cryptal epithelium, in the lumen of the crypt 

(Fig.5) or, most commonly, in the lamina propria mu- 

cosae. Therefore the lamina propria may contain 

mono - and bi- lobular eosinophils. !MO The columnar 

pattern of the deepest parts of the crypts is usually 

lost, owing to crowding of epithelial cells at the 

semi -circular base of the crypt. The part of the ce] 

directed towards the lumen of the crypt may become 

very thin. If the plain of the section cuts tangen- 

tially through this part of the crypt, certain cells 

- by pure artefact - may beloome separated from the 

cryptal lumen and so produce an artificial stratifi- 

cation. Whenever this happens to an eosinophilised 

cell, one gets the erroneous impression that it is 

situated at the periphery of the crypt, and that it 

has no direct contact with the cryptal lumen (Fig.6). 

This may be misinterpreted as being penetration of 

the cryptal wall from outside. This point is worth 

stressing because, in the discussion on the eosinophi 

lisation phenomenon, it plays an important role. 

r:entaffine cells 
n alimentary tract. 

Abundant argentaffine cells (a.c.) 

(showing red -brown granulations when stained with. 

la 
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azo -eosin as seen in Fig.8), are scattered through- 

out whole thickness of the gastric mucosa. Fig.9 

shows a.c. ( in a section from the same tissue block 

of the same animal as shown in F'ig.8, stained by 

Jaco&sen's method ), but no transitional eosinophils 

in the gastric mucosa. In the small intestine, in 

two adjacent sections of the same tissue block,the 

number of a.c. per HPle is 2, whereas the number of 

transitional eosinophils is f8. 

Intestinal eosino- 
philia related to 
eosinopenic hormones. 

Tissue eosinophilia of the 

small intestine, at the time of blood eosinopenia, 

shows a significant rise in eosinophils when compared 

with the initial biopsies ( Figs. 1 and 2, and Table 

). The cryptal transitional forms of eosinophils 

in the pre - and inthe experimental periods showed no 

significant change. The intestinal eosinophilia of 

the post -experimental period was of the same degree 

as in experimental period ( dogs 1 and 7 of the trea- 

ted series ). The control animals showed an eáual 

rise in intestinal eosinophilia during comparable 

periods {Fig.3 ). Furthermore, the cryptai transi- 

tional eosinophils in the post -experimental period 

of the treated and control series demonstrated a sig- 

nificant rise in n unbb' per HPF despite the fact 

that there was noxf concomitant circulating eosino- 

penia. 
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s Doge 2 and 3 were hypophyeeetomleed. 

The conclusions from these experiments may be summa- 

rised as follows: 

(1) in the epithelium of the intestinal crypts 

there are cells with eosinophilic granules 

which morphologically can be regarded as 

early forms of blood eosinophils; 

(2) the inreased eosinophilia of the intestinal 

mucosa in the experimental and in the control 

periods should be considered as a result of 

repeated trauma of the operation itself. 
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These traumatising stimuli intesify the pros 

ces of local formation of eosinophils and 
up 

set the mechanism whereby eosinophils are 

arrested in the lamina propria mucosae. 

The arrest of eosinophils in the lamina prq 

pria, however, does not prevent the return 

of circulating eosinophils to the previous 

level; 

(3) argentaffine cells are histological element: 

unconnected with the transitional eosinophi 

of the cryptal epithelium. 

Intestinal perfusion. 

The perfusion experiment was carried 

out in two groups,of two dogs each. The data obtain 

A. perfueed jejunum with heperiojeed blood (200 ml. blood . 20000 Un. Heparin). 

d 

0 minutes. 60 minute... 120 minutes. 180 minutes. 240 minutes. 

Dog 1 Dog 2 Dog 1 Dog 2 Dog 1 Dog 2 Dog 1 Dog 2 Dog 1 Dog 2 

8yeteed.o blood: 

6110 
620 

3030 
2220 
240 

9500 
1045 
5700 
2565 
190 

11500 
230 

8395 
2530 
345 

13266 
536 

8710 
3618 
402 

11600 
232 

8120 
2784 
464 

16000 
480 

11360 
3520 
640 

W.B.C./0.m. 
go. /o.em. 
Polymorph/o.om. 
Lympho/o. ®. 
H050. o.5m. 

perfusing blood: 

6110 
620 

3030 
2220 
240 

9500 
1045 
5700 
2565 
190 

4600 
460 
2070 
1840 
230 

8500 
1020 
4930 
2295 
255 

6356 
701 
2600 
2795 
260 

8440 
1385 
4505 
2465 

85 

9500 
1235 
5415 
2660 
190 

9200 
1104 
5336 
2576 
184 

w.B.O. /omm. 
go. /o.®. 
Polymorphe/0.mm. 
Lymph. 0.mm. 
Yono. /a.mm. 

711.0. eo.00unt/M.P.F. 

51- 61(60) 40- 67(55) 
23 -42(30 ) 
44 -75(58 

16- 32(23) 
76- 84(80) 

Jej. muo. before perir 
Jej mua. after perfn. 
Control non- perfueed jej. 

B. perfueed jejunum with hoperinlsed blood . 2 ml. lucortone (1%). 

Dog 3 Dog 4 Dog 3 Dog it Dog 3 Dog 4 Dog 3 Dog 4 Dog 3 Dog 4 

gyetemlo blood: 

W.B.C. /e.=. 6060 10083 5000 12612 7661 12809 1540o 19970 
go. /0.mm. 240 183 50 173 38 37 0 20 

polymorphe/o.mm. 4140 8200 4050 10414 7315 9288 14168 18000 

Lymph. 0.5050. 1260 1400 450 1771 154 2709 616 975 

Yono. o.em. 420 300 450 254 154 775 616 975 

Fezfusing blood: 

W.B.O. /o.®. 6000 8800 2760 7828 2100 8000 2100 7948 2300 7923 

co. /O.mu. 240 114 31 106 42 80 21 47 23 23 

polymorphe/a.00m. 3840 7216 2174 7216 1848 6880 1890 6952 2001 7031 

Lympho. /o.550. 1500 1149 262 738 105 880 105 711 138 790 

B000. /5.550. 420 326 293 166 105 160 84 238 138 79 

Toseue eo.00unt /H.P.F. 

JI). BOO. before pert. 
Jej. muo. after peri 

32- 76(51) 33-83(55) 17- 29(25) 32-40(36) 

Control non -perfueed jej. 
40- 54(50) 53- 93(62) 
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! are presented in Table 6. 

In Part A a loop was perfused with 

200 ml of dog's own heparinised blood. In the syste -- 

mic blood the WBC count was significantly increased 

in two hours, the increase being due to the circula- 

ting polymorphs. Whithin the same time eosinopenia 

developed. Both these phenomena resulted from the 

stress of the operation and general anaesthesia 

(Laragh,1948) . 

In the perfusing blood a slight eosi- 

phil increase was worth noticing, even though by 

itself this elevation was too small to be signifi- 

cant. The tissue eosinophilia of the perfused jeju- 

na' mucosa showed a significant decrease during that 

same period. 

In Part B a jejunal loop was perfu- 

sed with 200 ml of the dog's own heparinised blood 

to which Eucortone had been added. The systemic 

blood showed the same findings as in Part A. In the 

perfusing blood the total WBC count was significanti 

decreased only in one dog (No.3). This was a result 

of a great reduction in eosinophils, lymphocytes, 

polymorphs and monocytes ( Table 6 ). Both granular 

groups of white cells showed conspicuous degranula` 

tion and loss of staining affinity, with vacuolisa- 

tion of the cytoplasm. The nuclei showed marked re- 

gressive changes in the form of pyknosis, and karyor- 

rhexis. The lymphocytes showed similar changes. 
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The red blood cells did not show any significant 

signs of damage as a result of the altered osmotic 

pressure. 

At the end of the perfusion, the eosi- 

nophil count per HPF of a section from the perfused 

area of the jejunum was significantly reduced. 

The conclusions drawn from the perfusion experiment 

are: 

(1) the stress of the operation itself precipi- 

tates changes in the systemic blood which 

are characterised by polymorph leucocytosis 

and eosinopenia; 

(2) during the perfusion the heparinised blood 

shows a slight eosinophil increase. This 

small rise in number of eosinophils per cmm 

is not significant per se, but taken in con- 

junction with the significant diminution in 

the tissue eosinophilia of the perfused je- 

junum, it may be regarded as a result of the 

mobilising effect of heparin on the tissue 

eosinophils; 

the perfusing heparinised blood with Eucor- 

tone added causes a great diminution in the 

circulating eosinophils, polymorphs, lymph ® -. 

cytes and monocytes. All white cells in th 

se experimental conditions show regressive 

changes in both cytoplasm and nucleus,and 

(3) 



108 

these changes take place in the circulating 

blood; 

(4) the final quantitative and qualitative changed 

in the white blood cells in the perfusing bio 

result from two independent actions: 

(a) the mobilisation of eosinophils by 
heparin from the perfused area; 

(b) the cytolytic action exerted by eo- 
sinopenic hormenes on all white 
blood cells in the perfusing blood. 

The direct action 
of eosinopenic 
hormones on white 
blood cells. 

The direct action of eosinopenie 

hormones on white blood cells was investigated in 

two separate experiments: in vivo and in vitro. 
were 

In vivo: ( Table 7 ) eosinophilsAthe leucocytes most 

affected by the hormones; next in susceptibility 

came the lymphocytes and polymorphe. Many of the 

white cells showed the features of disintegration 

described in the perfusion experiment. Blood samples 

mixed with desoxycorticosterone acetate ( DOCA) did 

not exhibit similar quantitative or qualitative cha- 

nges in their blood cells. The effectiveness of the 

cytolytic action in the isolated blood in vivo was 

related to the concetration of the administered hor- 

to 
mone and the zunmultg®¢ durat ion of its action. 

In vitrot (Table 6 ) eosinopenic hormone mixed with 

heparinised blood, also caused great diminution in 
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eosinophils and lymphocytes, whereas 
the polymorphs 

were only slightly affected. The cytolytic action 

was also related to the concentration 
and the length 

of time of action of the hormone administered. 

Venous blood isolated in blood vessels in vivo not treated with anticoagulant + eosinopenic hormones. 

No 

Preliminary differential count; 

absolute values per c.m<s. 
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The conclusions from 
these experiments aref 

(1) eosinopenic hormones 
possess a direct cytolytic 

action on white blood cells 
in the blood, under 

the experimental conditions 
described; 

(2) the destructive action 
of these hormones 

affects 

all white blood cells, 
polymorphs being least 

susceptible to this action; 

(3) involutionary 
changes in all white 

blood cells 

were demonstrated 
morphologically 

in both expe- 

riments. 
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(4) Discussion. 

Physiological 
fluctuations in 
circulatinT 
eosinophils. 

In recently published reports (Rud, 

1947;Leading articles,Lancet,1950 a and 1950 b ; and 

others ) doubts have been expressed about the accu- 

racy of the methods at present in use for the coun- 

ting of eosinophils. The main objection stressed is 

the great variation in circulating eosinophil counts, 

even in normal conditions, which makes it impossible 

to establish a base line for their evaluation. These 

difficulties, which doubtless exist, result oiliefly 

from the fact that the circulating eosinophilia fluc4 
i 

to aces significantly even in physiological conditions; 

such fluctuations belong to the basic phenomena og 

the physi o- pathology of eosinophil function. Adre- 

naline ( in suitable dosage and administered in pro- 

per way ) precipitates eosinopenia by mobilisation 

of the pituitary- cortical mechanism;. the chemical and 

morphological results can be detected in about 20 t 

30 minutes after intravenous injection, or a little 

later after subcutaneous injection ( Godlowski,1948;. 

and others ). Adrenaline liberated from the adrenal 

glabds of the organism itself acts far more quickly 

(Vogt,1951). On the other hand, dissipation of adre- 

naline from the suprarenal medulla takes place very 

essi (ly during every -day life by the " run and fight" 
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mechanism described by Cannon, which in recent ter- 
minology is termed as " sympathetico- adrenal dischar- 

ge ". Speirs et al.(1949) have shown that a drop in 

eosinophils occurs after simple handling of experi- 

mental animals, and thatAfall is caused by liberation 

of adrenaline from the medulla; this eosinopeaia is 

as great as that follöwing injection of ACTH or adre- 

naline itself. In other words,the great variation 

in circulating eosinophils found in physiological 

conditions is a net result of a very sensitive and 

rapidly operating eosinopenic reaction which follows 

pituitary -adrenal response. 

Mechanism of hormonal 
eosinopenia. 

The results obtained in the 

experiments, in which eosinopenic stimuli were applied 

in the form of three different hormones, are almost 

identical. One could have anticipated this, since 

all three hormones stimulate ( directly or indirec- 

tly ) the secrety(ion of those adreno -cortical ster ®ids 

which are responsible for circulating eosinopenia. 

The mechanism and the meaning of this action is not 

clear, and needs elucidation. 

ACTH does not exert its eosi- 

nopenic action unless the cortex of, at least,one dd- 

renal gland is able to secrete stroids in sufficient 

amount to eliminate eosinophils 
from theicirculation. 

(Thorn et aí.19481. There is not ,however, geheral 
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agreement as to which steroids possess an eosinopenic 
action. Compounds E and F, the amorous fraction of 
the cortical extract ( Wells et al.1940; Engstrom, 

1948; Fourman et al. 1950; and others ) and the 

whole gland extract, unquestionably possess this ac- 
tivity. DOCA has a much weaker eosinopenic action 

in the present experimental conditions. 

The histological results of the pre- 

sent experiments point to the mucosa of the small in- 

testine as the only tissue in thedog which contains 

a significant number of eosinophils during hormonal 

eosinopenia. Although eosinophfs were found in the 

intestinal mucosa in the pre -experimental period,ity 

were significantly fewer than during the experimental 

period. The reading of eosinophilia in the post-ex- 

perimental periods and in the non -treated control, 

were either the same or still higher than. Thse during 

the experimental periods.(Table 5 ). Therefore the 

high intestinal eosino hilia of the experimental pe- 

riod cannot be regarded as the result of the action 

of the hormones injected. The traumatisation of the 

tissue b re.eated bio.sies enhances the arrest of 

eosinophils in thémucosa. The mechanism and the mea- 

ping of this phenomenon is discussed in detail else- 

where in this paper ( page 84 ). 
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Relation of intestinal 
eosinophilia to inges- 
tion of proteins. 

Apart from the accumulation of 

eosinophils in the intestinal mucosa, signs were 

found of eosinophilisation of the cryptal epithelium 

in all the experimental cases and in the control se- 

ries. In an attempt to explain this phenomenon, it 

is advisable to review briefly the liéérature which 

has a bearing on this subject. 

Absorption of unsplit protein 

from the intestinal tract takes place physiological- 

ly, but only in quantities which are insignificant 
as 

as far 
A 
the nutritive value of proteins is concerned. 

Alstyne et al. (1911) by using a very sensitive pre- 

cipitin test have ci:ecrly establéshed the fact,that 

unsplit protein is absorbed from the alimentary tract 

of the guinea pig. Sussmann et al. (1928) and Brunner 

et al.(192e) confirmed these experiments on human ma_. 

terial in various anaphylactic conditions. In inter 

tinal disor4ers associated with impaired disgestion, 

the absorption of unsplit proteins is greatly inere 

sed; theitgestion of various antigens may give rise 

o the symptoms of anaphylaxis (Verzhr et al. (1936 ) 

rom experimental works of Haidenhain (1888),Opiee 

(1904), Simon, (1905), Biggart (1932) and others, done 

n guipe-pigs ,rabbits and dogs, there appears to be 

a close cerrelation between the tissue eosinophilia 

of the intestinal mucosa. and the ingestion of protei 
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Various forms °'osinophilised cryptai 

cells are described in the literature under various 

names, e.g. Paneth cells, or " globular leucocytes 

(auoted by Maximow and Bloom,1948) the origin and 

function of which were not clearly defined. " Kul- 

tschitzky cells " (Kultschitzky,1897 ) are those ele 

ments in the intestinal cEypts which are nearest in 

their histology and suggested function to the transi-, 

tional eosinophils described in this paper. Duran -s 

Jorda (1943) suggested that eosinophils may be formed 

in the mucosa of the alimentary canal from lymphocyte 

passing through the stage of Paneth cells. 

The dietetic experiment of the present 

series confirmed those findings to a certain extent. 

In addition, a closer histological analysis of the in- 

testinal sections showed a great increase in eosino- 

philisa:tion of the cryptal epithelium in dogs kept on 

a high protein diet ( Tables 2 a and 2 b , and Diar- 

gram 3. ). From the present findings one can assume 

that the eosinophilisa.tion of the crypta.i epithelium 

is closely related to the ingested protein in following 

way 

(1) ingested proteins in their native 
form (with 

retained antigenicity ), produce eosinophilisation 
of 

the intestinal mucosa of mice which 
previously did 

not possess any form of eosinophils 
in their alimenta- 

ry banal, even though they had 
been on a similar diet 
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but in de- antigenised form ( Part B of the dietetic 
experiment ) ; 

(2) e. diet with a high protein content ( with retaineid 

antigenicity ) greatly exagerates the existing eosi- 

nophilisation of the dog's intestinal mucosa. nix 
This increased eosinophilisation practically disap- 

pears if animals are subsequently fed on a diet eon- 

taming amino acids instead of proteins. The forma- 

tion of eosinophils in the bone -marrow during these 

periods remained practically unaltered. 

Direct action of 
eosinopenic hormo- 
nes on white blood 
cells. 

Experiments showing in vivo mod in 

vitro that relatively high doses of Cprtisone acetate 
destructive 

possess a directAaction and white bod cells what 
also proves that this action takes place in the blood 

itself clad not in the tissues. The concecration of 

Cortisone used in the experiments was much higher than 

is ever found under natmral conditions. It seems that 

such massive dosage is necessary to compensate the 

lack of biological milieu in the describel experiments 

in vivo and in vitro. Because eosinopenic steroids 

roduce varying degrees of rapidly progressing involu4 

ional features in all white cells, one can postulate 

hat the mechanism of the action of these steroids is 

ather stimulation of the catabolic phase than inhibi -1 

ion of the anabolic phase of intracellular protein 

eta.bolism in all white blood cells( see page 107 
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The susceptibility of white blood cells to this action 

under the experimental conditions diminishes in fol- 

lowing order: eosinophils, lymphocytes, polymorphs. 

Thus eosinopenia following the application of a po- 

tent eosinopenic stroid is due to the disintegration 

of eosinophils in the blood which results from rapid - 

1y progressing protein degradation. This is seen in 

the blood film as disintegration of the nuclei and 

cytoplast -] of all white blood cells. The co- existing 

mechanism of the mobilisation of polymorphs may riask 

the cytolysis of these cells ( see next paragraph ). 

By analogy one can expect acceleration of the catabo- 

lism of cellular proteins in other tissues whose en- 

zymatic structure is similar to that of white blood 

cells ( for details see " Anaphylactic reaction " 

page 35,65). Such suggestion finds valuable support 

in the negative N balance seen in clinical cases of 

hypercorticism and in treatment with Cortisone or AC 

Presumed mechanism 
of pol jmaph leuco- 
c tosis followi 

The mechanism of polymorph leucocy-L 

tosis following administration of C11-oxygenated 
cor- 

tt5costeroids which masks their destruction 
is elucida -6 

ted by Menkin's works (1951) on the biochemical compo4 

sition of inflammatory exudates ( see page0 46 ). 

The closer analysis of polymorph fluctuations 
in the 
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in the perfusion experiment show some definite link 

with the fact established by Menkin. In the perfu- 

sion experiment in which dog's intestine was perfused 

with his own blood with addition of Eucortone ( see 

page 1(4, polymorphs X in dog Nog 3 ) were rapidly 

reduced in number and the masking action ( seen in 

systemic blood ) could not take place, because the 

perfusing blood was cut off from the source from 

which polymopphs would be mobilised. The systemic 

blood, however, at the same time,showed steady rise 

of polymorphs ( the blood which remaind. under the 

action of the dog's own corticosteroids liberated by 

the stress of the operation and general anaesthesia) 

Comparing the polymorph figures at hourly intervals 

of the perfusing blood with those of systemic blood,, 

one finds the reduntion of polymorphs in the former 

and their rise in the latter. Menkin isolated from 

inflammatory exudates a subs%n.ce which he called 

" leucocytmsis promoting factor " and which probably 

derives from the cells participating in the infiamm 

tory reaction. Since polymorphs are the most charac 

teristic and numerous cellular elements participatin 

in inflammation, it is cenceiiaable that they substan- 

tially contribute to the production of the " leucocy 

tosis promoting factor ". In view of the findings 

it is reasonable to postulate that polymopphs disin 

ll 
tegrating through the catabolic action of C-exgee 
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nated corticosteroids, release the " leucocytosis 

promoting factor " which in tarn mobilises polymorph 

from the bone - marrow to such an extent that the co- 

eKisting polymorpholysis is masked by excessive com- 

pensation. 
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(C) Function of eosirophils. 

Summary of eosino- 
phil formation. 

Any living cell whose intracellu- 

lar enzyme system has become changed in such a way 

that invading proteins are no longer split, may turn 

into an eosinophil. This change seems to be related 

to the physiological or pathological " ageing " of 

the enzyme system. The foreign protein molecules re- 

maining unaltered in the interior of such a cell sti- 

mulate the nucleus to produce a new proteinase, or to 

re- organise the existing debilitated proteinases ( by 

a process of adaptation of enzymes ) in such a way, 

that the foreign protein theñae catabolised. This 

e- organised enzyme in its anabolic activity may re- 

synthetise a protein molecule which in its pattern i. 

a replica of the original invading molecule ( Berge 

1942 ), This newly reproduced protein molecule,as m 

nufactured by the cell's own enzymes, is incorporated 

into the structure of the cytoplasmatic proteins. 

Such possibility in the formation of eosinophils is 

supported by recent histo -chemical study of eosinophils 

by Vercanteren (1951). In this way the primary debi- 

litated cell becomes a new biological and histological 

nit. By the formation of new structure 
this cell 
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looses its original function and former appearance, 

acquiring at least two new characteristics: motility 

of the amoeboid type(Sabin,1923), and the ability to 

transport antigens in its own'cytopiasmatic proteins 

( Godlowski,1948 b ). In such circumO.stances the cei1 

looses its functional connection with the tissue in 

which its originated and,it migrates from the place 

of its origin by the newly acquired motility. 

Relation of eosinophils 
to lymphoid tissue. 

The further fate of such a 

cell depends whey it is intercepted by the lymphoi 

tissue surrounding the portal of entry of the antigi 
or 

( carried by the migrating eosinophils ),\w' r it 

avoids contact with the lymphoid barrier and penetr 

tes the interior of the organism via the blood. 

An example of the first possibility is the migratia 

of eosinophils from the cryptal lining of the intes- 

tinal muoosa into the interior of the villus, where 

propria arrests the lymphocytic barrier of the lamina 

the moving eosinophils ( mechanism of the arrest see 

page 41,4344.. An example of the second possibility is 

the migration of eosinophils from the bone-- 
marrthw 

into the blood. When eosinophils with reproduced 

antigenic protein in their cytoplasm 
pass again through 

the intestinal lymphoid barrier 
( which is zone of 

high titer of specific antibodies 
), they again make 

contact with the specific antibodies; 
the resulting 
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the resulting antigen- antibod* mnification causes 

their arrest. The " zone of high titer of antibodie 

surrounds the portal of entry for any antigen ( Drin- 

ker et a1,1941 ). Suth local concentration of spe- 

cific c antibodies ( before being diluted by the body 

fluids ) is sufficinet to precipitate local antigen - 

antibody interaction, and to immobilise the wanderi_ 

antigen; this local accumulation of antibodies need 

not necessarily be of such a degree that it could be 

reglected in the circulating blood. 

Eosinophils as 
a source of an- 
tigene 

As soon as eosinophils regain theit/ 

mobility by re- heparinisation of their gelated cyto- 

plasmatic protein ( see page 87 ), they move away 

into the intrrior of the organism via lymphatics or 

blood vessels. Such eosinophils are now deprived of 

their antigenicity by the antigen- antibody reaction 

which occured in the lymphatic barrier. They, how- 

ever, still retain the power of resynthesis of the 

antigenic protein in the anabolic phase of the newly 

formed proteinases. Such resynthesis of the antige- 

nic protein by eosinophils in the circulating blood 

is substantially restricted but, by no means, 
exclu- 

ded. The anabolic replication of antigenicity of 

eosinophils is limited by the fact 
that the eosinophils 

have mowed away from the portal of 
entry of the anti- 

genic protein which provides the raw-material from 
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which the antigenic protein could be easiAly re -syn- 

thetised. If those eosinophils which managed to re-- 

synthtise the antigenic protein pass accidentally 

again through the lymphoid barrier surrounding the 

portal of entry of their antigen ( zone of high titer, 

of specific antibodies ), they are again arrested a 

again de- antigenised by antigen -antibody interaction. 

In this way it is established a permane' cycle of de 

antigenisation ( by the lymphoid tissue ) and re- an 

tigenisation of the proteins of eosinophils by the 

newly formed proteinases. 

Those eosinophilsX which avoid contac 

with the lymphocytic barrier, or which re- synthetiseát 

the antigenic protein, represent a potential source 

of the antigen. In normal conditions, these cells 

are either repeatedly de- antigenised in the lymphocy 
-- 

tic tissues, or, if they make contact with the sensi - 

tised cells, they may precipitate a micro- anaphylacti 

reaction. An example of eosinophils with retained 

tigenicity were those removed from 
the peritoneum af- 

fected by anaphylactic inflammation 
in experiments on 

guinea -pigs ( Godlowski,1948 b ). Such eosinophils, 

t having made contact with the 
lymphoid barrier, 

ossessed a strong antigenic power. 

osinophi1s as_ 
ource of ana-_ 

`phhrlactic reaction. 

Eosinophils carrying antigenic 
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proteins in their cytoplasm are a potentilk source 
of anaphylactic reaction. The antigenic protein 
being, however, incorporated into the structure of 
the all, cannot be liberated until the cell disinte- 

grates. This was shown in an exjiment in which a 

susjension of specifically sensitised eosinophils 

could not produce an anaphylactic reaction in the 

Schultz -Dale test until these cells were completely 

destroyed by repeated freezing and thawing.(Gddlowsk 0 

1948 b ). The life -span of eosinophils is not known 

It is possible that eosinophils of the same age and 

carrying the same antigen, may disintegrate in the 

niz nal ageing process at the same time, and in suffi 

ciently high numbers, to liberate a toxic dose of 

antigen; such a possibility in normal conditions is, 

however, very remote. The minute amount of antigeni 

protein liberated from a small number of eosinophils 

represents a sub -toxic dose which can be neutralised 

by free antibodies in the blood ;thus in normal condi 

tions these micro -anaphylactic reactions are preven- 

ted. Therefore the antiffenic c:.acit' of eosino hiss 

under normal conditions from the uoint of view of 

pathogenicity, is of limited value. If, however, the 

number of circulating eosinophils is very high, the 

liberation of antigen may become sufficient to preci- 

pitate various degrees of anaphylactic reaction. 
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Significance of 
e osino hp ils, 

Eosinophils would thus seems to 

represent a form of cells without specific origin, 

and wi th,or without antigenic power. The presence of 

eosinophils in the blood proves that there is in the 

organism, at leaàt, one portal of entry for one, or 

more antigens. Since eosinophils are, at preset, 

garded as normal elements of the blood, th are two 

alternatives to be considered with regard to their 

physio- pathological state. 

(1) Anaphylaxis is a physiological phenomenon 

it occurs physiologically when an unsplit 

protein molecule from by 

various channels, or originates within a nor- 

mal organism. In such circumstances the pa- 

thological manifestations of anaphylaxis be- 

gin to appear only when the physiological 

counter -measures normally taken by the orga 

nism do not balanee the illeeffects caused 

by the entry of unsplit protein. 
In such a 

case the eosinophils, if 
their number is 

within normal limits, are physiological ele- 

ments representing those 
cells which were 

unable to pboteolyse the invading 
unsplit 

protein molecules. This disability of eosi- 

nophylised cells results 
from the " wear and 

tear " process of their 
cellular enzymes in 
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normal or in accelerated metabolism. The 

failing proteinases were re- organised, thus 

enabling them to reproduce the invading 

protein. 

(2) Anaphylaxis is a patholozitaî condition 

of universal incidence. This laten hysio -- 

pathology is brought to the light only in 

its more severe forms. In its mildest form 

anaphylaxis may be regarded i as a patho- 

logical factor acting on every organism and 

causing from its early stages a stress acce- 

lerating the process of ageing of the intra- 

cellular enzes. The eosinophils in such 

a cencept have to be regarddd as pathologi- 

cal elements, even if their number is within 

normal limits; by their non -specific origin 

and noxious character they exhibit 
a primary 

imperfection in the bio- chemical 
constitu- 

tion at the time of the formation of 
the 

organism. 
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Chapter IVY 

(A) General conclusions. 

In the process of sensitisation anti 

genic protein molecules penetrate cells whose prote. 

lytic enzymes do not possess sufficient kinetic pote 

cy; this enzymatic disability may result fromi 

(a) primary abnormal constitutional set-up 

of the chemistry of their nucleus, and 

this feature may be organ and species 

specific; 

(b) a normal ageing process; 

(c) the action of a cytoplasmatic tixin,di- 

rected towards cellular enzyme system. 

The antigenic protein remaining unal- 

tered in the cytoplasm of these debilitated cells, 

strongly stimulates the nucleus to re- organise the 

cytoplasmatic proteinases. The cells which cannot 

re- organise their proteinases in these circumatance, 

desintegrate completely. The cells which are able to 

re- organise their enzymes, manufacture a new protei- 

nase ( a specific pepsinase ) which is able to split 

the antigenic molecule only to the level of peptone 

like proteoses. In subsequent invasions of antigen, 

the cells possessing specific pepsinase® produce in- 
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tracellularly molecules of peptone or peptone -like 

proteoses. These inturn, inactivate the lipoids 

which insulate substrate proteins against the proteo 

lytic action of cellular enzymes. This leads to a 

chaotic cellular proteolysis of structural proteins 

which disrupts the cellular equilibrium. Under thes7 

circumastances cellular enzymes and toxic catabolités 

are spilled over from the cells into the blood,where 

they can be chemically detected. 

Various toxic intermediate cataboli 

tes of protein are set free during this uncontrolled 

proteolysis and, liberated into the blood)produce 

their pharmacological activity and mobilise the pi- 

tuitary-adrenal response which releases a great va- 

riety of corticosteroids. The C11-oxygenated corti- 

costeroids may sustain the proteolysis initiated by 

proteoses liberated intracellularly. 

The quality of the released toxic pro- 

tein catabolites determines the type of anaphylactic 

reaction;the type of catabolites released depends on 

the chemical composition of the degradated protein. 

The main toxi *sreleas ed into the body fluids during 

anaphylactic reaction are heparin,histamine and va- 

rious proteoses. 

heparin released from the protein 

salts in the early stages of anaphylactic reaction 

causes incoagulability of the blood, and in the late 

stages, by rapid re- heparinisation of the proteins 
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of the anaphylactically affected tissues, creates a 

tendency towards increased coagulability of the blood 

due to the reduction of blood heparin level, 

Histamine released in anaphylactic reactio 

is responsible for most of the dramatic manifestation 

of anaphylaxis by its intrinsic and extrinsic actions 

Protein catabolites of higher level ( pro - 

teoses ) released during anaphylactic reaction (leu - 

cotaxin, leucopenic factor, pyrexie, etc. ) are res- 

ponsible for various local and constitutional mani- 

festations. 

Proteolytic antibodies ate those proteina- 

ses which proteolyse the antigen moled ules to the 

level of non -toxic catabolites. 

Anaphylactic reaction is regarded as an 

escape phenomenon from the antigen -antibody interac- 

tion; anaphylactic reaction takes place in the sensi- 

tised cells as the result of proteolysis initiated by 

a specific pepsinase; antigen- antibody reaction takes 

place in non -sensitised cells ( mainly in lymphoid 

tissue ) or in the body fluids, and prevents the con- 

tact of antigen with the sensitised cells. The pre- 

sence of anaphylactic reaction proves failure of the 

antigen -antibody defensive mechanism. 

Manifestations identical with anaphylactic 

reaction can be reproduced by the administration of 

actors which initiate chaotic and uncontrolled intra- 

cellular proteolysis. These factors may be6 



130 

(1) physical ( intravenous injection of 

fat solvents ); 

(2) physico-chemical ( intravenous injec- 

tion of lipoid -free proteins,peptone,et 

(3) chemical ( oxydasing agents such as hyd 

gen peroxjrdee 
or 

iodites applied intra- 

venously ). 

Intra- or extra -cellular proteolysi- 

occufs in vivo and in vitro through the inagtivatio 

of the lipoids which protect substrate proteins 

against an interaction with the proteins of proteo- 

lytic enzymes. Lipoids may be rendered inactive by 

the following mechanism: 

(1) by removing the lipoids from the bar- 

rier between substrate proteins and pro- 

teins of enzymes by fat solvents such 

as chloroform, or ether (physic al ac- 

tion); 

(2) by altering the disffrsion phase of the 

lipoids in the protecting barrier by 

surface -acting substances such as large 

protein molecules or peptone ( physico- 

chemic al action ); 

(3) by breaking the double bonds in the un- 

saturated carbons of fatty acids of the 
e.g. 

lipoids, through oxydation with hydrogen 

peroxide, etc.( chemita1 action ). 

Eosinophils are the cells which are 
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formed physiologically by the same mechanism in the 

bone -marrow and in the alimentary canal %ob in any 

other extra -medullary tissue in which the conditions 

for eosinophilisation exist. Those formed extrame- 

dullarly may be designated as " pseudo -eosinophils to 

since genetically they do not belong to the blood 

elements. 

The process of eosinophilisation takes 

place in those cells which do not possess sufficien- 

tly active proteinases. These cells invaded by un- 

split protein molecules, re- organise their intracel- 

lu1rr enzyme system under the stimulating action of 

foreign protein molecules. The newly re- organised 

proteinases in their catabolic action proteolyse the 
protein but 

invading", in their anabolic action they replicate 

the invading foreign protein and incorporate it into 

the structural proteins of cytoplasm. Thus eosino- 

phils can acquire antigenic potency. Eosinophils 

moving into the interior of the organism meet the 

lymphocytic barrier in which their antigenicity is 

temporarily neutralised by antigen -antibody inter -ac-k 

tion ( antigen of eosinophils and antibody of lympho -J. 

cytes) 4 Eosinophils kobilised from the tissue by 

re- heparinisation of their gelated cytoplasm, enter 

the circulation without antigenic potency. The anti - 

gencity of eosinophils may, however, be restored 

in the anabolic action of the newly re- organised 

proteinases. 
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During eosinopenia induced by hormones 

eosinophils are destroyed by the C11- oxygenated cor 

ticosteroids which accelerate cellular proteolysis. 

Lymphocyte and polymorphs are also effected by the 

same action of these coiirticosteroids in similar man- 

ner; the co- existing mobilisation of polymorphs, how- 

ever, masks their destruction. 

Eosinophils are to be regarded as ele- 

ments which,if destroyed in large numbbrs, can libe- 

rate antigenic protein in sufficient amounts to pre- 

cipitate anaphylactic reaction. In normal condition - 

however, it is improbable that such a massive destruc 

tion of eosinophils occurs and that a ttxic dose of 

antigenic protein carried by them, is released. 
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(0_11,22E142. 

gig. 1. Jejunum of dog No.1 of Table l,removed 3 

weeks before the experiment. Circulating eosinophi- 

lia.:179 /cran. Two intestinal crypts: in one crypt an 

early eosinophil with mono -lobular nucleus,dense eo- 

sinophilic granulations in cytoplasm. One mono -lobu 

lar eosinophil in interior of villus and one mono -lo- 

bular eosinophil in the lumen of the crypt. Four eo- 

sinophils and few lymphoid cells in lamina propria 

mucosae. Staning:azo-eosin; magnification x 800. 

Fig.2. Jejunum biopsy of the same dog removed 3 weeks 

after first biopsy, at the end of 4th hour after in- 

jection of 10 mg ACTH; ci rculating eosinophilia:69 /emm. 

In the central crypt four transitional eosinophilise . 

cells with mono -lobular nuclei,and with eosinophilic 

granulations;in lamina propria numerous lymphoid cel 

and numerous eosinophils with mono- and bi- lobular 

nuclei. Sting and magnification as in Fig.l. 

Jejunum biopsy of the same dog as in Figs.1 

and 2,taken 7 days after the experiment presented in 

Fig.2. Circulating eosinophilia:329 /cmm. Very nume -- 

rous eosinophils with mono - and b± obular nuclei and 

numerous lymphoid cells in lamina propria. Staking 

and magnification as in Fig.l. 

1g14. Jejunum biopsy of dog Dó.15 of Table 1. on mixed 

iet ;48 hours on water and dextrose only;biopsy remo- 
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ved 2 weeks after the initial operation. Intestinal 

crypts cut transversely ;in two crypts are two diffe- 

rent stages of epithelial eosinophilisation: (1) the 

earliest stage of eosinophilisation of -the columnar 

epithelium,with round nucleus and chromatin threads; 

eosinophilic mass begins to granulate, very fine va- 

cuoles are present in the cytpplasm, the cell is in 

hydration state. (2) an eosinophilised epithelial 

cell in the next crypt in a later stage,nucleus more 

condensed,deeply stained,pale cytoplasm with few 

Coarse eosinophilic granules. The shape of the cell 

irregular with one pseudopodium;very numerous lymphoi 

cells and eosinophils with mono- and bi- lobular nuc- 

lei in lamina prtpria. Stailing and magtification as 

in Fig.l.. 

Fla.5.Duodenum of a dog on mixed diet;48 hours on wa- 

ter and dextrose. In the wall of the ce'rai crypt 

two early transitional eosinophils hydrated but re- 

taining columnar shape. In the lateral crypt (partly 

seen) two neighbouring epithelial cells in later sta- 

ges of eosinophilisation. In.umen of central crypt 

two eosinophils in various stages of maturation. 

Fairly numerous lymphoid cells and eosinophils with 

ono- and bi- lobular nuclei in lamina propria. Stai- 

ing: azo- eosin; magnification x 1000. 

a..6. Duodenum biopsy of a dog on mixed diet; 48 

hours on water and dextrose; the wall of the crypt 



is cut tangentially, lumen of the crypt is not seen, 

artifirbd al stratification created. Various stages 

of maturation of eosinophilic epithelium. Two neigh 

bouring cells in central crypt in early stage of eo- 

sinophilisation. Two other cells are about to leave 

the cryptal wall. Staining: azo- eosin; Maginifica- 

tion x 1000. 

El g1171, Jejunum biopsy of a dog on raw-meat diet; fast 

ting condition; specimen taken during the 3rd week 

biopsy operation in a control animal. Numerous eo- 

sinophilised cryptal epithelial cells in various sta- 

ges of maturation with various amounts of eosinophi- 

lic granulations. In lamina propria numerous lym- 

phoid cells and few eosinophils. Staningt azo -eosin 

magnification x 800. 

FIE.8.Stomach biopsy of a dog on mixed diet; 48 hour 

on water and dextrose. Two argentaffine cells stai- 

ned with azo -eosin showing fine reddish -brown granu- 
in cytoplasm,diffrent from 

lations le4eosinophilised cells in the intestinal 

crypts. No eosinophilisation of stomach gland epi- 

thelium. Magnification x1000. 

Fig.9. Stomach biopsy of the same dog as in Fig.8. 

stained by Jacobson's method. Seven argentaffine 

cells in close proximity. :1agnification x1000. 

Fig.10. Jejunum of a mouse for 30 days on fresh milk. 

In the bottom of the crypt numerous column cells 



( Paneth cells) filled with large eosinophilic granu- 

lations formed by zymogenic material partly discharged 

to the lumen of the crypt. Sta.ing: azo- eosin; magni'. 

fication x800. 

Fi_.11.Jejunum of the same mouse as in Fig.lO with 

numerous transitional eosinophilised epithelial cells 

with no resPnblance to Paneth cells. Numerous mature 

eosinophils and lymphocytes in lamina propria. 

Staîining:azo- eosin; magnification x800. 

.12. Biopsy of jejunum of a dog on raw- meet diet 

or 5 days,in fasting condition;secretory action in 

orm of large vacuoles located at the end of the cell 

irected towards the lumen of the crypt. No resemb- 

anee to eosinophilisation. Staining: azo -eosin; 

magnification x1000. 
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