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Contact Dermatitis versus Atopic Dermatitis
By R L, MAYER, Summst, N.J.

Introduction

When affergists and dermatologists gather together to discuss
problems of common interest, they invariably return to !.hC one
subject on which they have arrived at an almost complete disagree-
tment, naraely, that of neurodermatitis or atopic dermatitis, I was
tempted to take out a sword I had long laid away, when I was asked
by our Secretary to open the discussions on the problem of Atopic
Dermatitis versus Contact Dermatitis. For more than 30 years I
have been interested in, and argued over, the experimental aspects
of this subject. Slowly I have come to the conviction thas the
d between allergists and der logists is perpetuated
primarily by mi ptions and misinterp

The very formulation of 1oday’s subject, namely atopic derma-
titis versus contact dermatitis, seems to me not correctly stated.
There 15 indeed no opposition between the two skitt reactions, on the
contrary, they are quite closely related and most dermatologists and
allergists generally do agree, at least on one point, that contact
dermatits and atopic dermatitis are of allergic erigin.

If ane thus considers that contact and atopic dermatitis are
allergies, then one should automatically consider them as patho-
genically and § ical, namely as expressions of
spectfic sensitizations. Oddly enough, exceptions to this statement
are sull v?xced. To cite only one recent publication, Rostenberg (1}
decfares h\n}scﬁ vehemently opposed to Cooke’s suggestion that con~
tact dermatits and atppic dermatitis are immunologically the same.

Tooirally i
gically

Definitions

auus“:h d'xsggrcemmts, Iike many other disputes in the field of
'y AT 1
v ﬂ"om.c ue to the unfortunate but perpetual confusion of

1 Int Axch Aliergy, Vol, 18, No 12 (1957)



2 Mayer, Contact Dermatitis versus Atopic Dermatitis

It has been indeed necessary, ever since I can remember, to
open discussions on contraversial subjects in allergy with definitions
of the terms and problems involved.

There is relatively little ambiguity insofar as the term “contact
dermatitis” is concerned. The allergists and dermatologists of English
and German speaking countries use this term to designate a mani-
festation of a specific hypersensitivity of the epidermis mostly to
external causes. The corresponding French term, the dermite arti-
ficielle, includes not only this allergic epidermal reaction, but also
all the non-allergic epidermal inflammations caused by mechanical,
physical or chemical action of substances with primary toxicity. I
want to make it clear that I shall restrict my discussions to contact
dermatitis as an expression of allergy.

The problem becomes very confused in respect to the term
“‘eczema”, at least for those dermatologists and allergists who still
believe that contact type of dermatitis and eczema are different
entities. Kreibich (2) has described the hstory of the term eczema
and its many fluctuating definitions in a masterly monograph in
Jadassohn’s Handbuch. Yet today the camps are divided 1nto the
unitarians, for whom dermatitis and eczema are identical, and the
dualists, who consider dermatitis as being different from eczema.
Fadassohn, Bloch, Kreibich, their pupils and many others are unitarians
while Darier and many of his pupils have separated the eczematose,
the true eczema, the eczema malady, from dermatitis.

Equal discordance is found in many circles over the definition
of the term “neurodermatitis”, and the many different closely
related dermatoses such as prurigo simplex, pri urigo Hebrae, pru-
rigo Besnier, the diffused prurige of Darier, and the generalized
prurigo of Vidal, and perhaps also what the French have called the
“lichenifications secondaires”. This is understandable since neuro-
dermatitis has been separated from contact dermatitis and eczema,
not on experimental evidence, but exclusively on the grounds of
clinical, histological and anamnestic observations.

In 1933, Wise and Sulzberger (3) suggested that neuroderma.ntis
disseminata and all the different prurigos should. _be united into
one entity, and proposed the term “‘atopic dermantfs’j. They have
included infantile eczema into this new entity since it is a common
observation that neurodermatitis and prurigos originate in a large

percentage of cases with an infantile eczema.
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“The jntroduction of the term “atopic dermatitis” by Wise and
Sulzberger consecrated 2 prediction of Coca Even ’n.x Tis fitst pubh-
cation Coce hiad pointed out that eczema and gertain forms of dr‘ng
and food idiasyncrasies wauld cventually be placed togelhcr. with
asthma and hay fever into the group of atopies. The l‘.oncc'ptmn‘of
the new extity of atopic dermatitis, and the inclusion of infantile
dermatitis within this new entity has been hailed by one group of
dermatologists but strongly Combatted by the others. Particularly
the American allergysts and, dermatologists, accept it as a real pro-
gress, while many of the Europeans have never made much use of
the term atopy.

The introduction of the “atopic dermatitis” as a new noso-
logical entity profoundly altered the original meaning of the term
atopy. The term atopy was Testncted to allergies of the evancscent
type, with the infantile eczema, an allergy of the epidermal delayed
type was included. Was it an advance to include neurodermatitis
in the so-called atopies? We do not believe it was. The world of
atopy )s defirdrely shrinking as the experimental work on allergic
sensitizations expands.

When Coca (4) first added the term “atopy” to the already
overflowing dicnonary of the aliergists, the cornerstones of hix new
edifice were (4) the belief that the so-called atopies are restricted to
man, and (b} the convichon that they are subject to hereditary
nfluences

a) Atopres Restricted to Man

At that time the anly form of experimental sensitization re-
cognized by Coca was that of anaphylaxis, and it was then believed
that t.\us allergie mamfestation in animals was different from the
allergic duseases of man, such as asthma and urucaria. Although
smular 1o the anaphylaas of amals in many respects, allergic
asthma and urtieana were obviously caused by alfergens which
were niot capable of producing anaphylaxis in amimals Coca there-
fore stated that anaphylaxis was restricted to animals and that
as\h.mz and urtraria were stnctly human diseases.

Today we koow 2 great deal move b s - - -

obimns - o

s~ebauolis 0f arumals to many agents
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which have caused allergic diseases in man have been accomplished,
and most investigators recognize that anaphylaxis in animals and
allergic diseases of man are identical. Consequently, with advanced
experimental methods, the first cornerstone of atopy crumbled the
belief that atopies such as asthma or hay fever are restricted to man.

But then, as today, it was not possible to reproduce the typical
picture of neurodermatitis or atopic dermatitis in animals. Is this
a valid reason for concluding that neurodermatitis at least is an
atopy restricted to man?

Ifwe are still unable to reproduce neurodermatitis inlaboratory
animals at will, this is owing rather, I belicve, to methodological
shortcomings and to the rarity of investigators interested in experi-
mental allergic dermatology. I only know of two experimental
attempts to produce an evanescent type of dermatitis medicamen-
tosa of skin sensitization. Together with Fordan (5), I produced a
morbilliform exanthema in guinea-pigs with pig serum, and Dienes
(6) accomplished the same effect with horse serum. However, these
were not really reactions of the type of atopic dermatitis. But in
dogs there is an obviously allergic disease which consists of a
lichenoid eczema and urticaria often associated with asthma and
hay fever, and which in many respects, at least clinically, resembles
atopic dermatitis in human beings.

b) Heredity, Familal, Personal Factors

The second pillar of the edifice of atopy, and consequently
that of atopic dermatitis, namely the great importar{ce (.)f heredity,
is apparently more shockproof. The role of heredity in asthma,
urticaria, hayfever, as well as 1n neuro-dermatitis, has always been
emphasized by clinicians, and the dermatologfsts fl{ive always
agreed that heredity and factors of personal disposition play a
lesser role in contact dermatitis.

The frequency of personal and hereditary factors among pa-
tients suffering from atopic dermatitis and the rarity of these factors
in contact dermatitis has been summed up in these phrases: In con-
tact dermatitis, the causative agent is everything, the host is of little
importance. In atopic dermatitis, on the.otl.lcr hand, the host is
predominant and the allergen is of lesser significance.

But is it true that personal or famihal factors do. play such a
modest role in contact dermatitis ? If a group of people is exposed to
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refatively light concmtrations»of ‘c'cttain skin scnsxnz:;:g";uaé;:l\xlt‘sc,
then, as a rule, only 3 f<.:w individuals bcwmc:s‘cns\ o ,c o
particularly sensitive individuals, perhaps those wit h 2 o
plexion and 3 moist shin. Most others are more Tesista
sensiizing agents. )

We encounter a sinilar individual predisposition or
to allergic sensitization among guinea-pigs, In many pts to
induce skin sensitizations with simple chemicals only a few pare
ticularly susceptible animals become scmitizcd,‘\\zherm others ve-
act only after repeated applications of the sensi agcn!._]u.st ag
certain human individuals and entire human races are relatively
resistant to epidermal semsitization, so there are individual :sn'lm:.x!s
and even entire strains of guinea-pigs which strongly resist, while

St

others readily b to experi ions of the skin to
hemical sut Landsteiner and Chase established and in-
ed a stram of guinea-pigs whose skin was much more readily sen-

sitized to simple chermcal compounds than those of the usual
varenes.,

While it is generally recognized that heredity and personal
disposition factors are frequent in atopic dermatitis the various sta.
ustics differ considerably, depending upon the p ¢ of the
chnieal material being analyzed. This is very evideny when we
compare the results of two analyses of hereditary and familial face
tors 1 atopy based upon entirely different material. In the first,
the cases were selected salely according to the clinical aspects and
case istonies, the sensiuzing agent was mostly unknown. In the
second anatysss the only patients who were incladed were those

whase wtopic Symptoms were caused by the same known sensitizing
agent,

First Analysis

. dBm ") has analyzed 150 cases of atopic dermatitis in which
trc agnosis was.madc from purely chnical data; in the majority
: Zas:s the causative agent was nat established. 319, of the patients
h;m: :uian‘;xl h.lstoryhof allergy, rhunitis or asthma, 629 had
o alergic asthma, shinius, it}
Bwioahaii e ruts, ov atopic dermatitis among

oS and only 21 % had uel
Tamily history of other atopies. ¥ =% fiad neither personal nor
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Second Analysis

Since I have not found in the literature any recent statistical
analysis of atopic patients, whose allergic manifestations were
caused by the same agent, I shall refer to my own pubhshed results.
It is well known that quite an important percentage of workers in
fur factories concerned with the dyeing of furs with paraphenyl-
enediamine, or with the handling of freshly dyed furs become sen-
sitized to this dye, and develop contact dermatitis, asthma, neuro-
dermatitis or a combination of these manifestations. I detected, in
such factories, 221 persons suffering from dermatitis, asthma or a
combination of asthma and dermatitis or neurodermatitis (8). 209
of these 221 had acquired these manifestations subsequent to employ-
ment in the dye factories, and only 12, or 5.7%, had a personal
history of allergy.

Of the 221 persons, 101 suffered from asthma, 96 from derma-
titis and 24 from a combination of asthma and dermatitis.

Personal history of allergy was present:

Among the 125 cases of an atopy in6= 49

Among the 101 cases of asthma in3= 39
Among the 96 cases of dermatitis in 6= 629%
Among the 24 cases of asthma plus

dermatitts or neurodermatitis in 8 = 13 %,

Unfortunately the number of combination cases of asthma and
skin manifestation was quite small. We recogmze the surprising
fact that in this etiologically uniform group, contrary to the previous
group chosen at random, the percentage of cases with personal
history was very low, much lower than in all other statistics involving
atopies with multiple etiologies. The percentage of positive histories
of allergy in Baer’s statistics is indeed almost three times larger than
that of this material (Table I). But we were equally surprised to
find that the percentage of positive personal history of allergies was
very low among the patients with pure asthma due to paraphenyl-
enediamine sensitization.

Sumultaneous Occurrence of Asthma and Contact Dermatitis Both Due to the
Same Allergen

If the concept of atopic dermatitis is correct, thi.lt i.ts particular
clinical character is due to a sensitization of the skin in an atopic
individual, then we would expect that an atopic individual would
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react exchusively with atopic manifestations to kis specific allergen.
One would not encounter afternation or the s;mu}(anceus presence
of asthma and contact dermatitis induced by a sxngl? agent in the
same individual. But, 1 ingly enough, al tion of as!hx.nn
and contact dermatitis produced by the same allexgen does exist.
1 anly need to cite a few instances. Krethick {tc) has rcpcr(?d the
case of a quinine allergy in which asthma was associated wu'h.:m
acute dermatitis. Tests were positive: the introduction of quinine
st the nose caused a typical asthmatic attack and simultaneous
patch tests with quinine were strongly positive. Another of his
patients suffering from asthma and eczema due to hore dander
responded to a dander patch test with an acute dermatitis. In my
own observations of patients with asthma and skin manifestations,
both induced by p-phenylenediamine, more than one half, or 603,
had an association of asthma with acute and chronic dermatitis; but
m only 33% asthma was combined with atopic dermatitis, The
eotncidence of an atopic and a non-atopie sensitization to the same
substatice is nat vestricted ta man. In experitental sensitization of

gutnea-pigs to a single chemical compound the ev: and the
contact type of sensitizations are often associated. We have pbserved
such double sensitizations in gui 1 itized to henyl

g parapheny
enedsamine, Landsteiner and Chase (9) obtained sensitizations of the
1mmediate reactivity in addition to skin sensitizations of the delayed
type when they sensitized guinea-pigs by intracutaneous injection of
picryl chioride, dinstro-chlosobenzene and other simple chemical
compounds “This combination of epidernial and anaphylactic re-
activity thus appears to be nruch more frequent in both guinea-pigs
and man than had previeusly been suspected,

Table 1
Personal and Faously History

Y Family a0d Personsl Husory
D RLM R. Bacr
3 PerCent Cases  Per Cent
Contart Dermatis 96 67
Asthma 01 3
Athma plug Dermatios 24 13
Neurodermatina 150 79

) It is very lmpor(amf to recall this fact when we attempt to
cam more about the etiology of atopic dermatitis. Jadassohn h:

a\re:'sdy obscrYed, and we have confirmed these observations in X}‘?
chaic many times, that the skin of patients suffering from ncurof
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dermatitis is much more resistant to multiple irritants than the skin
of patients suffering from acute or chronic dermatitis, and even
more resistant than normal patients. They show far fewer unspecific
reactivities to heterogenous substances than the skin of other pa-
tients. Recently, Sulzberger (10) again emphasized that patch tests
are generally negative in atopic dermatitis. This was not the case
in our own experience with patients allergic to paraphenylenedi-
amine, Here we found, indeed, quite a number of positive patch
test reactions among atopic patients. In fact, 13 of 18 atopic patients
suffering from a combination of asthma and eczema gave positive
patch tests with paraphenylencdiamine. We are tempted to con-
clude that specific patch tests are usually negative in clinical cases
of atopic dermatitis, because the actual cause of this dermatitis
was not found.

The Role of Exposure in Contact Dermatitis and Atopic Dermatitis
a) Quantitative Faclors

A factor of considerable importance in the establishing of any
sensitization is the intensity with which man and animals are ex-
posed to the sensitizing agents.

In all naturally occurring sensitizations of the delayed type in
man, the normal differences between easily and difficultly sensitized
individuals vanish when the sensitizing power of the contactant s
high or when exposure to the contactant increases. In certain
factories where, for a long period of time, only a few individuals
have occasionally acquired sensitizations through contact with a
chemical substance, the number of sensitizations will increase sud-
denly when the noxious agent is used in higher concentrations, or
when contact with this substance is intensified. We encounter the
same reciprocal relationship between the resistance to sensitization
and the intensity of sensitizing procedurc during experimental sen-
sitizations of guinea-pigs. As in human allergy individual factors
may be eliminated by intensifying the exposure to the a!lergcn_
Indeed, when arsphenamine, primulin_e, para}.:hcnylcnedlammc,
picryl chloride, etc. are applicfi in sufﬁcx‘cntly high c_onccnt.ram?ns
or repeatedly injected, the skin of practically all guinca-pigs, in-
cluding the more resistant ones, can be made sensitive.
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Wath increasing exposure the number of“‘cxptrimcmc.\l“ sen-
sitizations of the atopic type increases likewise in humans. N{wancl,
for instance, is known to produce a morbilliform, urticaria-like ery~
thema in 10 to 159, of patients when used for a short time only and
in relatively low doses. But when the drug is administered in high
doses and for a prolonged period of time, as for instance during the
treatment of chorea, virtually 1009 of the paticnts so treated
become sensitized, Employees in those sections of fur factories in
shich dry, black-dyed furs are handled represent another example.
Here only certain individuals acquire asthma, yet I have found
that practically every worker suffered from asthma who worked in
those areas of the manufacturing process in which concentrated
fumes containing the highly volanle oxidation products of para-
phenylenediamine were inhaled. Neurodermatitis is no exception
and if, for reasons still unknown, certain people in these fur dyeing
factories reacted primarily with a neurodermatitis, which subse-
quently may have alternated with asthma, then increased exposure
to the noxious agent was followed by an increased number of cases
of neurodermatitis

Thus, di ; personal or hereditary factors do exist in
contagt dermatitis and atopic dermatitis ay well. They become
unimportantin both i when the ing impact i

Table 2
Dependence of the Ty of Alergic Reaton wpon the Reuts of Administeation
1. Plent and dnmal Products

“Substance Route of Admunutranon
Cantact Iohalatiea 1niection or
ogeation
Atropine. D A
D,
gﬂr\)hm: o A D, ’/:' g
unine D A
Emetine DU A P
{fpecacuanha, A :‘L
Essental Orls D A D,a,u
Asparagus ) A DAL
Celery D A o
Silk D,u
Har D .
Feathers D i
Fih D 2 D,
Tuberculin D A "4 U



8 Mayer, Contact D itis versus Atopic D

dermatitis is much more resistant to multiple irritants than the skin
of patients suffering from acute or chronic dermatitis, and even
more resistant than normal patients. They show far fewer unspecific
reactivities to heterogenous substances than the skin of other pa-
tients. Recently, Sulzberger (10) again emphasized that patch tests
are generally negative in atopic dermatitis. This was not the case
in our own experience with patients allergic to paraphenylenedi-
amine. Here we found, indeed, quite a number of positive patch
test reactions among atopic patients. In fact, 13 of 18 atopic patients
suffering from a combination of asthma and eczema gave positive
patch tests with paraphenylenediamine. We are tempted to con-
clude that specific patch tests are usually negative in clinical cases
of atopic dermatitis, because the actual cause of this dermatitis
was not found.

The Role of Exposure in Contact Dermatitis and Atopic Dermatitis

a} Quantitative Factors

A factor of considerable importance in the establishing of any
sensitization is the intensity with which man and animals are ex-
posed to the sensitizing agents.

In all naturally occurring sensitizations of the delayed type in
man, the normal differences between easily and difficultly sensitized
individuals vanish when the sensitizing power of the contactant is
high or when exposure to the contactant increases. In certain
factories where, for a long period of time, only a few individuals
have occasionally acquired sensitizations through contact with a
chemical substance, the number of sensitizations will increase sud-
denly when the noxious agent is used in higher concentrations, or
when contact with this substance is intensified. We encounter the
same reciprocal relationship between the resistance to sensitization
and the intensity of sensitizing procedure during experimental sen-
sitizations of guinea-pigs. As in human allergy individual factors
may be eliminated by intensifying the exposure to the allergen.
Indeed, when arsphenamine, primuline, paraphenylenediamine,
picryl chloride, ete. arc applied in sufficiently high concentrations
or repeatedly injected, the skin of practically all guinea-pigs, in-
cluding the more resistant ones, can be made sensitive.
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With increasing expasute the number of ."cxperimcm:.ﬂ“ sen-
sitizations of the atopic type increases likewise in l\um':\ns.. Nx.rvanol,
for instance, is known to produce a morbilliform, urticatia-fike ery-
thema in 10 to 15% of patients when used for a short time m:dy ;fnd
in relatively low doses. But when the drug is administered in high
doses and for a prolonged periad of time, as for instance during the
treatment of chorea, virtually 100% of the paticats so treated
become sensitized. Employees in those sections of fur factorics in
which dry, black-dyed furs are handled represent another example.
Here only certain individuals acquire asthma, yet I have found
that practically every worker suffered from asthma who worked in
those areas of the manufacturing process in which concentrated
fumes containing the highly volatile oxidation products of para-
phenylenediamine wese inhaled. Neurodermatitis is no exception
and i, for reasons still unknown, certain people in these fur dyeing
factories reacted primarily with a neurodermatitis, which subse-
quently may have alternated with asthima, then intreased exposure
to the noxious agent was followed by an increased number of cases
of neurodermatitis

Thus, disposition, personal or hereditary factors do exist in
contact dermatits and atopic dermatitis as well, They become
unimportantin both instances when the sensitizing impact increases.

Table 2
Dependence of the Type of Allirgic Rraction upon the Route of Admunistystios
L. Plant and Amimal Products

Substance Route of Addmunstration

Catact Tahatuon  Tojesuon or

naevion

Avropine »
Morphune D N o R
Quaruae [ A D.AU
Eameune DU A A
Ipecacuanha, A A
Essental Ouls » A Dau
Aspatagus D A DAu
Gelery » N A
Sik pu N
Har D A
Feathery D A
Fish
Tubereuln ’3 : Dau
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Table 3
Dependence of the Type of Allergic Reaction upon the Route of Administration
2. Metal Salts

Substance Route of Administratian.

Contact Inhalation  Injection or

ngestion

Arsenic D A
Arsphenamine D A D, A, An,
Bismuth D A
Mercury D D,AU
Chromium Salts D A
Ammomum-persulfate D A
Potassium Iodide D An.

able 4
Dependence of the Type of Allergic Reaction upon the Route of Admimstration
3. Organic Compounds

Substance Route of Admimistration
Contact Inhatation  Injecton or
Ingestion
Formaldchyde D A D, U
Insecticides D A
Phenobarbital D D, U
Sulfonamides D A D,A U
Novocaine D An
D A D, AU

p-Phenylenediamine

b) Different Types of Exposure Determine Different Types of Allergy

During a previous symposium of this Collegium, I (11) have
drawn attention to the fact that, whether a given antigen will
produce the contact type or the atopic type of sensitization, depends
largely upon the kind of exposure.

Allergists divide allergens into two main groups, namely,
atopens and non-atopens, according to the allergies they usually
produce. Most substances responsible for atopies including atopic
dermatitis are inhalants or ingestants, and most non-atopens are
identified with contactants. But there is no such thing as an intrinsic
contactant; it is the pure hazard of natural exposurc which makes
a certain allergen cither an atopen or a contactant. In effect, any
hapten can produce, under propitious conditions, any type of
allergy. The most powerful contactants, such as formaldchyde or
Chloramine T, induce asthma when they are inhaled. Paraphenyl-
encdiamine, first noted for its strong asthma-producing properties
when inhaled in fur dyeing factories, was only later recognized as
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one of the most dreaded contact allergens when it comes in contact
with the shin {Mayer, 8). Many other a.llcrg:ns behave in the same
way. As seen from Tables 2, 3 and 4 it is the nature of the exposure
which largely determines the type of altergy, .

1f the same substances can produce atopic allergies when in-
haled, or contact dermatitis when in contact with (}fc skin, then we
may assume that the two types of exposure ~ inhalation and contact
- elicit two different general reactions.

Tmportance of the Carrier for the Type of Sensitization

What 15 the nature of the differences between inhalation of an
allergen and contact with the skin? First, let us consider the pos-
sibilities that we can exclude. We can exclude the possibility that
the allergen produces atopic allergies upon inhalation, because it
comes in closer contact with the sites of the atopic reaction when
1t enters the organism through the hungs or the intestinal tract than
when it comes in contact with the skin, This is certainly not the
case in atopi¢ dermatitis. We can also dismiss the possibility that
contact with the skin leads almost regularly 1o the delayed type of
allergy since the allergen remains longer at the site of reaction as
2t enters the shin than when it enters through the Jungs or the
ingesunes,

The principal difference between sensitization by contact and
sensitization by inhalation consists, it seems to me, in the camposi
tion of those reactive body constitnents that the hapten first en-
counters, and from which it will choose the carsier in order to
become a full antigen (Aayer, 12).

, 11: a powesful hapten, such as formaldehve rames in on

. w2 =w st auult somple procotlagen and pro-
l:zm:n'}‘ QMy .u;l ;mallcr proportions and consequently in weak
mpedtion with keratn and coltagen d.
ot e ot gen daes the hapten encounter
Converseh de is i i i

et y, w‘hex} furmaldc}:)d‘; x:rx.nhalcd, Ingested or in.

ty or intrap
¢ pally with ath
ess with collagen and not at all with keratin,

Ys o 3
comes in contact pri 7, it first

Aehntt
and glabuling, much
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According to Lighifoot and Coolidge (13), a gram of guinea-pig
skin contains 20 mg. of collagen, whereas one gram of vital organs
contain only 1.1 mg. Keratin is confined to the skin and is normally
abgent in organs.

Collagens and keratins on the one side, and albumins and
globulins on the other, differ considerably in their chemical com-
position and particularly in their physical properties. Collagen and
keratin are so-called fibrous proteins with their molecules arranged
in fibrils and eriented in parallels which are stabilized by balancing
forces between the adjacent peptide chains and micelles. It is this
particular physical behavior and the molecular stability of collagen
and keratin which maintain the form and structure of all tissues, in
particular those of the protective epidermis.

In contrast, albumins and globulins are so-called globular
proteins, Their molecules are not oriented as are those of the two
previously mentioned proteins, but are folded and coiled without
preferred direction; they are the principal components of non-
structural, proteinic body constituents, especially of blood serum
and other body fluids.

Formaldehyde, to keep to the chosen example of a potent
sensitizer, readily combines with both types of protein, since both
are richin those chemical groups (thoughindifferent proportions), to
which aldehydes become easily attached. Consequently, upon con-
tact with the skin, formaldehyde will be attached principally to the
proteins that prevail in skin, namely, keratin and collagen and
their precursors, and the complete antigens formed will be mainly
complexes of formaldehyde and keratin or prokeratin or formal-
dehyde and collagen or procollagen. Upon inhalation, ingestion,
or injection, formaldehyde will combine primarily with the then
prevalent globular proteins and consequently the complete formal-
dehyde antigen formed after inhalation, ingestion, or injection,
will contain mainly albumins and/or globulins as carriers.

Thus the first obvious difference in the chemical composition
of various complete antigens formed from all haptens is a difference
in the chemical composition and physical structure of the carrier
substance. This is quitc understandable in the case of a substance
like formaldehyde which possesses such high afinities for proteins,

affinities that make formaldehyde one of the most potent antibac-
terial and antitoxic agent. But many other well-known sensitizers
behave very similarly when in contact with body proteins.
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Among the strong sensitizers are mineral and org{xmcr (;D;::
pounds as well. Chromates, persu\l_’ntcs and r:.\e.rc“ry E’.\ ts, e
stance, are evatples of strong mineral sepsitizers. xadmf c‘ o
strong allergens of organic nature are aromatic amines, G mines,

mtro compounds and amino-phenols phcny\hydr‘azinc
and phenylhydroxylamine, qui qui imines ;md.1
dﬁmirncs,aldchydcs,particularlylhoscoTlowcrmn\cfu\nrwt\_gh\such
as formaldehyde or acrolein, d asfor

r CPuRY

certain plant products, detergents of various anionic and cationic

1 & such as sulfonamides, local anesthetics of
the Novocaine type, arsphenamines, ete. This is indeed an impres-
sive hist. Tncluded in this group are compounds that are not sen-
sitizing agents in themselves; they are precursors and ate trans-
formed metabolically {nto divectly active antigens, as for instance
aromatic amines, amino pherols, many nitro compounds, sulfon-
amides and local anesthetics all of which belong to the large anti-
geme group of compounds of quinone structure,

In sprte of the apparent heterogeneity of this group of inor-
game and organic compounds, they all share one common chemical
property of great importance: a strong affinity for proteins which
i equal or simulay in strength to that of formaldehyde, All have
particularly strong avidities for fibrous proteins and many of them
combine so firmly with the fibrous proteins of the skin that they
form water-insoluble, heat and bacteria resistant complexes gener-
ally known as leather. In other wards, all these compounds belong
to the graup of fanning agents. As a matter of fact, every known
powerful and widely used tanning agent is contained in this group
of strong sensitizers; the aldehydes, polyphenols, chromates, quin.
ones, unsaturated compounds, and wetting agents. It is obvious
that the tanning activity of many chermmeal substances of low mole-
cular weight 15 proportianal to their sensitizi ng properties {Table 5},

The strongest sensitizers are at the same time the most powerful
tanmang agents,

ts, and derivatives of the strong tanning agents which
have lost their tanmng propesties beeanse of chemieal hindrances
bave ako lost their sensitizing power,

The chemical bonds by whick haptens attach themselves to car.
TIRTS {0 fm*m complete antigens, are identical with those that trans.
form skm'mto leather: namely, cross-finks between tanning agents
a?d k.tra‘\m anfi collagen and their precurzors; obviously the same

are respansible for both the tanning and the
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sensitizing properties of these compounds. In view of the parallelism
between the chemical processes involved in sensitization and
tanning we visualize the formation of » full antigen from a haptenic
contactant and the skin proteins as follows:

Table 5
Sensitizing and Tanming Activaties
Group. Stgm':inx T;::irrxz

L. Aldehydes

Formaldchyde N RS

Higher aldehydes - +

Aldchyde C, 0 0
2. Quinones

Qrthe quinone +++t+ 4+

Qunone durmae R FREaee

Di- and tetra.

substituted quinones 0 0
3 Chromium salts o4+ ++++
4 Wetting Agents

Sulfonates 4+ +++
5 Unsaterated

aliphatic compounds ++4 4+t

Upon contact with and penetration into the skin, powerful
sensitizing agents combine through cross-links with fibrous proteins
and form insoluble {or at least difficultly soluble) complete antigens
of the following, or multiples of the following constitutions (Table6) :

Table &
Carrier Cross-Lank Carrter
Cr
AN
o] o \
Protein NH NH Protein
Cr
s
N\ |
NH ——— e O (o] )‘\l}l
(’JO co
| i
Keratin v——————SH: CH,y SH- Keratin
Collagen NH: CHy NH ~————=Collsgen
N CHjy NH Albumun

Albumin N
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These are the complete antigens of the contact-type of sensiti-
zation. We beheve that in the case of atopic, anaphylactic sensitiza-
tion haptens ate transformed 1nto full antigens by a very similar
process, since 1t is known that all strong sensitizers, such as formal-
dehyde, quinones, chloramine T, persulfates, etc. undoubtedly
combune, when inhaled or ingested preferentially with the globular
protemns albumin and globulin to form complete antigens. In this
way readhly soluble antigenic globular complexes are formed which
are d with antibodies of the type; the insolubl
or difficultly soluble fibraid complexes, on the other hand, formed
by the combination of haptens with skin proteins, are associated

with antibodhes of the contact type of sensitization. Examples of
both are shown w Table 6.

=0 Om=

Keratin
Keratin

Chenustyy of Full Antigens

We thus arrive at the following picture of the chemistry of full
antigens. Although produced by the same chemical mechanism,
namely the formation of cross-links, various complete antigens
may differ considerably in the compusition of the carrier moieties,
Complete antigens formed on and in the skin contain predominantly
fibrous protewns of the keratin or collagen familes; whereas the
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complete antigens formed in the lungs, intestines, organs, etc. con-
tain globular proteins of the albumin and globulin families. The
procollagen or prokeratin antigens are most likely highly viscous or
even insoluble, since they contain cross-links with rigid macromole-
cules; but, the globular antigens remain soluble, because of their
cross-links with non-structural macromolecules.

It follows therefore that the same hapten can form full antigens
having different chemical compositions and different physical pro-
perties. Until now it has been the general consensus that the protein-
carrier-moiety of a complete antigen does not play an active,
specific part in the process of sensitization. The role of the carrier,
it seems to me, is not merely a passive one. On the contrary, it is
much more likely that the cross-linking of the hapten with carriers
of various chemical composition and different physical properties
sets the different patterns for the future form of the specific antibody.

According to onc of the prevailing theories, antigens modify
the enzymes of protein synthesis so that, instead of normal protein,
antibody is formed. The antibody is, according to these theories,
complementary in form and shape to the antigen. One may there-
fore assume that the antibodies produced by a complete antigen
composed of a hapten plus globular protein carrier are different
from those manufactured under the influence of complete antigens
containing fibroid protein carriers. In the first case one may expect
the formation of “globular”, soluble and therefore humoral anti-
bodies, and in the second instance, the formation of “fibroid”, rigid,
less soluble or insoluble, and thercfore sessile antibodies. In other
words, we may distinguish between complete antigens of the atopic
type and antigens of the delayed type depending upon the chemical
nature of their protein moiety as we distinguish antibodies of the
humoral or the sessile type.

We have tested the correctness of this theory by a number of
experiments in which we sensitized animals with antigens produced
by combining picryl chloride with pro-collagen. When animals
were sensitized by intra-peritoneal injections of this pro-collagen-
hapten combination the number of sensitizations of the delayed
type was equal to the number of similar sensitizations obtained aftcr
intradermal application of the hapten alone (Mayer, 14, 15, 16).

We have concluded from theoretical deductions and from the
results of these cxperiments that the origin of an atopic or a non-



Mayer, Contact Dermatitis versut Atopic Dermatitis 17

atopic allergy depends to @ great extent Upon the chcn{nc‘.\\ n;\u;:
of the protemn to which a hapten 15 a.uach:fi, A globular antigen,
such as the native albumin or globulin antigen or & hapten com-
bined with sibumin ot globulin produces an atopys v.vherms a
hapten combined with a fibroid carrier leads 1o sensitizations of the
contact type. .

The question naturally arises as to how the alopic dermatelis fits
into this picture? T must admit that here again I can formul:n‘c
only a hypothesis, since I have not been able so {ar 1o pr'od!ucc this
type of allergy in animals. According 1o a1} available clinical :md
histochemical data, it appears quite probable that neurodermatitis
is nat & combination of the evanescent and the delayed type but a
special type of sensitization.

In his chinic, 7. Jadassohn always expressed the opinion that the
reaction site in dermatitis is the reticulur of the cutis, The
histology of dermatitis agrees with such a concept. Spongiosis and
wtra-epidermal vesicles, and other characteristics of the contact
dermatitis are absent. Insiead, in al} typical cases of newroderma-
titsg we find strong, progressive hyperttaphy of collagen within the
cutis and later on mucilagenous degeneration as well as the altéra-
tion cavitaire which in turn arc lacking in contact dermatitis, urti-
caria and in angioneuratic edema.

Reppaport (17} has recently demonstrated ¢characteristic changes
in the stochemical behaviour of the mucoprateins of the connec-
tive tissue in atopie Sermatits involving 2 depolymerization of the
ground substance and the basement membranes He considers these
changes as evidence of an altered state in the glycoproteins and a
loss of soluble material through the blood vessefs.

Considering these specific changes of the connective tissue and
§“° ground substance we need only a little analogy to consider that
in 1be casc of atopic dermatitis the haptens penetrating into the
cutis, mostly from within, meet their carriers not among the kerating
or albumins byt among other constituents of the skin, perhaps the
ground substances, mucopolysaccharides or lipopolysaccharides, etc.
One may consider that sn this manner still another com i
1 fortned within the skin besides the complete antigens containing
gla!.:ular or fbroid proteins and that this third type of complete
antigen produces another spectfic type of anubodics which is re-
sponsble for the ch st ifestations of atopic d

plete antigen

2 Jat Arch Affergy, Vot 11, Ko 12 11957)
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From the chemical point of view, it is quite conceivable that
all the well-known, highly sensitizing substances of low molecular
weight and others may readily combine with mucopolysaccharides
and similar constituents of the ground substances. They form very
stable reaction products of which dioxymethin links are only one
example.

I do not wish to fall deeper in the abyss of hypotheses and
should like to return to my opening remarks and to the problem as
it was originally formulated, namely, contact dermatitts versus
atopic dermatitis,

We have discussed here two well-defined, clinical entities which
have an immunological background in common. From an experi-
mental point of view only contact dermatitis has been thoroughly
explored and much knowledge has been accumulated in this field,
by comparison of clinical data with the most interesting results of
exact and successful scientific investigation. The field of atopic
dermatitis is still wide open; here virtually all our knowledge derives
only from clinical data, and no experimental attack has thus far
been made. Before we are able to play one entity against the other,
we must establish equal experimental bases for the atopic counter-
part.

There are many other unsolved problems which I have omitted-
willingly or otherwise. I beg your pardon for too much theorizing.
But the fuel of progress is theories; many theories lead to dead
ends but among the many, one may lead to the solution. I hope I
have been able to present to you some of the many unsolved pro-
blems of the field of atopic dermatius. T am certam that in the near
future experimental research in atopic dermatitis will become an
interesting and rewarding endeavor.

Summary

It is believed that much of the controversy regarding the re-
lationship between contact dermatitis and atopic dermatitis is due
to musunderstandings. Definitions are reviewed and the immuno-
logical aspects discussed. Both reactions are considered as allergic
manifestations. Whether an allergenic agent produces contact or
atopic dermatitis depends upon endogenous or exogenous ljactors.
The same agent may produce contact dermatitis and atopic der-
matitis as well, but it depends largely upon the type of exposure
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whether a contact or an atopic type of sensitization is established.
1n the case of complex antigens, sensitization as such depends upor
the haptenic moiety, the type of sensitization upon the carrier
molety to which the hapten 1§ attached.
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From the chemical point of view, it is quite conceivable that
all the well-known, highly sensitizing substances of low molecular
weight and others may readily combine with mucopolysaccharides
and similar constituents of the ground substances. They form very
stable reaction products of which dioxymethin links arc only onc
example.

I do not wish to fall deeper in the abyss of hypotheses and
should like to return to my opening remarks and to the problem as
it was originally formulated, namely, contact dermatitis eersus
atopic dermatitis.

We have discussed here two well-defined, clinical entities which
have an immunological background in common, From an experi-
mental point of view only contact dermatitis has been thoroughly
explored and much knowledge has been accumulated in this field,
by comparison of clinical data with the most interesting results of
exact and successful scientific investigation. The field of atopic
dermatitis is still wide open; here virtually all our knowledge derives
only from clinical data, and no experimental attack has thus far
been made. Before we are able to play one entity against the other,
we must establish equal experimental bases for the atopic counter-
part.

There are many other unsolved problems which T have omitted-
willingly or otherwise. I beg your pardon for too much theorizing.
But the fuel of progress is theories; many theories lead to dead
ends but among the many, one may lead to the solution. I hope I
have been able to present to you some of the many unsolved pro-
blems of the field of atopic dermatitis. I am certain that in the near
future experimental research 1n atopic dermatitis will become an
interesting and rewarding endeavor.

Summary

It is believed that much of the controversy regarding the re-
lationship between contact dermatitis and atopic dermatitis 1s due
to misunderstandings. Definitions are reviewed and the immuno-
logical aspects discussed. Both reactions are considered as allergic
manifestations. Whether an allergenic agent produces contact or
atopic dermatitis depends upon endogenous or exogenous factors.
The same agent may produce contact dermatitis and atopic der-
matitis as well, but it depends largely upon the type of exposure
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Gitis» might have been replaced by neumdcrmau:lis» UC}“‘“ Vidj‘"
prurigo Besnier, end eczema, spd ‘| o E N id,
etc, But T think that we ean leave such a discussion behind ug,
for in the final analysis, names arc not of essential importance,
but rather, a true understanding of what one is talking about.

Allow me then, in order to facilitate my tash, 10 modily once
again the title of this lecture. I should Iike firstly 1 speak of atopic
dermatitis, then of contact eczema.

The following quotation is from Boyd: “The tesm atopy, mean-
ing «a strange diseasen, was proposed by Coca to denote certain
¢linical forms of human hypersensitiveness which are affected by
a hereditary predisposition.”

We often find in a single family different forms of atopy, €. g
disserninated neurodermatitis, infantile eczema (these are the
terms which we use in our clinic), asthma, and hay fever, Every
expenenced dermatologist who has made case histories about
neurodermasins, with attention to the four above-cited conditions
1 the same patient, and among the other members of the family,
will agree, I believe, that here one cannot properly speak of coinci~
dence. Assuming of course, that the patient has at least a certain
minimum of inteligence, that he has a family, naturally the larger
tht.: better, and that he has not fallen qut with his relatives to the
point of hardly knawing anything about them, there will be
a high probability of learning from him that in his family there
is syme neurodermativs or one of the other atopic manifestations.
Tt is this fact, among others, which seems to establish the corrects

ness of grouping fogether neurodermatitis, infantile eczerna, asthena,
and hay fever, ’

For the dermatologist who Js speciaily interested in disserninat-
?d neurodermatitis it cannat be doubted that infantile eczema is
mm.natd'y related to neurodermatuis, even without taking the
:iarmly !nlstory into account. How often do patients with neure-
cg:::;xsv :2322 th;it m their earlxc'sc childhood they suffered from
o nh'tain 4 5, Var'm and :'iphv' investigated this in another way,
and bt HEWV.cr?: interesting figures. In 78 children who had
; i e redly, was
“asthma,

) . tpedteat <
Scc:::‘;;aucnu),] as compared 10 5-7% of compa:cd grou;:sz.sﬁ
me that in the future it would be more correct to speak
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Contact Dermatitis versus Atopic Eczema
. JADASSOHN

Dept of Dermatology (Head: Prof 1. Jadassohn, M D.), Faculty of Medicine, the
University, Geneva, Switzerland.

I should Like first of all to thank you very sincerely for your
kind invitation to ask me to speak to you on: «Contact dermatitis
versus atopic eczema», an invitation which has given me a great
deal of pleasure, but at the same time, a certain amount of concern.
There is little need to explain the reason for my satisfaction, how-
ever, so perhaps I should say a few words regarding the source
of my concern. This 15 a difficult subject, one in which the prevail-
ing opinions differ widely; and from the start, I had to put aside
the possibility of entering upon all the subjects which might have
appealed to me to pursue. This might have led me too far afield,
and also, I must admit to you that due to lack of time, I was
unable to consult the literature as much as I would have wished
to. I must therefore apologize for referring more to my own obser-
vations than to those described in the literature And one further
point: it is truly regrettable that ever since the unfortunate cons-
truction of the Tower of Babel, our native tongues have been so
dissimilar, all the more so, since even dermatologists and allergists
whose mother languages are the same, often speak different pro-
fessional languages, while dermatologists on the one hand, and
allergists on the other, frequently among themselves, speak their
own various jargons. I assume that I shall not be required to
attempt to prove what 1 have just said. However, if such a proof
were called for, the subject of this lecture would be especrally
appropriate m this respect. We could even begin by debating the
title which was chosen by our committee: «Contact dermatitis
versus atopic eczema,» I personally would have preferred: « Con-
tact eczema versus atopic dermatitis.» The term «atopic derma-
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On the contrary, we did not find any reaction to the following
antigens:

1. an antigen characteristic of duck eggs;
9. an antigen characteristic of duck meat.

Tt appears then, that there is no idiosyncrasy towards those
antigens with which the possibility of previous contact can be
entirely excluded, namely, the antigen characteristic of duck eggs,
and the antigen found in duck meat,

Furthermore, 30 years ago, it was shown by Dale and Hartley,
and Dakin and Dalr, that guinca-pigs semsitized to hen egg-
white also reacted 1o duch egg-white, and vice versa. We were
able to demonstrate that guinea-pigs semsitized to hen egg-
white, and exantined by the Schulz-Dale method, reacted to
exactly the same antigens as the infant who is idiosyncratic to cgg-
white. It would seem therefore, with a probabitity which approaches
certainty, that the idiosyncrasy of the child is an
acquired one, and acquired by sensitization. Moro had already
supposed this, although without proof, and had suggested that
it could be avolded by keeping the child from all contact with
egg-white, even as early as the pre-natal period.

_The question arises s 1o whether this idioyynerasy 1o egg-
white has an etiological significance in this dermaiosis of small
children Many authors, among whom Moers was the first, appear
fiever to have had any doubts upon the subject; and yer, in 1926
(several years before Mors's work), I had deseribed the following
case of idiosynerasy toward hen egg. With a little hen cgg, we
were able to set off, by scarification, an usticarial reaction in a
child, and obtain a positive Prausnitz-Kustner veaction with his
semum, One year before these experimenss, the child, who was
twa years old at. }\\c tume, had been hospitatized for infmz‘xlc eczema,
g\i *::h !;Zc‘nam\er{ egg to cat, and this had provoked wrticaria,

_aggravation of his eczema. In Iater years, following
the publication of the work of Moro and his co)icagu:;s we fi s
q:{f‘;“xY tried, in Bruno Bloch's clinic, to find 1 Hicrimerton boar e

[

o aveuaps Al urst sight one might be led ’ i
de o . 0 g} e led to answer in
e ggn‘:x;‘at;/c, ‘The eczematous child shows 2 cutancous reaction
1ch non-eczematous cluldeen do not; they all probably

Teceive o i i ; i
me egg in their feedings, cither directly, or indirectly
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of infantile neurodermatitis rather than infantile eczema; or, if
we wish to reserve the word neurodermatitis for older children
and adults, we speak, as Rost said, of fruh-exudatives Ekzematoid,
or of atopic dermatitis of small children. But I am not so opti-
mistic as to imagine that one can thus eliminate terms which
have been employed for such a long time.

It would not be within the proper scope of this Jecture, were
I to speak to you at great length today of infantile eczema. I
have already stressed its relation with the other atopies, if I may
be permitted to use such an expression.

The test for contact eczema is the patch-test, which has not
given really significant results with infantile eczema. I have had
no personal experience with the patch-tests of Simon, performed
with human dander on cases of infantile eczema. On the other
hand, there are scratch tests and intradermal tests which have
demonstrated that in infantile eczema one can obtain urticarial
reactions, especially with hen egg-white. This was shown in-
dependently by Rackemann and Moro. This hypersensitiveness to
egg-white has been successfully transferred by the Prausnilz-
Kistner method. Thus, in infantile eczema, a condition in which
heredity plays such an important role, we very frequently find an
idiosyncrasy toward hen egg-white, Let us consider for a mo-
ment this allergic reaction. It raises certain problems, for example,
is this reaction due to a sensitization? Certain authors have denied
jt. Woringer emphasizes that he found this iciosyncrasy in children
who certainly had had no contact with hen eggs, the mother
having already quite strictly avorded them throughout pregnancy.
Similarly, Bucks and others have denied sensitization, for the reac-
tion can be set off not only with hen eggs, but with other eggs
with which there was not the slightest possibility of any previous
contact. However, my collaborators, Schaaf, Golay and Brun, and
I have come to the conclusion that, with a probability which
approaches certainty, the idiosyncrasy which the atopic infant
shows towards egg-white is due to a sensitization. With the Prausnitz-
Kustner method, we have been able to demonstrate that the child
reacts to the following antigens:

1, an antigen common to hen eggs and duck eggs;
9. an antigen found only in hen eggs;
3. an antigen found in hen eggs and chicken meat.
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allergy, 2nd its inclusion in the clinical managcm'em of these
patients, will be rewarded by much more success in treatment
than has previowsly been obtained.»

1 should fike to cite something which to my mind has always
eemed to be an argument in favour of the importance of dust in
ncurodermatitis I am referring to the observation that, duning
the period of their military service, men with ncurodermatitis
show exacerbations when they are required to dleep on straw,
Anather fact which seems to speak clearly in favour of the impor-
tance of inhalans, is that a change of environment may undeniably
have 2 favourable infuence upon cascs of atopic dermatitis. A
stay at the seashore has often been especially recommended; and
1 believe that Swiss dermatologists have all observed many extra-
ordinary remissions during a stay in the mountains, particularly
in the St. Moritz area. These remissions are almost always followed
Dy relapse when the patient returns 1o lower-lying regions. Further-
more, Storm van Lewwen demonstrated with asthmatics that house-
dust from St.Moritz and from Arosa caused fewer reactions than
that of Basel and of Vulpera. In November of 1953, my collabora-
tor, Musso, extracted an antigen from house-dust collected in a

Nanas raloot

-+ puwws sunchily 1rom neurodermatitis, and on controls; he
found no difference between the Geneva antigen and the St,Moritz
anbigen, even when he employed them in various ditutions. The
same result was obtained by comparing another Geneva antigen
with another St Moritz antigen, these two having been prepared
fom house-dust collected in the same schools but in February
1954, These experiments seem to argue against the hypothesiy
that a change of quality of hause-dust is responsible for the i
ment seen at St. Moritz m patients with neurodermatitis. rWhi\c:
it is obvious that these experiments alone are not sufficient to
?xcludc the possibility thar house-dust plays an important role
1:‘2 thcdpa;holngy of nenrodermatitis, nevertheless, they do cast
mr:;a aut t upon the vahd:t]{ of such an assumption. However,
7Y 10 oue vesults, Schuppli found that dust from the St-Morits

area caused many fewer reacti
actions than that ich;
A n that of Basel and of Zurich;

hupblis experiments wer i

> e made with asthma-

(x}:,:,ﬂa;:i :\a;l e employed mattress-dust. With house-dust fm;:n
» SUeh 23 we sed, he obtained only few positive reactions
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via the mother’s milk. But it must be emphasized that the reaction
set off in the skin by the application of egg-white is an urticarial
reaction, while the dermatosis is eczematoid.

Leaving behind us now, at least for the time being, these few
remarks concerning the atopic dermatitis of small children, let us
consider for 2 moment the atopic dermatitis of their elders. The
clinical picture is rather different. As a rule, the condition is less
acute. Lichenification occurs, and the front of the elbow and
back of the knee are especially involved, But the clinical diagnosis
is frequently not sufficient, and we must take heredity, the case
history, and the progress of the condition into consideration.

The reaction towards egg-white, which facilitates the diagnosis
of infantile eczema, is no longer positive at the stage which we
have taken the habit, perhaps a bad habit, of calling neuroderma-
titis. But there are other urticarial reactions which can often be
obtained — reactions toward foodstuffs, and above all, reactions
with inhalants, such as pollens, molds, dander, silks, and especially
house-dust, in other words, the substances employed in the dia-
gnosis of bronchial asthma. But although these reactions are so
frequently positive, can we maintain that they are etiologically
significant in this dermatosis? It is interesting to discover how
widely the opinions of different authors vary with respect to this
problem. Indeed, it is almost amusing to compare, for example,
the articles by Rostenberg and by Tuft on this subject, both of
which were published in 1955. The first wrote: «Persons with
this disease often display multiple positive immediate wheal reac-
tions to a variety of protein allergens. They may have transference
antibodies to some or all of the substances which yield wheals
on direct testing. Occasionally, but quite rarely, the lesions have
exacerbated when the person was exposed to certain allergens.
Occasionally, but quite rarely, the lesions are improved by avoi-
dance of, or desensitization to, specific allergens.»

Tuft, on the contrary, describing his experiences with children
up to 12 years of age, reported: «Inhalant allergens, especially
house-dust, plant pollens, atmosphere molds, and wood, can be
just as important excitants of atopic dermatitis in children as of
asthma. Failure to appreciate this has been responsible for the
seeming intractability of some of these patients. Whereas their

detection and correction often will be followed by noticeable and
lasting improvement, consideration of the importance of inhalant
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dency to overlook the distinction b.ct.wcml \13]=]5t ;‘lﬂ:n l:gc}?o:rr
veaction, which is, after all, rather striking. I still reme i
as a young assistant to Bruns Block in 1926-27, 1 tried to sct :\’s

an urticanal reaction in a case of eczema 10 alor, and in 2 & “
of cozema to primrose, but ahh‘ough thc{ patch-tests \lverlc strfmg.t}'
positive, T was unable to obtain _t}\c shghtcﬂ Wh.c:l . car{) In) e
4w cascs of idtosyncrasy 0 camomile, which Zaruski and T publish-
ed. The first was urticaria to camomile; the scratchetest yielded
2 very strong “immediate” reaction, but the Patch-tcsz was fega-
(ive. The other case was an cczema to camoile. Here, the paz.ch-
test was positive, while the scratch-test was Comp]etc.ly negative,
To my mind, the difference between these two rcact.mn.s' has not
peen sufficiently apprecisted until recently, otherwise it would
not have been possible to simply assume that histamine, or a
histamine-like sub could be responsible for these two reac-
tions--histamine, with which no one has ever obtained an eczema-
tous reaction, never a delayed reaction.

If we have a case of eczema, probably contact eczema, we
try to find the substance which provoked it. We do patch-tests
with those substances which we consider suspicious in the light
of the case history; these are what I have preferred to call “tests
dirigés” (“oriented tests”). But one can also do patch-tests with
a standard serics of substances which are known to [requently
cause eczema. Many years ago, Block and Jaeger already pointed
out that, aside {rom monovalent eczematous patients, therc are
also polyvalent eczematous patients, that is, patients with eczema
who react to a variety of substances 1f, however, a standard
seties of paich-tests is performed with patients suffering from
neurodermatitis, i soon becomes evident that here positive reace
tions are rare. In pther words, a polyvalent eczematous sensitivity

is much more frequent in contact eczema than in atopic dermatitie,
The patcheteet wnem * v

and histological : '

1t be allergic or

local nfiliration ¢ '
bm:h imra- and | Lo, auus, uws histological pic(ur: s
quite different from that of contact eczema, as well as of atopic der-
matitis. I shall not enter upon a di i

of the histology of infantil
ey 4
twztina, of neurodermatitis, and of contact ¢czema

: (Prof. Businco
woll speak to us on this), bus 1 should like merely to cite here two
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with his asthmatics, while Musso obtained many positive reactions
with adults suffering from atopic dermatitis, but few with the
controls. Schnyder, from Miescher’s clinic, is rather sceptical with
regard to the role played by the various inhalants in neuroderma-
titis, for he only exceptionally found a pesitive reaction to inhalants
in cases of neurodermatitis which were not accompanied by asthma
or allergic rhinitis.

It appears, therefore, that we should not attach too much
importance to urticarial reactions to various «inhalants». When
I spoke of the egg-white reaction in infantile eczema, I explained
that an urticarial reaction can be found in an atopic dermatitis
without having an etiological significance, It seems to me that
there is a very striking relationship between the reactions to egg-
white and the reactions to inhalants. I admit that it is perhaps
not very agreeable to relegate these reactions to the position of
having no importance other than that of a diagnostic aid, but
I should like to stress again the point that, in adults as well as m
infants, atopic dermatitis is not urticaria, and the urticarial reac-
tions which we obtain do not therefore correspond cither clinically
or histologically to the dermatoses.

I should like now to speak to you of contact eczema, and, as
is my duty, I shall compare it with atopic dermatitis, often referring
to my foregoing remarks, which I shall occasionally try to complete.
Some of our colleagues may perhaps have the impression that
heredity plays the same role in contact eczema as in atopic derma-
titis; others may perhaps be of the opinion that the two conditions
have the same relationship to asthma and hay fever. I would
suggest that they proceed as my collaborators and 1 have done
for years. They should choose cases in which the diagnosis is certain,
and I am sure that they will then soon realize that the two condi-
tions are clearly different in these respects. In contact eczema,
heredity appears to play a small role, if indeed any. Furthermore
it is usually not possible to demonstrate any relationship of contact
eczema to asthma and hay fever. I will not speak of special cases
such as eczema and asthma to ursol, since R. L Mayer, the specialist
in this field, is among us today.

We have already noted that the urticarial reaction is typical of
atopic dermatitis (although this does not mply an etiological rela-
tionship). In contact eczema, the eczematous reaction is typical. Iam
somewhat surprised that there has been such a widespread ten-
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The practical vatue of these tests scems 1o me 1o be undcninbl?y
and 1 know of no comparable procedure with vegard to atopic
desmatitis. . -
“The urticarial reaction of the infant with atopic dermatitis to
cgg-white, and of older children and adults to various “ir.rha)anu”,
can be transferred by the Prausnitz-Kustuer method, This method
however has failed so completely with contact eczema, that the
question has arisen as to whether the eczematous reaction is truly
due to an antigen-antibody reaction, Thanks to the work of Zand-
steiner and Chase, important progress has been accomplished in this
field, Landsteiner and Chase, and ater Chase, and 2ko many others,
investigated the passive transfer of eczematous hypersensitivity,
not in humans however, but in guinea-pigs with contact eczema.
Before speaking of the results of this passive transfer, allow me to
say a few words concerning experimental eczema in guinea-pigs,
which was first introduced 10 experimental dermatology by my
former chief, Bruno Bloch. Unfortunately, we know of no cases of
animal atopic dermatitis, but an experimental contact eczema can
produced in guinea-pigs. The only problem here, is whethier
we may properly permit ourselves to equate human contact eczema
with that of guinea-pigs. T will not enumerate to you all the ana-
logies between the two conditions, but 1 should like te cite an

obiectinn te caneldasies a1 o

Jpeves v Lerabia L guinea-ugs, Sulzherger cansidered ns doubrful
the validity of spraking of true animal contact eczema. At the
tume of their early experiments, Bloch and R, L. Mayer had already
emphassed that the lesions ot in guinea-pigs with pri

and with wrsol histologicalt imatel respond 10 human

¥ app ©

contact eczema. We were abic w0 demml\stra(c that guinea-pig
eczema completely corresponds to human eczema, ift is provoked
ot on she flank, but on the nipple, which has a thicker cpidermis,
z[md where there are ng intesfering hairs. Later, in S"'zb"gt"';
aboratory, and i mine, the same result wias obtained, namel

a lustologacally typical eczema on the flank of guinca-pi’gs wherz
\;; :?d \h\lck:ncf‘. the cpi(.lcrmis. Thus, from the histological point
of ::‘\:i ;::x;:h:?n ::):sﬁ;x: o ;\?ua\'mg guinea-pig contact
: nditton. Naturally, T

imply that the analogous, or let us smply 51\?\"\6 3\;‘:&?};::;1:
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sentences from my father’s writings (he did a good deal of work
on this subject). Furstly - from the histological point of view, infan-
tile eczema shows nothing which might distinguish it from adult
eczema, and secondly, in disseminated neurodermatitis, we find
the same lesions as in acute and chronic eczema,

We have seen that, with a probability approaching certainty,
the urticarial egg-white reaction of infants with an atopic derma-
titis is due to a sensitization. I have no opinion, one way or the
other, as to whether this is also the case with the urticarial reac-
tions of older children and adults suffering from neurodermatitis.
As far as contact eczema is concerned, it is certain that sensitization
plays a very important role. I even wonder whether there is such a
thing as an idiosyncrasy without sensitization. Darier has given the
following definition of idiosyncrasy: “A subject who reacts to a sub-
stance with which he has never yethad any contact, and which others
tolerate with impunity, is considered idiosyncratic”. Idiosyncrasy
appears thus to be an inborn and constitutional sensitivity, but
Darier continues, «these varieties are nearly superimposable on
those due to sensitization, We may properly ask ourselves if it
does not actually correspond to a previous sensitization, obscure,
individual, or perhaps inherited». But let us put aside the problem
of whether idiosyncrasies exist without sensitization, for one thing
is quite certain, that is, different individuals are very differently
scnsitized, something which is particularly well demonstrated in
the case of eczematous sensitivity. I must make another observation
which, although terribly banal, seems to me to be nevertheless
indispensable. A positive patch-test in a case of eczema which, in
view of the case history and clinical picture, is probably a contact
eczema, is obviously not a proof that the substance which yielded
the patch-test was the true origin of the eczema. However, if this
test has been carried out with a substance rendered suspicious
by the case history, one can very frequently state, with a near-
certain probability, that this substance did cause the eczema. On
behalf of the Swiss National Accident Insurance Office, H. Staufer,
in 1929, and I myself, in 1947, investigated cases of eczema sus-
pected of being occupational. In three-quarters of our cases, we
found the origin of the eczema with a very high probability by
applying patch-tests of those substances rendered suspicious by
the case history. The Swiss National Accident Insurance Office
recognized the validity of these tests, and the insurance was paid.
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The practical value of these tests seems to me to be umicmnblf,
and T know of no comparable procedure with regard to atopic
dermatitis. . L

The urticarial reaction of the infant with atopic dfrmauus ‘l’a
egg-white, and of older children and adults to various "u}h:\lants .
can be transferred by the Prausnitz-Kistner methed. This method
however has failed so completely with contact eczema, that the
question has arisen as to whether the eczematous reaction is truly
due to an antigen-antibody reaction. Thanks to the work of Land-
shviner and Chase, important progeess has been accomplished in this
field. Landsteiner and Chase, and later Chase, and also many others,
investigated the passive transfer of eczematous hypersensitivity,
not in humans however, but in guinea-pigs with contact eczema.
Before speaking of the results of this passive transfer, allow me to
say a few words concerning expers 1 ecczema in guinea-pigs,
which was first introduced to experimental dermatology by my
former chief, Bruno Block, Unfortunately, we know of no cases of
anitnal atopic dermatitls, but an experimental contact eczema can
be produced in guinea-pigs The only problem here, is shether
We may properly permit ourselves to equate human contact eczema
with that of guinea-pigs. 1 will not enumerate to you all the ana-
lagies between the two conditions, but I should Bke 10 cite an
objection to considening that they are identical, that is, the histo-
logscal difference between human eczema und guinea-pig eczema,
In view of the difficulty of Q ing hi

4 gical lesions
typical of eczema in gy pigs, Sulzh idered as doubtful

the validity of speaking of true animal contact eczema. At the
time of .\hcir early experiments, Bloct and R. L. Mayer had already
emphasised that the Jesions obtained in guinea-pigs with primrose
and with ursol histological i 31 pond 1w human

PP y
contact cczcxPa.A\\'c viere able to demonstrate that muimas <~

1

I wew wu tlwuening haws. Later, in Sulzbuger‘;
boratory aud in mine, the same result was obtained, namely
:, hn;‘opcal]y typical cczema on the flank of guinea-pigs where
v re Vi::wthx‘kcncfl the epideramis. Thus, from the histological point
ecuma,‘ﬁ ;rch is na ohjccnop. o equating guinea-pig comtact
fovema 1th the human condition. Naturally, I do not mean to
wmply that she analogous, or let us simply say the identical histolo.

laboratory,
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gical picture is alone a sufficient proof that the two conditions
are identical. I have mentioned that, according to my father, there
is no positive histological difference among infantile eczema, neuro-
dermatitis and contact eczema; but my father would have strongly
objected to assuming from this that these three conditions are
identical. Surely we all agree that histology alone does not permit
us to identify diseases; let us simply recall the case of tuberculoid
structures.

As Landsteiner and Chase have demonstrated, by quite different
methods, animals with contact eczema to DNCB or to picryl
chloride may show, not only an eczematous sensitivity, but also a
sensitivity of the anaphylactic type. This latter sensitivity can be
passively transferred with serum, and with a modified Prausnitz-
Kustner method, an urticarial reaction can even be obtained in the
receiving animal. In 1926, I found a2 comparable phenomenon
in a child who showed urticaria to honey. Apart from the urti-
carial reaction to honey, transferable by the Prausnitz-Kuistner
method, there was also a weak, but defimte, eczematous reaction
set off by the patch-test. I have rarely seen in man this combination
of eczematous reaction and urticarial reaction. According to
Landsteiner and Chase, there are many observations in guinea-pigs
which indicate that we should clearly differentiate the anaphylactic
reaction from the eczematous reaction.

From the experiments of Landsteiner and Chase, and from the
experiments of those who repeated and modified their work, it
has been demonstrated that the eczematous sensitivity can be
transferred by cells from the peritoneal fluid, from lymph glands,
from the spleen, or from the blood, so that one can obtain a
delayed reaction in the receiving animal, a reaction apparently
completely similar to that obtained in the donors by epicutaneous
application of the substance responsible for the eczema. De Fteck
and Brun, in my laboratory, were able to confirm passive transfer
in contact eczema to picryl chloride. They obtained strong reac-
tions to picryl chlonde in animals to whom they had previously
made an injection of cells from the spleen of donors sensitized to
this chemical.

However, there is a new theoretical difficulty which the work
of my collaborators has brought to light. The reaction of the animal
receiving the injection, which clinically resembles the donor’s
reaction, shows no histological eczematous changes. It seems to
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me that these theoretically significant exp‘f"me““di:'m’“‘?h::‘:‘
pursued further, but having cited them, 1 will not discuss
at greater lenpth, . .

Lt v now retas, (or the last time, to 2 comparison of atopic
dermatitis with contact eczema. .

Cortisone is cerfainly nat 2 substance which we may simply
call anti-inflammatory. This has been clearly shown.by}he coope-
rative rtesearch accomplished by three G.tn:va institutes, the
Ophthalmological Clinic, the Instivate of Histology, and the Der-

togical Chnje. The following conditions were found to be un-
affected by cortisone: herpes simplex of the carnea, the tubc{cuﬁn
reaction m the bovine conjunctiva, the reaction of guinea-pigs to
Schick toxin and to cantharidine, and the reaction in humans to
vitraviotet irradiation.

It cannat be overemphasized that atopic dermatitis and con~
tact eczema rvespond impressively to this hormone, although
relapses are very common after cessation of treatment, especially
in casts of atopic dermatitis. But, and this we consider to be
noteworthy, according to our experiments {Franceschetti and his
collaboraors}, the urticarial reactions, which are characteristic
of atopic dermatitis, are not abolished by cortisone. With regard
to the patch-tests, the situation is not as clear, for some investi-
gators, such as Jngram and his collaboraters, have seen them become
negative under the influence of cortisone therapy, while others,

such as Swleberger and his collaborators, have not been able to
confirm this.

And 50 we are confronted with still another enigma in a field
which 15 50 complex, so full of emigmas, the solution of which will
requite reflection and discussion, but more important than refiec-
tion is further observation and experimentation. We are sl very
far from a conclusion, and this wil be my principal conclusion,
apart from the following rather obyious one: The differences bee
tween atopic dermatius and contact eczema are great, and the

fact that the differentral diagoosis may be very difficult §s not a
proofl that the two conditions are related.

Author's addiess Professor W Yadaysohs - "
o (,,,,mm!' Yok, M. D 1 Beparument ol Dermatalogy, Faculorof Meducine,
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Dermatite allergique expérimentale par chlorproma-
zine et action inhibitrice du goudron végétal

Par LINO BUSINCO, SERGIO BENVIGNATI et FERNANDO AVANZINI

Inststut de Rhumatologie de I'Université de Rome;
Centre d'Etudes biologique du § M. Ordine di Malta,
Laboratores de Recherches «Leo» de Rome,

La chlorpromazine cause dans Ja peau des réactions d’hyper-
sensibilité, caractérisées surtout par un cedéme le plus souvent im-
posant et dont ’apparition est rapide. On peut reproduire, dans les
expériences, cette hypersensibilité sur la peau des cobayes. Nous
avons en outre envisagé la possibilité d’agir contre le développement
de cette réaction au moyen d’applications d’une mélange de gou-

dron végétal (dévalile).
La recherche expérimentale a été faite sur trois groupes de

cobayes.

Le premier groupe a été traité tous les jours avec des appli-
cations cutanées d’une solution aqueuse de chlorpromazine & 2,5 %,
Une partie des cobayes a été sacnifiée aprés 5 et aprés 10 jours du
traitement. Les autres cobayes sont restés en repos pendant 10 jours,
ensuite on a sacrifié trois animaux, tandis que Pon a apphqué la
chlorpromazine encore une fois aux autres. Ces derniers animaux
ont été tués en partie au 22e jour, en partie au 23¢ et encore au

24c jour.
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Fig 1. Peau de cobaye 5 jours aprés Papplication cutanée de ﬂlﬂnrpmmn!mt tous les
jours Epiderme et derme A structure normate
Fig 2 Idem Détl du derme pormal S
Fig 3 ldem Le trssu congonetf du derme réucularre parait pmfn{ldtmml ématel
Les fuisceaux sont mal colorés et espacés Pun de autre
Fig # tdom Groupe des \awseau du derme réuculatre On remarque une Rette
ectasie atteignant surtout les capillaires
Fig 5 Tdem Par un agrandusement plus fart, on remarque une digsociation (rdém::-
teuse des fibres conjonctivales dans le derme papltaire On vort ausst une remarquable
ectasie des anses capiflayres di réseau sascultire superficeel
Fig 6 Tdem Deta] des capllatres ectasiques Ils parassent remarquablement dilatés
et vide de sang
Fig 7 ldem Détad de 'eedéme attrgnant séneuscrnent Je tssu eonjonctf du derme
rofond
Fig 8 Idem Epiderme avec des plagucs de spongrase circonserite
Fig 9 Peau de cobaye trauée pendant 5 jours avec un mélange de goudron Hyper-
Kératose moderée avec des signes de dégénérauion de I'épiderme. La couche cornéenne
montre une infiliraion leucocytaire  Signes modérés d'infiltration dans le derme
papdlare,
Fig 10 dem Detail, le comoneuf papillaire parait crdématcux et désagregé avee des
signes de soufltance dégénératne
Fig 11 1dem. Detail La couche germimatn ¢ montre une activté reproducti e évidente
avec tanyoomese
Fig 12 Idem Vue d'ensemble de la peau avee les signes d’hyperkératose et éparssise-
ment de Ja couche germinause Aspeck normat dy derme
Fig 13 ldem On remarque un ennchissement sensible des cellules de la couche
germinat e. Ocdeme du tissu congoncuf contigu
Fig 14 Peau de cobaye traitee pendant 10 jours asec un mélange de goudron, Repos
pendant les dix yours consécutfs Nousclle apphication du méfange au 21¢ jour. L'ansmal
est sacnifié au 3¢ Jour Couche épidermique éparsste par proliféranon de 1a couche
muquense de Malpigh.
Fig 15 Tdem Detal de Nennchisseracnt fibroblasuque dans les intesstuees du derme
profond N
£1g 16 Peau de cobaye traitee chaque sour avec un mélange de goudson et Chlore
g;v:mazme ‘Fenda!:! 10 jours Ensuite repos pendant 10 jours, sacrifice de Iaumal aw
Jour Peau d'aspect & pew pres mormal avee des signes modérts dhyperplasie
épdermique

Fig 17 Peau de cobaye srannée chaque Jour avec wn mélange de goudron et Chlor-
promazine pendant 10 yours Ensuite repos pendant 10 jours, nouselle appheation du
melange au Z1e jour Anvmal sactfié au 23¢ jour Hyperkiratose, épanssement de 1y
couche de Malpight, infiltration du derme papllaice.

Dan le derme profund il y a un
Fig 18 Idem Derat To - -

Fig 19 Peau de col
goudron et Chilorpre e ABUIIL LEDOS v~
une nowsclle applicae b+ = s e ot
keratose, Epaissisen :
Ocdeme ‘
Fig 20 Yem Any
Fig 21 e avee '
8 41 Jdem Dedeme du cononenf papiMlasee ave Fectaste des capillaes dy rés
superficiel h
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Le deusitme groupe a {té (aité tous les jours mvc1 du;&p}lé;
cations cutanées d'un mélange de gon(‘\mn vigétal et les © r“‘lc
ont é1é saenfiés en partic aprds le e jour et lcs> augres nps csmv
10¢ jour dv trastement. D'antres cx}carc sont rgstcs .cn rc1pal : :s) ™
dant 10 yours, ensuite on a tué 3 animany, tandis qu. auy ; u e o
4 appliqué encore \u;:‘ fois le mélange de goudron; on los

e, 23¢ et 24e jour.
ap\‘ésL\: :’i:‘)ss’iéme gmupc! a #é traité avee le mélange de go'udrop ct
1a sotution de chlorpromamne & 2,3 % les animaux ont &8 sacrifiés
aux mémes laps de temps guc les anumaux des nu(re.s groupes. Da.ns
cette expérience on a introduit une variation, c'csl-a-d‘\tc on o fai,
pendant 10 jours de suite, un traitement avec Ja solution de ch}or-
promazine 3 elle seule et, dans les jours suivants, s a?p'nm\mﬂs
quatidiennes de goudren ségéral et ensuite, au 21e jour, on a
badhgeonné de nouveau avec 1a solution de chlorpromazine. Ona
sacrifié ces atimany, de [a méme maniére que les autres animanx.

Nous rapportons 1ci les sésultats des examens bistologiques de
ta peau des animaus traités avec la chlorpromatine, avee e mé-
{ange de goudron et encorc avec la chlorpromazine assocife an
mélange de goudron végétal chez les mémes animau,

Résuliats

Les examens histologiques faits dans nos expériences nots per-
mettent d'établic les manifestations fondamentales suivantes.

Le trattement avec la solution de chlorpromazine 4 2,5,
cawse, dans Ia peay des cobayes, une réaction d'hypersensibiiné
locahisée surtout dans le derme profond ou réticulaire. Lacdéme 3
¢st d'une wtense remorguable ot af dissocie violemment les gros
farsceaus. conjonctivaux en reduisant deur colorabatitéd. Une soufs
france cedémateuse coexiste dans \es couches superficiclles oy Yon
observe une grave ectasie des capillares, L'aedime atteint méme
fa couchc'b‘asilalrc de I'¢pithélum et cause Ja sp Dans Ies
peaux traitées avec la chlarpromazine, lintensité de loedéme con-
waste avee ¥ absence totale de Ja réaction profifératve des histiocytes
pénvasculatres et avec Je manque d'infiliration de granulocytes
tosmophiles et d®antres cellules que Pon rencontre ordinairement
dans Nnflammation allergqae. La souffrance du tissu est la mani-

festation d'un trouble grase de la perméabilité capdiaire avee
€panchement copienx de hquide, dont e cantenu protéique est
Pavre,
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rait méme dénver d'une action analgdsique jocale. 11 faut encore
considérer Phypothése d'une action irritante sur Ies fibres nerveuses,
causée par la cnse hyperergique et qui, moyennant des pracessus
de vaso-dilatation antidromique et des axone-réllexcs, cte., aug-
mente la hibération anormale locale de Thistamine. Le fait qu'a
cette libération de Phistamine ne s'ajoute pas la présence des
éosinophiles, pourrait étre expliqué par une action d'inhibition de
fa part de Ja chlorpromazine envers ces cellules. I ne faut pas
exclure enfin que 'ewdéme par chlorpromazine puisse avorr licu,
dans les cnses & hypersensibilité, au moyen d'un ageat chimique
qui ne soit pas histamine.

Quant & l'action contrastante du mélange de goudron végéual
contre la réaction hyperergique cutanée i la chlorpremazine, elle
pourrait étre expliquée soit par une simple inhibition au contact
womplet avee Vallergine, soit par un mécanisme biologique plus
complexe. Dans ce dernicr augmentation des fibroblastes peut
avoir son tmportance et aussi les activités biologiques opposées,
provoquées par le mélange goudronneux luy méme,

Résumé

Le trauement avec Ia solunon de chlorpromazine a 2,5°, causc, dans Ia peau des
cobayes, une réaction d'hypetsensibiditt losaliste surtou dans le derme profond ou

réuculare L'edeme y est d'une intensié remarquable et it dusonie visternment les
oros Fasscaus

en reduisant leur colorahl,
Une souflrance ced dans che ficiel Tonobwene
::: S"ave‘ ectasie des capilayes L'eedéme atteint méme la couche basilaire de Iépie
i et cause 1 spoagiose L'apphcation d'un extra
1 de goudron -
haber cette réaction e posshon gl peutn
Summary
. pplication of a 2 52, solution of chlorpromazine evnkes o thel = -6 *
atet e )
de ‘
L=4 . : ' ’
O ey,
An oedematous state afso exists 1 the suy

perfical layers where one observes a
2 even reaches the basdar epsthehal tayer
2 segetable tar exteact mhibits thus reaction

severe cetasis of the capillanes The oede
an2 causes spongiows The application of

A,
rese de lawenr Prot Lino Buvins Via Agegento, 6, Rome (ftalie)
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Le traitement avec le mélange de goudron végétal a lui seul
cause, dans la peau des cobayes, une réaction bien ¢évidente at-
teignant toutes les couches. La couche cornée est considérablement
épaissic et infiltrée par les leucocytes. La couche muqueusc a aug-
menté son épaisseur et s'enfonce par de grosses branches dans le
conjonctif dermique, car elle est riche en caryocinése dans sa partic
basilaire. Le conjonctif prend Paspect cedémateus, il est parsemé
de cellules phlogistiques, mais il montre surtout une nette proliféra-
tion de fibroblastes, ce qui est bien évident dans le conjonctif der-
mique profond, tandis qu’a Pordinaire il en est trés pauvre.

Le traitement avee la solution de chlorpromazine et du m¢-
lange de goudron chez les mémes animaux 2 démontré, & Pexamen
histologique, une réduction variable de la réactivité ocdémateuse
hyperergique. Dans la peau des animaux de ce groupe, Ia réaction
au mélange goudronneux s’oppose nettement au développement de
la réaction cedémateuse causée par la chlorpromazine. La maniére
dont ce contraste 2 heu peut avoir de différentes interprétations.

De ces observations histologiques, on peut tirer des conclusions.
1l faut considérer d’abord le caractére exclusivement cedémateux
de la réaction d’hypersensibilité cutanée & la chlorpromazine, réac-
tion qui cst soutenue par unc trés grande ectasic des capillares
ct par le trouble conséquent dc la perméabilité, comme nous avons
déja dit. Bien que le caractére d’une réponse hyperergique soit bien
clair, il faut remarquer I'absence de ces mouvements de la réaction
histiocytaire qui partent de la paroi des petits vausscaus, et aussi le
manque des éosinophiles. En effet les réactions histiocitaires péri-
vasculaires ont lieu & Pordinaire dans toutes les mflammations
allergiques; en outre la présence des éosinophiles est un signe bien
caracténstique des réactions tissulaires olr il y a la libération de
Phistamine. Tandis qu'ici 1l y a, en effet, le tableaun réactif que Pon
obscrve dans les cedémes angioncurotiques, dont la pathogéntse,
selon le type classique de Uallergie, n’est pas encore certaine. Dans
Phypersensibihté causée par la chlorpromazine, I'altération de Ja
perméabilité capillaire est probablement provoquée en grande partie
par un mécanisme nerveus jouant un role dans la réaction antigéne-
anticorps. La mamére dont cc phénoméne a licu n’est pas encore
éclaircic. On peut envisager I'hypothése d'une action locale de la
chlorpromazine, qui par Uinhibition du nerf sympathique contribue
4 augmenter Ja vaso-dilatation des capillaires, causée par la réac-
tion d’hypersensibihté L’accentuation de ectasic capillaire pour-
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stances protéiques. Méme les nucléus des Cﬂpi"ﬂil;cs sont gr‘;s.stxs :
cause de augmentation de la part aflueusc, chzxmcn,d lb c-
détail & fort grossissement, permet de déceler des Pyul}cs etdes d?u
tons minuscules dans Ia paroi tout autour du capx“mrcﬁxgno < un
¢tar d'hyperactivité de passage du corps ﬂmdvc du capiliaire dans
fe tissu cnvironnant, A ce tableau morpl\'qlogxquc correspond une
augmentation anormale de la pcrméabxh.té,.par runséqusnt Jes
(ssus contigus deviennent trés riches d'un hqu{de aguewk. Lintens
su¢ de ce phénoméne est démontré par le fait que t'?u(.p\"és’ des
capillaes ity a frégy des lacunes 4 Vintégrité des
pssus. Lexamen histologique 2 démontré que de ces lacunes par~
tent de minuscules courants de hquide, qui vont dissoeer les cel
fles de la cauche mugqueuse adfacente et surtout celles de Ia couche
basilaire. Cette irradiation fluide, partant du capillaire de la papille
du derme, prend souvent ua aspect arboriforme caractéristique,
car elle diminue de relief au fur et A mesure qu'clle s'floigne vers
la partie exténeure de V'éprthéhum.

Sur la base de ces observations, on remarque que I'altération
fondamentale est constituée par unc soutlrance des capillaires avee
P'zugmentation anormale de leur perméabilité et conséquente im-
bibutson séreuse et cedéme des tissus adjacents, et aussi de froubles
différents de 'intégrité structurale des mémes tissus.

Outre les altérations dont Ja nature &st surtout fonctionnelle,
Ies capillawres peavent montrer aussi d’antres 1ransformations mor-
phologiqutes consécutives représentées surtout par une augmentation
des eellales hisnocytaires pres de leur paroi. Ces histiocytes ~ que
nous appelons aristocytes ~ deviennent plus nombreus d’une ma-
mite verable sous Yo swmwlaton hyperergique ot ils peavent
arriver & sorgaruser en formations nodulaires périvascutaires Dans
Ces cas, on peut parfois trouver de nombreux granulacytes émino.
philes mélés aux histiocytes, ce qui est un autre signe de la véaction
allerpque du tissu ayant lien dans cette région vasculaire.

Leesamen histologique de V'épithéium n's pas décelé daleé
v:mor:s ausst impartantes. 1) fant r quer que les dificatio
morp ont Yieu particulé dans Ia couche basdare
e non dans 1a couche superficiclle. Dans la conche basilaire,
tout & proximité du tisse conjonctif cedémateny, il ¥ ades n{‘éra-
€018 avee sp ONBILSE et aussl un rend) d- ité variable des
cellules de Vépithéham  Parfois 3 y a aussi, paralitlement A L

sur-
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Le tableau histologique des dermatites hyper-
ergiques par contact

Par LINO BUSINCO, UMBERTO GRANELLI, ASSULRC GAT'FI
et GIUSEPPE CENTANNI

Instuut de Rhumatologic de I'Unw ersité de Rome, Hoptal San Gallicano de Rome,
Centre d’Etudes brologiques du § M Ordine di Malta

Dans ce travail nous avons soumis 4 la recherche histologique
la pcau de différents individus atteints de dermaute allergique par
contact. Dans 5 cas d’hypersensibilité aux substances antibiotiques,
nous avons examiné des fragments cutanés extirpés, au moyen de
la biopsie, de a lésion hyperergique active, La méme étude micro-
scopique a été faite dans un cas d’hypersensibilité au D.D T. et au
ciment en prélevant un fragment cutané dans une lésion érythéma-
teuse spécifique. On a fait ausst une recherche histologique sur des
fragments de peau prélevés dans le siége méme de Ia réponse posi-
tive au test par contact vis-a-vis des allergénes représentés par péni-
cilline, bois de chéne.

Résultats

L’étude histologique de la peau, cnlevée des lésions dermati-
tiques causées par Phypersensilnlité au contact avee la penicilhne
ct d’autres substances, nous a permus de faire les observations sui-
vantes:

L’altération morphologique la plus importante, celle qui nous
semblc avorr une place prépondérante dans le détermmmsme patho-
génétique des différentes modifications cutanées, est formée par la
souflrance des capillaires du derme papillure, cest-d-dire de la
région située directement au dessous de la couche basilure de
I'épithélium. Ces capillaires sont les plus souvent cctasiques, leur
calibre cst trés large ct ils sont presque toujours sans les éléments
morphologiques du sang. Leur endothélium est gross: 4 cause d'un
processus d’imbibition par un hquide séreut trés pauvre en sub-
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de ces cellules, soit en passant par les voies glnnduhircs' ou le l.ong
des vores piliphéres, Pallergéne attent le derme papillaire et vient
a contact avec les capillaires qui sont les ¢léments réactifs ultra-
sensibles 2 Iallergre. Ici Pallergine exoite les histiocytes de la'pa.mx
capillaire, toujours préts a élaborer Tes anticorps, €t cause ainsi la
sensibilisation locale. Dans cc siége, les contacts successifs avee
Pallergine cansent ensuite I libération des substances histaminiques
dont 12 pean est particuliérement riche. Probablement c'est &

Fig 7 Car 792 Exzéma par apphicauon locale de poudre de péniciline, Qedéme
sponguoide du corps de Malpigh Le tisu onjonctif’ sous¢pithélial parait auwss
aedémateus
Fig 2 Cas 792 Detail Par un fort agrandissement on et un aedeme (rés ratense du
ussu comonenf, dont les capillatces sont fortesnent ectasiques ¢t tides de 1ang On
remarque yn relichement de L contguné des £eltules épimcuses; Jes intesstces eellus
Tares sant élargs et monteent leur en des espaces interfi formés
par Paedeme dans le congoncul

Fig 3 Cos 722 Autre detat Ocdeme du tissu conjonctsl asec souflrance spongiotique
de la couche basale.
Fig 4 Cas 722 Detasl Régron d'une papille dermugue avec un congoncnf fortement
eedémateux On remarque quelque anses des capilaires trés ectasiques L'ordeme a
espacé e canoncuf adjacent et formd des lacunes snteeststelles dont le hiquide se répand
dans Iéputhétium de Malpight en dissociant tes cellules
Fig 5 Cas 793 Ecztma allesgique par Pemplos local de pémethne Ocdéme de Ya
eouche wnféricure du corps de Malpighy Tissu comoncti{ papillaure edémateut avec
des varsseaux ectasiques et parfors modérémeny ennchs de cellules histocytares
Fig 6 Car 793 Détad Derme papilaire ardémateux avee des saiseaux ectasiques
Le ssu conpomcnif est espace par des tacunes Cerdeme qus conminuent dans les espaces
mtercellulatres abnormement enlargis du corps de Malpight.

Fig 7 Cas 20¢ Dermatite allesgsqoe par emplos local de pématline Liépathélium est
remarquablement ¢paisst, avec un fore processs d'acanthose Parmu des branches
épitheliales 1l y 3 des anses du derme papillaire tocluses, en dffésentes condstons de

soufirance dégénératne.
Fig & Cas 894 Detal Les deux anem rnn ~mn
A B 1 =0 N *
A | i

PN
- s iats Us UegEREration.

Fig.5 Car 8% Dita Epithelrum montrant Vinclusion de barties de « -

Fig, 10 Cay 804 D,
papiliaires meluses .
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gravité de I'invasion séreuse, la dégénération de groupes de cellules
épithéhales.

Quant 4 la formation des vésicules intra-épithéliales, examen
histologique nous a permis d’observer une autre maniére de forma-
tion, différente de Penrichissement anormal primitif du liquide
parmi les interstices épithéliaux. Quand I'épithélium, étant sous la
stimulation de Pallergene, augmente d’épasseur et s’enfonce dans
le derme par de branches d’acanthose, il arrive que le tissu con-
Jjonctif du derme papillaire reste comme inclus dans les mémes
branches. Ce tissu conjonctif est nourri d’ordinaire par unc anse
des capillaires, qui & son tour est sous 'influence de la crise aller-
gique et par conséquent est assujettic aux altérations susdites de la
perméabilité et de la morphologic. Il s’ensuit que cette ile de tissu
conjonctif est envahie par 'ccdéme et qu’ainsi se forme une situa-
tion locale d’insuffisance métabolique. Ellc est empirée par le fait
que, comme la région conjonctivale est comprnimée de tous cotés
par Pépithélium, le mouvement régulier des liquides ne peut plus
avoir licu. Dans certains cas, 'étanchement de ces hquides, étant
favorisé par la situation topographique de la papille conjoncuvale
pratiquement incluse parmi des parois plus nigides, cause la dé-
génération des éléments dc la structure du conjonctif emprisonné,
y compris les capillaires. La région ainsi endommagée s¢ remplit de
vacuoles ccdémateuses fimussant par confluer en formant amst des
vésicules intra-épithélinles.

L’examen histologique des fragments cutanés, enlevés du
sitge des tests positifs envers les allergénes relatifs, a permus de
confirmer Pimportance pathogenétique prééminente de Punité his-
tiocapillaire dans le déterminisme des réactions hyperergiques de la
peau. lei méme la souffrance primitive a le conjonctf du derme
papillaire comme siége, ct particuliérement les capillaires du résean
superficiel. Leur cctasie et I'altération de la perméabilité sont la
cause de Pecdéme dissociant la structure du tissu conjonctif ct
causant la spongiose épithéliale. En méme temps, 1l y a la multiph-
cation des cellules ustocytaires de la paror qui tendent 4 la forme
lympho-monocytorde. Il peut y avoir ausst une tfiltration locale
des éosinophiles

Quant 4 la pathogénésce des dermatites allergiques par contact,
on peut envisager Pinterprétation suivante sur la base des connais-
sances actuelles et des résultats de la recherche histologique: unc
fois surmontée la barnére épithéliale, soit au travers des mnterstices
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de ces cellules, soit en passant par les voics glnndulafrcs. oule l’ong
des voues prlipheres, Pallergéne atteint le derme pnplllmrc'ct vient
A contact avec les capillaires qui sont les éléments réactifs ullra:
sensibles & Tallergie. Ici Ialiergéne excite le.s Tstiocytes de la.p:frm
capillaire, toujours préts & ¢élaborer lcs anticorps, et cuusc.amsn Ia
sensibilisation locale. Dans ce sitge, les contacts sufcessxi."s avee
Tallergéne causent ensuite Ia libération des substances histaminiques
dont la peau est particuliérement riche, Probablement clest &

Fig 1 Cas 797 Eczéma par apphieaton locale de poudre de pémcilline Ocdime
spongiide du corps de Malpighi Le twou comyoneuf sousdpuhiehal parait aum
cedémateux

Fig 2 Cas 792 Détanl Par un fort agrandissement on voit un rdime wes intense du

nesu conjoncuf, dont les capillaires sont fortement ectasiques ¢t vides de sang On

remarque un telichement de 1a conuguié des cellules épincuses, les interstices ceflu-

tares sont dlargis et montrent leur en des espaces Uarres formeés

par Peedemne dans Ie conjoncul
Fig 3 Cas 792 Autre detall Ordeme du ussu conponctif avec souffrance pongronque
de 1a couche basale.

Fig.4 Cas 797 Détat Dhomnn 2 1 = .

demateux On rer

espacé le congoncuf =
dans

f
Fig 5 Cos 793 Eczema allerpque par Femplor focal de pémicilline Ocdéme de la
couche wferieure du corps de Malpigh Tissu conjoncul papillaire cedémateux avec
des vansean ectasiques et parfors modérément enrichs de ceftules histwocytares.

Fig 6 Cas 793 Detad Derme papillaire cedémateux avce des \aiseeaux eefamques
Le ussu camponenf est espacé par des Jacunes deedéme qui continuent dans les esgaces

meetcellularres abrormement enfargs du corpr de Malpight.
Fig 7 Cas # Dermatite allergique par cmploi local de némflonn 1 %o o1t

s o Lan o Detml Les deux anses conjorictivales adyacentes montrent des degrés
differents de souffrance. Dans 'unc On chstTe un \avseas SEkangut, Mo paroi
spawse par Fdeme, f enfonce dans le conjoncuf edémateus. Dans Uautre, le aapil
faste dars sa partie haute et désagrége et on y remarque la présence de eellalo on
differencs états de dégénération.

Fig 9 Cos 89 Dttad Epnhetium monteant Linclusion de mastses An « e = -
Fig 10 Cos 304 1
papillarres nlys
Fig 11 Cas g

ulaire partielle
Fig 12 Cas 89 Decmague atlergs .
poudre Epithélum avec remarqu
danssa base, Les sascenns o depr )
ea parti granal
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Fig 13 Cas 806 Détall Vasseau du f laire avec un histio-
cytaire pénipariétal
Fig 1 Cas 806. Détarl Oedéme pénicapillaire dans le derme.
Fig 15 Cas 807 Dermatite allergique pac emplor local de pénicilline en poudre L'épi-
thélium parait remarquablement épaiss avec une acanthose considérable La couche
éprthéliale est espacée par des plaques de conyonctf dernuque ncluses dans 'éparssisse.
ment de P'épithélium  Dans le derme, on remarque la présence de varsscaux avce

Fig 16 Cas 807 Détall Vaisseau du derme asec un épaississement histiocytarre, cedéme
du fissu conjoncnf et présence d’éosinophiles

Fig 17 Cas 807 Détail Détail du dafférent aspect des plaques de conjonctl’ dermmique

ncluses dans I’épithél Quel Tectasic des anses capillaires et

cedéme du conjonctf, tandis que d'autres montrent les signes d'une souflrance dégéné-

ratne

Fig 18 Cas 807 Détal Souffrance de differents degrés des plaques congonctnales
incluses dans Iépithéhium

Fig 19 Cas 807 Déal Région un adéme

transformation dégénérative de plusieurs éléments de la structure
Frg 20 Cas 796 Dermatite eczématiforme par DD T Vausseaux du conjonetif dermique
avec une réaction prol e des b p
Fig 21 Cas 796 Détail Oedeme bien visible dans le conjonctif derrmuque ascc augmen-
tation des histiocytes pémnasculaires

Fig 22 Cas 796 Détal Vaisseau du derme papill une
histiocytes pénipariétaux

Fig 23 Cas 79 Détall Ectasie capillaire dans le derme supérieur avec amassement

des vaisseaux péripanietaux
Fig 24 Cas 796 Détail Hyperplaste histiocytaire pénicapillaire avec des lacunes remplies

terable et

des

de sérum
Fig 25 Cas 809 Eczéma all par ctment Epithél de structure normale
Oedéme modére du conjonetif sousépithélial Vaisseaux avant les parois riches en
cellules
Fig % Cas 809 Détail Dans la région du derme papillare on observe un ademe
et de 1 comme

évdent et aussy la présence de résidus nucléawr
résultat d’une souffrance chronique
Fig 27 Cas 809 Détail Dans le derme on sout la présence de vaisseaux ayant les parors
enrichis par des histiocytes évolus en cellules lymphomonocytoides Méme les granulo-
cytes neutrophiles y sont trés fréquents
Fig 28 Cas 79¢ Hypersensibilité  la péruailline (emplor local) Biopsic sur test cutané,
aprés 36 heures Epithélum de structure normale Dans le derme, cedeme léger du
£ Quelques capilk: avee presence de cellules hnstiocytaires et
de nucléus endothéliaux
Fig 29 Cas 795 Hypersensibilité 2 la pémailme (emplos local) Biopste sur test cutand,
apres 36 heures Epithélum avec des cellules hydropiques surtout dans la partie
basilawe Le est tres cedémal avec ectasie 1 et
des histiocytes péripariétaux
Fig 30 Cas 795 Oedeme et dégénération cellularre
Fig 3 Cas 795 Détail Cellules épithéhiales avec hydrope cytoplasmauque
Fuig 32 Cas 801 Hypersensibilité A la poussiere de bais de chéne Biopwie sur test cutané
apres 72 heures Vésicules intra-épithéliales et cedeme du derme Iy a de nombreux
vaisseaux avec amassement cellulaire peripaniétal
Fig 33 Cas 801 Autre detal Oedeme du comjoncuf dermique avee des vanseaut
montrant un amassement de cellules dans la région partétale
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I'histamine que P'on doit attribuer Ic réle le plus important dan
Paltération des capillaires ct surtout dans 'augmentation morbid,
de leur perméabilité entrainant unc imbibition séreusc plus o
moins remarquable des tissus adjacents. Cette intervention d
Ihistamine dans les manifestations de I'allergic est démontrée auss
par 'augmentation remarquable de Phistaminémic chez les in
dividus porteurs d’eczéma, cc que nous avons déja remarqué er
1941. La stimulation allergénique & comme conséquence auss
Paugmentation du nombre des cellules formant les anticorps, et 2
cause de cela on voit fréquemment que la paroi des capillaires est
enrichie par de nombreux éléments 4 type lympho-monocytoide
provenant des histiocytes locaux, qui auparavant avaient été con-
sidérés comme des cellules infiltratives d’origine hématique.

Dans les cas ol Paltération cutanée, causée par le contact
direct avec I'allergéne, est accompagnée par d’autres manifesta-
tions dc la peau dans d’autres régions lointaincs, il faut penser non
sculement A un facteur prédisposant ayant une spécificité topo-
graphique, mais aussi 3 un probable tropisme de Pallergéne pour
les structures cutanées cn général,

Reésumé

Dans ce traail les autcurs ont sourms 3 la recherche histologique la peau de
différents individus attemnts de dermaute allergique par contact

Sur la base de ces observations, on que que I'al fe le est
par unc des capillaires, avec I de leur
er bilitd et ¢ séreuse et cedéme des tissus adjacents, €t ausst

l.|cs troubles differents de | "intégrité structurale des mémes issus

Outre les altérauons dont la nature est surtout fonctionnelle, les capiliaires
consécutines, repré-
pres de leur paror

peuvent montrer auss: d’autres fc morph
sentées surtout par une des cellules h: y

Summary

In this paper the authors have mvesngated hustologically the skin of various
indinduals suffering from atlergic contact dermatitis
From these observations 1t appears that the fundamental process of change 1s

represented by an affection of the capillaries m which there appears an abnormal
mncrease it b with serous b: and oedema of adjacent

tssue and also various disturbances of the structural integrity of these tssues

Tn addition to these changes, which bear a predomtnantly functional character, the
capillarics may also show other consecutive morphological transformations, as shown
manly by an ncrease in peripheral hstiocytes

Adresse de 'auteur Prof Lino Businco, Via Agrigento, 6, Rome (tali)
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The Reagin Content of Human Gamma-Giobulin
Fraetions
DyR R PORTER

Nationa? Insstute for Medical Research, London

Several attempts have been made to decide by tlccuophm‘m::c
techniques which fractions of the serum proteins contain the skin
sensitisfng antibodies ~ the reagins. Zone electrophoresis (1) on
starch and continuous efectrophoresis (2) showed that the reagins
were 1 the p-globulin fraction while electrophoresis convection
{3-5 suggested that they might be in any or all of the globulin
fractions.

We decided to see if the greater resolution provided by the
excellent chromatographic technique of Peterson and Sober {6) would
give further information on this problem A full account of this work
has appeared elsewhere (7).

The serum was fractionated on diethylamino cthyl cellulose by
a shght modification of the technique of Peferson and Sober and a
typieal elution diagram together with details of the chromatography
are given in Fig 1.

Assay of the veagins was by the Prausnitz-Kustner (8) passive
sensitisation test and serum was obtained from members of the staff
of thus Institute who had a history of hay fever andjor asthma and
who gave pesitive skin tests to pollen extracis, horse serum or cat
or dog scurf extracts.

Results

When the chromatographic fractions shown in Fiz. | were
examined ho acean -1 B

P
d . !

) . ¢ prowsni JIALUOR 1 was apparently a y,-
globulin and the others yrglobulin, Fraction V moved atY a rZ:c
beiween f and y and later fractions had higher mobilitees.
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I'histamine que V'on doit attribuer le réle le plus important dans
Paltération des capillaires et surtout dans Paugmentation morbide
de leur perméabilité entrainant une imbibition séreuse plus ou
moins remarquable des tissus adjacents. Cette intervention de
Phistamine dans les manifestations de 'allergie cst démontrée aussi
par I'augmentation remarquable de Ihistaminémic chez les in-
dividus porteurs d’cczéma, ce que nous avons d&a remarqué en
1941. La stimulation allergénique & comme conséquence aussi
I'augmentation du nombre des cellules formant les anticorps, ct 4
cause de cela on voit fréquemment que la paroi des capillaires est
enrichie par de nombreux éléments 4 type lympho-monocytoide
provenant des histiocytes locaux, qui auparavant avaient été con-
sidérés comme des cellules infiltratives d’origine hématique.

Dans les cas ot Valtération cutanée, causée par le contact
direct avec I'allergéne, est accompagnée par d’autres mamfesta-
tions de la peau dans d’autres régions lointainces, il faut penser non
sculement & un facteur prédisposant ayant une spécificité topo-
graphique, mais aussi & un probable tropisme de allergéne pour
les structures cutanées cn général.

Résumé

Dans ce travail les auteurs ont sourmis 4 la recherche histologique Ia peau de
dvidus attemnts de que par contact

Sur la base de ces observations, on que I'al; d le cst

¢e par une des capillarres, avec | de leur

bilité et séreuse et cedeme des tissus adjacents, et ausst
des troubles diflérents de 'intégrité steucturale des mémes tissus

Outre les altérations dont la nature est surtout foncnonnellc, les capillaires
h repré-

peusent montrer ausst d'autres morp.

sentées surtout par une augmentation des crllules hmmqtanm pres de leur paror

Summary

In this paper the authors have investigated fustologically the skin of various
individuals suffering from allergic contact dermatitis
From these observations 1t appears that the fundamental process of change 1

reprcscnled by an affection of the capillaries m which there appears an abnormal
increase in with serous and oedema of adjacent

tssue and also varrous disturbances of the structural integnity of these ussues

In addition to these changes, which bear a predominantly functional character the
as shown

capllaries may also show other c
mainly by an increase 1n pertpheral histiocytes

Adresse de 1auteur Prof Lino Businco, Via Agnigento, 6 Rome (Jtahe)
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Table I
Reagin Aitusly of y-Globuhn Froctions
(Wheal area, m s mm , with | M serum)

Fracton

Concentraoen 2 M N Buslr Whote Serum
171 0 70 100 60 o 90
110 9 10 [ trace Q ]
1100 0 0 trace o o 50

globulin from fraction II[ wsing I labelled globulin and the
persistance of the reagins as judged by skin tests. The reagin test is
not accurate but as far as could be judged the ratc of disappearance
of inert globulin and of reagin was the same, and there was nothing
to suggest that reagins showed any exceptional ability to remain
fixed in the skin It is believed that carlier reports to the contrary
were due to the exceptional sensitivity of the test and the difficultics
n making it quantitative.

Summary

Serum from allergic individuals has been [ractionated on
diethyl amino ethy! cellulose and it has been found that the reaging
are largely confined to one fraction of yglobulin.

Refertnces
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62 Porter, The Reagin Content of Human Gamma-Globulin Fractions

The different fractions were assayed for reagin content by skin
tests and the arca of weal measured at different dilutions of the
fractions, which had all been brought back to the original volume
of the serum put on the column, by pressure dialysis. The results
with one serum from a person sensitive to pollen are given in Table I,
The euglobulin fraction is the small amount of globulin which
comes out of solution on dialysis of the serum against 0.01 M sodum
phosphate pH 7.5 prior to chromatography. It can be seen that the
reagins are largely confined to fraction III and are absent from
fraction 1, the y,-globulin,

EXTINCTION COEFFICIENT AT
260 mu m Icm CELL

dg g0 135 180 225 270

VOLUME CF ELUATE {ml}

Fig | Chromatography of 3 ml human serum on 3 g dicthyl amino ethyl cellulose
(Column 121 1 em ) 045 m! eluting with 001 M sodm phosphate pH 7 5 45-180
ml cluting with 002 M sodium phosphate pH 62 180-270 ml eluting with 005 M
sodium dibydrogen phosphate

Similar results were obtained with five other sera contaiming
reagins against a variety of antigens. In some the reagins were
entirely in fraction I1T and in others were more widespread, though
always with the highest content i fraction IIL

These results confirm those of others {1, 2) that the reagins are
largely 1 the y,-fractions which contamn only about 1095 of the
total y-globuhin of the scrum.

Some properties of these purified reagins werc nvesugated It
was confirmed that they were labile to heating at 56° for 4 hours as
has been reported using whole serum (9). The suggestion tl.mt
reagins show exceptional persistence 1n the sk at the site of in-
jection was also examined by comparing the persistance of the y-
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Table §
Reagn 4cdurty of yp-Globulin Froctions
(Wheal area, m sq mm , sath ] M serum)

Fraction
Coneentraton ¢ 2 3 n Englo-  Whele Sequm
1yl 0 70 100 [ 0 90
1o 0 10 60 trace o &0
1100 [4 [ trace o o 50

globulin from fraction ITI using 13t labelled globulin and the
persistance of the reagins as judged by skin tests. The reagin test is
not accurate but as far as could be judged the rate of disappearance
of nert globuhn and of reagm was the same, and there was nothing
to suggest that reagins showed any exceptional ablity to remain
fixed in the skin It is believed that earlicr reports to the contrary
were due to the exceptional semsitivity of the test and the difficultics
in maling it quantitatne,

Summary

Serum from allergic indisiduals has been fractionated on
diethyl amino ethyl cellulose and 1t has been found that the reagins
are largely confined to one fraction of py-globulin.
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The Importance
of Intracutaneous Tests in Various Types of
Constitutional Neurodermatitis

Dermatological Clime of the Uniersity of Zurich, Switzerland
(Lur  Prof G Mescher, MLI))

By U W SCHNYDER

Prior to the 1930’s many physicians beheved that an immediate
skin reaction in response to intracutancous 1njection of test materials
proved that the panent with neurodermatitis was allergic to such
materials — and that the allergenic substance in part or i whole
was responsible for the patient’s neurodermatitis. Today, many
dermatologists feel that the immediate positive shin reaction does
not neccssarily indicate that the tested material has any etiologic
relationship to the patient’s ncurodermautis However, many
reputable allergists believe that the immediate positive skin reac-
tions to inhalant allergens in persons with neurodermatitis indicate
a strong probable ctiologic relationship to the neurodermatitic
skin arlment.

Here, the term * constitutional neurodermatitis™ is used as
it has been by Afarchtomne and Aliescher. Thus, 1t 15 the equivalent
of Besmer's “prurigo diathésique A forme objective eczémato-
lichénicnne”. However, *‘constitutional ncurodermautis” s not
the cquivalent of atopic dermatstis as it has been described by Sulz-
berger and others. Atopic dermatitis includes specific skin manifesta-
tions occurring in infants, children and adults. The present author
classifies the eczema of childhood, called “ Fruhexsudatives Eczema-
tord” by Rost and Marchionini, as being different from the other

forms.
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The author will not discuss here whether or not the constitu-
tional eczema of childhood (infantile phase qf.alnpxc dtf‘x:?’i\(;ms)
has the same etiologic basis as the ncurodcnnafms of lelcr cd il : ren,

With increasing age, there is an inc:ca.smg .\\kchhtm n'at a
person  with constitutional neurodermatitis will a‘\so dev ck;p
asthma or allergic rhinitis, or both. Yur}hcrmurc, it may Ea c
many years before potential allergies in children become manifest
as they grow older and become adults.

Asthna bronshicle Rhinitis potlinoss
B% CHay-Favar"}
2%,
%]
8% aa, - e
%
2 s S

IIN S1h Iy
16t 2nd 3rd Ath Sth 61 Ist nd Ind 5ty

Fig 1. Date, measured i decades of years, of first appearance of allergies of the sespic
ratory teact (Bray)

Although 33% of children with neurodermatitis will also
have asthma, this correlation is found in more than 509 of the
adult cases. In very small children, “constitutional dermatitis™
and allergic thinits rarely coexist, However, in patients with
neurodermatitis who are over 16 years of age, more than 40%, also
suffer from allergic rhinitis.

When do asthma and hay-fever accur for the first time in
persons not subject to constitutional neurodermatitis? Fig. 1,
based on the work of Bray, shows that 359} of persons developing
asthma do 5o 1n the first decennium with refatively few persons
suffening imtial attacks at a more advanced age. However, only
15%, of persons without skin manifestations develon tha Gevs - oo

. eee au LLLEIIBUM. ’

Only patients over the age of 16 were studied in this evaluation

of the intracutaneous allergy tests in constitutional neurodermatitis,
There wese 136 newrodermatitis subjects over the age of 16, These
patients were divided into two groups: &) those without respiratory
allergies, and b) these with respitatory allergies. The group {b)
was further subdivided into three groups: 1. seurodermatitis with

3 Iot Anch Allesy, Vol 1, No 1.2 (1957)
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The Importance
of Intracutaneous Tests in Various Types of
Constitutional Neurodermatitis

Dermatological Chme of the University of Zurich, Switzerland
{Dtr : Prof G MMiescher, M D)

By U. W. SCHNYDER

Prior to the 1930’s many physicians believed that an immediate
skin reaction in response to intracutancous injection of test materials
proved that the patient with neurodermatitis was allergic to such
materials - and that the allergenic substance in part or in whole
was responsible for the patient’s ncurodermatiis. Today, many
dermatologists feel that the immediate positive skin reaction does
not necessarily indicate that the tested material has any etiologic
relationship to the patient’s neurodermatitis. However, many
reputable allergists believe that the immediate positive skin reac-
tions to inhalant allergens 1n persons with neurodermatitis indicate
a strong probable etiologic relationship to the neurodermatitic
skin ailment.

Here, the term * constitutional neurodermatitis™ 1s used as
1t has been by AMarchwonum and Aiescher. Thus, it 15 the equivalent
of Besmer’s “prurigo diathésique a forme objective eczémato-
lichémenne” However, ‘‘constitutional neuwrodermatis” is not
the equivalent of atopic dermatitis as 1t has been described by Sulz-
berger and others. Atopic dermatitis includes spearfic shin manifesta-
tions occurring 1n infants, children and adults. The present author
classifies the cczema of childhood, ealled ““ Fruhezsudatives Eczema-
toid” by Rost and Marchwmni, as being different from the other

forms.
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However, for the entire group of 94 patients with peuroderma-
wtis and allergies of the respiratory tract, 70 patients (75%) ‘had
positive tests. In general, persons with nevrodermatitis som‘bmcd
with altergse rhinitis showed stronger positive skin reactions than
those with newrodermantis and asthma,

Sulzberger today regards skin tests positive to inhalant allergens
25 mdicative of an allergic predisposition; while others {Nexmand
in Denmark and Tuft m the United States) still regard the inhalant
allergens as Targely responsible for at least the seasonal worsening
of the neurodermatitis.

L Tatey
Nane | Ta0Y
il )

A0 c2sey

Neurodermat s
out monfe

Fig 3 Seasonal exacerbanion of various types of neurodérmatins,

@ F:ig. 3 'mdir:atcs that 40% of the 131 cases of neurodermatitis
¢ owe \\.m'scnmg dunng the winter; 219 showed no seasonal
ma:::‘:n,“lg*’/o s}:;wcd worsening in the summer, 10Y%, in the
» 1% w the spring. However, 349, of the pati i
e ) ients
:g:.}‘: i!:c:mdcrmat{us and respiratory a}}cr;ics had ixaccrb:él;:
eit dermatologic }s‘ymptoms in the winter; 279 had no seasonal
ad worsening in the su: b
o s mmer; 89
nclt?(:;r;i‘:ﬂ, in t.hc sprng And 54%, of the paue,nls /;’vh‘: !:}a’;
s without respiratary allergies showed worseny
ng

exacerbation; 199,
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bronchial asthma; 2. neurodermatitis with allergic rhinitis; 3.
neurodermatitis with both allergic rhinitis and asthma,

78 patients with neurodermatitis (57%) had positive skin tests,
mainly to inhalant allergens; 58 patients (43%) had negative
reactions, Thesc findings agree with those of other authors. Sulz-
berger showed that 509, of his patients gave positive skin tests;
Schuppli, 50 %; Alexander, 52.7%, and Blumenthal and Faffé, 50 %-
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heal In vanous types of constitutional neuro-
dermatitis

Fig 2 Frequency of positive

Fig. 2 shows the frequency of positive wheal reactions in
neurodermatitic patients with or without respiratory allergies, Only
199, of patients with neurodermatitis uncomplicatcd‘by respiratory
allergies had immediate positive skin reactions to inhalant aller-
gens. But in neurodermatitis complicated by asthma. the.perccmage
of positive skin tests was 63%; in neurodermatitis with allergic
rhinitis, the percentage of positive skin tests was 73%; and n
paticnts with neurodermatitis who had both asthma and allergic
rhinitis, the percentage of positive skin tests was 93%.
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However, for the entire gronp of 34 patients with neuroderma-
titis and allesgies of the respiratory tract, 70 patients (75%) had
positive tests. In general, pessons with neurodermatitis combined
with allergic thinitis showed stronger positive skin reactions than
those with neurodermatitis and asthma,

Sulzberger today regards skin tests positive to inhalant allergens
as indicative of an allergic predisposition; while others (Nesmand
in Denmark and Tuft in the United States) still regard the inhalant
allergens as largely responsible for at least the seasonal worsening
of the neurodermatitis
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Fig 3 Seasonal exacerbation of vanus types of neurodérmatis.

Tig. 3 indicates that 409,
showed worsening dunng the
‘vanatian; 189,
autemn, 119,

of the 131 cases of neurodermatitis
winter; 21% showed no seasonal
showed worsening in the summer, 10% in the
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in the winter of their skin ailment; 109% showed no scasonal varia-
tion in this; 15%, had worsening in the summer, 13% in the au-
tumn, and 8%, in the spring. Thus, worsening of the neuroderma-
titis in the winter was more likely to occur in the group without
respiratory allergies; whereas no seasonal pattern of exacerbation
was more likely to occur in the neurodermatitic patients who had
respiratory allergies. The incidence of exacerbation of skin symp-
toms during summer, spring and autumn was about the same in
persons with neurodermatitis whether or not they had concomitant
respiratory allergies.

Winter ing| Nona [ Jotal,

2 e
29%.

skin“racctions
amang neuroder- ' 31%%

cases
motitis (%

Seasonat depen- E

deney of pagative
eIy peattions 55
r- P58

mong e
matitis cases
23%

8% 57,0

dependence of posttive and negative skin-reactions among neuro-
dermatitis cases

Fig. 4  Secasonal

Fig. 4 shows the scasonal dependence divided according to
neurodermatitis patients yielding positive skin-tests ar}d those
yielding negative skin-tests. In both groups those cases ‘.vf‘h more
marked symptoms predominated in winter. In addmon,. the
frequency of seasonal dependence among those yielding positive
skin-tests is about three times that of the patients yielding negative
skin-tests. Yet the frequency of cases worsening in summer, spring
and autumn is approximately the same in both groups.

From this juxtaposition it may be scen that thosc s'ubjeczs
with positive skin-reactions and those without do not dlff.er as
regards seasonal dependence, but with respect to scasonal m(-jc.
pendence, those with positive skin-reactions show a clear superio-

rity.
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Nesmand and 2 number of other authors believe that alv:rgé“
1o pollen and to house-dust are to a large extent responsible for
the seasonal exacerbations.

fig. 5

Fig.6

Fig 5 Seasomal dependence of neurod with b to pollen
Fig 6 Seasonal dependence of d is with bype ity to howe-d
Total
Joust + Jdust §] coses.
el B
30
Fig. 7 Neurod patlents with W wunter

Fig. 5 and 6 show that in neurodermatitic patients with either
pollen or house-dust allergy, the patterns of exacerbation of the
skan alment were more hikely to oecur in winter, Thus,

hypersensitivity, 289, showed no season

for pollen
exacerbation; 329, had

[ MR

cerbation; 16%, summer, 7%, autumn and 189 spring. Fig. 7
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shows that 259, of house-dust-positive patients with neuroderma-
titis show exacerbations of their skin ailment in winter, and that
759%, of the patients who give negative tests have winter exacerba-
tion of their neurodermatitis.

Climatic
depandancy
depandency
Total casas

W

Skin-test
positve [, 73eis

Shintest .
negative [ g2 ;;7

6%

Fig. 4. Chmatic dependence with respect to positive and negative reactions among
neurodermatitts patients

This suggests that worsening of symptoms in winter cannot be
ascribed to house-dust sensitivity.

However, persons with neurodermatitis, whether they have
positive or negative skin reactions, do react to ch.nt:mc ch.ange.s.

Fig. 8 shows the relationship of neurodermatitis to .chmanc
changes in 93 cases. 27% of those with positive skin reactions an.d
379, with negative skin reactions did not react favorably to chm:n:lc
changes. Thus, almost 75% did react favorably to changes in
climate.
Ifa patient with neurodermatitis does give a positive immediate

skin reaction to an intracutaneous injection of a test substance,
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\his does mot prove that this substance has comnbu\cfi. in }-F:m.
or in whole to the creation of the patient’s neurodermatitis. How.
ever, in many instances, the individuaE may have a hypcxfcnSIlt\:?ty
of the respiratory tract to this material. Fun};ex:morc, mhalcln ion
of the allergenic pollen may cause an exaccrba(lon.of the :; crgy
of the respiratory tract (allergic rhinitis or asthma) wul?o'ut altering
in any way the condition of the patient’s neurodermatitis.

Summary

1. ¥or the purposes of this paper, only patients with neure-
dermatitis over the age of 16 were studied. About 209, of those
who had no evidence of asthma or allergic rhinitis reacted with
2 positive immediate reaction to skin testing with inhalant aller-
gens. But approximately 75% of all patients with neurodermatitis
and asthma or allerpic rhinitis — or both - had positive immediate
reactions to skin testing with inhalant allergens.

2. In general, 40% of all patients with neurodermatitis
tended to have exacerbations of their skin ajlment in the winter,
whether or not they had concomitant respiratory allergies — or
had positive immediate skin reactions. 219, show no seasonal
vanation in the severity of their neurodermatitis; 189 show
worsening in the summer; 109, in the autumn; 11% in the spring.
A Qetatled analysis of the incidence of seasonal exacerbation of

the neurodermatitis in both the allergic and non-allergic groups
is given in the text and charts.

3. There was no difference hetween the subjects with positive
or negative immediate slin reactions in the variation of the severity
of the neurodermatitis with chimatic conditions.

4. Patients who have constitutional neurodermatitis associated
with allergic rhinitis generally give stronger positive skin reactions

to the test materials than those patients with constitutional neure.
dermautis and asthma.

. {’x Th;rc is no p;loof that an immediate positive skin test to
inhatant allergens indicates that the specific inhal fal i
k ant materi

¥ part ot in whole responsi t e

for the o 4




72 Schnyder

References

Alexander, H, L.: Ann, intern, Med. 5, 52, 1931,

Blumenthal, F., and K. Jaffé* Ekzem und Idiosynkrasie. S Karger, Berlin 1933

Bray, G. W.: Brit. med. J. 1, 384, 1930.

Marchionini, A., and 8. Borelli: Disch. med, Wschr, 81, 811, 1936,

Nexmand, P, H : Clinical Studies of Besmier’s Prurigo; Rosenkilde and Bagger Publishers,
Copenhagen 1948

Rost, G. A., and A. Marehi Asthma-Ekzem, Asthma-Prurigo und Neurod:
als i t Wurzb Abhand! a. d. Gesamtgebiet d
Med, Vol 27, 1932,

Sehnyder, U. 1., and S. Borelli: Hautarzt 8, 289, 1957,

Schupph, R.: Ciba-Symposium 1, 42, 1953,

Storm van Leeuswen, W.: Allergische Krankheiten, Springer, Berlin 1928,

Sulzberger, M. B, and J. Goodman: J. amer. med. Ass. J06, 1000, 1936.

Sulzberger, AL, B.: in: Atopic Dermatitis. Ed. by R. L, Beer. J. B. Lippincott Co , Phila-
delphia-Montreal 1955.

Tuft, L.: J. invest. Derm, 22, 211, 1949

Author's address Dr U W, Schayder, Dermatologieal Ghime of the University, Gloruastrase 31,
Zunck {Switzerland).



Catnan, G D Tot Acch Allergy 11+ 7380 (1937)

Nickel Seusitivity in Women
By C.D CALNAN
Consultant Dermatologust, St. John's Hospital for Diseases of the Skin, London

It has been known for many years that the skin can become
sensitized to nickel. Most i igators, whether der Jogists or
allergists, who have studied patients with contact dermatitis or
eczema (I shall use these terms synonymously), quickly appreciated
the high incidence of positive reactions to nickel. More than four
years ago Dr. Meara and 1 started a special clinic at St. John's
Hospital for Diseases of the Skin, for patch testing cases of allergic
dermatitis. We do not perform routine or “battery” patch tests
in cases of eczema, and the patients referred to our clinic are
selected by the physician as cases of possible contact dermatitis
which may be of the allergic rather than the irritant or toxic
type.

The number of patients tested, those with positive tests, and
the nickel sensitive are shown in Table L

Table 1
Patch Test Cliue Revults
Patients Tested Total Posutives Nickel Posteoes
1953 1028 478 131
1954 29 a0z 198
1955 885 420 180
1936 a3t 489 146

Nickel is quite obviously the commonest cause of alfergic

contact dermatitis in this hos
and very few work in industrial
or plating. In fact, the sensi
suspenders, earrings,

pital, Almost all the cases are women,

nickel processes such as refining
tizing contact agents are stocking
or other chps and fasteners which touch the
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skin. The high incidence of this non-industrial nickel sensitivity
Ted us first to make a detailed clinical study, and then to carry out
certain research investigations.

Clinical Features

The clinical picture which these patients present is often
rather complex, in that they show areas of dermatitis, related and
unrelated to metal contact, and the clinical course is very variable.
An analysis of four hundred cases {Calnan, 1956) has enabled me
to classify their lesions into three groups:

1. Primary — areas in direct contact with metal;

2. Secondary - selective symmetrical areas which are involved
when the dermatitis spreads;

3. Associated — areas of dermatitis which appear to have no
relationship to the nickel sensitivity.

Fig 1. Nickel contacts

Suspenders
Brassiere
Earring
Necklace
Zip fasteners
Spectacles
Brooches
Corsets
Scrssors, etc.
Pins

Hair grips
Watches
DBracclets
Shoc buckles

The primary sites are shown and listed in fig. 1. This list is
not, of course, comprehensive and, in fact, any area of the skin
may become affected if it is in contact with nickc{. Table 1I gives
the sites first affected in 400 patients, and it will be scen that
stocking suspenders account for 959,.
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Toble 3 .

Trawral Cause of Nickel Dermatitis
Suspenders 3?;
Earnngs
Wnst watch :
Brassiore clips !
Necklace clasp ¢
Spectacle frame

Once the patient is senuitized 10 'n'\ck’:\, R is very noticeable
that she does not react ta every contact wﬂ}'x it. On}y one, two or
three suspender sites may be affected, while earrings, brassiere
clips, or a watch buckle may produce no reaction. And sometimes
the patient may wear suspenders and othes nickel plated {asteners

with tmpunity. This aspect of the problem will be mentioned again
later.

“The secondary sites (fig. 2) which are quite specific, are as
follows:

1, Elbow flexures

2 Eyelids

3. Sudes of neck and face

4. Inner thighs

5. Generalised.

This secondary eruption occurs at some time jn 75% of cases.
It appeans to be a very special type of spread which does not occur
1n any other variety of contact dermatitis, and, as far as 1 know,
does not occut in the nickel dermatitis encountered by workers
in refineries ot in nickel plating works. 1t is in fact so frequent
and 5o characteristic that one can vecognise cases of nickel sensiti-
vity from this eruption ajone. Very rarely, the secondary eruption
may take another form such as erythema multiforme, urticaria,
generalised prusitus or prurigo. An associated eczema s seen in
a third of the cases. In some instances it is of a pattern which would
appear to be fortuil and coincidental, for ple, varicose,
seborrhoae, nummular or atopic eczema. But in the majority it
is an eczema of the hands, which is present in a ifth of all cases
(Table IfI). 1 am quite unable to atiribute the hand eczema to
direct nicke) contact, as is sometimes suggested (Waldbott, 1953).
Kroepfle and Schuppli (1955) found nickel to be Present in small
amount in household detergents, but we have examuned a number
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skin. The high incidence of this non-industrial nickel sensitivity
led us first to make a detailed clinical study, and then to carry out
certain research investigations,

Clinical Features

The clinical picture which these patients present is often
rather complex, in that they show areas of dermatitis, related and
unrelated to metal contact, and the clinical course is very variable.
An analysis of four hundred cases (Calnan, 1956) has enabled me
to classify their lesions into three groups:

1. Primary — areas in direct contact with metal;

2. Secondary — selective symmetrical areas which are involved
when the dermatitis spreads;

3. Associated — areas of dermatitis which appear to have no
relationship to the nickel sensitivity.

Fig. 1. Nickel contacts

Suspenders
Brassiere
Earring
Necklace
Zip fastencrs
Spectacles
Brooches
Corsets
Setssors, etc
Pins

Hair grips
Watches
Bracelets
Shoe buckles

The primary sites are shown and listed in fig. 1. This list is
not, of course, comprehensive and, in fact, any area of the skin
may become affected if it is in contact with m'ckcl: Table II gives
the sites first affected in 400 patients, and it will be seen that
stocking suspenders account for 93%.
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is pro~
but neither of them met with suegess. But such a proc;ss a:sfsngi
i tain infective agents, sucl
duced quite frequently by cex ¢ 98 o e
8 is known as the id phenomenon.
and tubercle bacll, and i ] v o oy
i i s0n at the site of the infective agent, an c
XSBP;‘::&W 13“0“"3&:}"" ous dissemination of this agent
eruption p

Fig 2
Secondary Spread

(Elbow flexures
Forearms)
Eyelids

Neck and faee
Inner thgh
Generalised

or some praduct of it. This is ied by allergic hyr S
vity to an aatigen obtained from the agent. Most typically this
1d phenomenon is shown with an acute trichophyton infection of
the foat, associated with a symmetrical vesicular id eruption on
the palms and fingers, and a positive trichophytin skin test. The
lesions on the hands are presumably produced via the blood stream
by trichophytin from the foot Jesion.

Nickel dermatitis in women would seem to be very similar,
A primary eruption presents on the thighs at the site of nickel
contact. A secondary, symmetrical eruption appears on the elbow
flexnres, eyelids, and so on; and allergic hypersensitivity to the
primary cawsal agent i demonstrated by a positive patch test to
nickel sulphate. The secondary eruption must be chemically mediat.
ed m some way from the primary site. As far as we know, the anti-
badies of contact dermatitis are present in the lymphocytes and
plasTuAcells and are not circulating freely in the serum. Nickel
sensitivity dermatitis of the type deseribed above is vnique in produc-
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Table ITT
Cases with Associated Eczema

Eczemaofhands. . . . . . ... e 81 =20%
Seborrhoeic 13
Exogenous . 12
Unclassified. . . . v 0 o v v v u oL 10
L 4
Nummular . . . o000 0L L. 3
Hypostatic . . . . ... ......... 1

124 = 319

of such products available in this country with negative results
(IWells, 1956).

One may digress here to consider briefly the spread of eczema.
For a tendency to spread and recurrence are special features of
cczema. It spreads in three ways:

a) by direct extension;

b) by contralateral extension — e.g. from one foot or leg to
the opposite foot or leg;

c) by eruption of lesions at a distance — so called autosensiti-
zation,

The initial sitc has some influence on the spread. Any eczema
on the lower leg has a strong tendency to disseminate widely.
Haxthausen (1955) found this type of spread in 37%, of 235 cases
of leg eczema. But it occurs in 759, of cases of suspender dermatitis,
and in these the pattern is much more distinct and localised than
that of the spread from lower leg eczema. Suspender dermatitis is
caused by a known allergen, while the leg eczema is not due to
a specific allergen. Hence it should be possible to study the mecha-
nism of this spread.

Whitfield (1921) used the term autosensitization or autogenous
spread for this phenomenon. He postulated that the skin became
sensitized to some agent circulating in the serum to explain the
appearance of eczema produced by the fluid from bullae spreading
on to normal skin, and suggested that this agent could circulate
by the blood stream and produce lesions elsewhere.

There is, however, no absolute proof to support this view, n
spite of much suggestive experimental work (Lowenthal, 1954).
Attempts have been made by Dowling (personal communicatior)
and Wells (personal communication) to spread eczema by applying
serum from eczematous vesicles and bullae to areas of normal skin,
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but neither of them met with success. But such a process 1s pro-
duted auite frequently by certain infective agents, such as fungi
and tubercle bacilli, and is known as the id phenomenen. There
isa primary lesion at the site of the infccti}'c :lg.cnt,.nnd a scfond ary
eruption produced by haematogenous dissemination of this agent

Fig 2
Secondary Spread

(Blbow ficxures
Forearma)
Eyelids

Neck and face
Toner thugh
Cenershised

or some product ofit. This ix jed by allergic hyp ith

vity to an antigen obtained from the agent, Most typically this
id phenomenon 18 shown with an acute trichophyton infection of
the foot, fated with a sy ical far id eruption on
the palms and fingers, and a positive trichophytin skin test. The

lesion.s on the hands ate presumably produced via the blood stream
by trichophytin from the foot lesion.

Nickel dermatitis in women would seem to be very similar.
A prmary eruption presents on ibe thighs at the site of mickel
contact. A secondary, symmetrical eruption appears on the elbow
fexures, eyelids, and so on; and allergic hypersensitivity to the
pnr'znry causal agent is demonstrated by a positive patch test to
:;‘ el sulphate. The secondary eruption must be chemically mediat
2 :1?: zo:;::w:ty fm[rin the gr.imary site. As far as we know, the anti-
T ccl]: aacdt ermatitis are present in the lymphacytes and
Plasta, nd are not circulating freely in the serum. Nickel

itvity dermatins of the type described above is uniquein produc-



78 Calnan, Nickel Sensitivity in Women

ing an id cruption, for no other contact allergen produces it. So far
we have been unable to detect any agent in the serum to mediate
it. Passive transfer tests are negative. But the reaction is a very
sensitive one, for patch tests may easily flare it up, and patients
show recurrences at the secondary sites much more readily than
at the primary sites. Although many other eruptions are called
eczematides and seborrhoeides, in none is there any proof of
allergic hypersensitivity,

If nickel is given by mouth to a sensitive patient no reaction
occurs (Wilson, 1956, personal communication). It is known that
contact sensitizers vary greatly in this respect; for instance sulphon-
amides and penicillin often elicit a reaction, while rhus, ametho-
caine, and many others rarely do so.

Patch Tests

Positive patch tests are clicited with a 2239, solution of nickel
sulphate. Many patients will react to weaker concentrations, and
exceptionally a 59% solution is required. Nickel-containing coins
can be substituted. The appearances of positive reactions are
variable, and pustular lesions are not uncommon. Cross sensiti-
vities to cobalt do occur in about half the cases (17 out of 32). A
number of patients show positive reactions to other substances
(Table IV). In most cases these are unrelated, Nickel sensitivity
has become so frequent that ongsees patients who have a derma-
titis from lipstick, rubber, or a proprietary ointment, and who
give a history of *“metal rash” in addition.

Table IV

Assocrated Sensitivities
Rubber gloves Streptomycin
Primula Antthistamine
Lapstick Shoes ;
Hair Dye Face powder, hpstick, stockings
Quimnine Paraphenylenediamine
Anthisan Hair net elastic
Benadryl Rubber

Experimental
There are a number of special features in nickel suspender
dermatitis which need some explanation. Patients who are found
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10 be mckel positive are often abl‘c to wear the mcxnlrm c??x:ff:
with the skin but show no reaction, Their degree of scnsxlmg!l
has not apparently vaned; hence some ?{her factors must play :
part in deciding whether sensitive slu.n will react to mc.!al ;or;lac(i
Sweat, friction and penetration are important. 1fa l.uckc plate
stocking suspender or a clip or a nicke] coinis placed in 2 solution
of antificral human sweat for 12 hours, it can be shown that nicke!
fias been dissolved off from the metal. It can .bz detcf!:d by a
spot test with dithi jde or dimethyl gly (_Fag/, !949).
The former is more suitable for tissues but not so specific as it also
reacts with copper.

1¥ells {1956) bas shown that nickel has 2 peculiar affinity for
keratin He immersed sections of skin in a solwtion of nickel suiphate
and then stained them with one of the two agents mentioned above
for the spot test. Nickel was seen to be located especially in the
deeper Jayers of the stratum corneum and the inner oot sheath
of hairs. Keratin will take this up from a solution of nickel sulphate
at a dilution of one part per million. But the nickel keratin Jink
18 a very weak one as it is xeadily removed by washing or by a
change it pH to the acid side. From the nse of certain histochemical
methods, Wells thought it probable that the nickel was joined by
the carboxyl groups of keratin.

In an attempt to study this linkage further, Aagnus (unpublish-
ed) hasused electraphoresis with kerateme. This is a soluble protein,
m which the disulphide bonds of keratin are broken with potassinm
cyemde. Kerateine and nicke! sulphate are mixed in equat parts
at various pH levels, When an electrophoretic current is possed
the nickel moves with the kerateine if it is Jinked, but separately
if not bnked. Nickel passes rapidly towards the cathode, and the
kerateine more slowly in the direction of the anode. The results

shaw that at pH 2-5 there is no linking, while at pH 8-11 the
metal appears to be entirely linked, because both move 1ogether,
At any meermedi;

sy pH 6-8 there is evidence of partial linkage.
The paper 15 stained with brom.-

°r 33 phenol-blue for the protein,
with Tublanic atid Tor nickel. proteim and

A NSO BN
more " esented us with
) to ni i
comr ickel is s0

| ) wesndslduons so unigue that 1 feel 1t offers
great opportunities for the study of allergic dermatitis.
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Summary

Non-industrial nickel sensitivity in women caused by stocking
suspenders is now very common in England. The clinical pattern
of dermatitis is quite distinctive. It consists of primary lesions at
sites of direct contact, a secondary symmetrical eruption of the
“sensitization” type, and patches of associated eczema which do
not appear to be directly related to the nickel sensitivity. A fifth of
all cases have an eczema of the hands.

Evidence is presented that the secondary eruption is a true
allergic eczematide. The high incidence of nickel dermatitis may be
attributable to the strong affinity of keratin for nickel, which has
been shown experimentally.
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Experimental Studies on the Pnthogex‘msis
of Contact Eezemn in the Guinea-Lig
By ] R FREY and P WENK

Medscal Research Department of F, Hoffinann-La Roche & Co, Lk, Daste

I Introduttion

In spite of the difficulties 1n defining and dassifying the c\inic?\
conditions belonging to the group called eczema, everyone will
agree with the meaning of the word “contact eezema”, “contact-
dermatitis” or *‘contact type eczematous dermatitis”, a condition
frequent in man and easily produced in laboratory animals. Besides
1ts chinmcal and biologieal importance, contact eczema is of special
mierest because 1ts pathogenic mechamsm s today the best work-
ing hypothesis towards studying the other more complete forms of
“eczematic diseases”, Although mnportant findings show that the
pathogenic mechanism of the contacs eczema may
this mechanism is today not yet letely und

s important as the fate of the antigen after contact with the skin,
the place where antibodes are praduced and the way by which
the whole skin becomes sensitized are stll unknown.

The purpose of our study of contact eczema was therefore
to agalyse 1ts different steps, from the first contact with the sensitiz-
ing agent wntl the appearance of the generalized sensitization, in
order to determine the systems or organs uwolved in the process
and 1o estabhsh the rime 1 which the various phenomena oceur,

beanallergic one,
T N

L. Basic Expeniment

White gumeaugs weighing 500 g are ysed ffw 11 Tt =

b tat Acch Allergy, Vol 11.Na 17 41957
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Summary

Non-industrial nickel sensitivity in women caused by stocking
suspenders is now very common in England. The clinical pattern
of dermatitis is quite distinctive. It consists of primary lesions at
sites of direct contact, a secondary symmetrical eruption of the
“sensitization” type, and patches of associated eczema which do
not appear to be directly related to the nickel sensitivity. A fifth of
all cases have an eczema of the hands,
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test) the fallowing factors, which are under our control, may play
an mmportant rdle: .

a) concentration of the solution

b} volume of the solution applied

c) area of skin to which the solution is apphed.

As we work only with DNCB dissolved in acctone, we do not
consider here the role played by the nature of the antigen and the
nature of the sohent a question perfectly analysed in the paper
of de Ieck and Brun As acetone will evaporate rapidly, we obtain
a certam amount of DNCB distributed uniformly on a certain
area of skin,

In order to work always under identical and reproducible
condittons the following technique was desvclopped:

a) With a metalhc print, circular areas are marhed on the
shaved flanks of the animals.

b) With a micropipeite, cxactly measured volumina are
applied as uniformly as possible to the marhed arca,

¢) Reactions are read 24 hours later.

d) The degree of the reaction is evaluated according to a
scale.

The skin arcas used, the volummna applied, the amounts of
DXNCB per cm® and the scale used to evaluate reactions are indicated
1 table 1.

2. Touc threshold To determine the toxic threshold, several
groups of guinea-pigs, which had never had previous contact with

Table I
Quantitative Epteutaneous Test

Circular

Vhrme Concentration of  D\CB
teaces ampbed e test soluton per skn-arca
E e %0 DNCB 5 ot
s 0950 03 335 not
8 0,100 0.5 835 ( prumary
—_— 09 1,25 I toxic
Degreesf  Macroscop 1
seacton alterations s 1250
05 Isolated red spots A 1875 1 prmary
1 Diffuse stght redness) 3 DI rowe
2 Strong redness and 3750
5 s sueriag

Deep redness and
steong swelling
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is used, which js applied directly upon the skin. The first application
performed in order to sensitize the animals is called primary conlact
and the place where it is done contact place. Second or further
applications performed to find out if animals became sensitized
are called fest. The time clapsed between primary contact and
test is calied incubation time. Once sensitized, the animals conserve
this property for a long time, perhaps permanently.

0, BASIC EXPFRIMENT
(13

Purmary_contect €80) Test
Adbeswe tope DACB 50% 03%0-05%~09% 038

\ 0% of ormols

m et /I"
}——/ﬂfﬂ&o/u:a /w‘i A;p/«:a//pnj ].—maw
| S S |

A S |
] 0] 20 doys
~ - Fyg !

At high concentration DNCB may damage the skin of every
normal animal. The lesion so produced 1s called primary toxi
lesion. The lesion produced 1n sensitized ammals by DNCB i
concentrations innocuous to normal ammals 1s called allergic
reaction (= test), A weak primary toxic reacuon cannot be differ-
entiated macroscopically from a strong allergic one. If macroscopic
observation of skin reactions is uscd 1n order to recogmze whether
an animal has become sensitized, this can be obtained only by
applying a test dose certanly not primary toxic. Thercfore, before any
other study can be done, a quantitatively exact festing technique
has to be developed with which to establish the prumary toxic
and the allergic threshold.

111, Toxic and Allergic Threshold

1. Technique of the epreutancous lest. When testing skin sensiuvity
by application of a solution of antigen on 1ts surface (eprcutancous
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arily non-toxic solutions of DNCB. The numb?r of amrtm(;s., Skl:]'l
areas, concentrations used and the rcsuhs. obtained are ing icate

m table IV, They show that with incrcasmg. strength of primary
contact the percentage of Iigh sensitized animals bL‘COlT.]tS more
and more frequent. Plate 1, fig. 2 shows the macroscopic aspect

Table 117
Determination of the Allergic Threshold Concentration

Concextra-
ton of

FPouuse
ey

Technic of senstiration ’
bgen in

FPosuve l\ambrvof
reacions mats

39 anumals were scnsiuzed by

daily apphication of primany 03 317187 166
ron-toxsc doses of DNCE tn ace. 05 797187 422
tone Tests pecformed fater than 09 1497187 79,7
10 davs after the pmary

contact

16 anumabs sensitzed by 3 single

application of 0,05 em? of 5 03 2083 2,7
1°a-salution of D\CI! 1n acetone

On 2 skinarea of 4 ema Tegey 09 76188 86,4
9-17 days after pg 09 7688 86,4
14 animals sengized by appt,.

G0N of some. DACB-crypely 03 45784 536
On an explantate wath vaseular 05 70784 834
bedicle and skin brdge Teen, 09 80 /84 95,3
76-91 days afier pC

26 ammalssentyzed by a ingie
APPICaOn of 0,002 cm of 4

500, DNCB-solutian In acetone

¢ different strength of the testing

solutions applied The Tesults of the 1oy and allergic thresholgd
EXpressed ag

x UIVES on fig, 2 show that com, aring vj i
high sensitized anipag the; e o V’;g’"a] ik

Concluston- Solutions of 0,9-9
for testing seng;
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DNCB (virginal animals ) received an application of dissolved DNCB
at different strength on two consecutive days. Concentrations used
and results obtained are indicated in table 1I. They show that
cven when solutions of 1%, arc applied, 12,5%, of the animals

Table 1
Determtnation of the primary toxic threshold concentration of DNCB 1n acetone on
the guinca-pig by application of 0,05 em3 on a skin-area of 4 cm?®

Nomber | Nomber of Testconcentration

Nurnbe er

Do | W e |, - 2 -

mals concentt | Animal pos S| An pose, | An pos % | An por

a 8 16 2 12514 87516 100 16 100
b 8 16 1 6,2 9 52|14 875f 15 938
c 8 16 2 12510 62512 750]| 16 100
d 8 16 2 125(12 75014 8750 16 100
e 8 16 5 31,2 2 12,513 81,3 | 16 100
f 8 16 0 [} 1 62|12 750} 14 875

Total 48 96 12 12,5 48 500 [ 81 844 93 97,0

develop primary tonic reactions. Applying solutions of DNCB in
acetone of 0,9-0,5 and 0,3 9/, - which were currently used to
test sensitized animals — to 149 virginal ammals a weak reaction
to 0,9 appcared in only one of them (table ITI). The macroscopic
aspect of primary toxic rcactions, as we shall see later, cannot
be distinguished from the allergic one (plate I, figurces 1 and 2).

Table 11T
Behaviour of non-sensitized normal amumals agamnst the acetomuc solutions of NCB
used for the testing of allergic ammals Volume applied 0,025 em?, area 2 em?

Concentrati [ th
T [ e S,
M
03 375 0 149 }
05 6,25 0 . 19
09 11.25 [ 1

Conelusion: Appropriate concentrations to test sensitized ani-
mals may be weaker than 1°/4. Positive tests obtained with higher
concentrations may be due partly to toxic reactions.

3. Allergic threshold. Groups of guinca-pigs sensitized by primary
contacts of increasing intensity were tested several times with prim-
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Table 17
Determination of the Incubation Time

87

Kumber of positive ammals alier days

Con- | Namber
eemra- | of

ner Jawmals] 4 5 6 7 8 9 10 1 12

Poma | 050 | 21 } 8 | 0 | 0|61 ]ale
y |07, 3 | 6 e 2w}l +] e 2t e
non- {100} 26 {0 { o { s]w|9slz2io]
touc | L. | 8 | B [ @ SRR RN
doses o | 8 Lo {al o] 2] sttt loloe
Yol 97 [ S 16T I 4 Ot A I I B R T
Positne animals an per-
cent of the toral o )b joesaimolae] 2] o) 10
Sum of the percents o | o toss{oo8 (98 [0] 0 {isos
ana.! % | 2t | o | w6 | 23 2%
nly A 8 % 3
toue | 500, ) 1
doses {507, 8 e
500, 8 g
50% 8 H 8
B COND B ]

Totd b3 RSN ERE n
Mumberofestedanmats | 24 { 32 | w0 { B | 8 { 8 2
Percentoge rractng
positiecly o 687|935 [1000] 1000 { &7

¥ S FEI5ID dos ofter i
Prmorg consach




86 Frey/Wenk, Experimental Studies on the Pathogenesis

Positrre
‘ommols
%
100,

2.
01 01502 030405 @91 I5 2 3 4 5%
ovB

Fig 2 Allergic and primary toxic threshold of the guinea-pig to DNCB dissolved

1n acetone Dotted curves Amimals with low scnsiization  Dash-point curves Am-

mals with high scnsitization Unbroken curve primary toxic reactions Ahscissa logarith-
mucally subdivtded For numerical vatues see also tables IT and IV,

1V, Incubation Time

The determination of the time clapsed between the primary
contact and the appearance of the sensitization of the whole skin
1s important for different reasons. It may be necessary to hnow:

a) The carliest time when animals can be tested.

b) After how many days the highest percentage of animals
may be positive,

c) At what time processcs as important as the formation of
antibodies take place, i.e. when corresponding alterations may be
searched for 1n certamn as yet unknown organs.

1 Experiment. Several groups of virginal animals received a
primary contact of varying intensity Using primarily non-toxic
doses, applications were done daily until the appearance of positive
reactions. Using a 50° solution only one test was performed in
cach group at increasing time intervals after the primary contact.

2. Results reported 1n table V show that the incubation time
is shorter in animals sensitized with high doses of antigen than
1n those which received primarily non-tovic doses. In any case no
sensitized ammals werc found beforc 4 days after the pnimary
contact. Between 5 and 9 days (after the primary contact) practi-
cally 100% of the animals had beecome sensitized. These results
are again evident in the curves of fig. 3 where it is shown that
strongly sensitized animals become positive practically two days
carlier than those contacted with primarily non-toxic doscs.
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Table V
Determination of the Incubauan Time

Nomber of postive animals after days

@
£
=

& 7 8

N
21
e @

doses | 1,00, | 8
Torl 97
Positive ammals 1n per-
cent of the total
Sum of the pecents

sleose
B B
cjoooee
“lso~ae

25 34 30

el 72 0! 10
258 | 6og {918 | 990 | 0 }iop
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e

oo
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e
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nly 50, g 6 8
toie | 509, B 3
doves | 5, 8 8
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Fig 3 Incubavon time of ex
penmental contact eczema in the guimea-pig afi
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subdinided For numencal values see table V., oY
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V. Minimal Contact Time

Dealing with the question: what tissues or organs are involved
in the process of sensitization, it may.be of importance to know:

a) How long do the pathogenctic events remain localized
to the contact area.

b) By how long can the development of generalized sensiti-
zation be avoided for instance by surgical excision of the place of
primary contact.

1. Experiment. In several groups of animals the contact place
on the skin was freely excised at increasing intervals after the
primary contact. For each interval a correspondent control-group
of animals received a primary contact but without later removing
the contact place. All the animals were tested 10-14 days after
the primary contact.

2. Results. Table VI shows that no positive ammals appeared
when the contact place is removed beforc 12 hours. If the contact
place remains 16 hours, 56%, of ammals become positive, 77% 1f
it remains 24 hours and 1009, if 1t remains 32 hours. For technical
reasons, we consider the ”100% Minimal Contact Time” to be
48 hours. These results are again evident on the curve of fig. ¢
based only on groups of more than 10 ammals.

Dssil ve
gvmats
nt
00 . .
50
0 e
" 2 . 8 0exs & % a5 s
cortoct g
Homder of anmls 3 ; . %4336 BN 3

n esch eipprimen].

Fig 4 Mimmal contact nme after primary contact with 20-50°, DNCB in acetone
« Pomnts bascd on more than 10 ammal o Poms based on 4 or less ammals Abscissa
logarithmically subdsvided Tor numencal vatues see table VI

3. Conclusions.
a) Compared to the incubation time the Minimal Contact

Time is relatively short.
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b) Pathogenetic events remain localized to the contact place
for only a short time.

c) Speaking in terms of time the greater part of the sensitizing
process scems to occur in organs other than the skin.

VI, Pathways by which Influences Emerging from the Contact Place are
Transmitted

The previous eaperiment indicates that the skin seems not
to be the only organ involved in the sensitization process. Influences
emerging from the contact place may reach other organs where,
let us assume, antibody-like factors are formed which may reach
the skin causing its sensitivity. Theoretically, these influences may
be transmitted by the following ways:

a) Blood path

b} Lymphatic system

¢} Nervous system

d) Shin considered as a syncytium.

To resolve this problem, each system had to be examined,
separately from this point of view. This was partially possible by
the following technigue.

1. Experiments. Skin fragments were isolated from the sur-
rounding and underlying tissues but kept 1n connection with the
organism by the vascular pedicle normally irrgating this fragment.
By this way the skin fragments - we call them explantates - were
kept ahve for two to four wecks, This 15 corroborated because
the explantates arc sensitive, blood appears when they are cut
with scissors and especially by the fact that hair goes on growing
as on the normal shin.

Operatie techmque: The ammals are anesthetized with cther
with an apparatus specially developed (fig. 5). A round island
of skin is cut by scissors and separated from the surrounding and
underlying tissue (plate I, figures 3-8, plate II, figures 1-3) At
the same time the arterio-venous pedicle normally irngating this
skin arca 1s prepared. Afterwards the wound 1s closed with Michel-
clamps but permittng the pass of the arterial pedicle The explan-
tate is then extended over a gauze and fixed with adhesive tape,
the whole covered again with gauze and fixed agam with adhesine
tape. Primary contact 1s done by applying to the explantate some
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= Sbater pump NM = Mask
Fig § Apparatus for anesthesta (schematically) WP It
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crystals of DNCB and more recently by applyng 0,002 f“‘ of
a 50% solution of DNCB n acetone. The area of the primary
contact is then covered with a litfle adhesite tape to avoid conta-

mmation of other regions of the skin. This operation is represented
schematically in fig 9a.

At histological examination {plate 1V, figures 1-2) the pedicle

1s composed of 2 gieat vein and some arterics and nerves surrounded
by granular tipue.

2 Results, Several groups of animals treated this way were
sensitized and tested at different tme intervals as shown in fig. 6.
In none of the 44 animals in which DNCB was applicd to a shin
fragment connected with the organism only by somec arteries,
vems and nerves, did sensttization appear. Using explantates
prepaced 9, 13 and 19 days before, it could be demonstrated
that the absence of sensitization was not due to a state of surgical

shoch, 1 which these explantates could have been during the
first post-operation days

3 Conclusions On the bass of these results we may postulate

that wiluences emerging from the contact place are not trans-
mitted by the pathways ¢ ing the expl 1o the i
1e, the blood and the nerve path and that this transmission will

probably be done erther by the Iymphatic system or the shin.
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VI By which Pathways Do the Factors Responsible for Sensitization Become
Generalized to the VWhole Shin

1. Experiment After the results obtained in our previous experi-
ments it was cxtremely tempting to usc the inversed disposition,
1. ¢. to perform the pnmary contact on the normal shin and the
test on the explantate as well as on the normal skin, This 1s repre~
sented schematically in fig. 9b.

9. Results. As shown 1n fig 7, in 25 animals an explantate
was prepared and immediately the DNCB applied to the normal
skin. 8 to 14 days later the explantate and the normal skin were
tested. The reactions on the explantate were posiive in 15, negative
1n 5 and readings unobtainable in 5 cascs, On the normal skin
the reactions were posttive in 21 and negatuve in 4 cases. The
macroscopic aspect of a posittve test on the explantate 1s shown

on plate 11, figures 4-5.
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Plate 1

Figs 1-2 Toxic and allergic reactions of different degree

Figs 3-8 Preparauon of an explantate with vascutar pedicle,
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Plate 11

Fig. I Bandage with clasue adhesne tape
Figs 2-3 Primary contact on the explantate
Figs 4-5 Positnve test on the explantate

Figs 6-8 Preparation of an explantate with vascular pedicle and shin-bridge
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Plate 111

3

Fig I Prmary contact on an explantate with vascular pedsele and shin-bridge
Fig 2 Explantate with skin-bridge Incimon to remone the subiliacal Jymph nodes
Fig 3 Lymphatc vesscls of the skin of the gumea-pig Lateral view with representation
of the cutancous muscles L = Lymphatic vessel, In = Lymphonodulus, Le =
Lymphocentrum 1 = Ln buccaly, 2 = Le Submentale, 3 = La mandibulans;
+ = Lt parondeum, 5 ~ Ln cericahs superficials (craahe}, & = Lo axlasic

externus s accessonus (caudals), 7 = Le subilacum, B = Ln popliteus
a =L tothe Ln axllans proprius {cramiabis), b = L. to the Ln femorahs medialis,
© = L towards the depth fo the Ln renals, d = L turning to the laceral side and
appearing agam on @, ¢ = L turming to the medial side of the thigh, £ = L fur the
Ln popliews, g = L, crosng the median hine 10 the opposite fank, h = L of the
antertor and inferior regon of the chest

Gerhard Kellr Die L. Be der Haut des M h Zeuschuft fur
Tnfektions-Keankherten der Haustiere 52-53 250 (1937-38)
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Plate IV

Histologacal picturc of a transverse section through the vascular pedicle Fig / Secton close 1o
the entrance of the pedicle to the explantate Enlargement- <80, can Greson Fig 2 Ve, artena
and nerves 10 the middle part of the pedicle Enlargement x 200, tan Greson ' = strongly dilated

vonj A = arteria parually thrombotic and recanalized, N = nerve, G = granulomatous tissuc
H
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3. Conclusion. Factors causing generalized sensitization are
spread by the pathways present in the pedicle of the explantate,
most probably by the blood path, In these experiments however
the funchion of the nerves also present cannot be excluded,

VI, Sigmficance of Lymphatic System in the Pathogenesis of Contact Eczema

After these Tesults it was justified to postulate that the influen.
ces emerging from the contact place would be transmitted to the
either by the ly ic vessels or the skin, as they were

not conducted by the blood path or the nerves.

L. Expieriment To resolve this question the already described
explantate was 50 modified that beside the vascular pedicle the
fragment was connected with the organism in addition by a skin
bndge. The latter was onentated in such a way that it contained
the afferent lymph vessels of the skin fragment to the inguinal
Iymph nodes The operative technique is shown in the plate 1§,
figures 6-8 and plate I1¥, figures 1-3.
then p P d sck ically in fig. 9¢ and Q. In
the first group of apimals the primary contact was applied to
the explantate and the test 15 days later on the normal skin, In
the secand group the regional lymph nodes were removed surgi-
cally just before the application of the DNCR on the explantate

{pnmary contact) The pomary contact and the test were then
performed in the same way.

Two experiments were

2. Results. As shown m the fig. 8 from the 32 animals which
recesved ther pnimary contact having therr lymph nodes left in

T at Arch Allergy, Vol 21, o 1.2 (1953
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Fig. 8. Ammals sensitized by apphication of the primary contact on an explantate

d with the ism by a 1 pedicle and in addition by a skin

bridge. Significance of the regional lymph nodes. Experiments a, b, ¢: lymph nodes

left in situ. Experiments d, e, : lymph nodes excised. Abscissa: days after begrning
of the experiment, + — Test positive resp, negative O = Readings unobtainable.

situ, 28 developped positive reactions. On the other hand in none
of the 22 animals in which the lymph nodes had been removed
before the primary contact did sensitization appear. To show
that these animals were not essentially refractory to sensitization,
they were again sensitized, this time on the normal skin and all
became positive.

Conclusions. The regional lymph nodes of the explantate are
indispensable for the development of the contact eczema, By this
experiment centripetal transmission via the nerves can be defini-
tely excluded. Otherwise the animals of this group had become
positive as the nerves were present in the pedicle.

IX. Conclusions

From these experiments we may postulate the following
conception of the pathogencsis of contact eczema (fig. 9).

a) The influences emerging from the place of primary contact
with the antigen (DNCB) are transmitted by the lymph vessels
to the regional lymph nodes. In this function the nervous system
has been excluded.

b) The regional lymph nodes are indispensable for the deve-
lopment of contact eczema, as demonstrated by their extirpation.

¢) Theregional lymph nodes may be only a part of the systems
which transmit the influences emerging from the contact place
to the organs where antibody-hke factors are produced or may
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Fig & Exporments on cutaneows frogments {explantatss) schemancally represented The
PR S . . .

) v Chpraitates wits vasculo-nervous pedicle. ¢) and d): explantates wath
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a) Prumary contact performed on the explantate Lymphane system not mvelvrd
togt e tha otamee |t

<} Pamary fontact o the explantate Lymph nodes left in situ, Lymphauc system
involved Generabsanon by the blood path Test on the explantate und the normal
skin. posave

4} Prumary consact on the rxplantate Lymph nodes previously excised “Test on the
explantate and pormal skin posisve Transmussion of the fluences emergng from
the contact place via nerves contaned 1n the pedicle 13 definutely excluded,
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themselves produce such factors. The latter postulation is partially
confirmed by Skog who obtained positive transfer experiments using
among other agents lymph fluid from the thoracic duct.

d) We do not know whether beside the regional lymph nodes
other organs or systems also participate in the production of anti-
body-like factors. These processes may be looked for especially
during the incubation period, i.e. during the first 5 days after
the primary contact.

e) We consider that the factors responsible for the sensitization
of the entire skin are spread by the blood path. It scems less pro-
bable that transmission occurs via the nervous system.

We believe that this study contributed certain links clarifying
the pathogenesis of contact eczema. The findings suggest a possible
réle of the regional lymph nodes in the production of antibody-
like factors. This problem, however, together with the mechanism
of the allergic response of the skin (test) requires further study.
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The Action of Bacterial Polysaccharides on Allergic

Phenomena
By R MEIER, H J BEIN sad R JAQUES
Rescarch Lab of the P ical D of CIBA, Limuted
Bade

Extensive work on the biological effects of bacterial and other
polysaccharides conducted in our laborataries has shown that these
substanices are highly active in various respects. They exert a
pronounced stimulant effect on leucocyte emigration (26, 31a, b)
Depending on the route of administration and on the type of bac-
tena, they inhibit or enhance the mﬂammatory response of the

hymal tissue (granuloma) f duction of a foreign
body (28). The po\ysacchandes may a!so favourably influence
experimental bacterial or viral infections (22, 7.‘3 30 37,38).

In a preliminaey camemenia

COURPE I )

uons were obtaned from gram-negative bacteria and cspc.ci:ﬂ]y
by fractionation of vanous Profeus species and culture filtrates of
these organusms® . In the meantime, we have tested » arge number
of new polysaccharide preparations derived from Profeus and have
also extended our nvestigations on thewr mechanism of action.

Anti-Allergic Properties

The ps were studied as to their effec

t on systemic as well
local anaphylaxis, using the foll g tests: ¥s il as

. 1. Protection against death from anaphy\achc shock in guinea-
pigs.

B
The ps were prepared by Dr, F Iy Kaknt in our Chemical Department.
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themselves produce such factors, The latter postulation is partially
confirmed by Skog who obtained positive transfer experiments using
among other agents lymph fluid from the thoracic duct,

d) We do not know whether beside the regional Jymph nodes
other organs or systems also participate in the production of anti-
body-like factors. These processes may be looked for especially
during the incubation period, i.e. during the first 5 days afier
the primary contact.

¢) We consider that the factors responsible for the sensitization
of the entire skin arc spread by the blood path. It seems less pro-
bable that transmission occurs via the nervous system.

We believe that this study contributed certain links clarifying
the pathogenesis of contact eczema. The findings suggest a possible
réle of the regional lymph nodes in the production of antibody-
like factors. This problem, however, together with the mechanism
of the allergic response of the skin (test) requires further study.
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o of pyrogen-free saline, Tdenucal iengths of the dutal portion
:?t}‘;‘:l:;m‘:ﬁp:ndd?nwa go l argan bath as deteribed above, Exactly 30 minu-
{es after nserting the mtesune m the ‘bath, theethold deses of fillu(ed egg-white w:;
28ded to the organ bath The height of contraction of the controlintestines was ct;mpa
Sth that of ansmals which had received a ps inyection pnor o being liled. rp'u:!el
groups of swnutised gunta-pigs were subrmutied to the same pmctdur:: except tha
0 this ease the dose of the antigen was 50-100 times higher than the minimal effective
dose

Results

Certain preparations denved from Proteus rulgaris proved
disunctly protective against death from anaphylactic shock. T.hc
minsaum effective dose, i. e. the dose which when given 30-60 min.
before nduction of shock would reduce mortality from 100% to
at least 50%, was found to range from 0.1-3 ygfkg in the case
of the best preparations The anaphylactic symptoms in the tur.
viving guineeplgs were veduced in intersity and duration accarding
to the dose and depending on the preparation employed. With
some preparations practically no symptoms at all were obscrved
or, if 5o, the symptoms were usually only short-lived. Usually
good ps reached their optimal anti-anaphylactic activity only
30-69 min, afier the injection.

In those instances where the duration of effect of the ps was
estimated, the protective action lasted about 4 hours with a dase
of 3 ugfkg, whereos 10 times this dose afforded protection for at
least 24 hours. Thus, the anti-anaphylactic activity proved distinetly
superior to that of known antihistamines and was also of appreciably
longer duration.

In contrast to syntheric amini it was sionally ob-
served that ps preparations which had proved fully protective in
Brevious tests failed to do so when re-tested under identical condi-
tions but with different batches of sensitised guinea-pigs. The reason
for this 13 as yet unknown

Tras noteworthy in this connection that, among the different
PS prepaations tested by us, the majority proved inactive in dosages

of 0.1-3 pgikg as far as their anti-anaphylactic effects were con-
cerned, Increasing

¢ g the dosage of an anu-anaphylactically § -
tive ps 10-20 fold did nat result in any ik e

¢ > measurable itaprovement
n uts anti-anaphylactic activity, ?
Ant 1l L :
maphylactically active inhibited
b T T -
pressed the active Arthus reaction in . Do

rabbits or guinea-pigy, Doses

of 10-30 pglkg were necessary in the rabbit, whereas in guinea-pigs
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2. Effect on the active Arthus reaction in

a) the rabbit and

b) the guinea-pig.
3. Effect on the anaphylactic reaction in vitro.
The methods employed were as follows:

1. Anaphylactic skock:

Male guinea-pigs with a body weight of 200-300 g were sensitised by a single
intraperitoneal injection of 05 ml of fresh egg-white diluted 1 : 5 wath physiological
saline or alternatively 05 ml of a 19, solution of ovalbumin. Three weeks later the

pigs were challenged with an i dose of 02 ml of fresh cgg-whnte
d:luled 1:100 or 1 :50 with physiologieal salinc or alternatively 0.2 ml of a 0.1%
ovalbumin solution, Thes challenging dose rcgulaxly caused dcath in at least 85-90%
of all our untreated controls. The ps pi dered in this pubhcation were,
however, only tested on series of guinea-pigs in which 1002 of the controls died The
ps preparations were dissolved in pyrogen-free distilled water and injected by the senous
route. The usual interval between injection of the ps and subsequent challenging
vanied from 10 min. to 2 hours, Most of the tests were performed after an interval
of 60 minutes In a few instances, this mnterval was extended up to 72 hours in order
to evaluate the duration of action of a given preparation

2. Arthus reactions:

Rabbats of either sex weighing from 1.5-2 kg were sensitised by a course of three
njections of 2 ml each of phenol-free horse serum. The first and third injections were
gwen intraperitoneally and spaced two weeks apart. The second was admunustered

on the day the first § i I myection, A week after
the final intraperitoneal 1njection, the Arthus reactton was ehcrted by ntracutaneous
njection of 0 5 ml undiluted horse serum 1nto the elipped skin of the belly The develop-
ment of the reaction was recorded during 48 hours In most cases, the ps were injected
intravenously in onc single dose onc hour before the anugen

b) Male @ pigs were 4 by 3 1 inj @wen on

. 1 e wms o£P o 1 tore serum diluted I . 1 with physiological

. (Armour) in saline In some experiments

- '+ Two weeks after the final wntrapentoneal

mjection, the Arthus reaction was ehicited by intracutaneous njection of ¢ 5 ml of

the corresponding antigen (undiluted horse serum, 20%; crystallne ovalbumun) mto

the chipped belly skim The local changes were recorded during a period of 24-48 hours,

after which the amimals were sacrificed  Flaps of the belly skin were prepared and the
scverity of the reactions also estmated from the mnner surface of the reflected skin.

3. Effect on anaphylaxis in vitro®

.ot e f~ mem - — - - sdwnthoegg

- . -t Tyrode at

“ tted fresh
cgg wehite, usually 02 ml of a 1 : 500 (viv) dilution The ps were added to the organ
bath in final concentrations of up to 0.1 mg/ml 2-5 munutes prior to adding the antigen.
b) Groups of 10-16 male gunea-pigs sensitised as described under 1 were divided

at random into 2 equal lots One half received an antravenous ingection of the ps 30-
60 min. before being sacrificed, while the other half scrved as controls and recetved
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Table 7
inea-pigs treated in tio with poly-
hylass (Schultz-Dale reaction) of guinea-pigs
o vl a0BSY ¢ sacchande preparations®

Cusaps  Towimest Hoght of con )

o b “ + Distal tleum suspended in Mg~
B i A free Tysode; test conducted
pass Hecsine] &4  mean:50  exactly 30 min. after nserhon
e ke T m organ-bath on pieces of
91‘; k] identical length with treshold
¢ concentrations of fresh egg-
921 Preparaton 7 white dituted with saline, Final
951 No. 18617 2 dilution of egg-white § £ 19000
201 15%¢ mean; 12

o1l 3pglkgs v.30mun be- 18°*
632 fore beig sacnficed  18%*

602 Controls 52 *+ Onset of contraction

612 Zegsalne] 9 approciably delayed a3 come
628 igrv 70 mean-50  pared with controls

631 8

608 2

607 Preparation 128

614 No.1738112 0 mean:10

615

5
610 3 pgfkg 1 v. 60 rmm, be- B *%
623 fore bomg sacnficed 24

These experiments clearly show that under certain conditions
the ps produce an anti-anaphylactic effect by altering the reacti-
vity of the organ towards the action of the antigen. This action
i¢ present only where the amount of antigen falls within a defined
range. The reaction therefore appears to be in some way a compe-
titive one As it does not seem to depend quantitatively on the
amount of ps, 2 preliminary assumption might be made to the
effect that the ps acts on a body constituent respomsible for anti-
anaphylactic protection, the amount of which determines the

8 petition to the antigenjsub reaction; this
question will haye 1o be investigated in detail, since it may well
lead to a closer und ding of the anaphylactic hani:

In order to define this mechanism of action in ather directions
1t seemed important, firstly to deternune the relation of the ps
cﬂ'c:ct to other tissue components which are important in anaphy-
laxis such as histami

i dly to relate the

» , ete. and
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as little as 1-3 pgfkg was sufficient to suppress the reaction com-
pletely. This inhibitory effect was likewise observed in guinea-pigs
which had been sensitised with Freund’s adjuvant mixture (antigen
+ killed BCG -+ mineral oil), where the usual reaction is character-
ised by intensive haemorrhage followed by necrosis, the oedema
being considerably less marked than in guinea-pigs sensitised with-
out adjuvant.

A dissociation between the anti-anaphylactic and anti-Arthus
propertics of ps preparations was obscrved inasmuch as some of
the ps which were inactive as regards their anti-anaphylactic
effects in the guinea-pig in a dose of 3 g/kg nevertheless inhibited
the Arthus reaction in either guinea-pig or rabbit in doses of
3 and 10-50 ugfkg respectively.

When a ps which injected 1-3 hours before the antigen had
proved fully effective in rabbits, was injected 24 hours before the
antigen, either no inhibitory effect was observed at all or, following
initial inhibition there was sometimes even an aggravation of the
haemorrhagic and necrotic reaction.

For further characterisation of the action and its mechanism
it seemed necessary to determine whether ps active én viro possess
an effect on anaphylactic phaenomena similar to that of anti-
histamines.

No effect was noted on the Schultz-Dale reaction of the guineca-
pig’s ileum when the ps was added in vitro to the sensitised intestine.
The interval between addition of the ps and the anugen as well as
the dosage of the ps varied over a considerable range, but in no
case was this found to have any appreciable effect on the anaphy-
lactic contraction. It seemed for various reasons possible that the
ps given in pivo might alter the anaphylactic reactivity of the organs
of sensitised animals in such a way that the iz pitro reaction would be
appreciably diminished. The isolated intestine of sensitised ani-
mals which had received an intravenous injection of a ps 30~60 min.
prior to being sacrificed was distinctly less sensitive to threshold
concentrations of the antigen. When the concentration of the anti-
gen was increased 50-100 times above the minimum effective
dose, the difference observed in this an oo { in vitro test as between
controls and polysaccharide-trcated animals disappeared. Table I
gives two cxamples of combined @ vive [ in vitro experiments per-
formed with different ps preparations and using threshold antigen

concentrations.
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Binding of Histamine in vitro

s and Tustamine dinydrochonide were duslved wpumﬁdy‘ i distilled
v-altralr-:-:‘lin‘: n concentrations of 1-10 prgfmd or 10-100 pigfmi respectively. Eq{u}.:
¥ aluoce of these schations were thoroughly Touxed in 3 teut tabe and evmpaced wit
bastemone solutions using the solated guinea-pig iloum or the blood prewure of the
atropinsed cat @ test obyects, . -

b Wale's ebnique (#7) The ps were dussolved n 1% sccbe acid containing
2 g histamine5 1l m concentrations varying from 33 g ~ 330 pgfel

6 ml aliquots of these solutions were dialysed at room temperature for 2 hours
against a known volume (194 rol) of 19, acetic acid. The hustamine content of these
dualysates was compared with that of controls in which no ps was present in the cello-
phane bag Control experiments were also eonducted using ‘heparm in concentrations
of 093 to 1,33 mg/ml

Results

Some of the ps, when mixed in rilro with histamine in a ratio
of 1 : 160 and wsing final concentrations of the ps of up to 1 ag/ml,
were found to bind part of the histamine, as evidenced by tests
on the nsolated guinea-pig ileum or on the blood pressure of the
atropinised cat. This effect was d. ible almost i diately
after mixing, but did not increase ~ even in response io prolonged
incubation at room temperature,

When the concentration of ps was stepped up, there was no
appreciable increase in the binding of histamine; on the contrary
the binding effect even disappeared pletely. No
binding of histamine was observed using Werle's dralysing tech-
nique (47) with rather high toncentrations of ps and histamine,
It should be noted, however, in this connection that in most
expenments the ps were employed in concentrations 10 times
inferier 1o fective concentrations of heparin.

Determination of Skwartzman reactivity seemed to offer an

g p y of d ing a with other
types of immunological respanse, although it way not help greatly
10 explain the anti-anaphylactic action of ps until more is known
about the extent to which this Shwarfzman reactivity is a reliable
ndex for such types of effect.

Skwartzman Phenomenon

o RaBbUs were wected soacutanDSly W S -
C . : ‘. ’
@

4 hewsa 1 v.dose of 10-30 kg
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anti-anaphylactic effect to other types of action displayed by ps.
The following selected tests have been used for this purpose.

Antihistamine and Anti in Activity in vitro and in vive

a) Initro

Pieces of the distal 1leum of gumea-pigs were suspended in the organ-bath in
the usual manner and perfused with oxygenated Tyrode. The ps preparations were
added to the organ-bath in final concentrations of up to 0.1 mg/ml and left in contact
with the organ for 2-5 mun prior to the addition of histamine. In 2 manner identical
with that used for the mixed sn tito [ in r1tro anaphylaxis test, guinea-pigs were injected
i. v. with up to 100 times the ant-anaphylactic dose and their gut subjected to hista-
mine contractions The ps under test were also added in z1iro to the isolated rat colon
suspended in Ca—low perfusing flusd (19) and tested for possible direct antiserotonin
effects.

b) In vivo

Guinea-pigs were mjected 1. v. with up to 10 times the ann-anaphylacuc dose
of a given ps Starting ¥ hour after the admuni of the ps and continuing for
24 hours, the response to the action of a 05% histamine aerosol was tested Using

imer's ique (14, 15), (5-HT) was adminustered as a 2% aerosol;
since gui pigs show pr d hyp y to upon repeated exposute,
separate lots of guinea-pigs were used in order to evaluate the effect at vanous inter-
vals alter the i, v. admmistration of the ps

Results

No direct antihistamine effect was found 1n the isolated guinea-
pig gut, nor was the histamine sensitivity of the gut of guinea-pigs
treated with ps tn vive altered to any appreciable degree. Similarly,
treatment with ps afforded guinea-pigs no protection against
histamine aerosol. On the other hand, some slight protection
against broncho-constriction and coma resulting from exposure
to scrotonin aerosol was observed with doses which protected
against anaphylactic shock. No antiserotonin effect was noted,
however, when the ps were added 1 stro to the isolated rat colon.

Thercfore, the antagonistic effects on these stimulants are
cither absent altogether or, if present, only negligible; they pro-
bably play no major role in the anti-anaphylactic effect of ps.

In spite of the negative results obtained with ps against hista-
mine fn vitro or in vive, it scemed possible that some effects of ps
might be traced using other methods. Among these effects, the
binding of histamine — which takes place with certain ps such
as heparin (47) - scemed of particular interest and was therefore
investigated using two different methods.
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Binding of Histamine in vitro
e ps and bistarune dihydrochloride were dussolved !Ep:\mlcly. in dutilled

wncrlzr’l;:\m‘:m concentrations of 1-10 pgfml or 10-100 pglmt respectively qug;]l
volumes of these solutions were thoroughly mixed 1t a test tube and compared {m
ustarnme sohutons wamg Whe solated grinca-pg deum of the blood pressure of the
atropinised cat as test objects, .

) Werlé's techmque (#7). The py were dissohed in 13} aceue acid contamung
2 mg histamune[6 ml 1 concentrations varyng from 33 pg - 330 ugfmt

6 ml abquots of these solufions were dialysed at room lemperature for 2 hours
against a known volume (194 ml) of 13 acetsc and. The histamine content of these
dualytates was compared with that of controls i Whith 1o ps was presens in the c:.uw
phane bag Control expeniments were also conducted using heparin in concentrations
of 033 10 133 mpfeal

Results

Some of the ps, when mixed in zitro with histamine in a ratio
of 1 : 100 and using final concentrations of the ps of up to 1 pg/ml,
were found to ind part of the histamine, as evidenced by tests
on the isolated guinea-pig ileum or on the blood pressure of the
atropinised cat. This effect was discernible almost immediately
after mixing, but did not increase — even in response to prolonged

b at room

p

When the concentration of ps was stepped up, there was no
appreciable increase in the binding of histamine; on the contrary
the binding effect it even disapy 4 pletely. No
binding of histamine was observed using Werle’s dialysing tech-
mique (47} with rather high concentrations of ps and histamine.
It should be noted, however, in this connection that in raost
experiments the ps were employed in concentrations 10 times
inferior to effective concentrations of heparin,

_ Deter ton of Sk reactivity seemed to offer an
Interesting possibility of demonstrating a connection with other
types of logical resp tthough

gh it may not help greatly
of ps until more is known
man reactivity is a reliable

>
to explain the anti-anaphylactic action
about the extent to which this Shwartz
mdex for such types of effect.

Shwartzman Phenomenon

Rablits were wjected miracuty e Wi
50 4%, 24 hours Torar m 7n g e oY with doses of mu pommnn ¢ em
Other groups of « i .

the preparato . ;
eparatory i . o s v dose of 10-30 gk
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Results

‘When tested on rabbits using Shwarizman’s technique (40, 41),
all the ps so far examined showed preparatory as well as provo-
cative properties. A simultancous i. v. injection of one and the
same ps along with the preparatory injection was capable of
greatly reducing the intensity of the local reaction. Furthermore
there were fewer macroscopically detectable non-dermal lesions of
the Sanarclh type in such animals.

In clucidating the anti-anaphylactic action of ps it might be
important to determine the connection with the other effects which
they produce — such as the pyrogenic effect and the action on
leucocytes. These latter scem to be of same significance in this
connection and must be taken into consideration in addition to
the effects already mentioned.

PByrogenicaty, Leucocyte Response

Most exp on ity were perfe on b prgs ar rabbits
A few were carricd out on cats hetised with dial h fose The ps
was injected i v in doses ranging from 0 001 to 100 ug/kg and the rectal temperature
recorded for periods of up to 24 hours Sinularly, at vanous mtervals leucocy te counts
were made of blood taken by heart puncture in guinea-pigs, from the marginal ear
veun in rabbits, or from the exposed femoral artery m cats Dhfferentral white cell counts,
including thrombacyte counts, were made from blood smears

Resulis

The increase in body temperature which follows injection of
bacterial ps, especially ps derived from gram-negative bacteria,
is the most widely known effect of these substances (4, 5, 43, 48).

It is gencrally belicved that the pyrogenic reaction is not a
primary effect and, furthermore, that the hyperthermia 1s in some
way preceded by and dependent upon the leucopema which follows
injection of bacterial ps Non-anaesthetised rabbits and cats anaes-
thetised with dial-urethane, exhibited a pronounced rise in body
temperature which usually set in after a typical latency of between
20-40 min. following the injection and which returned to normal
within 3-4 hours when threshold pyrogenic doses or doses of up
to about 30 times the threshold dose were cmployed. With higher
doses the hyperthermia lasted longer and, in certain instances
where it was followed up, was still detectable after as much as
10-12 hours. Still higher doses sometimes caused a fall i body
temperature, probably as 2 result of toxic or circulatory effects.
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. i ighl: ogenic; in fact,
The "fa)fmty Dr me'ps smd.l?e prquﬂ ;ug\ ; SZ;\E of them stilt
when injected intravenously into guinea-pigs, sof Tow
produced a dignificant rise in rectal tcntpcramrc in a dose a!;{o .
25 0001 pgfkg. On the other hand, .(akl.ng 3 pgikg as the e ‘“d
dose, some ps were found to be inactive in so far as they produce
Ro pyrogenic reactionin the guinea-pig; some of these prcpnmn.ons
nevertheless proved effective against anaphylactic shock. Increasing
the dose of such ps 10 fold or more uswally vesulted in the appea-
rance of muld to moderate hyperthermia, but with no appreciable

Iteration in the anti-anaphylactic effect.

Following injection of a ps in a definitely pyrogenic d0§e,‘:x
pronounced fall in total circulating leucocytes occurred. within
5-10 min, i.e. cather than the rise in rectal temperature. The
leucopenic effect was often spectacular in that as much 23 up to
859, of the leucocytes disappeared from the peripheral circulation,
It was also noted that during the leucopenic phase the buffy coat
taken fram heparinised blood tended to be more sticky than at
other times. As 2 rule, the leucopenic phase was followed by lenco-
cytosis, which began within 3-4 hours after the intravenous
injection of the ps and attained a maximum exceeding the pre-
existing normad fevel by as much as 70-80%,.

The lencocytosis wazdue to palymorphonuclear cells and usual-
ly fasted several hours before returning to normal fevels; it was
accompanied by more or less pronounced lymphocytopenia. The
platelets fell within about 15 min following injection of the ps
and remained at subnormal levels for several hours These haema-
cological effects and the hyperthermia were observed with some
varaton in degree and quality in ol the species examined. The
non-anaesthétised rabbit with its normal Yymphocytosis showed the
most marked polymorpt 1 1 y and lymphopenia,
wheress in the anaesthetised cat these effects were apprecizbly

less p d. Typical ples of these are shown
w figures { and 2

Influence of Anaesthesia on Pyrexia and Leucocyte Responss

As an interesting chance-observation, we found that in cats
Ps produced a pronounced rise in body temperature, together
with the leucoeyte fluctyations. described, when dial-urethane was
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Fig. 1. Rabbit 3 2 0 kg. At arrow intravenous injection of the ps preparation No 16617 3 pgfkg

Table I
of hetic upon and leucocyte reactrons in the cat
Polysacch: D
At NG s emeewe seonday e

Dial-urcthane 16617 3 T .
chloralose « 3 + +++
Dual-urethane 19338/8 0,08 + 4 e
chloralose « 0,03 (+) 44+
Dual-urethane 19515/3 0,03 +++ ++4
chloralose « 0,03 +) +4

employed as the anaesthetic, whereas when chloralose was used
the same doses did not markedly affect body temperature although
they still caused similar, 1f somewhat less pronounced leucocyte
reactions (Table II).
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Relaionship Between Anti-Allergic and Pyrogenic Properties

Most of the ps had a pyrogenic effect on guinea-pigs when
gven in a dose which afforded protection against anaphylactic
shock, But, 23 already mentioned, we have found a certain number
of ps denved from Profeus which were non-pyrogenic when adminis-
tered in a dose which protected guinea-pigs against death from
anaphylactic shock. On the other hand, the pyrogenic prepara-
tions were often ineffective against anaphylactic shock, although
they it di:

played an ly potent py

genic activity
in the gumea-pig,
It was also found that, when ps which were highly pyrogenic
but inactive against anaphylaxis were given in a dosage so low
as to have littde pyrogenic effect, this did not result in the appea-

rance of anti-anaphylactic properties in a preparation which had
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failed to display them in a highly pyrogenic dose. Generally the
doscs necessary to produce sustained inhibition of the active Arthus
reaction in the rabbit were some 10-20 times higher than those
active against anaphylactic shock in the guinea-pig, and they
usually produced a rise in body temperature lasting several hours.
In guinca-pigs sensitised with either horse scrum or ovalbumin, the
doses which effected a clear-cut reduction in the intensity of the
Arthus reaction were of the same order as those active against ana-
phylactic shock; those preparations which were active against ana-
phylactic shock in non-pyrogenic doses also inhibited the Arthus
reaction in the same dose. On the other hand, a number of pyro-
genic preparations which were inactive in the anaphylactic shock
test showed good inhibitory activity against the active Arthus reac-
tion in either rabbits or guinea-pigs. The complex pattern of these
various activities is best illustrated in table III.

Table 111
Pyrogenucity and anti-allergic effects of different ps
Pyrogemeity Antranaphylactic activity Inhibrtion of
Plyuccande | Cunes: Rabtit SchulizDale reacton  Gumenr o
mowe®  in rivo/in miro®” " i pig* Rabbut*®

16617 + + + + o + +

16619 + + + + [¢] + +

18879/3 o] + + [s] +

193388 +++ +4+  + + 4

19342/5 o o (+)

19515/3  ++ ++ o o + +
* Standard dose 3 ugfkg ** Standard dose 30 ug/kg

O~ + 441 Arbitrary activity uruts (apphicable only to pyrogenicity)

All these observations show, that bacterial ps may produce
different effects depending on the ps under study. Some derivatives
may produce the whole gamut of effects, while others may exhibit
only one of the possible properties. This indicates that a certain degree
of specificity may perhaps be dependent on the particular chemical
configuration of a given ps.

Discussion

It is generally accepted that histamine plays an important réle
in the processes of anaphylactic phenomena; simularly, serotonin
_ at least under certain conditions - is released during the antigen-

antibody reaction (17, 18).
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Gince the ps active against amphylactif: flxoclf or loc‘:\\. anas
phylaxis do not possess ATy detectable antihistamine activity in
oro o in the intact apimal and since theit antiserotonin acsnvxty
in vivo is only fecble, it follows that such effects cannot cor‘\tfxbun;
in any appreciable degree to the ax\.ﬁ-amphxlamc activity o
Proteus polysaccharides; their anti-allergic properties must necessarl-
ly reside 1n same other mechanistm of actica.

A direct mechanism, such as an inhibitory cffect on vascufar
permeability due to «proofing» of permeable pores, can be ruled
out g prieri for purely quantifative reasons. As evidenced by our
experiments, the binding of lustamine ir #ilrs, 1. €, neutralisstion
of histamine in some way or other occurs only under certain parti-
cular conditions but not under conditions in whick, for example,
heparin i highly active. Furthermore, so far as we have been
able to detect, ps injected intravenously have no significant in-
fluence on plasma histamine in hetised cats. The ant
tonin activity of Profeus ps must be considered as an indireet effect,
sunce it is not detectable when the ps are added iz vitro to the iso-
lated rat colon,

It 1 therefore most bikely that the mechanism by whick
Proteus ps exert their ani-alergic effects differs from that of
known anti-allesgic drugs; furthermiare, these effects do not appear
immedately, since even when the ps arc injected into the blood
stream, some time elapses before any anti-allergic activity is
detectable. Hence, 1t seems necessary, to elucidate the mechanism
of achon of Proteus ps in 2 study of the other reactions, including
secondary ones, which may possibly follow injection of ps.

Inl 1955, Humphrey (16), wsing a pyrogenic ps fraction from

terwm prod; , found that it letely inhibited the
Arthus reaction in rabbits; but he discarded this effect as due
to nom-speaific interactions sach as lowering of the blood pressure
ete. Our exp with ps obtained by fractionation of Prateus
vulgans barteria or culture filtrates provide evidence that ps in
#g amounts are able 1o inhibir certain effects of the antigen-anti-
body reacuon eccurring in systemuce anaphylaxis in the guinea-ps
as well as Iocal anaphylactic reactions of th o

X e Arthus type, Under
certin conditions they also irhibit the Shwartzman phenomenan,

for which they a
agonts y are used both a3 preparatory as well as provocative

Chi
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It has been assumed that an anti-anaphylactic action might
be produced by elevation of the body temperature, by leucopenic
reaction, and perhaps by other general non-specific reactions (16,
32). Ps invariably exert an effect on circulating leucocytes, but
they need not necessarily be pyrogenic when given in a dose which
affords protection against anaphylactic shock in the guinea-pig. It
is thought that their effect on circulating leucocytes merely reflects
one of the detectable reactions of the organism to unknown altera-
tions in intrinsic reactivity rather than the primary condition for
their anti-allergic activity. This interpretation would incidentally
seem justified in view of the fact that a single dose producing
transient granulocytopenia followed by polymorphonuclear leuco-
cytosis with lymphocytopenia is able to suppress the Arthus reac-
tion in guinca-pigs and rabbits for as long as 48 hours, whercas
the leucocyte fluctuations take place within the first hours after
injection of the ps.

A decrease in blood pressure and changes in the systemic
haemodynamic condition of the anaesthetised animal occur irre-
gularly and only in response to doses far in excess of those active
against anaphylactic shock. Moreover, lowering the blood pressure
with hydrazinopthalazines or ganglion blocking agents, for example,
does not inhibit to any measurable degree cither the anaphylactic
shock in guinea-pigs or the Arthus reaction in rabbits and guinea-
pigs. Thus, a reduction in blood pressure can be ruled out as a
significant component of the anti-allergic properties of Proteus ps.
It has repeatedly been reported that certain pyrogenic ps act by
stimulating the pituitary-adrenal system (3, 5, 6, 7, 8, 25, 36,
39, 43); it is therefore conceivable that the bacterial ps which we
have studied might act vz suchk a mechanism, e. g. through the
liberation of endogenous adrenomedullary and adrenocortical
factors. Such a possibility might be worth considering in view of
our findings that #sopropyl-noradrenaline, which is a normal
constituent of the adrenals and of bronchial sympathin (23, 24),
exhibits marked antiserotonin and anti-anaphylactic activities in
the guinea-pig (20) and that certain cortical steroids protect guinea-
pigs against anaphylactic shock. It seems unlikely that ps derived
from Proteus are able to provoke the release of such amounts
of endogenous steroids; however, on the basis of the prescnt
cxpeximcntal data, the possibility that steroids and/or substan-
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ces like i:aj)wp]l—nomd:cmﬁm contribute to the antiailergic effects
of Profens ps is one that cannat be ignored.

Since there appears to be a paralfel with other findings relating
to the effect of ps on the immune reaction, their influence on the
Shwart: pt seems i ting. Qur findings that
Proteys ps possess preparatory as well as provocative properties
when tested according to Shwartzman’s technigue (40, 41) ace in
fine with previous reports on such properties of bacterial and other
ps preparations or materials containing ps (2, 5, 13, 42, 43, 45).
It is noteworthy that the minimum doses necessary for preparing
and provoking the Shwartzman phenomenon are of the same order
of magnitude as those of a ps obtained by Shear from Serralia marces-
cens (42). In 1952, Alechinsky reported that culture fltrates of Coli,
when injected intravenowsly at the same time as the preparatary
intracutancous dosc, largely inhibited the severity of the local

ph following p ive intravenous injec-
tion of one and the same fltrate (1). We have now been able to
::);firm these results using small doses of our purified ps prepara-
There is also a possibility that the anti-anaphylactic effect
occurs in connection with the phenome; i
1936, Grskov and Kaufmann (33) fl‘;und tha?f::icsz‘;l?c‘::::r‘l:);»: IZ
dead typheid bacilli i, v. or 1. p. developed a resistance 1o Im;lc
doses of thig istm 1-3 days after ad Mion. Simalar fi 3‘ ol
have reeently been poblished by Routey {37, 38) and oth i ;‘g!
Thus inutial resistance disappeared rapidly 'and was C: =
clasyical specific immunity, since following the in?cc:') t:‘ \;c e
species of dead Gram-negative bacillus transient “ \ iy fmc
many other species was obtained. This ph o Brotechon Against
frxov&kct by highly purified ps of Gram—xigi?;vr:::r;oc?e:i:ngao‘;?;dt

o i B y

A r,;xa ;2 ; :::\ai“&i ?“me’ gte. a:ffl‘esmbcd‘b)fl {m;’n et al. {30},
Pillemer's pmpcrdin‘s tem o N d with
present evidence, it cY:rmot (éz’a:z?\;u‘:fgti:: : “l:hthbm“ K the
upromunity» and the properdin system are U; : omena 8
factors responsible for this 1ype of reaction 1. the main or only
have a nd with the on In any case, they may
by us uang ps from Proteus. me effects observed

Thomas and coll (44) have shown that, when hi h doses of a.
i . (44) have she that, ig]
ps derived from Serratic matcescens are injcétcd into rabbits, the
» Hiey
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It has been assumed that an anti-anaphylactic action might
be produced by elevation of the body temperature, by leucopenic
reaction, and perhaps by other general non-specific reactions (16,
32). Ps invariably exert an effect on circulating leucocytes, but
they need not necessarily be pyrogenic when given in a dosc which
affords protection against anaphylactic shock in the guinea-pig. It
is thought that their cffect on circulating leucocytes merely reflects
one of the detectable reactions of the organism to unknown altera-
tions in intrinsic reactivity rather than the primary condition for
their anti-allergic activity. This interpretation would incidentally
seem justified in view of the fact that a single dose producing
transient granulocytopenia followed by polymorphonuclear leuco-
cytosis with lymphocytopenia is able to suppress the Arthus reac-
tion in guinea-pigs and rabbits for as long as 48 hours, whereas
the leucocyte fluctuations take place within the first hours after
injection of the ps.

A decrease in blood pressure and changes in the systemic
haemodynamic condition of the anaesthetised animal occur irre-
gularly and only in response to doses far in excess of those active
against anaphylactic shock, Moreover, lowering the blood pressure
with hydrazinopthalazines or ganglion blocking agents, for example,
does not inhibit to any measurable degree either the anaphylactic
shock in guinea-pigs or the Arthus reaction 1n rabbits and guinea-
pigs. Thus, a reduction in blood pressure can be ruled out as a
significant component of the anti-allergic properties of Profeus ps.
It has repeatedly been reported that certain pyrogenic ps act by
stimulating the pituitary-adrenal system (3, 5, 6, 7, 8, 25, 36,
39, 43); it is therefore conceivable that the bacterial ps which we
have studied might act ziz such a mechanism, . g. through the
liberation of endogenous adrenomedullary and adrenocortical
factors. Such a possibility might be worth considering in view of
our findings that isopropyl-noradrenaline, which 1s a normal
constituent of the adrenals and of bronchial sympathin (23, 24),
exhibits marked antiserotonin and anti-anaphylactic activities in
the guinca-pig (20) and that certain cortical steroids protect guinea-
pigs against anaphylactic shock. It scems unlikely that ps derived
from Proteus are able to provoke the release of such amounts
of endogenous steroids; however, on the basis of the present

cxpen'mtmal data, the possibility that steroids andfor substan-
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They have no direct antihistamine or.amis.crotonin ci’{:ct in
titre, nor do they counteract the effects of hxstamxinc acms?l in t}.w
intact animal Their antiserotonin activity in the intact guinea-pig
exposed to serotonin aerosol is feeble. Under certain :ond\'tmns
they bind histamine in otfro, but do not cause any appreciable
change in plasma histamine in anaesthetised cats. Mcf“ of lltcm
are pyrogenic in the doses in which they afford protection againt
anaphylactic shock., However, some of them are non-pyrogenic in
anti-anaphylactic doses; thus pyrogenicity is not a prerequisite of
their anti-anaphylactic property, nor does their anti-allergic
activity seem to be directly correlated with their effects on leuco-
cytes The only effect directly connected with the anti-anaphylactic
action which we could find 1n our experiments was that the reac-
uwity of the isolated gut taken from an animal treated with anti-
anaphylactic doses of ps, i greatly reduced when threshold con-
centrations of the antigen are used although it reacts normally
towards histamine. The mechanism of this effect is unknown, but
would seem to represent a new type of anti-anaphylactic action.
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cause the appearance in the plasma of a protein which can be
precipitated at 2 low temperature in the presence of heparin. The
ps studied by us produced no such effect in rabbits even when
injected in doses higher than those causing full inkibition of the
Arthus reaction.

When ps derived from Proteus are added in vitro to the intestine
of sensitised guinea-pigs, they do not affect its reaction upon ad-
dition of the antigen. However, when the ps are injected in rivo into
sensitised guinea-pigs, the intestine taken from such animals is
distinctly less sensitive to threshold concentrations of the antigen,
although it still reacts to histamine in a manner jdentical to that
of the intestine obtained from non-treated sensitised animals. This
clearly shows that these ps derived from Proteus can profoundly
change the anaphylactic reactivity of a smooth-muscular organ
without altering its sensitivity to histamine, and that they do so
under conditions in which no humeoral antianaphylactic agent or
any effects involving the leucocytes (16), temperature (32), blood-
pressure (16), etc. can be operating directly. It is therefore possible
that such ps exert their anti-allergic effects in the intact animal
cither by directly or indirectly changing some cellular constituent(s)
involved in the antigen-antibody reaction or by causing the release
of some factors which become fixed to the cell, thus rendering 1t less
sensitive to the effects of the anaphylactic reaction,

Tt is not known whether any of the factors mentioned change
the reactivity of the anaphylactic organ after the animal has been
treated. This question is certainly of paramount importance, as it
may have a bearing on other problems of immunisation and sensi-
tisation,

Qur experimental evidence is so far ly insufficient, and
cannot completely explain the more intimate processes underlying
the antiallergic effect of our bacterial ps. These ps most certamnly
do not exert their effect directly in the manner of classical ant-
allergic drugs and further work will have to be done in order to
elucidate their mechanism of action.

Foort

Summary

Ps derived from cells of Proteus vulgans or culture filtrates of
this organism possess anti-allergic propesties in doses which are
by far inferior to those of other known anti-allergic drugs.
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On Anaphylatoxin
By F. HAHN

From the Pharmacological Tnstitute of the Medical Academy
Dasseldorf {Germany)

In 1910, in the same year as Dale and Laidlaw descrbed the
similarity between histamine intoxication and nr}aphylnctlc shock,
Friedberger prepared phylatoxin. At first this zmrnctcd' more
attention from amaphylaxis research workers. Perhaps l't was

d that the anaphyl: theory tried to cxplain the
connection between the antigen-antibody reaction and the toxin
formation experimentally. As is well known, Friedberger produced
the toxin by contact between guinea-pig serum and immune preci-
pitates. But the interest in anaphylatoxin still remained after both
Bordet and Nathan had obtained anaphylatoxin with polysaccharides
instead of tmmune precipitates, and after Nogy and De Eruif had
obtained anaphylatoxin by simply diluting the serum with distilled
water. On the other hand, intesest suddenly vanished when Dale
and Kellawgy in 1922 demonstrated that the properties of an
anaphylactic toxin were only incompletely represented in anaphyla.
toxin, On the isolated uterus of a guinea-pig, they obtained only
weak and irregular contractions, whereas under the stimulation
of an antigen-antibody reaction, as also under the influence of
bistamine, this organ showed strong contractions. It therefore
became doubtful whether the lethal effect of anaphylatosin in
the wtact ammal 1 connected with a direct effect on the smooth
musculature, or whether it actually leads to a fatal bronchospasm.
When 10 years later Feldberg led the histamine theory to triumph,
e nolonger had to fight against the resistance of the anaphylatoxin
theory. During the last few years, however, interest in anaphyla-
‘:}’l‘c";:‘:;;::: a:[?f;i:’:‘f more, sinee it was found that it possesses
mine liberating substance. As we showed




118 Mecicr/Bein/Jaques

24, Lockett, A : 3. Physiol, 133, 73P, 1956

25. McDonald, R. K., V. K Weise and R E. Peterson® Proc. Soc exp. Biol, Med. 93,
2, 1956

26. Meier, R.; Z. ges. exp. Med. 87, 283, 1933

27, Mewr, R, H. § Bein und R. Jaques: Experientia 12, 235, 1956.

28 Meier, R, P. A Desaulles and B. Schar: Arch. exp. Path. Pharm 22{, 104, 1955.

29. Meier, R, und F. Kradolfer: Experientia 12, 213, 1956,

30. Meier, R., und L. Neipp: Schweiz med. Wichr. 85, 249, 1956.

31. a) Meter, R, und B, Schar. Expenentia 9, 93, 1953,

31, b) Id + Experientia 10, 376, 1954,

32, Mongar, §. L., and H. O Schild: J. Physiol. 32, 30, 1956.

33. Orskos, F., und F. Kaxffmenn Z. Hyg. 119, 65, 1936,

34, Pillemer, L, L Blum, I. H. Lepow, O. A. Ross, E W, Todd and 4. C. Wardlaw: Science
120, 279, 1954,

35. Pillemer, L.: Ann.N. Y. Acad. Sci. 77, 526, 1955,

36. Rosem, D, A: Amer. J. Ophthalmol. 35, 1783, 1952,

37. Rouley, D - Lancet 268, 232, 1955.

38, Id: Brit. ] exp Path, 57, 223, 1956

39. Sgsers, G., and M. A. Sgyers~ Ann N. Y. Acad. Sci. 50, 522, 1949,

40 Sheartzman, G : J. exp. Med 48, 247, 1928

41, 12+ J. Ing. Dis 61,293, 1937,

42. Id - Cancer Res. 4, 191, 1954.

43. Thomas, L.: Ann Rev. Physiol 16, 467, 1954,

44, Thomas, L., R. T. Sruth and R ron Kerff Proc. Soc, exp. Biol Med 86, 813, 1954,

45, Thomas, L., and C. A. Stetson* J exp. Med 89, 461, 1949

46 Wordlaw, A C, L. Blum and L. Pidlemer: Fed. Proc 14, 480, 1955

47, Werle, E, und R Amann* Klin. Wschr, 34, 624, 1956

48, Wood, Jr., and . Barry. Amer. J. Med 18, 3, 1935,

th dd: Prof Dr R Meier, Dr H J Bein and Dr R, Jaques, Forschungslaboratorium
Authors” address Brol D R atnenin Abtertung, CIBA AG, Bosel (ochmers]



Hohn, F Int. Arch Allergy 1 133132 assn

On Anaphylatoxin
By F. HAHN
From the Pharmacelogical Insntute of the Medical Academy
Disseldoet (Germany)

1n 1910, in the same year as Dale and Laidlaw described the
similarity between histamine intoxication and anaphylactic shock,

Friedb prepared anaphylatoxin. At first this attracted more
attention from anaphylaxis rescarch workers. Perhaps it was
d that the anaphylatoxin theory tried to cxplain the

connection between the antigen-antibody reaction and the toxin
formation experimentally. As is well known, Friedberger produced
the toxin by contact between guinea-pig serum and immune preci-
pitates, But the interest in anaphylatoxin still remained after both
Bordet and Nathan had obtained anaphylatoxin with polysaccharides
wstead of immune precipitates, and after Nozy and D¢ Kruif had
obtained anaphylatoxin by simply diluting the serum with disulled
water, On the other hand, interest suddenly vanished when Dale
and Kellaway in 1922 demonstrated that the properties of an
anaphylactic toxin were only incompletely represented in anaphyla-
toun On the isolated uterus of a guinea-pig, they obtained only
weak and wregular contractions, whereas under the stimulation
of an antigen-antibody reaction, as akso under the influence of
histamine, this organ showed strong contractions. It therefore
became doubtful whether the lethal effect of anaphylatoxin in
the intact animal 13 connected with a direct effect on the smooth
musculature, or whether 1t actually leads to a fatal bronchospasm.
When 10 years later Feldberg led the histamine theory to triumph,
he no fonger had to fight against the resistance of the anaphylatoxin
theory. During the last few years, however, interest in anaphyla-
toun has been aroused once more, since it was found that it possessey
the properties of a histamine liberating substance. As we showed
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together with Oberdorfin 1951, antihistamines prevent fatal anaphy-
Iatoxin shock. A rise in histamine takes place in the plasma (Hakn).
This increase is parallel to the severity of the shock. The isolated
guinea-pig lung also liberates considerable quantities of histamine
when flooded with anaphylatoxin. This was demonstrated by
Rocka e Silva in pursuance of our examinations.

There can therefore be no further doubt that death in ana-
phylatoxin shock is to a great extent due to the bronchospasm
caused by histamine. The cffect of anaphylatoxin on isolated smooth
muscle organs was improved by Rocha ¢ Silpa when he used rat
serum anaphylatoxin, which is 4 times stronger than the anaphyla-
toxin obtained from guinea-pig serum.

Apart from this, it can be deduced from the experiments of
Dale and Aellawgy that even anaphylatoxins from guinea-pig
serum do not completely lack the contracting cffect on the isolated
uterus, particularly if such toxins are obtained with agar instead
of starch. Also in the lung of intact animals, such anaphylatoxins
produce syndromes which are more typical of anaphylaxis.

More frequently, rat serum anaphylatoxin produces a syndrome
resembling that of pure pulmonary emphysema without oedema
and haemorrhages. Thus, the more effective the anaphylatoxin, the
clearer and more undiluted are the symptoms caused by the hista-
mine action. Here also, anaphylaxis and anaphylatoxin shock may
perhaps resemble each other, since a subacute anaphylactic shock
is accompanied to a great extent by haemorrhages and oedema than
by bronchospastic effects.

Dale and Kellaway were able to overcome the bronchiolar
resistance in intact animals by artificial respiration more easily
in anaphylatoxin shock than in anaphylactic shock. If onc attempts
to explain this observation by the low efficacy of the guinea-pig
serum anaphylatoxins used, then one encounters the paradox that
Rocha e Silva obtained, with the same type of anaphylatoxin, a
much larger histamine yield from the isolated fung than through
an antigen-antibody reaction, according to the experiments of
Feldberg and Schild, Recently, Dale particularly emphasised this
point and sees in it a further proof for a more qualitative than
quanti(ative distinction. Under the effect of anaphylatoxin, the
liberation of histamine is supposed to be located more at the endo-
thelia, whereas in anaphylactic shock 1t takes place more at the

smooth muscles. It should not be overlooked that here the hista-
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mine Liberation in the isolated lung r'msc‘c\ with Tyrudt‘nxsn!n(\sx:
15 related to the pulmonary inflation of intact ;mfm:\ls. n mm;:d
animals, the histamine Yiberation In :map'hy.hc-hc shock waul

appear to be rather stronger Wyam ofier the injection of gunea-vig
serum znaphylatoxin, which would also correspond to the findings
of Dale and Kellaway. This is seen if our blood findings in :m:.\phylm
soxin shotk are compared to the results obtained by Code in ana~
phylaxis, Unfoitunately, the blood values cannot be so well eva-
{uated, since in shack, a decrease in leukacytes and blood platelets
takes place. Through this phenomenon, it is even possible that a
decrease in the blood histamine vafues can be observed despite
an increase in the plasma, We are, at present, carrying out compara-
twve experiments with plasma. It also seems necessary to re-evaluate
the histamine liberation of isolated lungs during anaphylactic
reaction and anaphylatoxin shock in a strong comparative manner.
Ungar has reported that the isolated lung, when flooded with serum,

gives off more histamine in anaphylactic shock than with serum-
free lavage.

Rocha e Silta has repeatedly di d the consid

which
indicate the participation of a humoral factor in anaphylactic
shotk, and which would explain the recent interest in anaphyla-
taxin research, Further reseaych is necessary in order to show
whether the humoral factor i identical with anaphylatoxin.
Recently we have attempted to obtain an indication 2y to
the part played by anaphylatoxin in anaphylactic shock, by examin-
wg whether any decrease in the capacity of the scrum to form
anaphylatoxin takes place in anaphylactic shock. So far these
expeniments have ouly been concluded with inverse shotk. We
tested this form of shock first, because here the participation of a
‘humora) factor 1s particularly evident, and because this shock can
be teproduced constanily, and as often as is required. In guinea.
™gs, we injected 2 constant dose of a raemolytic theep's blood
amho;cgmr About one minute later, we took blood from the
cavotid  Together with dextran, the serum chiained from this
blood gave an anaphylatoxin which was at an average less than
half as potent a3 that obtained from normal serum. Coagulation
1 the shock blood, especially retraction of the blnod cake, was
delayed We therefore devised various experiments in ord,cr 0
determine whether the & ion of anaphyl. was inf} d

by this areumstance, Since in shack the blood platelets and leuko-
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cytes are reduced, shock plasma (oxalate plasma) was coagulated
together with normal blood sediment (through recalcification),
whereby the formation of anaphylatoxin was not increased. Pre-
vention of the coagulation of normal blood through heparin in
small doses did not reduce the formation of anaphylatoxin. The
protein content in the serum of inverse shock does not decrease,
but rather increases. Thus, there is no diluting factor present. The
findings permit the conclusion that in inverse shock a certain pro-
tein fraction which plays a part in the formation of anaphyla-
toxin, is consumed. Togcther with Giertz we demonstrated the
release of histamine in inverse shock. But perhaps the ocdema-
producing component of anaphylatoxin also plays a part here.

In high doses, heparin inhibits the formation of anaphylatoxin.
It then also inhibits inverse shock, but hardly anaphylatoxin
shock, Whether there are any connections here is a matter on
which we can only conjecture.

It is certain that we will be able to say more about the biolo-
gical significance of anaphylatoxin, when we have more accurate
data on its chemical nature and formation. The purpose of our
experiments is to obtain information with the method of Cohn
on the serum factors involved in the anaphylatoxin effect and ana-
phylatoxin formation through the fractionation of rat scrum. If
rat serum with an anaphylatoxin content is fractionised, then ana-
phylatoxin is only found in the albumine-frec fractions I-1I~III
and I-II, although the cfficacy in these fractions is reduced by
half. With further separation, the majority is found in ITI-0, while
a residue remains in I-111-1, 2, 3. TII-0 is obtaned from I-TII
through extraction and re-precipitation, If extraction is carried
out twice, then in 11I-0 not more anaphylatoxin is obtained than
with a single extraction process, although the protein content is
twice as high. The anaphylatoxin effect of III-0 is about /yrd of
that of the total serum, while the protein content 1s 1/, or 1/; of the
total serum protein, according to the extraction. Thus, 1n relation
to the protein content, in III-0 an appreciable accumulation of
anaphylatoxin is to be observed.

In the 1II-0 fraction from incubated serum, the proten
content is somewhat higher than that in the III-0 fraction from
normal serum, while in I-1II-1, 2, 3 it is reduced by about the
same extent. The protein variation amounts to about 1.5%, of
the total scrum protein. This protein which transfers into the
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II1-0 fraction may, together with a factor cantained in -0,
hylatoxin.

form Itfh;l :?;}Z ﬁ); s from normal scrum are isolated and svtxbsiqu‘cnt;
1y incubated with dextran, then aa anaphylatoxin effect is o mjgca
with I-I11, but not with ITI-0 or I-11I-1, 2, 3 alone, provide
that both fractions are separated exactly through dou?]c.cxtrac'uon
of I-111. If they are then mixed again, an anaphylatoxin is obtained
which has an efficacy not much less than that of the incubated
natwe serum, With incubation of one hour, the cificacy equals
about 2/, of that of the initial serum, with a protein content of
369 of the total serum protein.

We thus succeeded in demonstrating that two sharply separable
factors play a part in the formation of anaphylatoxin. This rendered
it possible for us to examine a few questions of reaction kinctics. I
would Jike to summanse the most important results, which were
obtained partly through using the isolated factors, and partly with
native serum

1. The anaphylatoxin formation takes place with a measur-
able speed. This speed decreases by more than half on lowering
the reaction temperature by 10° C.

2. Through diluting the serum with Tyrode’s solution (1 < 4),
the absolute anaphylatoxin formation is hardly influenced.

3 1If the mixture ratio between I1I-0 and I-111-1, 2,3 is
altered as compared to the normal ratio in such a manner that
either I11-0 or I~111-1, 2, 3 is reduced by a half or a quarter,
then the anaphylatoxin formation is reduced (with constant
meubation nme). This reduction is in the average somewhat lower
than that which would correspond to the degree of dilution.

4 Il one factor (111~0 or I-I11-1, 2, 3) is obtained from
incubated serum and the other from normal serum, then no further
formation of anaphylatoxin takes place {with constant incubation
time]. Thus, in the formation of anaphylatodn, a consumption
of both factors takes place.

5 The factor contained in 111-0 is sensitive to a temperature
of 56° C. This iy not the case with the factor contained in I-III-1
2, 3, nor with anaphylatovin itself. Lower temperature degrce;
have not been examined.

6. The fac.tor contained in II11-0 is sensitive to zinc, This is
not the case with the factos comtained in 1-111-1, 2, 3 or with
anaphylatoxin jtself Other metals have not vet been tried,
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with the inhibition of an anaphylactic process in the skin, How-
ever, it does not appear that the process is associated with hista
mine-reactions. On the other hand, we found that a certain
type of anaphylactic process leads to a decrease of the formation
of anaphylatoxin in the serum.

The liberation of histamine by anaphylatoxin or by anaphylac.
tic processes proceeds in a different manner than by low-mole-
cular substances (for instance 48/80 or octylamin).

The inhibition of the anaphylatoxin formation by zinc-ions
may be due to the affinity of the zinc to SH-groups. In this connec-
tion it is of interest to know that iodine acetate, another SH-group
poison, may inhibit the liberation of histamine by conveyance of
antigens to a sensitized organ (Schild). Provided that the anaphy-
latoxin participates in the anaphylactic events, this finding may be
explained by an inhibition of the anaphylatoxin formation as well
as by inhibition of its effect. In fact, Aoussatché observed that
typical poisons of the SH-group are capable of inhibiting the effect
of anaphylatoxin and of antigen on sensitized organs.

No unambiguous answer can be given regarding the mecha-
nism of the histamine liberation by anaphylatoxin and the antigen-
antibody reaction. The theory of ferment activation by Rocka ¢
Silva, and especially by Ungar, is in contradistinction to some
important arguments (Mclntire). The liberation of histamine by
tryptic ferments is obviously only one of the known possibilities
of this process (Paton).

Now as before, the defenders of the anaphylatoxin theory of
anaphylaxis face the difficulty regarding the possibility of an
anaphylatoxin formation on isolated organs which can show an
anaphylactic reaction. Rocha ¢ Sifva in this connection discusses
the formation of anaphylatoxin in intercellular flmds during the
anaphylactic process,

Perhaps further nvestigation will show that there is no ana-
phylatoxin-like humoral factor which participates in the anaphylac-
tic shock of guinea-pigs. But the possibility remains that the
process of anaphylatoxin formation 1n vitro is a model for what
is going on in the tissues during anaphylactic shock, the tissue
proteins perhaps playing the réle of the serum proteins in vitro.

In any case, the fact that the body’s own protein is able to

transform into a histamine liberating substance by relatively tnfling
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s PIRNER 4 h and deserves
5 a 5 P

further attention.
Summary

Anaphylatoxn has the properties ?f a hi.smmin? «libc‘mdz.\g
substance far the guinea-pig. The question of jts participation in
anaphylaxis still remains unanswered. Recently it }fas been de-
monstrated that in inverse anaphylactic shock there is a decrease
in the capaity of the serum 10 form anaphylatoxin, The mechanism
of anaphylatoxin formation #n zitro has been further elucidated. The
process depends on the presence of two serum factors which can
e separated by Cohn’s method of fractionation, The formation has
a bagh temp cocfficient, 2 pH-opti and does not depend
ou the presence of specific 10ns. There is a consumption of both
serum factors. One of the factors is thermolabile and semsithve 10
zinc-jons. The toxin itself has sublty properties different from
the serum factors mentioned above, It is Jess sensitive to certain
physical or chemical influences. The relation between anaphyla-
toxn formation and complement function is stit! 1o be proved.
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with the inhibition of an anaphylactic process in the skin. How-
ever, it does not appear that the process is associated with hista-
mine-reactions. On the other hand, we found that a certain
type of anaphylactic process leads to a decrease of the formation
of anaphylatoxin in the scrum.

The liberation of histamine by anaphylatoxin or by anaphylac-
tic processes proceeds in a different manner than by low-mole-
cular substances (for instance 48/80 or octylamin}.

The inhibition of the anaphylatoxin formation by zinc-ions
may be due to the affinity of the zinc to SH-groups. In this connec-
tion it is of interest to know that iodine acetate, another SH-group
poison, may inhibit the liberation of histamine by conveyance of
antigens to a sensitized organ (Schild). Provided that the anaphy-
latoxin participates in the anaphylactic events, this finding may be
explained by an inhibition of the anaphylatoxin formation as well
as by inhibition of its effect. In fact, Moussatché observed that
typical poisons of the SH-group are capable of inhibiting the cffect
of anaphylatoxin and of antigen on sensitized organs.

No unambiguous answer can be given regarding the mecha-
nism of the histamine liberation by anaphylatoxin and the antigen-
antibody reaction. The theory of ferment activation by Rocka ¢
Silva, and especially by Ungar, is in contradistinction to some
important arguments (Afeintire). The liberation of histamine by
tryptic ferments is obviously only one of the known possibilities
of this process (Paton).

Now as before, the defenders of the anaphylatoxin theory of
anaphylaxis face the difficulty regarding the possibility of an
anaphylatoxin formation on isolated organs which can show an
anaphylactic reaction. Rocha e Silva in this connection discusses
the formation of anaphylatoxin in intercellular fluids during the
anaphylactic process.

Perhaps further investigation will show that there is no ana-
phylatoxin-like humoral factor which participates in the anaphylac-
tic shock of guinea-pigs. But the possibility remains that the
process of anaphylatoxin formation in vitro is a model for what
is going on in the tissues during anaphylactic shock, tl}e tissue
proteins perhaps playing the réle of the serum protemns in vitro.

In any case, the fact that the body’s own protein 1s able to

transform into a histamine liberating substance by relatively trifling
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Identification, Discrimination and Quantification in
Quchterlony Gel Plates
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A new tiscovery 18 never as good as it first scems — and always
better Let me explam, Nothing is cver as simple and straightfor-
ward as st appears in the first fresh flush of discovery. On closer
acquaintance the snags begin to appear: the sensitizing propertics

af new synthetics, the resistant bacterial strains to new anubiotics
thesid~ =™ 7 B .

BTOWS
apphc. o

So 1t has been with Quekterlony'’s (1949) discovery of antigen-
antibody precipitation patterns sn double diifusion gel plates. What
ar first appeared a sunple, straightforward method of antigen-
antibody analyss, i which certain basic rules of “identity”, “non.
wdentity™ and “partial identity” prevailed, later revealed complex-
wies which were not simply resalved (Kamenski, 19545 Jensings,
954, Wilson and Pringle, 1954, Korngold, 19565 Frinberg, 19972).
“The 1dea of “one band, one antigen” was soon chalienged and dis-
proved, 1ts converse, “one antigen, one band™, has lingered longer,

On the other hand, i Jess than a decade widespread applica-
vwon has been made of Ouchterlons 's basic discavery in many sclentific

disciplines Modufications have been deseloped which have enbances
s usefulness,

2 Tt Arch Aoy, Vol 3, No 34 11957)
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Quantification s Ouchterlony Gel Plates 13t

IWells. From the start I disliked templates for forming‘ wells in
the agar. They hold up proceedings because one must wart for the
gel n one plate to set before the template can be removed :md.used
for a second plate Nor was I intnigued by the cork borer technique,
With the latter, distances between wells arc not accurate, So I
designed, and our Instrument Shop constructed, gel cutters to meet
our various needs (Fig. 1). Afier plates are poured and sct they are
Iined up on the table The cutter of desired pattern is set on the
first plate and pressed into the gel A drawn glass capillary tube
attached to a water vacuum pump is inserted down the hollow
shaft of each cutter tube and the plug remosed. When the cutter is
hfted out an exact pattern of clean-walled wells is left. The cutter
1s moved from plate to plate and the operation repeated In minutes
dozens of identecally patterned and spaced plates are prepared.

Fig 1 Cutters for making standardaed gel plate patierns

Marking, Wniting across the bottoms of the dishes is aw nve

IR

' svanre 2 teterence notch from the edge of the gel and
plot the antigen-antiserum layout (with reference to the notch) in
f‘“" workbook. If we wish to place specific information on the gel
itself, we use a solution of Alctan Blue (1 C 1.} and a fine artist’s
brush This was first descnibed as a specific polysaccharide stain
for bactenal capsules (M Kinney, 1953). 1 thought it should stain
agar, which 1< a polysaccharide, just as effectively. The Alcian Blue
stﬁgns the gel mdelibly and permanently, being unaffected by
Z\‘;M:?‘l;cm tmmersion of the gel for washing, fising, or precipitate

Recording, Tn most cases it s desirable to ma
record of the precipitation patterns obtained. Sim;‘:lcc :lxh?eu(—lnr..j\':lc e
»s faborious and subject to bias and boredom — acombination dcarﬁg"
to accuracy. Staining, mounting and drying the gel 1s a slow, (imc}
, .
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In our Iaboratory we have made etensive usc of the Quchter-
{ony technique for the study of antigens from pollens, microorganisms,
and other sources. It is not unusual for us to set up 50 or more
plates in the course of a week. Incvitably, we have become aware of
shortcomings and misconceptions attached to the method, and have
added som: original modifications.

It is my intention this afternoon to communicate to you, within
the limit of the time at my disposal, some of our obscrvations and
original developments. You may find them useful in your own
work.

Methodology

Tt gencrally happens that the techniques surrounding a new
method arc complicated It is as though one finds it too good to
belicve that simple techniques could suffice 1o give the results
required. I have never been awed by complexity, and in our work
with the Quehterlony plate I have made it an aim 1o simplify proce-
dures as far as possible.

Agar One of the essentials 1n agar gel diffusion work s a clear
bachground against which the precipitation bands can readily be
seen and photographed. Several methods for obtaining clear agar
have been published, but none that I saw described had stmphcity
to rccommend 1t. My search for a simple and espeaially effective
method of agar clanfication was fruitful and recently I pubhshed
such a method for making clean, clear agar gels (Femnberg, 1956).
We use 1%, New Zealand agar, as this gives a good firm gel. To
prevent bacterial and fungal growth 1n the plates, we incorporate
1%, sodm azide m the gel It has the added advantage of pro-
ducing an 10mic strength close to that of physiological sahine and
virtually neutral pH. We have not found buffering of the agar
necessary. Adding 30 mg. of the chelating agent, ethylene-ciamine-
tetra-acetic acid disodium salt, climinates artifacts due to precipita-
tion of calcium phosphate 1n the gel.

Plates. Underrunning of sera and antigen solutions is another
problem which has evoked some not-so-simple solutions. I find the
simplest remedy 1s a few drops of a sihcone solution, or a smear of
silicone grease, rubbed into the bottom of the petn dish. It makes
the glass non-wettable and effectively discourages solunons and
sera in the wells from cozing under the agar
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Yelts. From the stast 1 dysliked templates for forming wells in
the agor. They hold up proceedings because one must wait for the
gel in one plate to set before the template can be removed and‘usc(\
for a second plate, Nor was I 1ntrigued by the cork borer technigue.
With ihe latter, distances briween wells ar¢ nat accuraie. So 1
designed, and our Instrument Shop constructed, gel cutters to mect
our various needs {Fig. 1). After plates are potred and sct they are
lined up on the table. The cutter of desired pattern is set on the
first plate and pressed into the gel A drawn glass capillary tube
attached to a water vacuum pump s inserted down the hollow
chalt of cach cutter tube and the plug removed. When the cutter is
hfted out an exact pattern of clean-walled wells 1 left. The cutter
1s moved from plate to plate and the operation repeated. In minutes
dozens of identically patterned and spaced plates are prepared.

Fug 1 Cutters Jor making standardized gel plate paniems

A\Iarkmg’. Wriung across the bottoms of the dishes je an
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In our laboratory we have made extensive use of the Quchter-
lony technique for the study ofantigens from pollens, microorganisms,
and other sources. It is not unusual for us to set up 50 or more
plates in the course of a week. Inevitably, we have become aware of
shortcomings and misconceptions attached to the method, and have
added sond: original modifications.

It is my intention this afternoon to communicate to you, within
the limit of the time at my disposal, some of our obscrvations and
origmal developments. You may find them uscful in your own
work.

Methodology

It generally happens that the techmques surrounding a new
method are complicated. It 1s as though onc finds 1t too good to
believe that simple techmiques could suffice to give the results
required, I have never been awed by complexity, and in our work
with the Quchterlony plate I have made it an aim to simphfy proce-
dures as far as possible.

Agar. One of the essentials 1n agar gel diffusion work is a clear
background agamst which the preaipitation bands can readily be
seen and photographed. Several methods for obtaining clear agar
have been published, but none that I saw described had simplicity
to recommend it. My search for a simple and especially effective
method of agar clanification was {rutful and recently I published
such a method for making clean, clear agar gels (Femberg, 1956).
We use 1% New Zealand agar, as this gives a good firm gel. To
prevent bacterial and fungal growth in the plates, we incorporate
19, sodium azide in the gel. It has the added advantage of pro-
ducing an 1onic strength close to that of physiological sahine and
virtually neutral pH. We have not found buflering of the agar
necessary. Adding 30 mg. of the chelating agent, ethylene-iamine-
tetra-acetic acid disodium salt, elumnates artifacts due to precipita-
tion of calcium phosphate 1n the gel.

Plates. Underrunming of sera and antigen solutions 1s another
problem which has evoked some not-so-simple solutions. I find the
simplest remedy is a few drops of a silicone solution, or a smear of
silicone grease, rubbed into the bottom of the petri dish, It makes
the glass non-wettable and cffectively discourages solutions and
sera in the wells from cozing under the agar.
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Hentification and Discrimination

T shall treat the subjects of identificanon and discrimination
together because there is a good deal of averlapping of their pro-
wmtes Qne must diserinainate between bands even as one 13 ate
tempting to identify them; and one must propcrl.}' identify scparate
bands as belonging to more than one antigen-antibody system when
one is trying to discriminate between them,

This brings up the perennial question: uhnl.cxacl\y does a
precipitation band mean i tevms of antigen-antibody systems?
That n vingle bard may in realty be made up of two or more
systems, whose bands are superimposed, s now well recognized.
Fig 3 shows such coalescing of bands actually taking place. From
it we can see that it is entirely 2 matter of concentration. It em-
phasizes the need to study the precipitation pattern at differem
anugenic concentrations before dentifying a band as denoting a
sungle antigenic companent, Only by such study can discrimination
be obtaned between multiple antigens which may precipitate along
the same line at certain concenteations

So much is clear and, I beheve, generally recognised and
accepted But there is also reason to believe that in certain cir-
cumstances one may obtain tho or more bands from asingle antigen-
antihody system, even when one does not fill the wells more than
once. 1 believe, in fact, that the Liesegang ring phenomenon is not
entirely absent from the antigen-antibody reaction in gel diffusion
plates I know this suggestion will arouse strong emotions, because
1 was 2 fong time before gel diffusion studies could break away
from Bechold’s (1905} ariginal misconception that all multiple bands
swere due ta the Liesegang pheramenon, rather than to 2 multeplicity
of antigens and antbodies It 15 nut my intention to severt to the
notons of Bechold, but solely to paint out that sometimes the Liessgang
Phenementn "’“g _“Y‘P mto our plates to confound our attempts at

an

Lxmgz{ng‘s rings, if I may recall briefly, are noted particutarly
1n morganic systerns. When silver nitrate, for example, is allawed
to diffuse through a tube of gelatine containing ammonium chro-
mate a thythmic preapitation of silver chromate takes place if the
salt cancentrations are right - e, a series of precipitation bands
forms in the gel Hughes (1934), explamning the Liesegang phenomen-
on, states that the nature and degree of banding depends on the
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consuming process. We decided photography offered the greatest
promise for routine, accurate recording of precipitation patterns.
Available photographic methods fell short of the results we sought.
Fortunatcly, our staff photographer tock a keen interest in the
problem and, with the aid of the Instrument Scction, an apparatus
was constructed (Lawson, 1957) which produced the better of the
photographs you will be sceing today.

Fig 2 Cannuster for gel plate storage

Storage. Prevention of cvaporation is essential while the pre-
cipitation bands are forming. Resort to large desiccators or other
air-tight devices is unnecessary. A tin with a looscly fitting lid suf-
fices, if one places a beaker of water in the tin with the plates. For
incubation of plates at 37° C we use a modified bacteriological petrt
dish cannister {Fig. 2), in which the canier is somewhat shorter than
the cannister atself and a httle water is kept on the bottom of the
latter, Individual dishes can be incubated or stored wndefimtely
with a layer of winte o1l over the gel, but this can become messy in
handling.

Once the precipitation pattern is obtained, 1 have found 1t
can be fixed and kept from distorting by layering the gel with an
approximatcly cqual volume of 20°, methanol m physiological
salinc. This also makes the bands stronger. It is often mvaluable for
showing up the bands formed mn weak systems. Alternatively,
stained gels can be dried on siiconed glass plates and the agar films
removed from the glass and filed.
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But if we look further we can sce a form of banding which 1
think is independent of temperature changes. Between wells 2 nn_d 1
{reading clochasise) we find a band spreading out and becoming
two. It is the outcrmost band of well 2 where it most cl({sc.ly ap-
proaches well 1. A possible explanation is that the precipitation
around well 1 has drawn on antibedy from the interzone between
the two wells, giving rise to an arca of antibody “rarefaction”.
Therefore, the antigen diffusing from well 2 has been able to travel
farther afield in this area and reprecipitate along the bulge, In the
case of temperature changes, similar arcas of antibody “rarefaction”
-~ of, more orthedaxly, antigen excess ~ may be created because
lowering of the temperature may slow the diffusion of the large
gamma globuln antibody molecules more than the smaller oval-
bumin molecules,

Fig. 5 represents a ifferent case. ‘This is a comvcntional
Quchteslony plate in which the antiserum was in the centre cup and
the antigen in the three peripheral cups. I think you can see the
ntense bands formed wathin the broad band. I think that in this
plate our relative concentrations were such as to produce “close
bands with ‘spaces’ filled with precipitate, the bands being anly
distinet through being more intense and compact”.

But how can antigen or antibody break through the barrier of
a precipitation bard to form additional bands® We already re-
ctognise that a precipitation band is no barrier to the nassage of
N -

00 actual

. a photo-
eusauglapu 01 2 preaipitation band in an agar gel (Fig. 6). Tt is

apparent that what may appear as a sohd band to the naked cye
1s 1 reality a collection of discrete precipitate particles I think st
reasonable that, m view of what we saw before, the spaces between
the particles are “rarefied” 1n respect of antigen and antbody mole-
cules So1t 15 entircly possible that such molecules way pass through
the band zone without meeting their opposite numbers; and so he
available, if conditions beyond are night, for precipitauon in a
sccond zone This agrees with \he views of Jennings (1954) and
Jenmings and Malone (1954) If I may borrow an analogy from
nuclear physics, the mean penetration distance of a neutron 13 only
a staustical average, which may be well exceeded by any mdividua)l
neutron Likewise, the zane m whach o preapitate forms in o gel
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Fig 3 Hazcl pollen extract Double serial clochwise from well 1 (notch) Note coalescing
of bands with decreasing anngen concentration (wells 3-6)
Fig. 4 Single antigen-anubody system producing multiple bands Possible Licsegang
ring formanon
Fig 5 Liesegang ring-hike phenomenon withm zonce of preciptation of single antigen-
antibady svstemn

relative concentrations of the two reactants, and that it can range
from a continuous precipitate without discermble bands, to a series
of widely spaced clearly separated bands. Anv intermediate type
of banding may also be procured: such as rather close bands with
fairly clear spaces; or close bands with “spaces” filled with pre-
cipitate, the bands being only distinet through being more compact
and intensc.

Figs. 4 and 5 demonstrate what I consider to be two levels of
Liesegang band (or ring) formation in a single antigen-antibody
system, The system used 15 a crystallised ovalbumin, prepared and
four times recrystallised in our laboratory, and an antiserum to it
made m a rabbit. By no conventional method of Quchterlony plate ana-
lysis have we been able to demonstrate more than one antigen or anti-
body in this system. Yet, 1f we place a solution of the ovalbumin in
a well i a gel which has the antiserum incorporated 1n 1t we can,
when concentrations arc right, produce a series of concentric rings
(Fig. 4) merely by alternately warming the plate to 37° C and
cooling it to room temperature. I think thisis a case of temperature-
conditioned Liesegang rings in which there are “rather close bands
with fairly clear spaces”. The explanation may be that during the
periods of cooling the larger antibody gamma globulin molccules
are slowed down more than the smaller ovalbumin molecules,
causing a shift in the zone of equlibrium.
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Fig 7 Crosmgeoner (“reaction of ") of Wenucal 7

d p Lands
(hetween wells 6 and 1)
Fig 8 Enlargement of crossng-osct area from Fig 7
Fig 9 Spur formation (“reaction of partial identity”) between cross-related antigens.
native ovalbumin and chemcally substiiuted oy albumin
Fig 19 Gel plate precpuauon of a scmple chemucal substance {Double sersal ditution
clockwise from well 1)

which a spur 15 formed at the point where two adjacent bands join
up {Fig 9) From what I have already shown it is obvious that spur
formation need not necessanly represent partial identity. If two
bands are superimposed and one of those bands 1s identical with
that at an adjacent well, a linkage would take place between the
wdentical bands, yct leaving the dissimilar component of the com-
pound band to go off as an apparent spur. Conversely, the reaction
of partial identity may fail to accur despite the true partial identity
of two adjacent antigens,

For rllustration I turn to a study which arose from aninterest 1
had in the possibility of employing a ssimple synthetic chemical for
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may only represent the statistical average path travelled by the antigen
and antibody molecules before being stopped by precipitation.
Now I must take exception to the so-called “reaction of non-
identity”. When two approaching bands cross each other without
Jjoining up, it is taken to imply that the antigen-antibody system of
one is different from that of the other. As far as I know this principle

has so far gone unchallenged But in Fig. 7 we have evidence that
such is not always the case. We have there six double scrial dilu-
tions of our crystallised ovalbumin in the peripheral wells, with the
antiserum 1n the centre well There can be no question about the
solution in well 6 being different from the solution in adjacent well
1 in any respect other than concentration. Yet you can clearly see
the bands do not join up. They cross eack other. The crossing over 1s
even more clear in this enlargement of the entical area (Fig. 8).
One special condition exists in this plate: the serum was allowed to
diffuse 24 hours before the anugen was added. But that 1s immaterial
to the conclusion to be drawn: that when relative concentranons
of antiscrum and antigens are right, 1t is possible to have a *“reac-
tion of nou-identity” between identical antigen-antibody precipi-
tation bands.

1t remains for me now but to challenge the “reacuon of partial
identity” and I shall have tilted at the lot. The reaction 1s onc in
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molecule. Thus it meets 1ts equivalence of antibody much closer 10
the serum well, The band it forms is then so far from 1\.\3\ fnrmc.d by
the coupled ovalbumin that 1t is physically impossible fof it to
demonstrate sts partial specificity with the latter by hooking up
with st

13

Fig 11 Failure of sour farmatiem bt am e R .

tion bands Te

haplen, nght ,

Fug 12 Intraget specific abrorption Mixed anugen-anthody systems, unabsorhed {se¢
text for detaihy),

1 have spent sowe tme crying “Beware” T feel T was justified
1 sa doing because before we can make proper use of a method we
should understand 1ts mechanics and be aware of wts limitations,
In the case of the Quehterfony plate the nature of the molernlee we

pee dnnt .
< .

tunva iy autount 1t 1s all too easy to draw false conclusions from
the precipitation patterns observed. With that warning, let me get
on to the brighter side of my paper,

Thus will concern itself with identification and discrimination
i complex antigen systems All of you who have studied allergenic
extracts from natural sources in gel plates will know but too well
the antigenic muscellany such extracts contain In atlempting 1o
compare them with other related extracts — such as those from

different pollcnls ~1t1s virtually impossible to follow accurately the
oinings, i i
]b andf 1 partal joimngs and crossings-over of the individual antigen
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the purpose of clarifying some of the phenomena involved in
Ouchterlony gel plates. The chemical chosen for the work was one of
Pauling’s (1942) synthetic divalent haptens: dihydroxy-di-(p-azo-
phenylarsonic acid)-benzene, a molecule in which two prosthetic
arsanilic acid groups are attached to a resorcinol nucleus. When
arsanilic acid is diazotized and itself coupled to our ovalbumin and
the coupled ovalbumin used for immunisation, one gets an anti-
serum which is in part specific for the arsanilic acid moiety.

In theory onc should be able to get a precipitation band in a
gel between this antiserum and the divalent resorcinol-arsanilic
acid. The thcory worked in practice (Feinberg and Grant, 1957). A
band was formed between the antiserum and varying concentra-
tions of the hapten (Fig. 10).

When native ovalbumin and coupled ovalbumin arc run
against their homospeaific and heterospecific antisera we get the
pattern scen in Fig. 9. Between the anti-native ovalbumin serum
and the two antigens we get but a single continuous band, formed
by the joining of each of the two bands. This 1s what we would
expect, since the antiserum is unispeafic for ovalbumin and the
ovalbumin has evidently not entirely lost its native specificity when
coupled with the arsanilic acid. On the other side, we find a spur
being formed where the preapitates formed against the anti-
coupled ovalbumin serum join together. This again would not be
unexpected, since this antiserum 1s bispecific - 1.¢. 1t has specificities
both for native ovalbumin and the arsamhe group. The bands it
forms aganst the two antigens have a partial identity - to native
ovalbumin — so they join. But tn addition the antiscrum has its
second specificity to the arsanilic group of the coupled ovalbumin
_ and this manifests itself as a spur of preaipitate which declares its
independence from the native ovalburmin band by going off at a
tangent.

This is a classic concurrence with theory. But now for the ex-
ception to theory (Fig. 11). Here agam we have two antigens with
partial identity. In the one cup we have placed the divalent hapten,
in the other the coupled ovalbumin You will sec that cach has
formed its own cntirely independent band, despite its parual idenuty
with the other. The reason, I believe, 1s apparent Owing to the
very much smaller sizc of the synthetic antigen 1t races through ll.lC
gel much more quickly than the morc cumbcersome ovalbumin
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molecule, Thus it meets 1ts equivalence of antibody much dmct' ;,0

the serura well, The band it forms is then so far from 1\3;\); fn;mc'(‘ \‘;
i it is physically impassible for ¥

the coupled ovalbumin that it is pf ' .

dcmnns?m!e its partial specificity with the latter by hooking up
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Fig 11 ailure of spur formation between parnally related anvgen-antibndy preciptas

tion bands Top well- chemcally coupled osalbumun, bottom well chemical desalent

hapien, nght well anu-coupled avalbumin serum (Hapten band shahtly retouched for
‘photography).

Fig 12 Iniragel sprific abworption. Mixed anugen-anubody sytems, unabsatbed {sec
text for detadls)

1 have spent some time crying “Beware™! 1 fecl T was justified
1n 5o doing because before we can make proper use of a method we
should understand 1ts mechamics and be aware of its limitations,
In the case of the Quehterlony plate the nature of the molecules we
are dealing with, and their absolute and relative concentrations, are
critical Unless these factors are known, controlled, or otherwise
taken 1nto account it is all too casy to draw false conclusions from
the precipitation patterns observed. With that warning, let me get
on to the bnghter side of my paper

This will concern 1tself with identificati

and discriminati
in complex antigen systems. All of you who have studied allergenic

extracts from natural sources 1n gel plates will know but too well
the anugeme miscellany such extracts contmn. In attempting to
compare them with other related extracts - such as those from
different pollens ~ it 15 virtually impassible to follow accurately the
Jgommgs, partial joimings and crossings-over of the individual antigen

ands
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Some time back Bjirklund (1953) published several excellent
papers on a method for reducing the number of antigen-antibody
bands, thus simplifying the systems under study, by adding antigen
to the agar gel. Unfortunately, this work has not attracted the
attention it merits, TWodehouse (1956), in his “Quasi-critical review
of gel diffusion”, does not refer to it in his section on techniques.
And from the number of papers published in which no advantage
has been taken of the band reduction technique it is obvious that
many worhers arc unacquainted with it.

Recently (Feinberg, 1957), T undertook a detailed, definitive
study of this technique, which I term “intragel specific absorption”
for, in cflect, it is analogous to the absorption technique of classical
tube precipitation. Because I feel the potentials of the method in
the discrimination and identification of antigens and antibodics
makes it worthy of wider attention, and since the work I carried
out is in some respects a critical analysis of these potentials, T will
describe the principle of intragel specific absorption here.

For the purpose of my study I created an arbitrary system in-
volving antigens from two distinct sources and a mixturc of the anti-
sera to the two (Fig. 12). The mixed antiscra went nto the central
well. In the well on the right is a commercial bovine fibrinogen pre-
paration. You will sce that it is heterogencous and we have been
able to demonstrate as many as four distinct antigens int. In the left
well T have placed that workhorse of our gel diffusion studies: our
crystallised ovalbumin. You will note again 1ts apparent antigenic
purity. In the top well 1s a mixture of the two. We see cach of the
antigens showing its presence independently and joning up with
its fellow in the adjacent cup where physically possible However,
the innermost fibrinogen Iine has disappeared in the mixed antigen
system and we arc left to conjecture whether it 1s simply obliterated
by the overlying, stronger ovalbumin band, or whether the latter
has actually interfered with 1ts formation.

We resolve the problem simply when we resort to intragel
speaific absorption and incorporate ovalbumin 1n the gel (Fig. 13)
As the mixed antibodices begin to diffuse from the central well the anti-
ovalbumin immediately meets up with the ntragel ovalbunun, 1s
absorbed by 1t and preapitated out It 15 visible as a ring of pre-
cipitate just around the antscrum well This climinates the albumin
bands and the full complement of precipitate bands for the fibrino-



Quannfication 1 Quchterlony Gel Plates 141

16 17
Frg 13 Tntragel specific absorpuon Punfied ovaliamin n gel,
Fig 1 Intragel specific absorption Commercial fibrimogen n gcb
Fig 15 Intragel specific aborption Osalbumin and fibrnogen in gel
Fig 16 Tntragel speaific absorption Ant-ovalbumin n gel (5%;) Note masking of
outermost fibrinogen band
Fig 17 Tnaragel specific absorpuon Antiovalbutom {250%) m gel Note unmastng
of outer fibnnogen band
Fig 18 Intragel specific absorption. Antiovalbumin (10°) 1a gel Note ynmasking of
outer fibrinogen band

gen preparation appears. An antigen 1s unmashed which would
otherwise have gone unseen.

In Figs 14-20 we see the converse, 1n which the fibninogen
bands are ehminated by intragel absorption with the commercial
fibrinogen, elimination of all bands by absorbing n the gel with
both antigens, and that intragel speaific absorption of antigens can
be accomplished by incorporating antiserum m the gel, with a
similar speatfic elimination of precipitation bands. In Fig 17 we
also see the heterospeaific band of one antigen actually formed
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Fig 19 Intragel specific absorption Anti-fibrinogen 1n gel
Fig 20 Intragel speafic absorption Anti-ovalbumin and ant-fibrinogen i gel

within the zonc of precipitation of another, proving that umelated
antigen-antibody systems act quite independently of each other.

You will recall the pattern of partial identity we got in our
ovalbumin and arsanilic-coupled ovalbumin plate (Fig.9) We
surmised at the time that the spur was due to the dual speaficity
of the coupled ovalbumin. Intragel absorption provides us with the
proof (Fig. 21). When natve ovalbumin is added to the gel all the
ovalbumin bands disappear, but betwcen the coupled ovalbumin
and 1ts antiserum a strong band persists, runmng off in the direction
of the spur on the unabsorbed plate. This shows the spur was due
to a second specifiaty on the coupled ovalbumin molecule: a
specificity due to the attached arsanilic group. Absorb with coupled
ovalbumin in the gel and all the bands disappear (Fig. 22). The
coupled ovalbumin absorbs completely, as it carries the two spe-
cifiaities involved 1n the antigen-anubody system.

Such, then, are the potentials of intragel absorption in helping
us to identify and discriminate between precipitation bands 1n
Quchterlony plates An obvious application of the techmque is in the
study of the components of complex antigen-antibodv systems,
especially between systems which have some components 1n com-
mon. Absorption by the elements ol one system, by eliminaung
bands attributable to common components, will demonstrate its
relationship to other systems. Such investigations are now under way
in our laboratory on pollen extracts, particularly with a view to
elucidating the recogmzed, but so far poorly defined, relationship
between the pollens of the grasses. And as we have scen so clearly
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demonstrated on one of the slides I have shown., in our h'md's
intragel absorption has already made clear one point about uhu:.1
there has in the past been some dispute. It has sborvn tl\fn there is
o obvious effect on the pattern, placement O intensity of the
pands of one precipitating system by the diffusing antigens and
antibodies of a second system. In fact, even in a zone of antigen-
antibody reaction there is no interference with the bands of hetero-
speatfic precipitates. .

21

e
4

Fig 21 Tntragel specific absorption 1n cross-related systems Ebminanon of one anngemic
specifieity
Frg 22 Tnwraged speetfic absorpuon 1n eross-related systems Elimination of both antie
gene speaaficiues (Band at Teft well s an artefact )

Quantification

This brings me to the final section of my talk: quantification
m Ouchterlony plates This 1s a very new ficld. When Wodekouse's
review appeared 1 1956 it stated *“With Quchterlony plates quanti-
tanve determinations arc not possible”. Shortly thercafier 1 pu-
bhished a preliminary description of a method for such quantitative
determnation {Fenberg, 1956)

We were led to our search for a good routine method for
quanttatine antigen analysis because of our dissatisfaction with the
available methods for the assay of allergens Both the Noon unit
and the protemn nitrogen umt are in themselves meaningless The
one 1gnores the efficiency or lack of cfficiency of the extraction
process, the other ignores the possible allergenic role of polysac-
chande and turns a blind eye to the mdignities the protein may
have suffered 1n the course of the extraction The highest protein
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Fig 19 Intrage] specific absorption Anti-fibrinogen in gel
Fig 20 Intragel specific absorption .Anti-ovalbumin and anai-fibrinogen in gel

within the zone of preciprtation of another, proving that unrelated
antigen-antibody systems act quite independently of cach other.

You will recall the pattern of parual identity we got in our
ovalbumin and arsanilic-coupled ovalbumin plate (Fig. 9). We
surmised at the time that the spur was due to the dual specificity
of the coupled ovalbumin. Intragel absorption provides us with the
proof {Fig 21). When native ovalbumm 1s added to the gel all the
ovalbumin bands disappear, but between the coupled ovalbumn
and its antiserum a strong band persists, running off in the direction
of the spur on the unabsotbed plate. This shows the spur was duc
to a second speaficity on the coupled ovalbumin molecule. a
specificaty due to the attached arsamlic group Absorb with coupled
ovalbumin m the gel and all the bands disappear (Fig. 22). The
coupled ovalbumn absorbs completely, as 1t carries the two spe-
aficities involved m the anugen-antibody system

Such, then, are the potentials of mtragel absorption in helping
us to identify and discriminate between precipitation bands in
Quchlerlony plates. An obvious appltcation of the technmique 1s in the
study of the components of complex antigen-antibody systems,
especially between systems which have some components 1n com-
mon. Absorption by the clements of onc system, by ehminating
bands attributable to common components, will demonstrate 1ts
relationship to other systems. Such investigations are now under way
in our laboratory on pollen extracts, particularly with a view to
clucidating the recognized, but so far poorly defined, relationship
between the pollens of the grasses. And as we have seen so clearly



Quantification m Ouchterlony Gel Plates 11

demonstrated on one of the slides I have shmvx}, in our hm'ut:
intragel absorption has already made clcar one point about \\'\uc'\
there has in the past been some dispute. It has sho.wn (h.:\t there is
no obvious effect on the pattern, placement or intensity of the
bands of one precipitating system by the diffusing antigens and
antibodes of a second system. In fact, even in a zone of antigen-
antibody reaction there is no interference with the bands of hetero-
specific precipitates.

D 22

Fig 21 Tntragel specific absorption in eross-related systems Ehiminaton of one antigenic
speaifiaty
Fig 22 Intrage! specific abrorption n ceosserelated systerns Flimination of both ant-
gemc spraificiuies (Band at Iofy well1s an arsefact )

Quantificatson

Thus brings me to the final secuon of my talk. quantification
m Ouchterlony plates This 15 a very new field. When 1odehouse’s
review appeared in 1956 1t stated “With Quehterlony plates quanti-
tame determunavons arc not possible” Shortly thereafter 1 pu-
Blished a prelmunary description of a method for such quanutative
determmnation (Fenberg, 1956).

We were led to our scarch for a good routinc method for
quantianve antigen analysis because of our dissatisfaction with the
availsble methods for the assay of alfergens. Both the Noon unit
and the protein mtrogen umt are m themsches mieaningless, The
onc ignores the efficiency or lack of efficiency of the extraction
process; the other ignores the possible allergenic role of polysac.
chande and wrns a blind eye to the indigmities the protein may
have suffered 1n the course of the extraction. The highest protein
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nitrogen level we ever reached in any of our experimental pollen
extracts was in a hot 0.1 M NaOH extract. Needless to say all the
immunological specifity of the protein had been destroyed.

Fig 23 Double senal diluttons of a single pollen extract, showing fallacy of “weak” and
“strong” bands (clockwise from top well)
Fig 24 Senal Dilutions of pollen extract 100 (top well), 80, G4, 51, 41, 33 Note
nsensinity of this type plate

The only sort of assay which can have any semblance of
meaning is one which would measure the specific antigenic activity
of an extract, particularly if it also made possible the individual
assay of cach of the antigens in a heterogencous muxture. If] at the
same time, the method could give a qualitative prcture of a hetero-
geneous muxture — and in allergy onc 1s mevitably deahing with
heterogeneous mixtures — it would come close to approaching an
ideal. It was almost too much to hope that such a method, if it
could be found, would also be simple, but 1t was worth searching
for. Only a method based on the Quchterlony plate scemed to me to
offer any prospect of meeting these conditions.

I am glad to be able to report my faith 1n the Quehterlony plate
was vindicated. With 1t I was able to perfect a quanutauve assay
method with all the desired attnibutes — plus a sensttivity which
made possible reproducible results on the 10-20% level, by im-
munological standards a ligh degree of accuracy.

Fig. 23 demonstrates the fallacy of attempting to draw quants
tative conclusions from qualitative gel plates and the deceptiveness
of judgements based on “weak” and “strong’ bands, terms which
crop up constantly in the literature. In this figure we have four
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double serial dilutions of a timothy pollen polysaccharide prepara-
tion The preparation contains, as you will sce, several components.
Bear in mind that thesc components were diluted equally, as they
were all in the same original solution. Yet note what happens. The
outer component gives a “strong” band at the highest concentra-
tion and a “weak” band at the lowest concentration. This is as one
would expect. However, the inner components start off extremcly
faint in the strongest concentration and do not become a “‘strong”’
band until we get to the lowest concentration, passing through a
3-band stage on the way.

Fig 25 Cutter for quantitause gel plates

e = o AT

Thus allustrates forcibly the impossibility of making a quanti-
tative judgement from this type of plate. Had we attempted to pass
judgk‘,menl on the basis of a single test with one concentration of
antigen we could have arnved at two diametrically opposite con-
clusions, depending on whether we had chosen the concentration
1 the first well or that m the last. In the first instance we should
have concluded that there was a strong outermost component with
v;lnually Tittle else, In the second we would have concluded that
i crcTwas a very strong mner component and a weaker outer one.
e m::cs[:::mti; goint of my search for a'quanmmivc method was
her Y o nal ducht:r{argy plate. We sce in Fig 24 what happened
nelen cx[mmptlc to titrate a series of dilutions of a goldenrod
Eorem bclt. t w:;‘s most discouraging, for one could sec little
i a: ween the first d:lut.mn and the last, which was only
N s!rosg On theoretical grounds I redesigned the gel

o e stu ied and designed a new style of cutter (Fig. 25),

1s a quite simple device, made m our own Instrument Shop

1o precision stand!
ards The distan i
accurate — ces between the cutting tubes are

— 2;5 measured by a travelling microscope - to plus or
%. 1t 13 sturdy and wirtually indestructible The one you

W o
b 15t Arch Allergy, Vol 11 Mo 34 (1957)
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Fig. 26 Senal dilutions of pollen extract: 100 (top well), 83, 71, 62, 55, 50 Note ring
endpomt at well 5
Fig 27 Quantutatne comparison of twe anttgens Wells 1--3: scrial dilutions of antigen
A; wells 6=% serial dilutions of antigen B
Fig 28 Quantitatve comparson of two antigens. Extension of dilutions fiom plate
g 27

see pretured here has been used 1 our own Laboratory for a year
and 1s as sharp and as accurate as the day 1t was made. Having once
gone to the trouble of getting the instrument made our difficulties
were thereafter ended. With it, with a mmimum of effort and no
tedious measurements of distances, we can turn out an endless ine
of quantitative agar plates which are exact replicas of cach other
from day to day and from year to year.

Fig. 26 shows what this cutter 15 capable of accomplishing. It
is a titration of a goldenrod pollen extract in which we have suc-
cceded in differentiating between concentrations at the 10°} level.
The endpoint 1s the first well which 1s completely enarcled by a
ring of precipitate

In alternative methods of setting up the plates a direct com-
parison can be made on the same plate between two or more
antigens, or between unknown and standard antigens. In the first
variation (Figs. 27 and 28) the two antigens under comparison (1
this case two different extracts of cochsfoot polien) are made up in
the same serial dilutions. The first three diluttons of each are placed
1n one plate, another three in a second plate. This could, of course,
be carned through any number of plates. Note that an endpoint 1s
reached 1n this lowest dilution of the one antigen, whercas the other
has not yet reached its endpoint. It would have been better to have
continued into a third plate, but cven in the absence of the latter
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<ot e sorengths
antigen
his case
indicating the weaker is two-thirds the strengtn of tne suviger. In
a second vanation (Figs. 29 and 30), using our ovalbumin, onc
antigen 15 kept at constant dilution and placed in alternate cups,
while the second 15 diluted seriafly and placed in the cups between.
It is then a smple matter to match the respective precipitation
bands This variation 1s, in effect, a comparator method for measur-
1ng antigenic potencics.

Fig 29 Quantitatne antigenic comparatar plate Wells 1. 3, 5 antien A 1n single
concentration Wells 2,4, 6 senal dilutions of antigen B
Fig 3 Quanutame anugenic comparatur plate Extension of plate Fig 29

Fig 31 demonstrates the reproducibility of the method. It
shows two duplicate sets of plates, each set comprising two plates
with 12 serial dilutions of ovalbumin. Note the continuity achieved
between the two cups of each set, and the identical pittems ob-
taned i the corresponding cups of the two sets With an “Agla”
Sfy‘{:nge 1 have deterrmined that even 1n a thin gel one routincly
;r n:l: w;llns, which hold 0 03 to 0 04 ml , with an accuracy of plus
R e\:; d/‘,’I‘Incndentally, thus shde also shows the sensitiveness of
e o he fant ning of precipitate you can see round the

wellis made by ca 005 ug of ovalbumin,
lhodIJ:c: are two addutional outstanding advantages of this me-
quamauvequanumnve gel diffusion methods 1n tubes the superb
ual picture one obtains of the antigenic pattern of a complex

genie mixture, and the ability to titrate separately cach of the
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individual antigens (Fig. 32). In this plate, showing a series of dilu-
tions of a hazel pollen extract, successive endpoints are achieved
for each of three different antigens, while it is also possible to study
the dilution pattern of those antigens which do not reach positive
endpoints on the plate. How much richer in qualitative and quanti-
tative information this quantitative plate method is than the
quantitative tube methods.

Fig 31 Two identical scts of plates showing extensibtlity and reprodueibility of method

We have thus seen the capabilities of this new quantitative
method for assaying antigens in agar gel plates We have seen that
not only 1s it very sensitive, but also sensitively discriminating. It
allows us to assay in a complex muxture of antigens each of the
component antigens, one by one. To those who work with aller-
genic extracts, those complex antigenic pot pourris whose quali-
tative and quantitative compositions may change from extract to
extract and season to scason, any in vitro assay method which offers
Iess is but a blunderbuss approach, not far superior to the protein
nitrogen method of assay.

However, there are times when and situations in which less
critical analysis will suffice While working at my refined quanti-
tative technique it became obvious that with shight modification 1t
could be transformed mto a somewhat simpler method which would
suffice for such less demanding situations. This was but a quanuta-
uve refincment of the work of Petrze (1932). Instead of establishing
a serum gradient in the gel, the serum js actually incorporated 1n
the gel at a surtable concentration - generally 5 or 10°,. Senal
dilutions of the antigen are placed in wells cut m the agar. With a
cutter 1 designed 1t is a simple matter to set up any number of
plates with identical patterns of 18 wells, all of idenncal size (Fig. 33)
One can, as | have done on this plate, use three sets of six holes to

titrate simultaneously on the one plate three different preparattons.
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Fig 32 Tutranon of sndcual antigens of heterogenrous system on one plate (uells 1,
7,6
Fig 37 Anuigen utration m tripheate, alter one-half hour,
Fig 34 AsTig 33, aficr 24 hours

Actually in this plate I have used the same solution three times to
demonstrate the veproducibility of the method. It is seen that the
last nng of precipitate forms in each casc around well 4. That
endpoint was reached in onc-half hour at 37° C, this being the
photograph of the plate at that time. At 24 hours (Fig. 34) the
endpoint is unchanged This method offers, then, a quick method
for total antigen assay, but one which is neither as sensitive nor
discriminating as the serum gradient method.

The white blobs inside some of the wells arc actually specific
precipstates formed by diffusion of the serum from the agar into
the antigen-comaining wells. The conditions present ~ i.e. fixed
antiserum concentration in the presence of varying antigen concen-
trations ~ and the manner 1n which the precipitates formed were
remimscent of the classical Dean and Webb optimal flocculation
system Would 1t be possible to assay various antigens in terms of a
guen antiserum by observing their optimal flocculation concentra-
tons in gel plates? Experimentation showed this was ndeed a
practical passhility,

In fact, this plate was st up to study just that phenomenon,
In Fig 33 one can just sce evidence of floceulation taking place,
prnaipally in the fourth well After one hour incubation at 37° G
{Fig. 35) the flocculation is more casily photographed, and it is
clearly scen that n each case 1t has been maximum in the fourth
well This offers an interesting altcrnative to the previous method
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individual antigens (Fig. 32). In this plate, showing a scrics of dilu-
tions of a hazel pollen extract, successive endpoints are achieved
for each of three different antigens, while it is also possible to study
the dilution pattern of those antigens which do not reach positive
endpoints on the plate. How much richer in qualitative and quanti-
tative information this quantitative plate method is than the
quantitative tube methods.

Fig. 31, Two idenucal sets of plates showing extensibility and reproducibihity of method

We have thus seen the capabilities of this new quantitative
method for assaying antigens in agar gel plates. We have scen that
not only is it very sensitive, but also sensitively discriminating. It
allows us to assay 1n a complex mixture of antigens each of the
component antigens, one by one. To those who work with aller-
genic extracts, those complex antigemc pot pourns whose quali-
tative and quantitative compositions may change from extract to
extract and season to season, any 1n vitro assay method which offers
less is but a blunderbuss approach, not far superior to the protein
nitrogen method of assay.

However, there are times when and situations 1 which less
critical analysis will suffice. While working at my refined quanti-
tative technique it became obvious that with slight modificaton 1t
could be transformed into a somewhat simpler method which would
suffice for such less demanding situations, Thus was but a quantita-
tive refinement of the work of Petrze (1932). Instead of estabhslung
a serum gradient in the gel, the serum 1s actually incorporated 1n
the gel at a sutable concentration — generally 5 or 10°,. Serial
dilutions of the antigen are placed in wells cut m the agar, With a
cutter I designed it 1s a simplc matter to set up any number of
plates with identical patterns of 18 wells, all ofidentical size (Fig. 33)
One can, as I have done on this plate, use three sets of six holes to
titrate sstmultancously on the one plate three different preparations.
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used the Quchterlony gel plate is an extremely fexible tool which can
be modified to tackle a host of immunological tasks. I hope that
both the Jeremiah and Zechariah characters of my talk may find
some apphcation in the work you may yoursclves be doing on
antigen-antibody analyss.

Tinally, T should hke to thank those of my colleagues who have
sn one manner or another contributed to the material around
which my talk was built. Dr. R. A. Grant was responsible for the
synthesis of the divalent hapten and the coupled ovalbumin. Miss
Hazel Grayson prepared the recrystallised ovalbumin, Both have sct
up many gel diffusion plates. Mr. D, F. Lawson tirelessly worked to
perfect the phatographic technique which made possible the photo-
graphs he prepared to 1ilustrate this paper, while Mr. R. D. Peters
made the gel cutters And to Dr. F. H. Ailner, Technical Director
of C.L Bencard Ltd, and to Dr. J. Fargukarson, Director of
Beecham Research Laboratories, 1 am indebied (or encousagement

n my work and for permission to present it today at this distin~
guished mceting.
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Fig 35, Antigen-anubody precipitation tn wells
Fig 3 Annserum titration in triphcate, after one half hour
Fiz. 37 Anttsserum utravion n triphicate, after 24 hours

for gross antigen titration in antiserum-agar. We have not yet had
the opportunity to compare the relative accuracies and senstuvities
of the two methods, but intend to do so in the near future.
There is yet onc more modificatton 1 have made 1n the
Quchterlony plate to adapt it to quantitative immunologteal assay
This is in effect the reverse of the previous modification, i.e. an
antigen-agar is used for the assay of antisera (Fig. 36) The pattern
is the same as in the previous plate, but this time the antigen is 1n
the agar and serial dilations of the antiserum 1n the wells. Again an
cndpoint develops within onc-haif hour at 37° G and remains
unaltered after 24 hours (Iig. 37) For the routine assay of antisera
this is a convenient and reasonably accurate techmque, espectally
when used as a battery method such as with the 18-hole cutter.
In conclusion, I should like to pay tribute to Prof Quchterlony,
whose original discovery of gel diffusion studies mn plates has grven
us such a powerful too! for immunological analysis. T hope that T
have been able to make some small contribution toward widening
the scope of the Quchterlony plate 1 our work with allergenic sub-
stances. If I started out a Jeremiah, casting gloom about the very
temple of the Ouchterlony plate, I trust I have fimshed up a Zechariah
prcdicting for it a new and brnight future as a unique foundation for
jmmunological quanufication, But cven gloomy prophecies have
their use, and in the present case I hope they may serve to foster
caution in the interpretation of precipitation patterns obtamned

gel plates. On the brighter side, 1 think I have shown that properly
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Fundamental Aspects of Single Versus Double
Diffusion Methods for mmunological Assays

By R. AUGUSTIN
From the Wnight-Flesmung Insticute, St Mary's Hospital Medieal School, London, . 2

Oudin’s brilliant realisation of an immunochemical analysis of
complex antigen-antibody systems without the laborious isolation
of the reactants has been developed in numerous ways, by himsell

and other workers, In the present paper only quantitative aspects
will be considered.

1. Single Diffusion
Antigen as the external reacant

In the original experiments (“diffusion simple™) Oudin over-
layered a column of agar ining ation of
antibody (Ab), called the internal reactant, with a solution of
antigen (Ag), called the external reactant. At sufficiently high Ag
1o Ab concentration Tatios Ag diffuses into the gel Yayer and reacts
there with the Ab, Ag-Ab precipitation zones will start to form at
the hquid-gel interface and will then be seen to stretch further and
further down the tube as more Ag cats its way into the Ab layer,
clearing it of free Ab in the process. In precipitin (*“rabbit") systems
(Ag-Ab precipitate soluble in excess Ag and insoluble in excess Ab,
see fig. I) the leading edge is well defined, but the trailing edge
may become ragged, and may finally dissolve in its upper parts

where there is a large excess of Ag. At what distance from the
leading edge this occurs depends upon the ease and rapidity with
which the particular Ag-Ab precipi dissolves in excess Ag.
In ﬂf)@x!ating (“horse™) systems (narrow range of precipitation,
precipitate soluble in excess Ab as well as in excess Ag, see fig. Ii

tines rather than Jong drawn out zones of precipitation can be

1 lot Arch Allergy, Vol 11, No 34 (1957
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Fundamental Aspects of Single Yersus Double
Diffusion Methods for Immunologieal Ascays

By R, AUGUSTIN
From the Wright-Fiermng Instivate, S¢. Mary's Hospital Medical School, London, W. 2

Qudun’s brilliant realisation of an immunochemical nn.alysis. of
complex antigen-antibody systerns without the laborious isolation
of the has been developed in ways, by himself

and other workers. In the present paper only quantitative aspects
will be considered.

1. Single Diffusion

Antigen as the external reactant

In the original experiments {“diffusion simple™) OQudin over-
layered a column of agar containing a constant concentration of
antibody (Ab), called the internal reactant, with a solution of
antigen (Ag), called the external reactant. At sufficiently high Ag
to Ab concentration ratios Ag diffuses into the gel layer and reacts
there with the Ab, Ag-Ab precipitation zones will start to form at
the liquid-ge) interface and will then be seen to stretch further and
further down the tube 2s more Ag eats its way into the Ab laver.

L P A

1 wvevsut ragged, anu may hnally dissolve in its upper parts
where there is a large excess of Ag. At what distance from the
lcm'iing edge this occurs depends upon the ease and rapidity with
which the particular Ag-Ab precipi dissolves in excess Ag.
In ﬂptculating (“horse”) systems (narrow range of Pprecipitation,
Precipitate soluble in excess Ab as well as in excess Ag, see fig. I)

lines rather than long drawn out zones of Precipitation can be

1L 15t At Allrgy, Vel 3, No 34 (537)
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Keeping the Ab concentration constant, and using _V:molliu A'g
concentrations C, Oudin found empirically that a straight line is

obtained when »;— 35 plotted against log G, e
t

-ﬁ-::AlongB -2

Where A and B are constants.
Bucker et al. (1951), on the other tand, plot the square of

—;;agaimt log C and also obtain a straight line, i.c.
.
Lo Al G~ B e 3
Where Al and B! arc other constants, Becker et al. (1951) then
\ +cal

proceed to show that an el y of these
diffusion problems can yeconcile the contradictory statements (2§

x*
and (3) above. It predicts that log C is a linear function of y
for large Ag-Ab ratios, and ol";? for Jow Ag-Ab ratios.

Oudin, therefore, in his experiments, must either have been
worlang with low Ag-Ab ratios or have used a rather limited
straight portion of the curve obtained by plouing",‘—’agaimt log C.

Oudia’s method bas been applied extensively in a modified
form by Fodehouse to the standardisation of allergen solutions, or,
more aceurately, to the standardi of some antigenic compo-
nent of allesgen solutions; that is, antigenic in rabbits.

In the theorencal introduction of Yis first paper on diffusion
assays Wodehouse states, 1n our notation

‘;i,;u Constant, Cn e (8

 being yet another constant, and G the jnitial Ag-concentration.
This gives, re-written:

x
logv;: Constant + n log G <. (5)
This would, 1f correct, lead to yet a third relation, namely
lh:’it a plot of log % {.e.of rmﬁm'i,t as done by Owdin nor of

x
7 2s done by Becker et 2, for large Ag to Ab ratios) against log G
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seen to travel down the tube. The rate of migration of the leading
cdge is greater the greater is the initial ratio of Ag to Ab concen-
tration, and this has been exploited in various ways to measure
Ag concentrations.

— Ag Ab precipitate formed

o —= Agadded to constant amount of antissrum

Fug. 1. Princpal types of Ag-Ab precipitation curves Increasing amounts of Ag are

added to constant amounts of Ab, —————— ‘rabbit’ precipitin type. Ag-Ab preci-

pitate soluble in excess Ag and insoluble in excess Ab  — - -~ — *horse® flocculation

types Ag-Ab preeipitate soluble in excess Agandexeess Ab ... carbohydrate

precipitin type: Ag-Ab insoluble 1n excess Ab (horse or rabbit) and not
very soluble i excess Ag

If Ag-Ab interaction is neglected the progress of Ag down
the tube may be regarded as duc to free diffusion (Becker ct al.,
1951}, with the leading edge of the precipitation zone as an ndi-
cator as to when a fixed Ag-concentration is reached equal (in
equivalent units) to that of the Ab-concentration (in equivalent
units) ~ the latter being initially constant throughout the gel.

According to the usual laws of diffusion the distance x of the
leading edge from the interface at any time t would then be found
to be proportional to |t Thus we may write

= Kt )
Where k is a constant whose value will depend upon the sub-
stances used and their concentrations.
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Keeping the Ab concentration constant, and using various A.g
concentrations C, Oudin found empirically that a straight line is

obtained when — is plotted against log G i.e
1

x

- = — {2
= Al C B @
Where A and B are constants.

Brcker et al (1951), on the other hand, plot the square of

'ﬁ‘agaiust log C and also obtam a straight Lne, i. e.

L MlgC—B 3

Where Al and B* are other constants, Becker et al. {1951) then
proceed to show that an elementary theoretical treatment of these
diffusion problems can reconcile the contradictory statements (2)

=1
and (3) above. It predicts that log C is a linear function of e
for large Ag-Ab ratios, and of ’;—l for low Ag-Ab ratios.

Oudin, therefore, in his experiments, must either have been
working with low Ag-Ab ratios or have used a rather limited
straight portion of the curve obtained by plotﬁng‘»—,!; againstlog C.

Oudin’s method has been applied extensively in a modified
form by Wodehouse to the standardisation of allergen solutions, or,
more zccurately, to the standardisation of some antigenic compo-
nent of allergen solutions; that is, antigemc in rabbits,

In the theoretical introduction of his first paper on diffusion
assays Wodehouse states, in our notation

x

= Constant Cn e 9
n b.emg yet another constant, and C the initial Ag-concentration.
This guves, re-wntten:

log ';T = Constant 4 nlog C )

This would, if correct, lead to yet 4 third relation, namely
x B x

t:zlat a plot of log W (t.e.of ncltherw as done by Oudin nor of
=1 as done by Bec)

her et al for large Ag to Ab ratios) against log C
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seen to travel down the tube. The rate of migration of the leading
edge is greater the greater is the initial ratio of Ag to Ab concen-
tration, and this has been exploited in various ways to measure
Ag concentrations.

—= Ag Ab precipitate formed

N
o ——+ Ag added to constant amount of antiserum

Fig. 1 Pninaipal types of Ag-Ab precipization curves Increasing amounts of Ag are
added to constant amounts of Ab. —————— ‘rabbit’ precipitin type Ag-Ab prea-
pltatc soluble in excess Ag and mso!uble n excess Ab, -~ - -— “horse’ flocculation

e . carhohydrate

» (horse or rabbit) and not

If Ag-Ab interaction is neglected the progress of Ag down
the tube may be regarded as due to free diffusion (Becker et al.,
1951), with the leading edge of the precipitation zone as an indi-
cator as to when a fixed Ag-concentration is reached equal (in
equivalent units) to that of the Ab-concentration (in equivalent
units) — the latter being initially constant throughout the gel.

According to the usual laws of diffusion the distance x of the
Jeading edge from the interface at any time t would then be found
to be proportional to Jt Thus we may write

x = kjt ()

Where k is a constant whose value will depend upon the sub-

stances used and their concentrations.



Diffusion Methods for Tmmunological Assays 155

Keeping the Ab concentration constant, and using .\-nrim_:s A;
concentrations G, Oudin found empirically that a straight line is

obtained “hcnfx— is plotted against log G, i.c.

X_Awgo—B :)

Where A and B are constants.
Bucker <t al. {1951), on the other hand, plot the square of

-x—tzg'ainst log C 2nd also obtain a straight line, i.e.

i
2 AkgC— B e 3)

Where A? and B! are other constants. Becker et al. (1951) then
proceed to show that an clementary theoretical treatment of these
duffusion. problems can reconcile the contradictory statements (2)

.
and (3) above. It predicts that log G is a hnear function of ‘T
for large Ag-Ab ratios, and of 37 for low Ag-Ab ratioes.

Oudin, therefore, in his experiments, must cither have been
working with low Ag-Ab ratios or have used a rather limited

straight portion of the curve obtained by plotting i{ against log C.

Oudin's method has been applie
form by Wodehoust to the standardisation of allergen solutions, or,
more accurately, to the dardi of some antigenic compo-
nent of allergen solutions; that is, antigenic in rabbits.

In the theoretical {ntroduction of his first paper on diffusion
assays Wodehouse states, in our notation

d extensively in a modified

x

F = Constant, C» e (8

 being yet another constant, and C the initial Ag-concentration.
gives, Te-written:

x

log F = Constant + nlog C - (5)

This would, if correct, lead to yet a third relation, namely
x N x

t’l:‘at a plot of log F (i.e.of ne\thch 2s done by Oudin nor of

& done by Becker et a\. for large Ag to Ab ratios) against logC



156 Augustin, Fundamental Aspects of Single Versus Double

should give a straight line. Luckily, in his plots of experimental
x
3
claims to obtain straight lines. However, closer inspection proves
them to be curves — which is not surprising as he uses a wide range

data we always find itself’ plotted against log C. Hodehouse

'
of Ag-Ab ratios including the range of Becker’s '3:— as well as Ou-

.y x . .
din’s Vt- Fortunately Woadehouse does not make use of his theoreti-

cal considerations, but proceeds by direct comparison with a
standard. Using a graphical method of ﬁ against log C plots, he

determines what dilution of the unknown induces the leading edge
to move in the same way as that of the standard.

A more rigorous mathematical treatment (Spiers and Augustin,
1957) is available, in which Ag-Ab interaction — amounting to
mutual “annihilation” in the reaction zone ~ is taken into account.
The results agree roughly with the deductions of Becker ct al.
with regard to small enough or large enough ratios of Ag-Ab
concentrations. In addition, the value of k =l% for any ratio of
concentrations can also be predicted in terms of known quantities,
and is given by

[l +f (62/D)] exp (—k¥4Dy) _ €y 1/Dy g

{1 — exf (k/2)/D,)] exp (—k?/4D,) C, ] b,
where D, and D, are the diffusion coefficients, and C, and C, the
initial concentrations (in ‘cquivalent’ units) of the Ag and Ab
respectively; ‘exp’ denotes the exponential function, and ‘erf” the
normal probability integral or ‘error function’, both of which are
tabulated in most books of mathematical functions. Comparison
with experimental data has proved satisfactory for the system bovine
serum albumin (BSa)-rabbit antibody (dugustin, Hayward and Spiers,
to be published) over a wide range of concentration ratios (from 1
to 4000).

7

Determination of Ab- ions (and equi ratis)

In general the Qudin method has not been used for the esti-
mation of Ab-concentrations although there are in principle four
ways in which this can be done.
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1, 2) Two Ab-concentrations ray be compared by incorporat-
ing them into 2 gel (4g & the external reactant) and ti‘clcrfrumni
which Ag concentrations give equal depths of penetration in tfm
snstances, Theoretically, the ratio of these two Ag-concentrations
should then be the same as that of the two Ab-concentrations.

1,b) The concentration of one of the internal reactants (Ab)
may be varied while keeping the Ag-concentrations (Ag as the exter-
nal veactant} constant, As before equal depths of p:nctrado{x should
indicate equivalent Ag-Ab ratios, i.e. one Ab-concentsation may
be expressed in terms of another.

Oudin (1952) claims to have obtained straight lines by plotting
[_L against the logarithm of the Ab-concentrations. Indeed, by

a
exterpolating these straight fines to zero moyvement {x = 0 for all 1)
he claims to be able to obtain rough estimates for the equivalence
ratio R - “except in extreme cases™, From his fig. 8 (Qudm 1952)
equivalence ratios of 20, 18 and 20 may be deduced for absolute
Ag-concentrations (presumably in arbitrary units) of 10, 100 and
1000 respectively. Yet for Ag: jons of | and 10 000 units
the corresponding vatues of R are 50 and 63 respectively according
to this same figure. While it is clear from other work (Becker et al.,
1951, Sprers and Augustin, 1957) that Oudin’s equations can only
hold good for a very limited range of Ag-Ab rafics, it is a little
disturbing that 1t should matter what absolute concentrations are
used. At high concentrations some interference with diffusion

processes may be conceded on general grounds, but deviations at
low ¢ fons yemain plained

2. Ab may be used a3 the external reactant, in which case the
Alb-concentration must exceed that of the Ag. In prnciple it should
agam be 'possiblc to make comparisons of Ab concentrations by
varying either the Ab-coneentration at constant Ag concentration
S’la) or by v§ry'mg the concentration of the internal reactant (which
n(szt;l)c Ag this time) while keeping the Ab concentration constant

There are, however, certain limitations. Qudi
recommiend using Ab as the external xeactant in p?tvd’:}:idies;t:xz
for purposes of immuno-chemical analyses because Ag-Ab precipi-
fates are not soluble in excess Ab (fig. 1); ie. the density of g,
precipitate gradually increases from the leading edge up to Lh:
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should give a straight line. Luckily, in his plots of experimental
data we always find ﬁ itself plotted against log C. Wodehouse

claims to obtain straight lines. However, closer inspection proves
them to be curves — which is not surprising as he uses a wide range
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of Ag-Ab ratios including the range of Becker’s —}:— as well as Ou-

din’s ﬁ Fortunately I¥odehouse does not make use of his theoreti-

cal considerations, but proceeds by direct comparison with a
standard. Using a graphical method of it against log C plots, he

determines what dilution of the unknown induces the leading edge
to move in the same way as that of the standard.

A more rigorous mathematical treatment (Spiers and Augustin,
1957) is available, in which Ag-Ab interaction — amounting to
mutual “annihilation” in the reaction zone — is taken into account.
The results agree roughly with the deductions of Becker et al.
with regard to small enough or large enough ratios of Ag-Ab

. x .
concentrations. In addition, the value of k =—l—/;- for any ratio of

concentrations can also be predicted in terms of known quantities,
and is given by
[1 + erf (k/2)/D))] exp (—%k?/4D,) _ G, 1/D; .. (6)

[1-— erf (k/2)/D,)] exp (—k?/4Dy) C, V D,

where D, and D, are the diffusion coefficients, and C, and C, the
initial concentrations (in ‘equivalent’ units) of the Ag and Ab
respectively; ‘exp’ denotes the exponential function, and ‘esf” the
normal probability integral or ‘error function’, both of which are
tabulated in most books of mathematical functions. Comparison
with experimental data has proved satisfactory for the system bovine
serum albumin (BSa)-rabbit antibody (Augustin, Hayward and Spiers,
to be published) over a wide range of concentration ratios (from I
to 4000).

Determination of Ab ions (and equwalence ratios)

In general the Oudin method has not been used for the esti-
mation of Ab-concentrations although there are in principle four
ways in which this can be done.
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1. 2) Two Ab-concentrations may be compared by incorporat-
ing them into a gel (Ag as the external teactant) and d.cm'fmmng
be'xch Ag concentrations give equal depths of penctration in Ifolh
instances, Theoretically, the ratie of these two Ag-concentrations
ehould then be the same as that of the two Ab-concentrations.

1.b) The concentration of ane of the internal reactants (Ab)
mav be varied while keeping the Ag-concentrations (Ag as the exter-
ral ;:adznt) constant. As before equal depths of penetration should
indicate equivalent Ag-Ab ratios, i.e. one Ab-concentration may
be expressed in terms of another.

Oudin (1952) claims to have obtained straight lines by plotting
[L} against the logarithm of the Ab-concentrations. Indeed, by

Jt

exterpolating these straight lines to zero movement (x = 0 for allt)
he claims to be able to obtain rough estimates for the equivalence
ratio R - “except in extreme cases”™. From his fig. 8 (Oudin 1952)
equivalence ratios of 20, 18 and 20 may be deduced for absolute
Ag-contentrations (presumably in arbitrary units) of 10, 100 and
1000 respectively, Yet for Ag-concentrations of 1 and 10 000 units
the corresponding values of R are 50 and 63 respectively according
to this same figure. While it is clear from other work (Becker et al,,
1951, Spiers and Augustin, 1957) that Oudin’s equations can only
hold good for a very limited range of Ag-Ab ratios, it is a little
disturbing that it should matter what absolute concentrations are
used. At high concentrations some interference with diffusion
processes may be conceded on gen

eral grounds, but deviations at
Tow Sons remain tained

2. Ab may be used as the external seactant, in which case the
Ab-f:nnccnmdan must exceed that of the Ag. In principle it should
again be pasuble to make of Ab Sons by
varying either the Ab-concentration at constant Ag concentration
(2a) or by varying the concentration of the internal reactant (which
1(521}1’1; Ag this time) while keeping the Ab concentration constant

There are, however, certain limitations. Oudin does not
tecommend using Ab as the external reactant in precipitin systems
for purposes of immuno-chemical analyses because Ag-Ab precipi-
tates are not soluble in excess Ab (fig. 1); i.e. the density of ll;lt
preapitate gradually increases from the Icading edge up to the
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Ag-Ab interface without passing anywhere through a maximum.
However this is @ priori not a reason for not using such a reversed
test for quantitative purposes in pure Ag-Ab systems; Oudin's
own microphotometric tracing {Oudin, 1952) shows that the lead-
ing edge of precipitation is clearly defined. Increasing density
behind the leading edge (with Ab as the external reactant) would
seem to be the exact counterpart of the decreasing density (dissolu-
tion) behind the leading edge where Ag is the external reactant.
In both instances complexes of a higher ratio of external to internal
reactant are found in the trailing edge than in the leading edge.
The existence of these secondary complexes in the trailing edge
is neglected in all the mathematical trcatments, i.e. deviations
from the assumed proportionalities may be expected, depending
on the rate of formation and the composition of these secondary
complexes, but not on their visibility.

There is, however, a very important difference; a given
quantity of Ag (Ag loaded gel) can bind a much larger amount
of Ab (multivalency of Ag) than the amount of Ag (Ab loaded
gcl) that can be bound by the equivalent amount of Ab (bivalency
of Ab).

When using immuno-electrophoretically pure crystaliine
bovine serum albumin (BSa) as the internal reactant and ijts
rabbit antiglobulin as the external reactant we obtained two very
slowly advancing leading edges; the upper one, very slow, per-
tained to an extremely dense (but evenly dense by naked eye
observation) zone of precipitation, while the lower one moved
at about double the rate of the upper one and belonged to a much
less dense zone of precipitation. At lcast two explanations are
possible for this unexpected appearance of two zones of precipita-
tion. (1) Rates of forming complexes of a high Ag-Ab ratio may be
distinctly slower than rates for forming complexes of the equi-
valence ratio. However, the very sharp onset of the second zone
of precipitation makes it more probable that (2) the BSa contained
a very small amount of impurity, and the rabbit antiserum a
disproportionately large amount of Ab to this impurity — as has
been known to occur in other systems (Wetter and Deutsch, 1952).
This would result in a very high Ab-Ag ratio for the impunty
and a low Ab/Ag ratio for BSa itsclf; the dense slowly moving
upper zonc would thus represent th.c BSa system, and the much
less dense and more quickly advancing lower zone would be due



Diffusion Methods for Immunclogical Assays 159

to the impurity. Even a large amount of Ab to an Ag impurity
would not interfere when Ab is the internal reactant. On the other
hand a suitably controlled reversed Oudin-method c?uld‘ serve as
a very sensitive tool for discovering strongly antigenic minor
impurities. However, for quantitative assay purposes the reversed
method would seem unsuitable from our experiment; both zones
moved infinitely more slowly than could be expected on Becker’s
theory from the diffusion coefficient of rabbit Ab, It is conccivable
that the very high density of the precipitate in the upper precipita-
tion zone may even have ituted a hanical impedi! to
the diffusion of Ab. Roughly straight lines were obtained when
plotting x against |/t, but the relation of rate of diffusion of Ab to
Ab-concentration in the upper layer would appear to be a compli-
cated one that has not been covered by the available theoretical
or empincal equations.

Oudin originally applied the term * Simple diffusion technique™
to his methed on the assumption that any diffusion of the Ab may
be neglected in comparison with that of the Ag for sufficient Ag
excess Although, as he states himself, this is clearly not the case,
especially not for Jow Ag to Ab ratios, it is convenient to preserve
the term “double” diffusion for methods in which Ag and Ab
duffuse towards each other through an initially empty layer of gel.
1 have adopted Oudin’s classifications throughout, but have trans-

lated ‘fd:ﬂ'usion simple” by “single diffusion”, which would scem
to be in accordance with his ideas.

Experimentally, Oudin’s method is a little tedious since delicate
measurements have to be taken over prolonged periods; from 3 to
14 d.ays are necessary for assay purposes, depending on the system,
During such periods there is a danger that the reactants may de-

teriorate or reservowrs get exhausted, both of which may introduce
€I101S,

Ntvenhdcs?, the method has already proved most valuable

lln'adnumbcr of immunological systems { Telfer, 1953, Qudin, 1952,

Vodehouse, 1954) and will continue to be so for the detmninadm::

:2§haylilcﬂ c:)hnstanlls of soluble antigens that are difficult to isolate
0 10 throw Light on Ag-Ab ions i

o o R,,b,,,_,;eif g Teactions in general (Munoz et

1954, Spiers and i i
Hoyud a S 1957, piers and  Augustin, 1957, Augustin,
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2. Stmple Double Diffusion

Double diffusion methods where both reactants diffuse into
a neutral gel layer, would appear to offer certain advantages for
purposes of immunological assay. Based on a suggestion of Oudin
(1946), Oakley and Fulthorpe (1953) were the first to develop a
quantitative double diffusion method in tubes which they used
for measuring antibody.

There are three layers (fig. 2). The bottom layer contains Ab
in gel as in Qudin’s single diffusion method; this is overlayered
with an empty gel layer containing neither reactant, and a solution
of Ag is put on the top of this. The two reactants diffuse towards
each other to form a line where they meet in suitable concentra-
tions. The line will move up or down according to whether Ag or
Ab is in excess of the equivalence ratio (assuming equal diffusion
cocfficients). For any particular Ag-Ab system of given concen-
trations, the position of the line will be defined for any fixed time.
If the given Ag solution forming the top layer is replaced in an
otherwise identical set-up by an aliquot of the same Ag solution,
but after it has been incubated with a known amount of standard
antiserum, the diffusable Ag-concentration is reduced, and the
line must appear higher up than before. Oakley and Fulthorpe mea-
sure Ab-concentrations by comparing them for their power to
produce the same displacement of line as the known standard of
the same system. There is, therefore, only one straightforward
comparison of the positions of the lincs in a series of tubes, usually
after overnight incubation. The method is thus less cumbersome
than Oudin’s single diffusion method, and it is irrelevant which
reactant has the higher concentration. On the other hand, we are
again dealing with moving lines, and the rcactants must therefore
once more be present in fairly high concentrations to give visible
precipitation lines.

One ratio of the initial concentrations of the reactants cxists
which gives a stationary line, namely when Ag and Ab are present
in equivalence concentrations (Dean and 1Webb, 1926). The density
of this particular line will depend upon the total amounts of Ag and
Ab present, and not on their concentrations. According to Preer’s
approximate theoretical treatment (Preer, 1956) a fixed line is
produced if Co = Cy2 where Cy; and Gy, represent the imtial
concentrations of the reactants in equivalent units. Spiers (1957),
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taking into account the mutual ani.hil;.ltion of Ag and Ab in the
plane of reaction (precipitation “‘line” ), found that a stationary
Tine formed when

CmVDx = anVDz
where D, and D, are the respective diffusion cocfficients of .thc
reactants. On both treatments the position of the fixed lne divides
the middle layer in the ratio [Dyf{Dy

g | [raeaos] |agean A || a0 |] A |f 2
= =
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Fig. 2 Fig 3

Fig 2 Sumple donble diffunon method by Ooklpy and Fulthorpe, An empty layee € i
interposed between the Ag layer Ag and the Ab layer Ab (tube 1). A preciputation
Lae L forms in the nuddle layer after a sustable time of incubation. In tube 2 the con-
ceptration of free Ag in the top Jayer has been reduced by allowang it to teact wuhy
a standard quantity of Ab, the line appears higher up the fube Tubeé 3 shows the line
m the same position as tube 2 after reaction of the Ag with a dilution of an Ab solution
of unknown concentration, the diuton used in the preparation of the 3rd tube con-
taint as much Ab as the standard. Volume changes duc to the Ab additions are assumed

10 have been suitably adjusted and taken anto account
Fig 3 Cradmt dfusion method by Augustin and Hayward As in the method by OaMgy
and Fulthorge neutral gel 1s layered above the Ab Layer. Afics over-might incubation
{for establishing 2 suitable gradient across the middle layer) decreasing concentrations
of Ag have been added to a series of such equally treated tubes. Lines form higher and
ugher up the tbe unu} 2 line touches the merusens (3rd tube, indicator tube) The
Ag concentrations n tubes 4 and 5 are too low to give a line 1n the muddle layer. The
coneeniratems of unknown Ag soluons are adjusted untd 2 tube is obtained which
also shows a line 1n the indzcator pauttion

"a- :

. There is  further point. The rate of movement of the precipi-
tation lite 1n the middle must vary according to the ratio of the
initral concentrations and will be zevo in one particular instance
as already pointed out. Therefore, a gven fixed addition of Ab
to the top layer may produce variable displacements in the position
of the onginal Ag-Ab preapitation line, i.e. the sensitivity of the
method must vary with the Ag-Ab ratio of the standard tube,
Oakley and Fulthorpe have left ratios as well 2s concentrations entirely
undefined. Also the further away from the equivalence ratio the
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Double diffusion methods where both reactants diffuse into
a neutral gel layer, would appear to offer certain advantages for
purposes of immunological assay. Based on a suggestion of Oudin
(1946), Oakley and Fulthorpe (1953) werc the first to develop a
quantitative double diffusion method in tubes which they used
for measuring antibody.
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reactant has the higher concentration. On the other hand, we arc
again dealing with moving lines, and the reactants must thercfore
once more be present in fairly high concentrations to give visible
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One ratio of the initial concentrations of the reactants exists
which gives a stationary hine, namely when Ag and Ab arc present
in equivalence concentrations (Dean and 18ebb, 1926). The density
of this particular line will depend upon the total amounts of Ag and
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Fig 2 Sumple duble diffuson methnd by Oakly and Fuldurpe, An empty layer E s
tnterposed between 1bt Ag layer Ag and the Ab layer Ab (tube 1), A preapiation
Line L forms in the middle fayer after 3 suitable ume of incubation. Tn tube 2 the con-
centration of free Ag in the top layer has been reduced by allowing it to reace wuth
2 standard quanuty of Ab; the hine appears higher up the tube, Tube 3 shaws the Vine
m the same postson as tube 2 after reaction of the Ag with 2 dulution of an Ab solunon
of unkngwn concentration; the diftion used in the preparation of the 3rd tbe con-
tains as uch Ab as the standard. Volume changes due to the Ab additions are asum~d

ta have been vutably adpisted and taken mta account.
Fig 3 Grodimt diffusion method by Augustin and Hayeard. As i the method by Ozl
and Fulthorpe neuteal gel 13 layered above the Ab fayer. After over-night incubanon
{for establishimg 2 sunable gradient across the muddie layer) decreasing concentrations
of Az have bern added to a sertes of such equally treated tubes, Lines locen higher and
hugher up the tube unti] 2 e eouches che meniscus (3rd tube, indicator tube), The
Ag concentration m tubes 4 and 5 are 100 low 10 gve & Jine i the muddle Layer. The
concentrations of unknnwn Ag solutians are adjusted until 2 tube s obtained which
also shows a line in the indicator poution

There is a further point. The rate of movement of the precipi-
tagon line in the middle must vary according to the ratio of the
initial concentrations and will be zero in one particular instance
23 already pointed out. Therefore, a given fixed addition of Ab
to the top layer may produce variable displacements in the position
of the original Ag-Ab precipitation line, i.c. the sensitivity of the
method must vary with the Ag-Ab ratio of the standard tube,
Qakley and Fylthorps brave Jefi vatios as well as concentrations cntirely
undefined. Also the further away from the equivalence ratio the
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Double diffusion methods where both reactants diffuse into
a neutral gel layer, would appear to offer certain advantages for
purposes of immunological assay. Based on a suggestion of Oudin
(1946), Oakley and Fulthorpe (1953) were the first to develop a
quantitative double diffusion method in tubes which they used
for measuring antibody.

There are three layers (fig. 2). The bottom layer contains Ab
in gel as in Oudin’s single diffusion method; this is overlaycred
with an empty gel layer containing neither reactant, and a solution
of Ag is put on the top of this. The two reactants diffuse towards
each other to form a line where they mcet in suitable concentra-
tions. The line will move up or down according to whether Ag or
Ab is in excess of the cquivalence ratio (assuming cqual diffusion
coefficients). For any particular Ag-Ab system of given concen-
trations, the position of the line will be defined for any fixed time.
If the given Ag solution forming the top layer is replaced in an
otherwise identical set-up by an aliquot of the same Ag solution,
but after it has been incubated with a known amount of standard
antiscrum, the diffusable Ag-concentration is reduced, and the
line must appear higher up than before. Oakley and Fulthorpe mea-
sure Ab-concentrations by comparing them for their power to
produce the same displacement of line as the known standard of
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than Qudin’s single diffusion method, and it is irrelevant which
reactant has the higher concentration, On the other hand, we are
again dealing with moving lines, and the reactants must thercfore
once more be present in fairly high concentrations to give visible
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One ratio of the initial concentrations of the reactants exists
which gives a stationary line, namely when Ag and Ab are present
in equivalence concentrations {Dean and Webb, 1926). The density
of this particular line will depend upon the total amounts of Ag and
Ab present, and not on their concentrations. According to Prm.’s
approximate theoretical treatment (Preer, 1956) a fixed linc.ls
produced if Gy = Cop where 'C,,, an‘d Cos rep.resem.thc smtial
concentrations of the reactants in cquivalent units. Spiers (1957),
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er prior to adding the Ag-solution in a concentration such.th:n
1:?: prp:cipit:\ﬁon line forms as a tangent to the upper mcmscl\‘xs
of the {origimally) neutral gel layer (fxg» 3). Such a tangent '0,;,1 ¢
meniscus provides an casily recognized tcfcrcx.lcc position. The
establishment of the Ab-gradient across the middle ]aycr makes
it possible for Ag and Ab to be in very low c?ncentfauons when
they first meet at the interface. Furthermore Ehls g{ndlcnl has been
adjusted so that the Ag-Ab ratio at the meniscus is very lo.w. The
lower the Ag-Ab ratio and the absolute Ag ccnccmfauo.n the
greater will be the displacement caused by an alteration in (".IC
Ag concentration in the top layer (fig. 4), i.e. the greater will
be the sensitivity of the method. Equally sensitive conditions could
have been achieved by Oakley et al. by suitably adjusting the con-
centrations of top and bottom layer but for practical imitations;
at low absolute concentrations, it would take an inordinately
long time for the reactants to meet in the middle layer and precipi-
tation might never become visible. The prior establishment of the
Ab-gradient in our method overcomes these difficulties. Not only
do the meet § diately after addition of the Ag but
the line — once formed at or near the meniscus — remains fixed
in this position indefinitely, although its density increases with
time. The final density that can be reached depends upon the
total amounts of the reactants, and not on their concentrations.
The latter property is shared with the stationary line of simple
double diffusion for equivalent of the
Indeed the Ab-gradient is arranged such that equivalence conditions
prevail until most of the Ay in the top layer has been used up.
Fo'r practical purposes, the line in the meniscus provides then a
“sink” (in the hydrodynamical sense) into which Ag and Ab
Y{XSﬁpptar by reacting with each other. In this way the concentra-
¥mn of Ag-Ab complexes increases with time until all the reactant
in the top layer is used up. This will occur very quickly. Because
of th.c large Ab:rcscrvo'u' in the bottom layer the density of the line
will increase still further over 2 longer period of time; for under
the mﬂl.xencc. of an everAmcrcasing tide of Ab across the precipi-
tation line (in the rabbit system, Ag-Ab complexes insoluble in

eui.lcs; Ab, fig. 1()1Ag-Ah complexesof the highest possible Ab /Ag ratio
will form, as discussed for a “reversed” Oudin- i i
e TSe udin-test, with Ab in
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initial Ag and Ab concentrations are the more spread will occur
in the precipitation line either at the top or the bottom edge of
the line according to which of the reactants is in excess. By setting
up a series of tubes with varying Ag-Ab ratios including the equi-
valence point it is possible to find the equivalence tube which will
exhibit the sharpest and most narrow line. This has been used
by Boerma-1Westendorp (1956) as another method for estimating
Ag-concentrations while keeping the other reactant constant. How-
ever, the reactants must be present in rather high concentrations
to exhibit this phenomenon clearly.

3. Double Diffusion with Pre-Incubation. Gradient Diffusion Method

We have attempted to improve upon the method of Oakley
and Fulthorpe by establishing an Ab-gradient across the middle
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Fig 6 Formation of the preapitanon Line 1 the gradient diffuion method Very
souch smplified Schematic representation. Figures in heavy type represent Ab concen-
tranons, Sgures 1 Lightes type Ag concentrations Reacuon is assumed to take place
where equal amounts of Ag and Ab meet, The reacted amounts are edged around
wnside the heavily out hined boxes and ase assumed to be lost o fusther diffusion pro-
eesses The bulk of Ag-Ab preciputation 1s scen to have taken place 1n the meruscus
For further detals see text.

We are still in the process of developing a mathematical
theory that will account for all our data. However, 2 crude dia-
gramatic representation of the diffusion and precipitation processes
mvolved in our method is shown in fig 6. The reaction tube is
shown lying on its side and is imagined to be divided into a number
of cells, The Ab gradient through these cells, after pre-incubation
of bottom and middle layer, is assumed to be 90, 80. .. to 50 units
at the lower meniscus, and 20 in the middle layer to 10 at the
upper meniscus when the Ag is added. The Ag has to be added
at a concentration higher than the equivalent Ab concentration
in the mensscus. If equivalent concentrations of Ag and Ab are
allowed to meet at a curved meniscus they divide the height of

the meniscus between them to form a straight hne cutting the
mepiscus., This has been establist

d by us experi 1t

by direct
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In practice the Ab-gradicnt is established very simply by
incubating the Ab layer with the “empty" middle layer overnight
prior to the addition of the Ag. The length of the middle Jayer
is critical; too high an Ab-gradient near the upper meniscus will
prevent the formation of a stationary line.

Appearance of Ag Ab ppt in muddle Layer
Time in hours after addition of Ag

I

Hence units
ingiator tube

Lengthn em
af Agin

S e )

Ag umits in
top loyer
Middie tayar
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3000
obout,
2000

1500

£000
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L4 1500

2000
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@™ ¥
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Fig.5 Gradient double ciffunon method Posiuon of Ag-Ab precipiianon hne i
selation ta length of middle layer The Ag concentrations in the top layer have been
suitably adjusted 5o as to continue o obtain lines s the indicator position.

Fig. 5 shows that the position of the line depends indeed rather
delicately on the rate of Ab-increase across the middle layer. In a
series of experiments middle Iayers of vaviable length were used
while keeping cverything else constant. If the middle layer is too
short, i, e the rate of increase of Ab concentration is too rapid,
ot a line but a diffuse layer of precipitation with a moving leading

edge occurs.
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at the edges of the meniscus will be bigger than at the point where
the horizontal tangent touches the meniscus. “Therefore, under
conditions of Ag excess {even if temporary) the line may form
tangentially to the meniscus and Ag-Ab complexes in the edges
of the raeniscus way either never form in the first place or may
redissovle, Curved lines may however form with fast moving
reactants in too high concenirations in the battom layer. We did
obtam such curved Jines in our first attempts of employing Ag
in place of Ab in the bottom layer in too high a contentration
(Hoyward and dugustn, 1957).

FORNATION OF STRAIGNT UNE IN HEMISEUS
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Fig 2. Dy tation of the formation of the siraight Ag-Ab
lines in gel diffusion tubes with curved menusci.

kecpﬁ]}; v;x;rng the size of thefto}[la layer (from 0.1 ta 4 cm) and
‘ ons of the we hav

Z:n:\;:;: erx;?mmcntally that the position of the ling depc;dcs
concenlt atnon. only while the density of the line increased with
s i zl)lzal amourits of reactants. This has enabled us to
—— ::{a ;r quantitles of Ag than is possible by the Oudin
Moreox;er iny ;ed b)f any method with constantly moving lines.
e }t. as the position o? the Jine s fixed for ail times within

our or so of adding the Ag, subsequent deterioration
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and indirect means (Augustin, Hayward and Spiers, 1957). This over-
simplified diagram assumes an Ag concentration of 30 units. All
the concentrations are expressed in equivalent units and only
precipitation at equivalence is considered. Thercfore the 30 units
of Ag will cancel 10 units of Ab, 20 units of Ag and zcro units
of Ab remaining. The subsequent diffusion process is then repre-
sented diagramatically by allowing half the units of each cell to
flow in a period of time t into the cells on either side. After complet-
ing the next line by this procedure Ab and Ag units are cancelled
out where they meet in equal concentration in the same cell. The
diffusion process is then continued a further state, etc. Consecutive
horizontal lines on the diagram thus give states of diffusion pro-
cesses in consecutive units of time. The reacted Ag-Ab complexes
are ringed round inside the big square and are summed up at the
bottom of each cell. Precipitation appears to take place in three
main stages, commencing with a swing forward into the middle
layer, the main precipitations taking place in the meniscus, with
a subsequent swing back into the Ag layer. In this diagram over
60% of the total available Ag is precipitated in the meniscus.

Although this is only a very simplfied representation, the
main features are borne out by our experiments. When the forma-
tion of precipitation lines is followed from the beginning onc finds
with narrow middle layers (fig. 5) that the edges of the meniscus
are completely filled in with precipitate, but that these edges
eventually are completely cleared of precipitate and that the final
line is in the meniscus only. This again pre-supposes a relative
Ag-cxcess at some stage. On 1increasing the length of the middle
layer the intial precipitation in the edges of the meniscus becomes
less and less apparent, simply because the Ab concentration there
is very low, but the final outcome is still the same - a stationary
sharply defined line in the memscus.

Fig. 7 is a qualitative attempt to explain the formation of
straight precipitation lines rather than curved lines following the
shape of the meniscus. Part of the upper meniscus is enlarged on
the right. As a first approximation diffusion of Ab is neglected
and the diffusion of Ag is regarded as free diffusion at right angles
to tangents of the meniscus. In a given time the thrust of Ag
across the meniscus must at some point become bigger than the
distance of the meniscus from the tube wall. There will thus be a
residual downward component of the Ag thrust, i.e. the Ag flow
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(Elek, 1949). The existence, in Fenbergs pl:.ncs, of A.b even behind
the Ag cups favours this still more According to Fembn'g as much
25 72 hours are necded to establish a suitable Ab gradient before
the Ag may be added.

Summary

1 The “gradient” double diffusion method of Augustin .:md
Hayward 1s compared critically with the “simple” double diffusion
method of Oakley and Fulthorpe and Oudin’s single diffusion method.
The reasons for the greater sensitivity of the gradient diffusion
method are pointed out.

9 Theorics descrihing Ag-Ab behaviour in single and double
duffusion methods are discussed and attempts are made to clucidate
the mechamsm of reaction in the gradient diffusion method.
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of the Ag solution cannot affect the position of the line and will
only result in a reduction of line density. This method is therefore
particularly suited for the assay of unstable solutions.

The method has been used successfully for the estimation of
Ab also, either indirectly, similarly to Oakley et al., but also directly.
Difficultics as with the attempts of measuring Ab by means of the
single diffusion assay were not encountered (Hayward and Augustin,
1957).

Fractions of a pug of Ovalbumin could be assayed by means
of this gradient diffusion method and 0.3 Lf of diphtheria toxoid
while 5 to 7 antitoxic units as the internal reactant bring one to
the limits of visibility in the Oudin-test; i.e. while 7 Lf of diphtheria
toxoid will give a visible line, concentrations of > 10 Lf units
will be required for assay purposes.

Finally, a few words may be added with respect to single and
double diffusion assays using plates instead of tubes. A great
number of such plate methods have been described (Elek, 1949,
Gell, 1956, A in, 1956, A in and Hayward, 1956, Hayward
and Augustin 1957, Feinberg, 1956) but most of them are of a semi-
quantitative rather than a quantitative nature. This 15 not sur-
prising since it is much more difficult to cnsure complete evenness
of a comparatively large area of gel than to adjust the height
of a column of gel in a tube. Also, Petri dishes have notoriously
uneven bottom surfaces, The most reliable of these methods is
probably that by Feinberg, who has gone to great trouble to stan-
dardise this procedure by carefully choosing his Petri dishes and
employing a special cutter manufactured with great accuracy for
cutting out the Ag and Ab reservoirs. The principle of the test
has been taken from our gradient double diffusion method (Augustin
and Hayward, 1955), i.e. an Ab gradient is cstablished from a
central Ab cup before filling the exactly equidistant peripheral cups
with Ag solutions; once more stationary lines are formed. However
the limited reservoirs of the reactants make it impossible to use
this arrangement to increase the sensitivity of the test. The deli-
berately unbalanced layout of the test should not be used for
qualitative analyses as it encourages the formation of artefacts
such as the crossing of precipitation hines although they belong
to the same Ag-Ab system. This may take place where cups of
high and low Ag concentrations are adjacent when one precipita-
tion line forms before the other and the reservoirs get exhausted
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Fig ! 100 g portions of defatsed powder were extracted \fuh sahne {1 hure), toloene
* {100 ml ) being added as prewersative.

Preparation of Horse Dandruff Extract
Horse Brushings
acetone at U’
v
Defatied Dandruff fowder
Defat
0859, NaCl, toluene at 1°

v
*Crude Tstract™

Duatyas (water 17)

A
“ Dualysed Extract™ Dulysate
Non-dialysable “mtrogen” (84°,)
Carbohydrate (total hexose = 8195}
Pigment (60%,)

Dialysable “mtrogen™ (16°)
Carbohydrate (total hexow — 187,)
Pugment (407,)

other allergen systems. Until pure allergen preparations are avail-
able 1t will not be possible to form an adequate picture of the
biochemicat reactions mvolved in mhalantaype hypersensuivity,
1ior to correlate allergenic activity with any peculiarity in chemical
constitution (if, indeed, such a relationship exists).

, The advent of physico-chemical methods such as electro-

o muxtsres Morcover, such mild procedures are far less
deleterious than the earlier methods employing strong acid, alkal
and organic solvent precipitants Several of these more modern
technigues have becn apphied 10 the fractionation of horse dandruff
extract with the aim of accounting for each individual constituent
and considerng 1ts possible vdle as allergen In this way 1t was
hoped o establish whether there was only ane substance or several
assotrated with biological activaty.

At various stages 1n the work to be described crystalline horse
Serum albumin (HSA) has been used as a reference substance.
The reason for this will become apparent later, when the supposed
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The Use of the Gel-Precipitation Technique in the
Identification of Horse Dandruff Allergen, and in the
Study of the Serological Relationship between Horse
Dandruff and Horse Serum Proteins
By D.R. STANWORTH

Department of Expenmental Pathology, Unn ersity of Birmmgham

Introduction

Application of the gel-precipitation technique to the study
of the horse dandruff protemn system can only be illustrated fully
against the background of the preceding chemical studies des-
cribed in detail in a recent paper in the Biochemical Journal (1)
In this work the Ouchterlony techmque has been mainly employed
as a complementary quahtative methed for comparing the anti-
genic compositions of dandruff protein preparations and idenufying
individual constituents It has proved particularly switable for this
purpose, at a stage when physico-chemical techniques failed through
lack of sensivity.

Work on the horse dandruff system has been conducted with
two main aims 1 view’

1. Preparation of a purc allergen for chemucal characteri-
sation and therapeutic purposes;

2. Estabhshment of the immunochemical mechanism involved
in the scverc reaction sometimes experienced by horse-sensitive
asthmatics on receiving their first 1njection of therapeutic horse
serum,

In this way it was hoped to prowide a less empirical basis
for the clinical findings on horse-asthma and, possibly, improve
the accuracy of diagnosis of this type of hypersensitivity. More-
over, it scemed likely that the results of experiments on the parti-

cular model chosen might assist in a better understanding of
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Fi 1 100 g portions of defatted powder were extracted with saline (1 litre), toluene
(100 mt ) being added as presenative

Preparation of Horse Dandruff Extract

Horse Brushings
acetone at 1°
Y
Defatted Dandruff Powder
0852, NaCl, toluene at 1°
“Crude Extract”

Dhalyws (water 1)

¥ Y
* Dualysed Extrait” Dualysate
Mon-dalysable “mtrogen” (84°,)
Carbohydrate (total hexose = 81%,)
Pigment (60%)

Dialysable “mitrogen™ (16°)
Carbohydrate (total hesose - 19%,)
Pigment (407,)

other allergen systems, Until pure allergen preparations are avail
able 1t will not be possible to form an adequate picturc of the
biocherical reactions involved in inhal ype hyper ivity,
nor to correlate allergenic activity with any peculiarity in chemical
constitution (4, indeed, such a relationship exists).

The advent of physico-chemical methods such as clectro-
phoresis and ultracentnfugation in the last twenty years {(a penod,
meaidentally, during which little fresh has been learnt about animal
dandruff allergens) has led to the unravelling of many complex
protem muxtures. Morcover, such muld procedures are far less
deletertous than the earhier methods employing strong acid, alkali
and organic solvent precipitants Several of these more modern
techniques have been apphed to the fractionation of horse dandrufl
extract with the aim of accounting for each mdividual constituent
;\‘nd consldermg 1ts possible réle as allergen In this way it was

oped to establish whether there was only one substance or several
assotiated with biological activity

. At \iarious stages 1n the work to be described crystalline horse
Thcm albumn (HSA) has been used as a reference substance.
Teason for this will become apparent later, when the supposed
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serological cross-reactivity between horse dandruff and horse
serum proteins is considered.

Preparation of Dialysed Extract

The extracts used throughout werc obtained by the procedure
outlined in Fig, 1.

Crude horse brushings were freed from hair by suspension in
acetone at 1° C and then pouring through a Buchner funnel. After
standing in cold acctone for about 1 hour, the resultant defatted
powder was separated, dried and extracted with 0.859%, saline
containing toluene as preservative. Removal of insoluble cpidermal
material after three days left “crude dandruff extract”.

The light brown opalescent protein solution obtained after
prolonged dialysis was termed “dialysed dandruff extract”. It
usually contained about 1 g protcin/100 ml, as well as pigment
and carbohydrate. About 40%, ol the pigment in crude extract
together with low molecular weight substances (peptides, amino
acids, sugar and salts) was removed by the dialysis process. On
the other hand, 909, of the carbohydrate (estimated as hexose)
was found to be conjugated to protein as mucoprotcin. The rest
was in the form of mucopolysaccharide No nucleoprotein or
lipoprotein was detccted.

The protein, however, was the important constituent. Sgure (2)
had shown that all skin-reactiaity could be removed from dialysed
extract by common protein precipitants such as trichloroacetic
acid, and also, by precipitation at pH 5.0 with 22.5% (W/V)
Na,SO,.

The first step, therefore, was the assessment of the homo-
geneity of this active protein matenal

Electrophorests and Ulhacentrifugal Analysts

Electrophorests

Results obtained by free-solution clectrophoresis of dialysed
extract in barbitone buffer (pH 8.6, I = 0.1) are shown 1n Fig. 2A.
Three components separated and these have been lettered
arbitrarily (as a, b and ¢) in decreasing order of mobihity. Relative
concentrations were calculated only from the ascending pattern,
as scparation of the slowest ¢ component was mcomplete 1n the
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Drlysed Dasdvaff Extrat (part bullee b 86). Electrophorei-

Ultracentnfugal analysis

| €————

% =6 19 6 (1) o,

=4 56

152mn 2t £0.000 1 pm

Fig 2 Free-soluuon electrophoresis was carnied out in buffer of womic strength 01,

whilst buffer of half thes strength was used in the papeestnp and wliracentafugal
analyses (figs 2A, B, C taken from Biochem § 1957, 65, 582)

descending limb. It will be seen that these values (a = 56%,
b = 85,3%, ¢ = 9.1%) agree weli with the corresponding valucs
obtaned by paper-strip analysis (Fig 2B) on 3 MM paper (in
whuch no definute separation of ¢ component was observed) This
suggested that the protems did not differ greatly in their contents
of non-protein prosthetic groups. The splituing of the major b
component into b, and b, (F1ig 2C) which sometimes occurred in
the sohd medium, was not surprising 1n view of the asymmetry
of the corresponding schlieren peak

Mobluty

The b component was found to have a faster mobility (-8.03x
10-* as compared with -6 49 10-5 cm? v-1 scc-l) than five times
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crystallised HSA in barbitone buffer (pH 8.6, I = 0.1). This
could also be demonstrated by paper-electrophoresis of a mixture
containing the two proteins, where the albumin was scen to
migrate behind the dander constituent.

The iso-clectric point of the b component was estimated from
free-solution electrophoresis at three different pH values to be
around pH 4.0

Uliracentrifugal Analysis

In contrast with clectrophoresis, ultracentrifugal analysis (in
barbitone buffer; pH 8.6, I = 0.05 + 0.2 M. NaCl) only separated
two components even after 152 mins. sedimentation at 60 000 rpm.
(Fig. 2D). This finding was in agreement with preliminary results
published recently by Silver and Bookman (3). The lighter fraction
(569 of total) appeared to include the b, clectrophoretic compo-
nent. From the uncorrected sedimentation constant (2.5 8) of a
purified b, preparation, which scdimented as a single boundary
in barbitone buffer containing 0.2 M. NaCl, the approximate
molecular weight of the major protein constituent was calculated
to be of the order of the 34 000 value obtained from osmotic pressure
measurements.

Salt Fractionation

Having revealed scveral protein constituents in dialysed horse
dandruff extract, the next step was their isolation prior to assaying
their skin reactivities. Salt fractionation was chosen in preference
to the more elaborate low temperature-ethanol techniques cvolved
at Harvard.

Solubality Curve of Dialysed Horse Dandruff Extract in Ammontum Sulphate
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Fig 3. (taken from Biochem J 65, 582, 1957)
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The solubility curve obtained from a small-scale quantitative
Fractionation of dialysed dandeuflextract with ammonitm sulphate
(adjusted to pH 7.0 with concentrated NH; solution) is shown in
figure 3. When the ultraviolet {277.5 m ;) absorptions ‘proportional
to protein concentrations) of the supernatants were plotted against
cach salt concentration used for precipitation, the fractionation
of three protein constituents was revealed (between 30-40%,
40-59% and 59-809; saturanon with salt). This information
proved a useful guide in fiung the salt concentration limits in &
large-scale fractionation (outhned in figure 4),

It was mteresting to find that no salt concentration himit
corresponded to 509 ion with Iph the
accepted “dividing line’ between serum globulins and albumin.

Ammonm Sulphate Fractionation of Horse DandnifT Extract
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Large-Scale Fractionation

blad](rtx‘slhcrfraclmnauon scheme shown 1n figure 4, the figures 1n
o abrc cr1 to the wet wesghts of the proten ppts. (reckoned
bt 0;):; ! don:;;ncs d\ty wis) These values indicated a dustrs.
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with that predicted from the solubility curve, the major
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crystallised HSA in barbitone buffer (pH 8.6, I = 0.1). This
could also be demonstrated by paper-clectrophoresis of a mixture
containing the two proteins, where the albumin was scen to
migrate behind the dander constituent.

The iso-electric point of the b component was cstimated from
free-solution clectrophoresis at three different pH values to be
around pH 4.0.

Uliracentrifugal Analysis

In contrast with electrophoresis, ultracentrifugal analysis (in
barbitone buffer; pH 8.6, I = 0.05 -+ 0.2 M. NaCl) only separated
two components even after 152 mins. sedimentation at 60 000 rpm.
(Fig. 2D). This finding was in agrcement with preliminary results
published recently by Silver and Bockman (3). The lighter fraction
(569 of total) appeared to include the b, electrophoretic compo-
nent. From the uncorrected sedimentation constant (2.5 S) of a
purified b, preparation, which sedimented as a single boundary
in barbitone buffer containing 0.2 M. NaCl, the approsimate
molecular weight of the major protein constituent was calculated
to be of the order of the 34 000 valuc obtained from osmotic pressure
measurements.

Salt Fractionation

Having revealed several protein constituents in dialysed horse
dandruff extract, the next step was their isolation prior to assaying
therr skin reactivities, Salt fractionation was chosen in preference
to the more claborate low temperaturc-cthanol techmgques evolved
at Harvard.

Solubility Curve of Dialysed Horse Dandruff Extract in Ammonium Suiphate
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Analysis of Salt-Fractions

Considering the other fractions, the first requirement was the
assessment of their compositions in order to establish whether any
fractionation had, in fact, been achicved. Free-solution electiro-
phoresis was first used for this purpose, but was later nlmnd(_)m-d
1n favour of the less time consuming paper-strip technique requiring
much less material and providing an casier means of identifying
the separated components Itis possible, for instance, to split the
strips lengthwise and stain onc half for carbohydrate with periodic
acd - Schyff’s reagent, thus locating glycoprotein constituents,

Paper-Electrophoresis

The results of analyses on whole dandrufl extract and cach
salt-precipitated fraction ave shown in figure 5. Hexose/mirogen
ratios {determined by the orcinol colorimetric and micro-Kjeldah!
techmaques) are included for companson.

Although the splstting of the b component in the whale extract
1 not demonstrated on this occasion, 1t is clear that carbohydrate
15 only assocsated with the slower b, constituent. Considering the
electrophoretic constituents in order of increasing solubility, the
carbohyrate-free b, componcnt was precipitated in salt-fractions [
and 11 Next, the carbohydrate-rich b, component was beginmng
to separate 1n fraction 1, became predominant in fraction 111
and was still present in considerable amount in fraction IV, Timally,
the fast a component (contamning a hittle carbohydrate) began 10
separate w {racson {11 but was precipuated mainky 1n the most
soluble fraction IV, 1n which a small amount of 2 slower component
{d) was detected.

In view of s extremely high hexosefnitrogen ratio (8 62) and
predommant carbohydrate properues, fraction V was termed
2 «mucopolysacchande». In contrast, the crystalline dandrufl
protein was carbohydrate-free, although 1t possessed a similar
zzi:r-electmphureuc mobility to the carbohydrate-rich b, compo-

Ldenufication of the protem constituents in cach fraction was
aded by comparative electrophoresis of 194 (W/V} salutions on
a wide-sheet of Whatmann 3 MM paper {(in barbutone buffer; pH
ZG, 5[:— 0,05 at 19 ma for 8 hours). The results of such an an;l;is

re Plustrated diagrammatically 1n figure 6, They cmphasise the
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After repeated attempts, a crystalline protein was isolated
from fraction II. The crystals were very fragile but appeared to
be of hexagonal form (thus differing from the trigonal form of
HSA crystals). Unfortunately, however, solutions of these crystals
proved unreactive in skin tests on horse-sensitive subjects, so that
hopes of having prepared crystalline allergen were not fulfilled.

Crude ext Dial ext T

P C P C

Hexose/N (Prot) = 0312 0010

ous 0376 0245

son of h gly of whole dandrufl
f;fri‘?;:‘m.“ stated fracuons (Barl buffer, pH = 86, I — 005, 2 ma/

2 for 16 hours) (Taken from Biochem J , 1957, 63, 562)
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showed that there was a cocfficient of variation of about 1695 on
a single measurement (when site and time of test \'an:mions were
controlled). He was able to show, also, that an approximate hnear
relationship holds between mean wheal diameter and the Joga-
nthm of the hustamine concentration over a 1-6 mm wheal size
range It was apparent from the log. (lustamine concentration) —
mean wheal diameter curve that only a 2 fold increase in shin-
reactity js produced by about a 10 fold increase in dose of reac-
tant Thiy means that a difference in skin reactivity between two
allergen preparations would have to be fairly great i it were to
be revealed convincingly by the prick test. Whilst appreciating
the short-comings of this test as a quantitative measure of allergenic
activity, it is felt that it 15 as rehable as the alternative less direct
methods, providing the standard error of the results obtained with
each test solution is established.

Comparison of Skin Reactnties of Dandrulf Exteact and Salt Fractions with thar
Content of b, Electrophoretic Component

ls;:mlzx\’lw"v ‘Q‘:O:‘"
R e
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Relatse paper.c

ot bound dye

Results

The results obtaned by
(aged 9-13) with 0.10, (W'
and 1t salt-fractions are

prick testing 5 horse-sensiive chuldren
{V) solutions of whole dandruff protein
shown 1n the form of a histogram n
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Dial Ext, 1 I nr 1w

do—>

EW ch:z@ LR b, G

Fig 6 Comparative paper-clectrophoresis of 19 (W/V) solurons of dralysed dandruff

extract and salt-fractions m barbrtone buffer (pH = 8.6, I = 0.05, current = 10 ma

for B hours) The hatching indicates low carbohydrate content and the cross-hatchmng
ndicates high earbohydrate content {Taken from Brochem ] 65, 582, 1957)

diversity of composition of the various salt-fractions, at the same
time indicating that substanual fractionation had been achieved.
It scemed likely, therefore, that comparison of the skin-reactivitics
of these fractions would provide information about the identify
of the dandruff allergen and possibly lead to correlation of biologi-
cal activity with a single component.

(Suppose, for example, that tie sole allergen in dandruff
extract was the b, component, then one would expect skin-reac-
twity to be confined to salt-fractions I and II).

Assgp of Shin-Reactsvaties
Technique

Before describing the shin-test results, a brief description of
the techmque employed for determning allergenic activity should
be given. This involved pricking drops of seitz-filtered protein
solutions in salne, of comparable concentrations (usually 0.1 g/
100 ml.) on a nitrogen or dry weight basis, into sclected sites on
a horse-sensttive subject’s forcarm. Tests were pesformed tn
duplicate and after 10 mmns. the outlines of the resultant wheals
were traced in ink on to stiff cellulord Finally, the arcas of the
enlarged tracings were determincd by the method of “counting
squares” (and more recently by weighing) and used for the calcu-
lation of accurate mean wheal diameters (“MWWD” in results to be
shown).

The reliability of this method has been demonstrated by
Squire (2), who carried out repeated tests with histamine and
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1 1 Ui v Dual. Ext.

de——>

Fig 8 Companison of paper-electrophores:s patterns shown 10 fig 6 with the corres-
ponding gel-precipitation spectra obtaned by uang antserum rased i rabhus to
dualysed dandrufl extract 12, (W/V) antigen solutions were tested

Gel-Preciprtation Analysis

Infig 8 the antigemc spectra of 1%, solutions of whole dandruff
extract and its salt fractions have been aligned with their paper-
electrophoresis patterns shown earher n figure 6. (The antisera
used 1n such analyses were raised 1n rabbuts with a Freund adjuvant
10 2 509, solution of total non-dialysable dandruff protein). Side

by side arrangement of antigen cups was preferred to the more
common radaal arr i which 1denuficati

was found to be more difficult

of the lines

The main precipitin hines shown were identfied by comparison
with realtively pure proteins obtained by preparatne clectro-
phoresis (As many as seven lines have been observed on analysis
of crude extract under certain conditions). It will be seen that the
dialysed extract spectrum 1s comprised of three main lines, corres-
ponding to the a, b, and b, clectrophoretic components. Where
Supenimposition of hines occurred, 1dentification was supplemented
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figure 7. Mcan wheal diamcters (MWD) have been expressed as
percentages of the mean wheal diameters elicited by crude dandruff
extract. An analysis of variance had previously shown that this
way of expressing results was valid; besides indicating that the
5 individuals tested chid not show variation in specific hypersensiti-
vity to any particular dandruff protein constituent (1). In other
words, the subjects all reacted in the same manner as far as speci-
ficity was concerned.

When one examines the mean reactivitics of the various
fractions it is found that, in addition to whole extract, fractions III
and IV are the most potent shin-reactants, the former showing
the highest potency of all the fractions tested. At the other extreme,
fraction I showed relatively low reactivity (the mucopolysaccharide
fraction V proved to be unreactive).

On comparing the clectrophoretic compositions of the dialysed
extract and salt-fractions, sct out below the appropriate blocks in
figure 7, onc finds that the carbohydrate-rich b, component is
predominant in whole extract (579 of non-dialysable protein)
and in fraction II1, as well as compnsing a substantial (409)
proportion of fraction IV. On the other hand, none of thuis compo-
nent could be detected by paper-clectrophoresis of fraction I and
relatively hittle (13%) in fraction II. The percentage distribution
of the b, component amongst the various fractions is shown by
the shaded areas in the blocks. It will be scen that shin reactivity
parallels b, content closcly.

These findings suggested thercfore that the b, component
was, in fact, responsible for allergenic actwaty, especially as it
was impossible to associate skin reactivity with any other clectro-
phoretic constituent. For instance, as mentioned earher, 1f compo-
nent b, were the allergen, fracthion 1 would show activity in marhed
excess of fractions IIT and IV By similar reasoning, components
a and d, predominant only in fraction IV, can be cxcluded as
possible allergens. )

If, however, onc 15 to accept a “unitarian hypothesis” pertain-
ing to allergenic activity of horse dandruff constituents, onc must
explain why fraction I, which is deficient in the supposedly aller-
genic b, component, shows small but measurable shin-reactivty.
At tlus stage, it is fortunate to find available a more scnsitive

method of assessing protein heterogeneity, namely the gel-diffusion

precipitin tests.
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Table 1
Companison of the content of by component in dialysed dandrufl rx:mtl anet 3ahie
fractions 4 by q pap A and gelprecp :
{Conteat of b, companenit 1n whole extract taken as 100 in gel-preciptanen an yes).

fexomel™ LN sby o ShmRewny
exone! compon comtent S
Fracton aho elrctro- it Tussc ate § ot
*Nr{;";m"‘)' gel<ditfuson) Gt e,
Dual Extract 031 57 100 n
1 oot 0 1 37
Jie 012 13 18 45
m 3% 8 n an
n 025 40 10 7
v 862 ° o -

Assay of Column Electrophoresis Eluates

Further evidence in support of the b, component being the
dandruff allergen was obtained by skin-testing relauvely pure
antgen preparations obtained by column clectrophoresis in starch
and acetylated cellulose. In this way, for instance, a pure prepa-

Fedt

. of starch cl
with garent saltfraction 181, uwng antscrum rased against cruds
(Taken from Brochem ] 65, 582, 1957

eluate {EI Na 11)
e dandruff extract,

ration of component a, which gave only one precipitin line on
tesing 5 19, {W/V) solution with antiserum to crude dandrufl
extracy, proved vinually unreactive Conversely, by careful selec.
ton of eluates from a starch electraphareus Tun on the most
potent salt-fraction (¥11), one could obtain relatively pure prepara.
woms of the b, component showing ncreased skin-reactivity as
compared with the parent fraction. The purest preparation yet
obtained by this process proved to be the most potent, pm«css%yn

\50“'0’:)( the slan-reactivaty of fraction 11 {which iucfr was 88"7
z;‘ active &scx:ude extract) Immunoelectrophorenc comparison o“r
this eluate (No. 11) with «ts parent fracton 111 5 tllustrated in
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by preliminary clectrophoresis (in barbitone, pH 8.6, I = 0.05)
in the dircction of unaided diffusion. This treatment for example,
drew out the ¢ line from the &, line in the dialysed extract spectrum.

As in the comparative paper-clectrophoresis picture, it 1s
possible to trace each line through the antigenic spectra of the
various fractions. Thus, one can observe the by line, predominant
in fractions I and II, fade out in fraction IIL. The « linc, on the
other hand, is first detected in fraction II, comes to the fore in
fraction I1I and is in marked preponderance in fraction IV (swhere
it splits). The dctection of some of the b, component in fraction I,
serves to explain the skin reactivity of this fraction, which had
scemed anomalous on the basis of paper-electrophoresis alone.

As the b, linc in the fraction I spectrum was much farther
from the antiserum trough than it was in the other spectra and
also less intense, it was concluded that the antigen was present in
relatively small amounts in fraction I. (It will be recalled that
the intensity and position of the precipitin line are dependant
upon the antigen concentration). It was not possible to make
any reasonable assessment of the relative concentrations of b, anti-
gen in the other salt {ractions from the position of tius precipitin
Iinc, although the intensity of the hne appeared to be greatest
in the fraction IIT spectrum.

Quantitative tests

Preliminary measurements of the relative concentration of
the b, antigen in dandruff extract and in its salt-fractions by means
of the double diffusion precipitation technique, evolved by Adugustin
and Hayward (4}, were 1n accordance with the relative b, component
concentrations obtained from paper-electrophoresis (by assuming
all constituents bind dyc to the same extent). These values arc
compared 1n table 1 together with the skin reactvities of the frac-
tions. Hexosc/nitrogen ratios are alse included. This table summa-
rises, thercfore, all the evidence pointing to the association of
allergenic activity with the b, mucoprotein component of horse
dandruff extract.

It has since been found possible to predict the order of shin
reactivity of a scries of protein fractions obtaned by diflerent
procedures from their relative hevose contents and the prepon-
derance of the b, line 1n thewr antigemc spectra.
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Table T
Companson of the content of by component i dialysed danrdrufl exteact and salt-
(racuons d d by @ pap h and gel-precipitation
(Gontent of by component m whole extract taken as 100 1n gel-precipitauion anatyves)

o b,
" = b b, Sk Reactmity
HexowS  component 8
Frcten Rato (Baper mires o) St
Phore)
Dial Extract 031 37 100 o
1 oot o ] 37
1 012 13 18 45
m 038 kL) 7 8
w 025 40 40 77
v 862 0 0 -

Assay of Column Electrophorests Eluates

Further evidence in support of the b, component being the
dan‘dmﬂ' allergen was obtained by skinotesting relannvely pure
antigen preparations obtained by column electrophoresis in starch
and acetylated cellulose. In this way, for mnstance, a pure prepa-

Fu ot

::f: o: (I:(O:mponent a, \V‘?lth gave only one precipitin line on
Q‘(\\'acg‘ ! % éW/V) solution with antiserum to crude dandrufl
o 0): }:l ove \;n‘tua\\y unreactive. Conversely, by carcful selec-
ot smltul:artcs tom 2 starch electrophoresis run on the most
D ent 3 u;ca;tmn (II1), one coult‘l obl‘am relatively pure prepara-
oo }: (o}(:mponcnt shmtnng increased skin-reactivity as
S e parent fraction The purest preparation yet
o )Ze ;s process proved to 'bc the most potent, possessing
A ci l(;l-rfac(lvxty of fraction III (which itself was 889,
A Nu ¢ extract) Immunoelectrophoretic comparison of

e {No. 11) with 1ts parent fraction 111 1s sllustrated 1n
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figure 9. It will be scen that onc antigen line has been removed
from the fraction III spectrum by the electrophoretic fractionation.

When, however, one studies the distribution of skin-reactivity
(as indicated by tests on 3 horse-sensitive subjects) amongst various
sclected cluates corresponding to the main b, component peak of
the clution pattern (fig. 10), one finds that activity is concentrated

Starch Columm Electrophoresis of Fraction I11.

‘22%,,,; =
oor (omwo nrsucv)
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o
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Fig 10. Skin-reactvities of selected eluates (o) are expressed as percentages of the mean
wheal diameter eliaited by the parent salt-fraction (precipitated between 55°, and
809, sat of extract with (NH,); SO,)

morc on the leading cdge of the curve. As is scen, on testing eluates
of comparable protein concentration the most potent cluate is
No. 11 and the activities of subsequent cluates fall off as the main
curve 1s traversed. The most likely inference 1s that the b, peak
is, in fact, composite, the faster of the two sub-fractions being
associated with allergenic activity. This would account for an
extra unidentified precipitin Iine which appeared 1n the antgenic
spectra of cluates 12-16.

Further column electrophoretic analyses in acetylated cellulose
tended to confirm the assumption that the b, component was
heterogencous. The type of pattern obtamed 1s shown 1n figure 11
It became apparent that the main b, peak was composed of two
incomplctcly scpnrmcd components, temporarily designated as
b, (F), the faster, and b, (8), the slower component  Evidence
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is now accumulating in support of the theory that ?n.ly the faster
by (F) component i associated with allergenic actvity.

Acenlated Cellaose Electrophosess of Dandrufl Protein Traction 358
(preciguated becween 55-80% sat of whole extract with ammorium sulphate)

03 ()
620, —
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O% Az e B 6 4 0
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Fig 1 Barbutone buffer (pR 86, 1 = 0.05),22 ma 24 hr.

When one re-examines the antigenic specta of the crude
salt-fractions, obtained by using weaker (0.5%) protein solutions,
one can actually achieve splitting of the b, line, presumably into
b, {F) and b, (S) As 15 scen from the precipitin patterns shown
1 figure 12, however, this does not affect the conclusions based
on the results described earher in which the b, (F) and b, (S)
lines were not separated. The two lines remamn close together,
showing a fairly parallel distribution amongst the various fractions.

Preparation of Pure Allergen

The discovery of two antigens within the b, component has
naturally complicated attempts to prepare the allergen in pure
form, Nevertheless, 1t has served to emphasise the essential vatue
of the gel-precipitation. techruque in assessing the punity of allergen
preparations

An example of its use 1 this field 15 shown in figure 13 in
whxc!x the degree of punfication achieved by reprecipiting salt~
l'r@cuon LI three umes and then sub-fracuonating 1s compared
with that obtaied by column electrophoresss of the crude salt-
fraction 1t will be seen that there is hittle difference between the
spectra of the 60-70%, and 70-80% saturated ammomum sulphate
fractions and the crude fraction 11 spectrum. (In fact the main

TS Tt Arch Attergy, Vol W, Ne 44 (1937
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Fig 12 Companson of the antigenic speetra of 05°, (W/V) solutions of dandruff
extract (D) and salt-feactions (I-1V), using anuserum rarsed agamst dualysed dandeufT

extract
Fig 13 Comparison of antigenic spectra of 052, (W/\) solutions of dandruff extract
(D), saltfractions I1T (35-80°, ), 70 (60-700, ) and 80 (70 80°,,

saturation) with a selected acetylated cellulose electrophoresis eluate, using antiserum
raned aranst dialysed dandroff extract

purification achieved by reprecipitation appears to have been
removal of pigment). On the other hand, the selected acetylated
cellulose clectrophoresis eluates were considerably more pure,
being contaminated only with some b, component. In addition
the clectrophoresis process removed pigment, which travelied
ahcad of the b, peak.

This example illustiates the superionty of the gel-precipi-
tation technique over currently used physico-chermcal methods
for assessing protein heterogeneity. It was not possible, for instance,
to detect any heterogencity of the acetylated cellulose electro-
phoresis cluate by subsequent paper-strip analyses over a wide
pH range (£.6-10.6). Morcover, it was cqually impossible to
differentiate clearly between the b, (F) and b, (S) components by
this techmque

Serologtcal Relationship between Horse Dandruff and Horse Serum
Protens

From results obtained by prick testing horse-sensitive subjects
and carrying out optimal proportion titrations with rabbit ant-
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sera to horse dandruff and horse scrum proteins, Squire (2) had
concluded that the severe reactions experienced by some horse-
sensitne asthmatics when first injected with therapeutic horse
serum could best be explained in terms of an immunological
crossreaction This, he suggested, probably took place because
the antigenic dandruff protein was related to, but not identical
with, horse serum albumin

The possibality of such a structural relationship cxisting be-
tween the horse dandruff and scrum proteins was borne in mind
throughout the studics on the horse dandrufF system, just described,
Every physico-chemical method employed, however, revealed an
appreciable difference between the propertics of the major dandrull
protein and horse serum albumin. It will be recalled, for instance,
that there was a marhed difference in the clectrophoretic mobilities
of the two protetns. The magnitude of this difference imphied that
the relationship between harse dandrufl and horse serum proteins
was less close than, say, that refiected in differences in the electro-
phoreuc mobility of one protein (for example ovalbumin) obtained
from different species (5).

Having successfully applied the gel-precipitation technique
to the 1dentification of the allergen in horse dandrull’ extract, it
seemed possible that s application here would throw new light
on the naturc of the relationship between harse dandruff and
horse serum protein and establish with which dandrufl antigen
the serum n}bumin cross-reacted  Sucli informanon could not be
:‘f“:g:z:l:;::rl:eddb) mcavns ol'lhc.Dmn and I'ebb optimal prf)rzonion

thod (6), wiich relies on well separated precipitation
optima 1f antigemic heterogenerty 1s 10 be detected

Results

When an Ouchterfony pl. i

vy plate test (fig 14) was set up, comparin,

4 3 g

:;;e:\lmons of 1% (W{V) dandrufl protein solutions and 109,
o solutions with rabbit antiserum raised 10 crude horse dandruff
"’::26‘,;& was clearly evident that the main albumin Tinn cus o1

usunLLs,

“ac‘lll\tn more defimte results were obtained by studying the
ons between concentrated dandruft protein solutions and



188 Stanworth, The Use of the Gel-Precipitation Technique

Fig 14 Companson of the antigeme spectra of 12, (W/V) solutions of dialysed dandrufl

cxtract (D), salt-fractions I and III and starch-electrophoresis eluate No 11 with the

speetrum of a 10°; (W/V) soluton of horse serum albumin using antiserum to crude
dandruff extract

Fig 15, Comparison of the antigenic spectra of 1°, (W/V) solutions of horse scrum

(HS), horse serum alburmin (HSA) and horse serum globulm (HSG) with the spectra

of 20%, (W/V) solutions of dialysed dandruff extract (D) and salt-fractions I and
IIT using antiserum raised to whole horse serum

antisera raised to horse serum and horse serum albumin A typical
preaipitin prcture is shown 1n figure 15. The centre cup contained
neat anti-horse serum and the outer cups contained 19, solutions
of horse scrum protein fractions and 209%, solutions of dandrufl
protein fractions (total protein, D, and salt-fractions I and III).
It will be scen that the serum albumn line runs from the horse
serum spectrum through the spectra of the crystalline HSA and
dandruf protcin fraction III (precipitated between 55-80 satura-
tion with ammonium sulphate) but ends when reachmg the spec-
trum of the dandrufl protemn fraction 1 (prcapitated between
30-43 % saturation with ammonium sulphate). All thus is in accor-
dance with there being horse serum albumin antigen in dandrufl
extract. Morcover, the least soluble dandruff protein fraction I,
although not containing any HSA, showed a scrum globulin line

in its spectrum.
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Hence, one must conclude that dandrufl extract contains
small amounts of horse serum albumin and globulin. Further evi-
dence of s contamination with scrum albumin was obtained
from experiments carried out with absorbed antisera,

Absorption Experiments

All antibody ta HSA could be removed from homologous
rabbit antiserum {diluted 1 : 1} by absorption with equal volumes
of either.

1. 0.01% (\W/V} HSA solution (i.c. 1 ml. antibody required
200 y HSA for optimal precipitation) or

2. 20% (W/V) total dandruff protein solution,

0 that no further precipitation occurred on testing the super-
natants with dilute (1/100, 1/1000, 1/10000) HSA solutions (or
for that matter, with antiserum)., The 209 total dandruff protein
solution recovered from such experiments {now diluted with an
equal volume of rabbit serum) gave the usual type of antigenic
spectrum on testing a ten-fold diluted solution with anti-serum
10 dialysed dandrufl extract. 2% total dandruff protein selution
diluted with an equal volume of normal serum was set up as a
control and gave precisely the same spectrum, indicating that no
dandruff antigen had been removed by first using the dandruff
exiract to absorb antthady to HSA.

These resufts were interpreted as corroborative evidence in
favour of the gel-preeipitation findings. Hence 1t appears that the
serological relationship between horse dandeufl and horse serum
proteins 1s due to the ad ¢ of small of serum alb
(and globulin) with the dandruff antigens and not the result of
any cross-reactvity between the two types of protein.

Dascussion

Application of gel-precipitation to the stud:

R udy of the horse
y;h'tdmfr system has proved uscful 1n determining the nature of
the allﬁrgrn and also in “‘quahty control”
of purification, It 15 evident that the te

valuable when combined with physico:
Jective salt.,

during successive stages
chnique s particularly

e " -chemical methods such as se-
Precipitation and electrophoresis.

The two mam
; advantages of the gel-precipitation i
Mlustrated by this work are: preap technigue
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a) Its sensitivity c.g. it has explained the skin-reactivity of
a salt-fraction containing too low a content of allergen for detection
by paper-clectrophoresis;

b) Its resolving power c.g. in revealing n greater number of
constituents in dandruff protein fractions than was cvident from
clectrophoretic analysis; in demonstrating that cven the b, compo-
nent (the purest allergen yet isolated) was composite and in
cstablishing the presence of traces of horse scrum proteins in
dandruff extract. The last of these findings offers a rcasonable
basts for the well-known tendency of horse-asthmatics to be sensitis-
ed, also, to horse serum and its products.

The standardisation of any allergen extract must ultimately
depend upon a biological test in the hypersensitive patient. Never-
theless, in thns work on horse dandrufl extracts, which have always
been handled with due regard for the instability of proteins, no
evidence has been obtamned (contrary to the findings ol Augustin
working with pollens [7]) to suggest that the appropriate gel-
precipitation hne 1s not a very useful indication of the presence
of acuve allergen. The prelminary results of quantitative gel-
precipitation assays on dandruff protein fractions, involving
measurement of the b, precipitin hine, confirmed this view.

Summary

Physico-chemical and immunological techmques have been
applied to the study of horse dandruff extract m an attempt to
identify its allergemc constituent. The gel-chffusion precipitation
test proved useful in the analysis of protein fractions at a stage where
other methods such as clectrophoresis had been extended to their
Limits of sensitivity.

Threc main proten constituents were revealed 1n dandruft
evtract by both freessolution and paper-strip clectiophoresis int
barbitone buffer (pH 8.6, I = 0.05-0 10), the latter techmque
effecting a splitting of the major component 1n some instances.
Ultracentrifugal analysis, on the other hand, only scparated two
components from whole extract.

The antigenic compositions of fractions obtained by ammonium
sulphate precipitation and column clﬁctroplmrcsns were compared
by the Ouchterlony techmque, employing rabbit antiserum rased
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against whole horse dandrufT extract. Skin r(-acli\'ilic.s.wcrc (!clcr-
mined by the quantitative prick-testing of horsc-sl:nslll\'lf patiente.

Carbohydrate estimations and paper-clectrophoresis showed
that allergemic activity could be associated with a single muco-
protein constituent (b,), comprising about 65, of the total dnn(\r.uff
proten and precipitating mainly between 55-80%) saturation
with ammoniurm sulphate. This finding was substantiated by carry-
ing out skin tests with purer fractions.

Recent column electrophoresis (acetylated cellulose) and gel-
precipitation analyses have revealed heterogencity of the b, com-
ponent. This again demonstrated the usefulness of the gel-precipi-
tation technique in controlling the punity of allergen preparations.

Results obtained from gel-precipitation and specific absorption
experiments indicated that the scrological relationship between
horse dandruff and horse serum proteins is due 1o the presence

of small quantitics of serum albumun and globubin in the dandruff
material,
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Quantitative Gel Diffusion Methods for Assay of
Antigens and Antibodies
By B.J.Havwarp and R. AvcusTin®

From the Wright-Flerung Institute, St. Mary’s Hospital Medicat School, London,

In 1955 Augustin and Hayward described a gradient double difs
fusion method in tubes for the assay of antigens (Ag). The theoreti-
cal aspects of this test together with a critical comparison with
other gel diffusion techmques have been discussed in a previous
paper (dugusttn, 1957).

The present paper deals with adaptations of the original me-
thod to the measurement of antibodies (Ab) and to the assay of the
very diluted Ag solutions required by the physician for prophylactic
injection treatment against allergic complaints. Two plate methods
will also be described, as well as methods for staining and pre-
serving gel diffusion patterns for permanent record.

Matenals
e Ty peameeLed.)
. N ‘ense and
both the

com-poncm extracts were used. These extracts have at least five
major antigens in common, one of them a heat labile protcin-
carbohydrate complex. Pollen extracts prepared by extracting 1 g.
of grass pollen with 10 ml. of buffered physiological saline (Noon,
1911) arc sad to contain 100,000 Noon units/ml. As this type of
weight unit as well as definitions based on mitrogen or protemn
nitrogen cstimations are generally considered unsausfactory (.lugu-
stin, 1956), we indicate the potency of pollen extracts in terms of

« The authors wish to thank the asthma research council for a grant to the In-

stitute 1 atd of this work
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AAC Unia (n Thovsanes

3

Fug I Lesel of antibody production in rabbats duning one year, with only three (multiple)
tnyections of the pollen protesns of Dactylts glemerata —— & - Gradient diffusion method,
—@-- Precipitin method {optimal proportion method) Pooled scra of average ture.

the eanly identifiable heat labile which forms readily
precipitating Ab 1n rabbits, In gel diff: tests, the corresponding
Ag Ab precipitation hne is usuaily the first to appear and will be
referred to as the “A” component. A fresh pollen extract prepared
to contain 100,000 Noon units/ml. was used as a standard and was
arbitrarily said to contamn 100,000 “A™ units/ml. Rabbit antisera
to this component could then be described in the usual manner in
terms of the corresponding “anti-A™ units (optimal proportion
method by Dean and I1t%ebb, 1926, and gel diffusion tests)

enabled us to prepare a frecze dned standard “anti-A™ serum

which became our primary standard for the assay of pollen extracts
1n terms of their “A” component

Antisera These were prepared in rabbits by multiple injections
with anugen emulsions 400 mg. non-dialysable freeze dried residue
of pollen extract was mixed with 10 ml of pollen extract containin,
100,000 “A” umits per ml. and 90 ml. 19, aluminjum phos hat{i
suspension (Holt, 1947). This was added to 100 ml. of 209 a‘:lac 1
(Hon‘ey:/vc“, Atlas Co. Ltq.) 1 Bayol F (Esso Petroleum C; Ltd§

; this

. * nahand emulsifier or
was obtained At one
ml,

{(with the rabbit 1 the Trendelenbyr. ot e apread

lap) along the lateral aspects of the vg position on the operator’s

entral sutface of the animal
3
14 I Arch Allersy Vol 18, ho 5. (1557,
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Quantitative Gel Diffusion Methods for Assay of
Antigens and Antibodies
By B.J. Havwarp and R. AugusTin®

From the Wnght-Fleming Institute, St Mary’s Hosputal Medical School, London.

In 1955 Augustin and Hayward described a gradient double dif-
fusion method in tubes for the assay of antigens (Ag). The theoreti-
cal aspects of this test together with a critical companson with
other gel diffusion techmques have been discussed 1n a previous
paper (dugustin, 1957).

The present paper deals with adaptations of the original me-
thod to the measurement of antibodies (Ab) and to the assay of the
very diluted Ag solutions required by the physician for prophylactic
injection treatment against allergic complaints Two plate methods
will also be described, as well as methods for staning and pre-
serving gel diffusion patterns for permanent record.

Materials
- - " Wl vy
. . P |

component extracts were uscd. These extracts have at least five
major antigens in common, onc of them a heat labile protein-
carbohydrate complex. Pollen extracts prepared by extracung 1 g.
of grass pollen with 10 ml. of buflered physiological sahine {Avon,
1911) are said to contain 100,000 Noon umts/ml As this type f)l'
weight unit as well as definitions based on nitrolgcn or protein
nitrogen estimations are generally considered unsatisfactory (dugu-
stin, 1956), we indicate the potency of pollen eatracts 1n terms of

« The authors wish to thank the asthma rescarch counail for a grant to the In-

stitute i and of this work.
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been used previously by Oakley and Fulthorpe (1953) in their simple
double diffusion method, which was designed specifically for pur-
poses of measuring Ab. (For the differences between the two me-
thods ¢f Augustn, 1957.)

(2) Durect assay by the recersed gradient diffusion method: Ag-gradient
method. This test has been developed siwmilarly to the gradient dif-
fusion method for measuring antigens (Augustin and Hayuward, 1955),
but, wstead of an Ab-gradient across the middle layer, an Ag-
gradient is established by incorporating Ag in the bottom gel layer,
instead of Ab; Ab instead of Ag constitutes the top layer.

In practice, one part of a solution of Ag of a suitable concen-
tration 15 warmed to about 55° C and mixed with three parts of
19, hquificd agar of the same temperature. {Temperature require-
ments arc not quite as crincal as in the Ab-gradient — “direct”
method -, and may be altered to suit individual requirements,)
Quanuties of about 0.5 ml, are dispensed {Pasteur pipette) into
small wibes {diameter 0.8 cm., height 8 cm.) of equal bore 1o ghe
agar columns of roughly equal heights. Care must be taken not o
touch the nides of the tubes with the Ag-agar minture After soli-
dification cach column of Ag-gel 15 overlaycred with melted agar
(0:5% 55°C). The height of this neutral column (contaimng
neither reactant) is carefully adjusted by holding each tube against
a reference tube during the filing process. A measuring aid may
be used (dugusttn and Hayward, 1955) but 1s not required after a
lutle practice In this way, many tubes may be rapsdly filled, all
with columns of equal height. Any tube not conforming on subsc-
quent checking is discarded. The height to be chosen for the middle
layer depends on the Ag-concentration, the diffusion coefficients,
time of incubation before adding the Ag, and on the required
sensitivaty, heights from 0.4-0.8 ¢m. are suitable. The tubes are
closed with rubber bungs to prevent evaporation and placed in an
incubator at 37° for a fixed period of time, usually 16 hours, for
convenrence After incubation, sensal dilutions of anusera in isotonic
sabine are added to form the top layer A further period of fncuba-
ton then follows. Precipitation lines may appear 1 a few houx:s
depending upon the concentration of the reactants Series of ﬁ\ve’
tubes are et up for each antiserum under test together with a
fumml s?t contaimng the standard antiserum A line forming
oot to the upper 1s taken as the end point (fig. 2).

oncentrations have been chosen, the lines will maintain
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cight of them as near as possible to the underlying lymph glands,
This was followed immediately by an intraperitoneal injection of
5 ml., two intramuscular injections of 0.3 ml. cach, and two further
subcutancous injections of 0.3 ml. each into the loose fatty tissue of
the neck. Each rabbit reccived about 10 ml. of the emulsion or
about 20 mg. grass pollen protein, A larger proportion of pollen
protcin should be included 1n the mixtures if Ab to components
other than the main Ag are required,

Bleedings were taken from the ear vein, 50 ml. about every ten
days, starting at roughly three weeks afier the first injection. Tig. 1
shows that this method makes 1t possible to maintain high Ab-
titres for at least one year, with only three sessions of multiple in-
jections on one day every threc months, and frequent bleedings.
Single assays were carried out on cach blecding by the optimal
proportion method of Dean and 1{%ebb (1926) and by the gradient
double diffusion method (Augustin and Hayward, 1955).

Sera containing 0.02 %, Na-azide as a preservative were cither
stored at 4° G, or frecze dried for storage at 4° C There was no
deterioration on freeze drying and the titres of the two preparations
with respect to a standard Ag-solution and in comparison with each
other remained constant throughout the year.

Agar. 0.5 and 1 9%, solutions were prepared from Davis powdered
New Zealand agar in hot 1sotonic saline. Clarification was carried
out by filtrauon through filter paper pulp and was followed by
steam sterilization. Clear colourless solutions were obtained. The
bulk of the maternial was broken down into conveniently small
quantities so that repeated meltung of the agar was avorded as this
canses breakdown and clouding. Sodium azide was added as a
prcscrvmivc to a concentration of 0.029, directly before usc.

Methods
The Assay of Antisera

(1) Indirect method. A standard tube 1s prepared such that a
precipitation Iine forms just below the meniscus (gradient double
diffusion method of Augustin and Hayward, 1955) when the upper
layer contains 2 known amount of Ag mined with a known volume
of saline. By replacing the sabne with serial dilutions of anusera,
the antisera may be compared for their power to move the pre-
cipitation line into the memscus. A somewhat similar procedure has
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been used previously by Oakley and Fulthorpe (1953) in their simple
double diffusion method, which was designed speatfically for pur-
poses of measuting Ab {For the differences between the two me-
thods <f, Augustin, 1957.)

(2) Drrect assay by the reversed gradient diffusion methed: Ag-gradient
method. Thus test has been developed similarly to the gradient dif-
fusion method for measuring antigens (Augustin and Hayweard, 1955),
but, instead of an Ab-gradient across the middle layer, an Ag-
gradient 1 established by incorporating Ag in the bottom gel layer,
instead of Ab; Ab instead of Ag constitutes the top layer,

In practice, one part of a solution of Ag of a suitable concen-
tration is warmed to about 55° C and mixed with three parts of
195 hquified agar of the same temperature, (Temperature require-
ments are not quite as crtical as in the Ab-gradient ~ “direct”
method -, and may be altered to suit individual reguirements.)
Quaatities of about 0.5 ml. are dispensed (Pasteur pipette) into
small tubes (diameter 0.8 cm., height 8 cm ) of equal bore ta give
agar colutans of roughly equal heights. Care must be taken not to
touch the sides of the tubes with the Ag-agar mixture. Alier soli.
dification each column of Ag-gel is overlayered with melted agac
(05% 55°C). The height of this neutral column (containing
neither reactant) is carefully adjusted by holding each tube against
a reference tube during the filling process. A measuring aid may
be used {Augustin and Hayward, 1935) but is not required alter a
Lttle pracuce In this way, many tubes may be rapidly filled, alt
with columns of equal height. Any tube not conforming on subse.
quent checking 1s discarded, The height to be chosen for the middle
layer depends on the Ag-concentration, the diffusion cocfficients,
time of incubation before adding the Ag, and on the required
sensitvity; heights from 0.4-08 em. are suitable. The tubes are
closed wth rubber bungs to prevent evaporation and placed in an
incubator at 37° for a fixed period of time, usually 16 hours, for
Cﬂr.wemencc‘ After mcubation, serial dilutions of antisera in 1s0tonjc
saline are added to form the top layer. A further period of incuba-
3:';:;?:;(:1}::‘5 l}}’:empitatiun '1incs may appear in a f.cw hours,

concentration of the reactants Series of five

l‘;::iofr;(sczox;s for each antiserum unt!ct test togc}her with a
N aming the standard antiserum A line forming
to the upper is taken as the end point (fig, 2),
oncentrations have been chosen, the lines will maintain

¥ suitabte I
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their positions indefinitely, as they do in our Ab-gradient diffusion
method; differences in the Ab concentrations between consecutive
tubes should be not less than 109,.

middle tube (line at meniscus, indicator tube)

To obtain a stationary line in the meniscus, the Ag-concentra-
tion of the bottom layer had to be adjusted to 3,000 “A” umits/ml.
Ag-agar mixture, when employing a middle column of a height of
0.7 cm. (and a pre-incubation time of 16 hr.) This gave an cnd
point of 1,000 anti-““A” units/ml. for the Ab in the top layer. These
figures compare with 12,000 ant1-“A” units/ml 1n the bottom layer
and 800 ““A” umits/ml. 1n the top layer for a height of 0.7 cm. in the
previous Ab-gradient diffusion method (Augustin et al., 1955).

There is an important difference between the Ab- (direct test)
and the Ag- (reversed test) gracient diffuston methods since the
AgADb precipitate 15 insoluble 1 excess Ab but soluble in excess Ag
in the rabbit-type (precipitin) system. In both gradient double
diffusion methods a gradient of the reactant in the bottom layer
is established across the mmddle layer dunng the pre-incubation
period. Immediately the other reactant 1s added Ag and Ab start
to combine and a precipitate forms. As soon as precipitation starts
there is increased diffusion of both reactants from their respective
rescrvoirs in the top and bottom layers mto the plane of reaction.
1n both tests, the reactant in the top layer is soon exhausted, lcaving
an excess of bottom reactant. In the Ab-gradient test, Ab is in
excess, which cannot affect the AgAb preaipitate (except by in-
creasing its density). In the “reversed” test however, Ag 1s n excess,
which may dissolve the precipitate. It is possible to get over this
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difficulty by adjusting the Ag-concentration so that insufficient Ag
is left in the bottom layer (after establishment of the gradient across
the middle layer) to disselve the precipitate once it is formed. If
100 high an Ag concentration is used, there is a steep grachent
across the middle layer; precipitation lines may be seen to form
shortly after addition of the Ab, but dissolve after further incuba-
tion, thus invalidating the advantages of the gradient diffusion test
over the simple double diffusion method of Qakly and Fultharpe,
Great care must be taken therefore to choose an Ag concentration
sufficiently high for the precipitation line to form in the meniscus,
but low enough not to dissolve the precipitate. Once the correct Ag
concentration in the bottom layer is found (in relation to the length
of the middle layer, the time of pre-incubation and the Ab concen-
tration ammed at in the indicator tube) the test can be carried out
exactly as the Ab-gradient test. Similar considerations apply to the

daptation of the gradient diffi method 1o “horse™ systems
where the precipitate is soluble in cxcess Ab as well as in excess Ag.

The Dilute Antigen Test

Thus test 15 designed to check (rather than assay) the potency
of pollen extracts containing 100-200 “A* units per ml. Such solu-
tions have a total nitrogen content of 1-2 yg.fml of which about
one-fifth 1s protein nitrogen, only a fraction of which represents the
Ag we assay. The required test must therefore be sensit;
10 detect such small quantities and accurate enough to
between two such quantities. Since the small, ity
able by the Ab-gradient diffusion method is 83;‘}?333‘§3A§?3f;;1;;
ml, some type of blending method has to be employed. The least
laborious and most accurate method for this Purpose w&s fo nd;Ls
be an apphcation of the gradient diffusion method as an % ud to
reversed” test ndirect

ve cnough
distinguish

The diluted Ag-solutions are added i
to

anisera and mcubated for 30 min, Ag and Aah 5::;2 i:f Sl:ndard
ducing the Ab concentration of these antisera (iﬂd:rcc:’ thus re~
ment of Ag). Thesc reduced cone, h measure-
the reversed test then measured by

Fig 3 shows schematically | i

. y how a suitabt

prepared fm“‘c}:eckmg an unknown soluion sucs set of
100 or 200 “A” usits/ml. The Ab-grachent ao

cntrations are

tubes may be
pected ofconlaining
Toss the middle layer
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Fig 3 Dilute Antigen Test “Reversed” method , Ag incorporated m gel m bottom Iayer

O CE O

15 established in the usual manner. For the top layer 0.05 ml
(1 part) of antiserum 1s mixed with 0.45 ml. (9 parts) of the Ag-
solution, i.e. dilutions of the Ag solutions arc kept at a mimimum,
The three control tubes (top scrics in fig. 3) contamn saline m
place of Ag and concentrations are arranged so that a line forms in
cach tube. The first tube (fig. 3) represents the indicator position.
The addition of 100 “A” units to cach top layer (1n place of saline)
makes the middle tube the indicator tube (second row in fig. 3),
1.c. lines arc being formed in only two tubes. When 200 units of Ag
are added (third row, fig. 3) a linc remains 1n only one tube These
dchicate comparisons can rcadily be achieved 1n a set of only 9 tubes
using 1.5 ml. of the solution under test

A similar “Nine tube arrangement” can be devised using the
usual Ab-gradient method, the control series 1s made to contain
800, 900 and 1000 umits of Ag/ml,, the 1000 umts/ml. tube only
showing a linc (touchmg the memscus). The addiuon of the 100
and 200 units solutions in place of saline would then cause the
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appearance of lines where there were none in the cnn(r.nl tubes
(“negative control™), In practice, it is however more satisfactory
to have a control series showing lines (*positive control”) which
are made to disappear by adding the unknown (weak) Ag solutions
to the top layer,

Plate Methods

(1) Rapud plate method This is a single diffusion method of which
a preliminary account has already been given (Augustin, 1956). Onc
part Ab (or Ag) of a surtable concentration is heated 10 54° G and
mixed with 3 parts of a 19} agar solution cooled to 54° C. This
mixture is poured into Petri dishes or on to glass sheets to a depth
of about 3 mm. When sct, circular wells, 0.2 cm, in diameter, are
cut into the gel at distances of about 1.5 cm. from cach other. Afier
filling the wells with serial dilutions of Ag (or Ab) the gel plates are
placed in air tight containers and ncubated at 37° C, With Ab
incorporated in the gel, rings of precipitate appear around the
wells while haloes of precipitate appear when Ag is the reactant
tncorporated in the gel (as would be expected sinee AgAb pre-
apitate 1s soluble in excess Ag, but insoluble in excess Ab).

PASEN

o
S

0 0 o

END POINT
Fig 4 Diagram of simple diffusion plate assay Antiserum

incor
Cups filled with seral dibutions of angen " P £

The drameters of the precipitation nings or haloes @
with decreasing concentration of the reactants in the lli‘crcas.e
precipitauon finally occurs in the well wstead of in },“c untif
first well not to be surrounded by a ning or halo is tak, the gel. The
pomnt (fig 1;) and the dilution at which th s a. en as the end
with a standard may be yse
Ag or Ab solution 4 to measure the concentrations of the
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is cstablished in the usual manner. For the top layer 005 ml
(1 part) of antiscrum is mixed with 0.45 ml (9 parts) of the Ag-
solution, i.c. dilutions of the Ag solutions are hept at a mmmum.
The three control tubes (top scrics in fig. 3) contam sahne m
place of Ag and concentrations are arranged so that a line forms in
cach tube. The first tube (fig. 3) represents the indicator position
The addition of 100 “A™ units to each top layer (in place of sahne)
mahkes the middle tube the indicator tube (second row in fig. 3),
i.e. lines are being formed in only two tubes. When 200 umts of Ag
arc added (third row, fig. 3) a hne remains 1n only one tube. These
delicate comparisons can readily be achieved in a sct of only 9 tubes
using 1.5 ml. of the solution under test

A similar *Nine tube arrangement’” can be devised using the
usual Ab-gradient method; the control series is made to contain
800, 900 and 1000 units of Ag/ml, the 1000 units/ml. tube only
showing a line (muchmq the meniscus). The addiion of the 100
and 200 units solutions in place of saline would then causc the
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The peripheral wells arc filled with the reactants under in-
\estigation {say Ag), the unknown and the standard being placed in
alternate wells. The central well contains the other reactant (say
Ab). Preaipitation Yines normally appear within 16 hr. If unknown

F\tg ;tr"rhe Polvgon plate method Ihagrammatic representation. Central wells contan
pheral cups contain Ag S 15 the standard Ag sofution, U 15 the unknown g
solution

Fy 6 e
Pe C::‘:l:okgani,pza:c method Each hole punched scparately by hand Ceatral
aknown Ag Th ‘eripheral wells contain standard Ag alternating with a dilute
% The standacd solution was dituted unh a shape approaching a regular
polygon was obtained

an

sq:a::a::’:lci;d l‘arv: of very different concentrations a tniangle or

o octamn cocr;nlcd by the stronger solution 1 place of a hexagon

form (f: 6 ' diluting the stronger reactant irregular polygons
2. 6) until the formauon of a regular polygon indscates
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5,000 anti-*“A” units/ml. gel was found to be the lowest con-
centration at which easily discernible precipitation rings were
formed. At this Ab concentration, the end point for Pollacine was
2,000-3,000 ““A” units/ml. i.e. three times as lugh as in the gradient
diffusion method. Differences in Ag concentrations between conse-
cutive wells had to be of the order of 25 %, to give a clearly cut end
point. With Ag incorporated in the gel similar limiting figures were
obtained.

If Ag and Ab concentrations are sufficiently high, precipitation
rings (or haloes) may form within the first hour of incubation, but
at a level of 5,000 anti-“A” units/ml. several hours are required.

As this test is basically a single diffusion method it is bound to
be less sensitive than the gradient diffusion tests; it is also less
accurate, but has proved very uscful in laboratory work where
quick results are required.

(2) The Polygon plate method. This test was developed accident-
ally when comparing Cocksfoot pollen extracts with their ultra-
filtrates. A small amount of skin reactivaty (0.19%, of the original)
remained in these ultra filtrates and the question arose whether
there was a general small leakage through the membranes of a
number of Ag molccules of different sizes, or whether there was
some active molecule, smaller than the rest, that could leak through
sclectively. Three Ouchterlony plates were set up simularly to fig. 5;
the central well was filled with antiscrum (rabbit) to cocksfoot
pollen extract and the ultra-filtrates and concentrates (reconstituted
to their volume before ultra-filtration), were placed in alternate
swells around the periphery. At first, 1t appeared that the filtrate did
not contain any detectable Ag. However, by diluting the concen-
trate one-thirticth, a regular polygon was formed and all the ori-
ginal antigenic components were found to be present i the ultra-
filtrates as well as 1n the concentrates, Selective leakage was there-
fore judged to bave been unhkely.

Fig. 5 shows diagrammatically the quantitative application of
this test. Once more gel slabs of about 0.3 ¢m. thickness are prepared
with central wells of about 0.5 cm. diameter. Six or eight wells,
about 0.2 cm. in diamecter are symmetrncally spaced around the
central well to give regular hexagons or octagons. The distance from
the centre of the large well to the centres of the small wells r.nny‘ be
varied to suit the concentrations of the system under in\.'esngauon
and the degree of resolution (of a complex system) required.
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cerol content as suggested to one of us (R.AL) by Uriel*; ie. it is
necessary to experiment with each type of gel to find the correct
concentration of glycerol, which depends on the degree of break-
down of the gel. It is possible to presetie the gel fitm ~ which be.
comes somewhat cloudy and a little brittlec on drying — without the
wncorporation of glycerol, by coating with a Jacquer. Gell (1935) has
used Bedacnyl {Bedacryl 122, LC 1, Lid,, England) for this pur-
pose; we found Ercalene {Canning Ercalene, Grade A, Cat. No,
1461, Brmingham, England) more convenient to use (e.g. less
viscous, a less novious solvent). When water is carclully excluded,
gel layers thus coated are transparent and precipitation hnes show
up clearly, whether stamed or unstained.

Gel films left to dry on glass and Yacquered as mentioned, may
be used directly as lantern slides {without intervening photography).
Gel films dried on sheets of glass adhere tenaciously to the glasg
surface, but wet gel slabs float off easily in water or sahne, In this
state they may be transferred on to sheets of cellophane and allowed
10 dry, with the wet cellophane stretched over a beaker, ete.; more
conventently, the gel slabs may be transferred to sheets of glass
coated with silicone (e g. by treating with “Repelcote™ Hopkins,
Wilhams Ltd, England) i.e 1o a surface 1o which they cannot
adhere In both nstances, paper thin gel films are eventually ob-
tained which may be preserved indefinitely after covering with one
or two coats of Ercalene. 1f the gel slab contains a suitable amount
of glycerol, coating is unneccessary

Method

(a) Washing, The fully developed Ouchterlony plat
immersed 1n 1s0tonrc sahine (0.859, NaCl) and washcz‘l fg;‘;:“;‘f
mum of three hours ~ preferably Overnight — "
changes of saline. During this process, the gel slabs {marked by
means of notches or with a suitable dye) float free They are !hclsl
placed n a gentle stream of runming ta; t | i
of about five hours, 8 {ap water fora further washing

(b) Drying The washed
sheets {sihicone coated, or
taken 1o avoid the formatio

with at least three

gel slabs are transferred to fr

osh gla
uncoated lantern slides), care biins;
™ of air bubbles between gel and glags,

* e wish t0 express our thanks (0 Dr U for s suggest
won.
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equal concentrations of unknown and standard. With complex
systems, several regular and irregular polygons may form and may
be adjusted in turn with respect to the components systems.

This test is not as sensitive as the tube test, but is more sen-
sitive than the rapid plate method. 259, differcnces between the
concentrations of unknown and standard result in the formation of
polygons of sides sufficiently different to be obvious to the naked
cye.

The polygon method also helps in the qualitative interpreta-
tion of Ouchterlony tests in general where the establishment of
balanced conditions is so important for correct interpretation; Only
then can sharp stationary lines be expected to form. In the polygon
method balanced conditions may be obtained in turn for all the
component systems. Unsuspected common constituents may thus
be uncovered.

Another useful type of polygon method has since been described
by Gell (1957). He places senal dilutions of Ag solutions around
standard and unknown antisera and looks for the formation of
similar regular polygons. Precipitation lines of decreasing intensity
are formed, disappearing where the solutions are very dilute. The
two polygon mcthods are complementary.

Staning of protern patterns n agar and thewr preservation as permanent
records. Staining methods for proteins and other compounds have
been widely used 1n connection with paper chromatography and
paper clectrophoresis. Recently similar methods have also been
employed for staining protein precipitates in agar. So far aqueous
dyc solution have been used (Urel and Scherdegger, Uriel and Gra-
bar ). We prefer solutions of Bromophenol blue 1n ethanol, because
staining can be carried out more quickly in ethanol and background
colour washes out readily without affecting the strongly stained
protein “lines™.

Staining may be carried out on the wet (washed) agar slabs
(Bjorklund, 1954), or after drying the 3-5 mm. thichness of the gel
to a thin film — as has been done by Urel and Scherdegger (1955) and
Uriel and Grabar (1955) By wcorporating 15 %, glycerol n the gel,
the latter workers were able to obtain a phable film that could be
detached from the glass. However, with the agar used in our
laboratory, films of a sticky consistency were obtained which were
quite unusable. The difficulty was overcome by reducing the gly-
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2) Two semi-quantitative gel plate methods are described for
assaying antigens and antibodics.

3) Methods are given for staiming and preserving amtigen-
antibody gel diffusion patterns.
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A wad consisting of three or four sheets of wet filter papers is then
carefully laid on the surface of the gel and gently pressed down,
again taking care to avoid the formation of air bubbles; excess
moisture is then soaked up from the surface of the pad by means
of a thick absorbent cloth. This is followed by drying at about 37°.
The filter paper pad is cssential for cven drying of the gel slab.
When dry, the thin gel film may be removed readily (from the
silicone treated glass) by gently prising it from the glass with the
help of a razor blade. If the filter paper has not completely pecled
off during the drying, any remaining bits will soften in the subse-
quent immersion in liquid and can be removed by gently rubbing
with the finger tips.

(¢} Incorporation of ethanol and/jor glyccrol into the gel film.
The dry gel film (by itsclf or stuck to glass - again, the film will not
float free if it is dried while adhering to uncoated glass), is placed
into a serics of baths, all contaiming 8%, ¥/, glycerol and increasing
amounts of ethanol; forty minutes are allowed in 50%, ethanol,
forty minutes in 70% and forty minutes n 909, cthanol. Ten
minutes in each of the ethanol concentrations is sufficient if glycerol
1s omutted (the omssion of glycerol necessitates coating with a
lacquer). After soaking in 909/ ethanol (with or without glycerol)
the gel slabs arc ready for staining

(d) Stamning Two to threc minutes 1n 0 1° ¥/, bromophenol
blue 1s usually sufficient; the exact time required 1s readily judged
after a little practice; the protein lines must appear dark without
overstaining the bachground. Excess dye is removed by washing in
several changes of 90% cthanol (with or without the inclusion of
89, glycerol, depending on whether lacquering is ultmatcely re-
quired, c.g. for the preparation of lantern shdes) - a few min. in
cach until the background is free from dye. Gel films are then placed
face downwards on the silicone coated glass without removing ex-
cess moisture). This is followed by drymng at 37°. The dry films are
once more prised gently off the silicone treated glass and are pliant
enough to be filed without further trecatment.

Summary
1) Adaptations of the ongmal gradient gel diffusion method
(Augustin and Hayward, 1955) are given for the assay of antibodics
and quantitics of anugens of <1 ug./ml.
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disease, the antigen being autologous - namely, the un?ltnnscd
blood-cell. In the second case, there is no true autoscasitization
because antibodies are formed against blood corpuscles which are
altered by exogenous factors,

As is well known, tissue specific antibodies have been demon-
strated 1 the course of some chronic diseases such as glomerulo-
nephrius, theumatic cardhtis, encephalomy chitis, hepatitis ete. Ob-
viously nissue-auto-antibodics could only be shown in such cases
when the diseasc was already manifest. Therefore, it has been felt
that antibody formation cannot take place against normal, unaltered
autologous tissues. It is sigmficant in this connection that auto-

bodies have been d d above all in cases of inflarma.
tory organic diseases of bactenal or viral ongin. In such cases it can
be assumed that endogenous hapten-like substances combine with
certain bactenal products (lipids) to form a complete antigen,
Another possibility would be that the tissue of the organ will be
destroyed or altered considerably under the influence of the inflam.
mation and become antigenic. The question whether the course of
a pomary infections organ disease will be influenced by the pro-

duction and the effect of organ speaific antibodies is still open to
discussion

Expenimental results seem to allow a mare positive attitude
towards the problem of the pathogemc importance of organ specific
antibodies The results of Freund arc of special importance, Ae-
cording to them it 15 possible to produce encephalomy clitis, neuritis,
uvettis and aspermatogenesis 1o rabbits, gumnea-pigs or in other
animals, by mjecting logous or | 1 tissue su
combined with the complete adjuvant of Freund (pnramu‘ oil and
llled mycobacterta), the animal diseases so produced are com-
parable with some human discases Lumsden, Collins, Waksman ot al.
reported on similar results. Nesther the mycction of tissue suspensions

alone nor the apphication of the adjuvant only are able to induce
ussue changes of this kind
1 v

satisfa
- whit
can t . . © e muu mycobacteria
intends to modify and potentiate the allergic response,
The killed mycobacteria 1n the adjuvant enhance ;hc im
Yogic response of the orgamism: antibody production sccms“:‘;n};
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The Value of the Gel-Precipitation Method for the
Study of Auto-Immunological Problems

By SIGRID DORNBUSCH

From the Medical Qut-Patient-Department, Unnersity of Jena, Germany.

In recent years it has repeatedly been demanded “to relegate
the term ‘horror autotoxicus’ once and for all to the shelves of
medical history” (Edsall). Actually, Ehrlich wanted to statc by this
term that according to our practical knowledge, antibody formation
against autologous or homologous protein is impossible,

It is doubtful, however, whether the latest clinical and expen-
mental experiences will sufficiently justify this principal atutude
Some authors (e.g., F. F. Krusws, P. Uhlenhuth and Handel, Andrgew,
G. Kapsenberg) reported more than fourty years ago that in expen-
ments on ammals, antibodies can be produced by injecting auto-
logous or homologous material In most cases, however, organ
extracts were used which had been specially prepared for mjection
and which can hardly stand companson with endogenous sub-
stances.

The existence of an auto-allergic pathogencsis was taken nto
consideration first when - in connection with various hematologic
discases — antibodies could be detected against autologous crythro-
cytes and leucocytes respectively. Up to the present tme, 1t has
been impossible, however, to state with certamty whether such
antibody-production 1s suddenly started aganst unaltered blood-
corpuscles duc to an individual allergic dispositton of the organism
or if, under the influence of exogenous factors (bactenal products,
drugs, etc.) the surface of blood corpuscles becomes changed or
““charged” and thereby acquires antigenic propertics. The first

alternative only would fulfil the defimion of a true auto-allergic
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to form a complete antigen. It is doubtful, though, \\hc(h:.r anti-
bodies against such a combined antigen tan also react with the
unaltered tissue. In animal experiments no tissue changes could be
produced if instead of lafled mycobacteria only certain lipids of the
bacteria were used in the adjuvant. The results do not permit so
far to decide whether autosensitization depends mainly on a certain
reaction 1 the organism or, rather, on the presence of certain
bacterial sut If auto-sensitization depends mainly on 2
certawn rode of reaction of the organism, it should be possible to
prove the existence of tissue speaific antibodies in conncetion with
abacterial tissue changes. If for mstance by earlier contact with
tubercle bacilli the conditions necessary for a certain type of reac-
tion have already been supplied, the possibility may ¢xist that when
a disintegration of tissue starts and cell substances will reach the
sites of antibody formation — antibodies will be produced against
these substances. The solution of this problem would be of the

utmost importance for any further discussion of auto-allergie
diseases

We exarmned the sera of more than 1000 patients by means
of the highly sensitive hemagglutination test according to Boyden
and found that even in cases with degeneranve diseascs without any
bacterial influence, tissue specific antibodies may be trateable
(Klensorge, Domnbusch). Tor various reasons these investigations
were carried out chiefly 1n cases with neerouc changes of the myo-
cardium The present report will be confined to the demonstration
of anubodies directed against cardrac tissuc.
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possible even against substances which arc usually not or enly
weakly antigenic, such as autologous protein. In other words: the
slight immunologic differences by which injected autologous or
homologous material can be distinguished from altered endogenous
material will be enhanced by the adjuvant and the organism pro-
duces antibodics. These are at first dirccted against the injected
altered tissue material, but at the same time they have obviously
an affinity to the corresponding tissues of the injected ammal. As
stated above paraffin o1l enhances the production of antibodies and it
may be that that amount of antibodies which cannot be “neutralized”
by the injected tissuc antigen, reacts with the corresponding tissue
of the injected ammal, and causes tissue damage. Quite a few
observations substantiate this as yct, so for instance the fact that
injection of a suspension of brain-substance does not induce any
damage to peripheral nerves, while neuritis can be produced by
the injection of peripheral nerve tissue.

The exastence of auto-allergic expenimental diseases is suffi-
ciently proved. The question, however, still remains unsolved,
whether similar autoimmunologic mechanism play a role in human
diseascs. The demonstration of organ specific antibodies 1n some
disease states does not prove that these antibodies elicit the specific
tissuc changes.

As stressed above, the existence of organ speaific anubodies has
been revealed above all in connection with bactenal inflammations.
It may therefore be supposed that the bactenia exert an effect
similar to that of the adjuvant. Thus 1t scems to be possible that
together with the defense mechamsm against bacterial invasion, a
reaction against endogenous substances comes about. Such sub-
stances may be transferred from the damaged tissuc into the circu-
lation and could then, just as injected autologous or hamologous
tissue suspension in ammal experiments, cheit the production of
antibodics. When the anttbody concentration exceeds the humoral
antigen concentration a reaction with ussue-cells in the correspond-
ing organs may take place. Attempts have been made to explain the
gradual transition of an acute inflammation nto a chronic one by
such a mechamsm.

Another view is that bacteria take an active part in the de-
velopment of an auto-antigen. According to this view, endogenous
substances — possibly leaving the cell dunng an inflammatory
damage of the tissuc — may combine with some bactenal substance
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to form 2 complete antigen. It is doubtful, though, whether anti-
bodies against such a combined antigen can also react with the
unaltered tissuc. In animal experiments no tissue changes coutd be
produced if mstead of killed my cobacteria only certain lipids of the
bacteria were used in the adjuvant. The results do not permit so
far to decrde whether autosensitization depends mainly on a certain
reaction in the organism or, rather, on the presence of certain
bacterial substances. If auto-sensitization depends mainly on a
certain mode of reaction of the organism, it should be possible to
prove the existence of tissuc specific antibodies in connection with
abacterial tissue changes If for instance by eather contact with
tubercle bacilly the conditions necessary for a certain type of reace
tion ha ¢ already been supplied, the possibility may exist that when
a disintegration of tissue starts and cell substances will reach the
sites of antibody formation - antibodies will be produced against
these substances. The solution of this problem would be of the
utmost importance f{or any [urther discussion of auto-allergic
diseases

We exammned the sera of more than 1000 patients by meang
of the highly sensiive hemagglutination test according 1o Boyden
and found that even in cases with degencrause diseases without any
bacterial influence, uissue specific anubodies may be traceable
{Elensorge, Dornbusch). Tos various remsons these investigations
were carried out chiefly 1n cases with necrotic changes of the myo-

cardum The present report will be confined to the demonstration
of antibodies directed agamnst cardiac tissue.
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Of 46 patients with clinical diagnosis of an infarction of the
myocardium, only 17 i.c. 34,2% had antibodies against homo-
logous cardiac tissuc. Fig. 1 shows that these tissue antibodies ap-
pear at certain intervals only, and apparently in low concentration,
(Quantitative cvaluation was performed according to a modifi-
cation of the Bgyden method suggested by Verlender; the results are
to be taken relatively.) Dircct rclations of any kind between the
appearance of antibodics to heart tissue, and the character and
course of the infarction of myocardium were not observed.

Even more striking is the fact that only in the minority of the
cases examined could homologous antibodies to myocardium be
found, whereas in cases with inflammatory diseases - e.g., glomerulo-
nephritis ~ homologous antibodics to the affected tissue can be
demonstrated ncarly regularly (Torlender). We did not succeed,
however, in connecting the antibody formation to heart tissue witha
peculiar allergic disposition. A coincident bacterial infection could
also altogether be excluded. It is remarkable, however, that the
crythrocytes treated with tannic actd and an extract from normal
human cardiac tissuc had been agglutinated by sera of pauents with
inflammatory rheumatic myocarditis as well as by scra of patients
with an obviously aseptic infarction of the myocardium. This obser-
vation may well substantiate that the same kind of antibodies arc
produced independently whether the tissue-damage was caused by
bacterial influence or by a degencrative process The hemagglu-
tination method, however, does not allow te differentiate between
tissuc-antibodies formed under vanous conditions. By adsorption-
tests the presence of antibodies against tissue lipoids could be ex-
cluded. By application of more specific but less sensitive methods,
however, the very small quantity of antibodies could not be de-
monstrated.

In order to obtamn information about the significance of our
findings, we planned a series of animal experiments, based on the
following working hypothesis: 1f the adjuvant, resp. the bacterial
infection exerts only a potentiating wnfluence upon the develop-
ment of an auto-allergy 1t should be possible to induce the produc-
tion of tissuc-antibodies by injecting Freund’s adjuvant alone into
animals with aseptic degenerative changes of certain organs. We
therefore produced infarctions of the myocardium i rabbits by

injecting of adrenalin accordingly to Ichtesmann. Un(\pcc!c?“y, m
the serum of some ammals (about 4 %) we found tssue-antibodses
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already after the pretreatment with adrenaline. .Thc antibodies
reacted in the Boyden-test in a specific manner with the cr2’lhro-
cytes coated with an extract of rabbits’ hearts (Dambmrh}. These
antibodies were present only during a short perind and could not
be detected by any other immunologic method.

Fig 2 Ouchterlony-Plate

Vo

Extract of Elln(.l of
tabbit’s heart n‘mnl 't heart
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Serum of a rabbit with artificial myocardial infarction,
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ment, simultaneously with mjections of adre,
streptococcal toxin mnto a series of animals,
could be discerned in comparison with t
which had been subjected to a treatmen
Another senes of ammals pretreated with
several times intrapentoneally with Fra
Boyden-test with rabbut-heart-
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Of 46 patients with clinical diagnosis of an infarction of the
myocardium, only 17 ie. 34,2% had antibodies against homo-
logous cardiac tissue. Fig. 1 shows that these tissuc antibodies ap-
pear at certain intervals only, and apparently in low concentration.
(Quantitative evaluation was performed according to a modifi-
cation of the Boyden method suggested by Vorlender; the results are
to be taken relatively.) Dircct relations of any kind between the
appearance of antibodies to heart tissue, and the character and
course of the infarction of myocardium were not observed.

Even more striking is the fact that only in the minority of the
cases examined could homologous antibodies to myocardium be
found, whereas in cases with inflammatory diseases - c.g., glomerulo-
nephritis — homologous antibodies to the affected tissuc can be
demonstrated nearly regularly (Vorlender}. We did not succeed,
however, in connecting the antibody formation to heart tissue witha
peculiar allergic disposition. A coincident bacterial infection could
also altogether be excluded. It is remarkable, however, that the
erythrocytes treated with tannic acid and an extract from normal
human cardiac tissue had been agglutinated by sera of patients with
inflammatory rheumatic myocarditis as well as by scra of patients
with an obviously aseptic infarction of the myocardium. Tlus obser-
vation may well substantiate that the same kind of antibodies arc
produced independently whether the tissue-damage was caused by
bacterial influence or by a degenerative process. The hemagglu-
tination method, however, does not allow to differentiate between
tissue-antibodies formed under various conditions. By adsorption-
tests the presence of antibodies against tissue hipoids could be ex-
cluded. By application of more specific but less sensitive methods,
however, the very small quantity of antibodies could not be de-
monstrated.

In order to obtain informauon about the sigmificance of our
findings, we planned a series of animal experiments, bascd on the
following working hypothesis: if the adjuvant, resp. the bactenal
infection exerts only a potentiating influence upon the develop-
ment of an auto-allergy it should be possible to induce the produc-
tion of tissue-antibodies by injecting Freund’s adjuvant alone into
animals with aseptic degenerative changes of certain organs We
therefore produced infarctions of the myocardium in rabbits by
injecting of adrenalin accordingly to Ichtermann, Uncxpectedly, m

the serum of some animals (about 4%) we found ussuc-antibodics
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Discussion
On Freund’s Adjusants

Dr Colater* stased that he had been working en expenimental allergic encephalo-
myelitis and had certain points which he would like to make about the Freund adjusants,
The residucs obtamed from aad-fast baeidh could be substituted for the hasll and mtact
bacilh were not essential Some of the hipid extracts made from the bactena shoned
only partial actity, which required speaia} methods 10 demonstrate

Regarding the bram factor 1n the production of expenmental allergic encephalitis,
it was possible to substitute protein made from bramn for the whole bran and this
Protein could be used in much smaller amaunts than the incact bran - about 1/25Mh
of the amount of wet bram required (1)

Healia wished 10 draw atienuon to the importance of the actual syte of inocutauon
of the materal 10to ammals as this rught considerably affect the results obtained and
1t was possible 1o Inject matertals 1o one site and produce fittle or na ecaction m the
Aervous system and vet when they were mjected clsewhere quite severe fesions would
appear 1 the bran He did not consider that the Freund adjusant type of material
need necessanty be dern ed from bactetial sourees as 1 was autte conertat bo thas -

L e s aapi saunt exuact of an organ such as had Been described
b 0t be 4n adequate antigen for this purpose
References
} Kt M W, £ Roboz and E C Ateord Fed Proc 15, 1,288, 1956
2 Lolower, J, and R Coneden Nature London 177, 149, 1956
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* Canaian Red Crost Memonial Hospital, Taplow, Terks (England)
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‘With the gel-diffusion-method we also could show (Fig. 2} that
a marked difference exists between the adjuvant-antigen-antibody
complex and the complex of tissue antigen-antibody. This can be
perhaps explained by assuming that some component of the ad-
Jjuvant (mycobacteria or protein) forms a new antigen together with
a tissue factor. Freund’s view on the adjuvant’s mode of action is
essentially supported by these results, without receiving conclusive
proof. We hope to be able to say a final word in this subject in the
ncar future by combining the gel-precipitation method with gel-
clectrophoresis. At present we can only assume that the antibodies
demonstrated 1n the hemagglutination test after artificial injury to
the myocardium are identical with those antibodies which form
precipitation lines with an extract from rabbits’ hearts.

Our original problem as to the possibility of antibody forma-
tion against endogenous protcin may already now be answered 1n
the affirmative. The most important pre-requisite for auto-antibody
production is presumably an injury to the tissue which renders 1t
possible that substances which normally do not cnter the circula-
tion, come 1nto contact with the sites of anttbody production.

Summary

In our carlier experiments 1t was found, that even n cases
with degenerative diseases without any bacterial influence tissue-
specific antibodies may be traceable, but only by means of the
highly scnsitive hemagglutination test according to Boyden. As this
method docs not allow to differentiate between nissue-antibodies
formed under various conditions, we tried to demonstrate these
auto-antibodies with the help of the gel-precipitation method. This
was possible after having enhanced the antibody-concentration by
injections of Freund’s adjuvant The adjuvant’s mode of action mn
processes of auto-immunisation and the favourable conditions for
further research concerning the differentiation of auto-antigenic
substances by the gel-precipitation method are discussed.
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transsent symptoms  The question arises as to whether only the
individuals of the former group can claim to possess a definitely
allergic constitution. The following 1tems may be classed as symp-
toms of an allergic constitution («allergic sug »)t a history
of allergrc disease in the family of the patient, a personal history
of other forms of allergic discasc, the typical histological findings,
cosmophilia of the blood and secretions, hypotension, changes in
the blood sugar curve (whch often continues at a very low level),
increased permeability of the capillary walls, frequent slight
changes 1 the electro-encephalogram, changes in the blood
cholesterol, the potassium content of the blood and the protein
pattern, often a shight increase i basal metabolism and diminished
values obtained n adrenal function tests {tables I and 11).

Table 1
Allergic Sugmata i Patienes with Atopic Dermatitis

T Positrse fanuly-anamnicsis 76°, (100 cases)
1 Postine auto-anamnesis 657, (100 casea}
M Blood-connaphilia 6%, (100 case)

_ {many panents with high blood percentage of counaphily)
IV BSR  decreased 34% (100 cases)
@eseased 19°, (190 cases)
A\ Low blood sugar cune 33%, (100 cases)

V1 Yo, or low, free gastoc acid
VIl Low blood pressure
VI Posttve shin tests

1X Increased permeatulity Cap wall

X B M above normat

under normal

X1 Decreased 17-kerosterosds /24 hours

XII Increased percentage of peglobuln

0%, { 50 cascs)
562, (100 cases)
B1%, {100 cases)
70% (100 cases)
29%, (100 casea)

1% (100 cases)
27% (59 cases)
0% { 50 cases)

In only 2 cases exarmined we did not find any stigmata, and tn 2 other cases only 2

Table I
Allergic Dermatius in Pavents with Afergic Respiratory Diseases

1000 asthmauc patients  Fezema infantum 150 (15 o
atoprc dermabitiy 206 % o,
eczema infantum + dermats 56 ;23125:“ )
no eczema 588 (5883,
(alternation of asthma and cczems, 12 cases) "

500 thunts pavents  cczema infantam. 24 ( 480
atopic dermatitis 120 (24 o0)

eczema wlantum 4 dermatius
no eczema

16 (30 | )
310 (68 )
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Histamine Provocation and Histamine Treatment of
Atopic Dermatitis
W J QUARLES VAN UFFORD

Trom the \llergic Disease Department of the Diaconessenbuis, Utrechit
(Director M 1 zan Melle, M D)

Should all cluldren who have had an occastonal attack of
urticana after eating an egg or strawberries be called «allergic
children»? These symptoms only persist or increase in a small
number of individuals When a new kind of wood from Suriname
was used 1n a factory in Utrecht, 60 to 70 workers responded to
contact with this wood by developing contact dermatitis. Work
was carried on as usual, but a few months later, the factory physi-
cian found that the symptoms had disappeared in the great majority
of cases Only one worher continued to show severe symptoms
and he was transferred to a different department, which resulted
in the rapid disappearance of s symptoms (ehmination therapy
with a contact allergen in a patient with atopic dermautis?)

During their apprenticeship, many flonsts go through a
period marked by shin reactions following the unaccustomed
contact with flowers Only a few continue to show symptoms
and cither have to change therr occupation or go on working
despite the cczema During their period as probationers, many
nurses develop skin reactions as a result of the unaccustomed
contact with penicllin, streptomycin, procamne or wvitamm B,
though the symptoms persist in only a small number of individuals
who cither have to stop working or have at least to be treated
with special care. It 13 open to doubt whether there 1s any funda-
mental difference between patients whose symptoms persist and
the other group, in which we were interested, which merely showed
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We usually started with one treatment daily (the dosage
depending on the response of the patient), which is changed 1o
treatment 3 times weckly after about 7 days and subscquently
reduced to once ot twice weelly for a few wechs,

The results of treatment varied markedly. In some cases, the
symptoms disappeared completely In that event, treatment was
discontimued and again repeated when the symptoms recurred.
In a number of cases, only the itching was relieved, whereas the
skin symptoms persisted or were suppressed only in part. Ina
third group, no improyement or merely very inadequate improve-
ment was obtamed (table IV) The difficulty in observing the
tesults of & therapy of wching is that many psychological factors
are myolved in this, and that in general atopic dermatitis suddenly
comes and agamn suddenly almost disappears Especially for treat-
ment with histamine by iontophoresis we had to expect a strong
suggestive support. The usc of histarmine administered by ionto-
phoresis as a provocation test 1n atopic dermatitis may be regarded
as a valuable addition to the methods of examination available,
and as a therapeutic agent should certainly be borne in mind in
difficuft cases. In some cases, 1t 15 possible (o obscrve how the
histamine sensitivity decreases

Summary

In many cases of atopte dermatitis, differcnt so-called allergic
sigmata were found As several times the speaific allergens could
niot be found, 2 provocation test with histamune by iontophoresis
stemed ’uscfu] The same method used as treatment was rather
diszppointing the itching reacted favourably (somatic or psycho-
logical treatment) ?

Authioe 3 addn
kot 3 addies Dr W J Quarles van Ufford Emmalsan 17 Utrerht \etherlands)
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When we see a patient with a dermatitis and name it an
allergic dermatitis, we have to try to give a specific treatment. As
in practice we do not always find the allergens, or still more
difficult, the complex of allergens or factors, we must look for
other treatments.

In patients in whom a sufficiently specific therapy (elimina-
tion etc.) was frequently Impracticable until they had been ob-
scrved over a prolonged period, we often started especially in
cases of a dermatitis with an infection, with an auxiliary treatment
based on injections of histamine — staphylococcus toxoid - staphylo-
coccus vaccine.

In our attempts to detect allergic stigmata and devise methods
of provecation-tests, we also resorted to a provocation test with
histamine (administration of histamine by iontophoresis, using a
1.0% solution of histamine acid phosphate). In evaluating the
response, we differentiated between very marked general hista-
mine sensitwvity reactions and aggravation of the actual symptoms
{i. c. of the eczema) following admimstration of histamne cven
after admimstration of a single dose in some cascs, following
adminstration of several doses in others (table IIT). Only the last
reaction, however, is to be considered as a real provocation test.

In conclusion, a number of patients were treated with hista-
mince by iontophoresis

1. to rcheve the very often intense itcling,
2. to rclieve the skin symptoms themsclves.

Table 1T
Histamine (Iontophoresis) Provocation Test in Patients with Atopic Dermatius

100 cases (control tests negative)
very high histamine sensitiaty (after 24+ minutes already headache,

general itching, flush, verugo, etc ) 20 (20°%)

Reaction 1n the dermatns after | provocation 20 (20%,)

Reaction 1n the dermatitis after more prosocations 50 (50%,)

No reaction 30 (30°%)
Table 11

Treatment of Atopic Dermatus Pauents with Histamine by Iontophoresis

50 cases (control cases negatie)

1. Temporary improyement of itching 40 cases (80°,)
11, Improvement of dermatitis® 20 cases (40°;)
[I1 No improvement of dermatetis. 30 cases (609,}
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We usually started with onc treatment daily (the dosage
depending on the response of the patient), which is changed to
treatment 3 times weekly after about 7 days and subsequently
reduced to once or twice weekly for a fow weeks,

The results of treatment varied markedly. In some cases, the

p disappeared completely. In that event, treatment was
discontiaued. and again repeated when the symptoms recurred.
In a number of cases, only the itching was relicved, whereas the
skin symptoms persisted or were suppressed only in part. In a
third group, no improvement or mercly very inadequate improve-
ment was obtajned (table IV), The difficulty in observing the
results of a therapy of itching is that many psychological factors
are nvolved in this, and that in general atopic dermatitis suddenly
comes and again suddenty almost disappears. Especially for treat-
ment with histamine by iontophoresis we had to expeet a strong
suggestive support. The use of histamine administered by fonto-
phores:s as a provocation test m atopic dermatitis may be regarded
as a valuable addition to the methods of examination available,
and as a therapeutic agent should certainly be borne in mind in
difficult cases. In some cases, it 15 possible to observe how the
histamine sensitivity decreases,

Summary

In many cases of atopic dermatitis, different so-c:
stigmata were found As several trmes the specific allergens could
not be fouad, a provocation test with histamine by jontophoresis
scemed useful The same method vsed as treatment was rather
disapporntng: the awching reacted favourably (somatic or e
logical treatment)? psycho-

alled allergic

Author s sddees D W I Quates van Utond Emimtian 17, Lireeks (veihe landy
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Pollen Antigens versus Pollen Allergens.
Limiting Aspects of Gel-Diffusion Methods for Assay
Purposes in Allergy
By R. AucusTin*

From the Wright-Fleming Institute, St Mary’s Hospital Medical School, London

Recently, much work has been expended on assaying pollen
and other allergenic extracts by means of gel diffusion methods, in
terms of constituents antigenic in rabbits (7, 11, 4).

Are we justified in doing this? Are there “rabbit antigens”
identical with the substances that are antigenic in man, i.c., the
substances reponsible for the formation of reagins?

Certainly, we have as yet no means of telling whether the
substances responsible for forming antibodies in the rabbit are
identical with those responsible for forming reagins in man. In
fact, all our attempts to inhibit the precipitation of rabbit antibodies
with pollen antigens by means of the appropnate reaginic sera
(added to the antigen prior to the addition of the rabbrt antisera)
have failed so far. This does not necessarily mean that different
antigens are involved in the two reactions. It may merely indrcate
that precipitating (rabbit) antibodies are more “avid” for the pollen
antigens than the reagins, i.e that the reagin-pollen antigen com-
bination easily dissociates - or that some additional factor 1s re-
quired for this combination to take place at all. So far, we have not
been able to find such a hypothetical additional factor, although
we have experimented with a large number of human and ammal

tissues and body fluids

However, we do know that any hypothetical allergens cannot

casily be dissociated from the protein complees antigenic 1 rab-
bits; so far we have been unsuccessful 1 domg this by a large
number of chemical fractionation procedures and chromatography

-
* Thanks are expressed to the Asthma Research Councy) for a grant to dns Institute

1n aid of this work.
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(2, 3). Indeed, pollen antigen complexes .with mbtfnt a""lzotl(:
may be washed many times (up ta twelve times w ashing \\ll~ ol

saline in a recent experiment in our Iaborz.lwf))x and yet w ‘IE still
give positive shin responses in a}lcrglc subjects when the antigen-
antibody floccules are dissolved in dilute alkah. From this alene it
would appear that therc are at least some skin reactive components
which are antigenic in both rabbit aud man, On the other l\anfl,
the possibility remains that t allergenic in man (and skin
reactive m allergic subjects) adhere closely to the pollen components

ipitated by the rabbit antibodi

We do know that pollen allergens are closcly associated with
the pigmented protein-carbohydrate complexes that are antigenic
in rabbits, and that the protein patt alone is involved 1n allergen-
wity (3), since proteolytic digestion with three different crys-
talline enzymes, active at pH 1.5, 69 and 85 respectively, led
each time within 24 hr. to the almost complete destruction of the
skin reactise components of the pollen extracts; and, contrary to
reports by Piper (10), pepsin digestion significantly reduced the cli-
nical efficacy of pollen extracts (9). The carbohydrate and pigment
moseties on the other hand, appear 1o be unnecessary for both skin
reactivity and clinical efficacy ; colourless protein fractions of very
low carbohydrate content have been isolated by acid salt fractiona-
tions (1) and were, weight for weight, at least as active, cutancously
and chimceally, as the strongly pigmented carbohydrate rich com-
ponents (8).

Some degree of fracuionation between skin reactivity and
one rabbit antibody precipitating pollen antigen could be
achieved by prolonged clectraphoresis, but there was evidence of
a breakdown into smaller molecules (3). Similarly, heating of pollen
extiacts at 1007 destroys their ability to form precspitates with
rabbit antisera; within 1 min, at 100° an inactive precipitate forms
\}’hnlc the filtrate proved climically as active as the unheated soly.
“0"‘ [ slfln reactivity only gradually breaks dawn sish £

-+ wosuwntidied pollen extracts with these san
samy
antisera, These breakdows y

n products could be concentrated by
l‘ﬂ(;roaoﬁt}fm:on, L. they are presumably of a molecular w cight abovz
20005 they have therefore been called “incomplete antigens”
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Pollen Antigens versus Pollen Allergens.
Limiting Aspects of Gel-Diffusion Methods for Assay
Purposes in Allergy
By R. AucusTin®
From the Wright-Fleming Institute, St. Mary’s Hospital Medical School, London

Recently, much work has been expended on assaying pollen
and other allergenic extracts by means of gel diffusion methods, in
terms of constituents antigenic in rabbuts (7, 11, 4).

Are we justified in doing this? Are there “rabbit antigens”
identical with the substances that are antigenic in man, 1ec., the
substances reponsible for the formation of reagins?

Certainly, we have as yet no means of telling whether the
substances responsible for forming antibodies in the rabbit are
identical with those responsible for forming reagins in man. In
fact, all our attempts to inhibit the precipitation of rabbit antibodies
with pollen antigens by mecans of the appropriate reaginic sera
(added to the antigen prior to the addition of the rabbit antisera)
have failed so far. This does not necessarly mean that different
antigens are mvolved in the two reactions. It may merely indicate
that precipitating (rabbit) antibodies are more “avid” for the pollen
antigens than the reagins, i.c. that the reagin-pollen antigen com-
bination eauly dissociates ~ or that some additional factor is re-
quired for this combination to take place at all So far, we have not
been able to find such a hypothetical additional factor, although
we have experimented with a large number of human and animal
tissucs and body fluids.

However, we do know that any hypothetical allergens cannot
casily be dissociated from the protein compleses antigenic 1n rab-
bits; so far we have been unsuccessful in doing this by a large
number of chemical fractionation procedures and chromatography

_—
* Thanks are cxpressed to the Asthma Rescarch Council for a grant to this Institute
1n aid of this work
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rather than haptens (5). It is possible that such “incomplete anti-
gens” are clinically active. . i X P

The evidence given so far is compnnbl‘c .\n\h the view ~\ hat
in reactne pollen components are also clu}\cally active. lrm{x
previous work (3) it would appear (h.:n reagins and rabbit :mlu-
bodies may be formed in response to dlﬂ'crtn.l pn.rls of Oﬂc_ﬂ"d the
same antigen. This 1dea s particularly attractis ¢ in conncction with
the theory that allergenic materials are substances smal! caough to
act as haptens, yet big cnough to act on other oceasions as .full
antigens. As haptens, i e, combined with a carrier in a possibly
uncotled condition, such molecules may well present a different
part of therr structure as a matnx for antibody formation rom the
uncombined molecule acting as an antigen in its own night (2).

However, these are no more than working hypotheses. The
possibility remains that different molecules (and not different parts
of the same molecule) are responsible for the formation of rabbit
antibodies on the one hand, and reagins in man on the other hand,
or that only some of the substances antigenic in rabbits are aller-
genic in man,

From antigen-antibody precipitation studies in gel {Ouchter-
lony tests) we know that all the British grass pollens so far examined
by us (Festuca rubra, F. pratensis, F arundinacea, Avena arrhenatherum,
Lolum multflorum, Anthovanthum odoratum, Phlewm pratense, Alopecurus
pratensis, Dacylis glomerata) have a number of antigens {for rabbits)
in common and that all of them contain a comman heat labl
antigen, The latter appears to be the Wain antigen, for 1t is “aways
the first to produce antibadies in rabbits This heat labile antigen Z/
has therefore been called by us antigen “A”,

So far it has not been possible to isolate antigen AL Nevertheless
we have felt justified in assaying pollen extracts in terms of this
easily adentifiable antigen which is closely associated with skin
reactwity, even if it should eventually prove not to be the main
allergen, or, indeed, not an allergen at all Assays in terms of a
common antigen CIOS.er assoaiated with skin reactivity are certainly
preferable to assays in terms of purcly chemical analyses, such as

total mtrogen or phosphotun i i
1 gitic acd precipitable nitrogen, quant-
iues which are not closels ~mnm -0+ - v Og' o

antigen A appears to
and 15 therefore a
reactions in general
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Fig 1. Ouchterlony tests on grass pollen extracts The big nuddle compartments contam
rabbit anusera, Rt agawnst Tumothy (Phleum pratense), RgT - Ry, against Timothy
4 Cocksfoot {Dactilts glomerata) The peripheral cups contam pollen extracts RF =
Red fescue (Festuca rubra}, TOG 2= Tall 0at grass (. Arrhenatherum elatis ), S\’ - Sweet
vernal (.inthoxanthum odoratum), M Fox = Meadow foxiail (.Hepecurns pratensis), T =
Timothy, G = Cocksfoot, IRG = Itahan ryegrass (Lolum multyfrum), TT  Tall
fescue (Festuca arundinacea}, MF = Meadow fescue (Festuca pratensis} Numerous com-
mon antigens, but some peeuliar to only one of the grasses (¢ g for T, bundle of un-
shared lines near the antibody cup 1n &) Although tt would scem from A and B that
SV docs not share the common main antigen, 1t 1s clear from C that SV’ merelv contamns
a smaller amount of it; the same was found to be truc for RT when quanutative tests
were carned out.
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Demonstration, by Gel-Diffusion, of an Instance of
Drug Allergy
By R. Avcusmx

From the Wright-Flemmg Insutute, St, Mary's Hosprtal
Meducal School, London

Skin tests are useless in patients with drug ailergies. This is
not surpnsing, considering (1) the haptenic nature of drugs (2),
that probably cellular antibodies only are formed, and (3) that
humoral antibodies, if produced at all, may have been formed to
a drug-body protein conjugate (R. Augustm, 1935). Apart from
R Hogné's light scattering method (1956) which 1s stiil under test,
an objective test method is thus lacking. The following experimental
results seemn therefore worth reporting.

‘Through the courtesy of Dr. Afowbray (St. Mary’s Hospital)
serum from a patient allergic to phenolphthaleine was obtained.
The fresh serum was said to form 2 precipitate with phenolphtha-
Ieine. Although this could not be repeated a fortnight later, a some-
what diffuse but clearly marked precipitation hine was formed in
2gat when phenolphthaleine mixed and incubated with normal
human serum, was allowed to diffuse against the patient’s serum,
Phenolphthaleine itself, in a large range of different concentrations,
did not give a visible reaction. Atternpts to imitate this reaction
with pol}cn extracts and reagins, and other drugs zersus the serum
of sensitive patients, have so far failed,

Abocs addies Dr R A
v R Augustn, The Wrighe Fleming Tsotate of Microbiola
5t Marys Hosptal Medial Seomy London i °0 \Eoramoiests
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Although cutaneous tests and clinical trials must remain the
basis for all work on standardisation, they arc too inaccurate for
quantitative work. Also, standardisation in terms of any one well
defined component is preferable to standardisation by skin tests
alone. Skin tests record the sum of an unknown number of skin
reactive components; the number and amounts of these activities
must necessarily vary with the sensitivity spectrum of the (allergic)
subject used, as well as with the composition (in terms of active
components) of the particular pollen employed as a standard.
Variable results must thus be expected, quite apart from uncon-
trolled variations in size of response due to variations in temperature,
site of reaction ctc.

Our ultimate aim must naturally be to have a standardisable
antibody (or antigen) which is directly related to skin reactivity
and clinical sensitivity.
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Demonstration, by Gel-Diffusion, of an Instance of
Drug Allergy
Ry R, Avorstin

From the Wright-Fleming Tnstitute, St Man's Hospnal
Medscal Schaal, London

Skin tests are uscless in patients with drug allergies. This is
not surprising, considening (1) the haptenic nature of drugs (2),
that probably cellular antibodies only are formed, and (3) that
humoral anubodies, if produced at all, may have been formed to
a drug-body protein conjugate (R. Augustin, 1955). Apart from
R. Hogné’s light scattering method (1956) which is still under test,
an objective test method is thus lacking. The following experimental
results seem therefore worth reporting.

Through the courtesy of Dr Mowbray (St Mary’s Hospital)
serum from 2 patient allergic to phenolphthaleine was obtained.
The fresh serum was said to form a precipitate with phenolphtha-
leine A.lthough this could not be repeated a fortmght later, a some-
what diffuse but clearly marked precipitation line was formed in
agar when phenalphthaleine mixed and incubated with normal
l;‘;}“m‘; 5;;";:’\. way a“ov'\:d 1o diffuse against the pauent's serum.
d»;ﬂﬂ phil ftme'luclf, in a large range of different concentrations,

i not give 2 viuble reaction. Attempts to imntate this reaction

W .
Ylh P"‘}m extracts and reagins, and other drugs zersus the serum
O senditive patients, have so far failed.
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Although cutancous tests and clinical trials must remain the
basis for all work on standardisation, they are too inaccurate for
quantitative work. Also, standardisation in terms of any one well
defined component is preferable to standardisation by skin tests
alone. Skin tests record the sum of an unknown number of skin
reactive components; the number and amounts of these activities
must necessarily vary with the sensitivity spectrum of the (allergic)
subject used, as well as with the composition (in terms of active
components) of the particular pollen employed as a standard.
Variable results must thus be expected, quite apart from uncon-
trolled variations in size of response due to variations in temperature,
site of reaction ctc.

Our ultimate aim must naturally be to have a standardisable
antibody {or antigen) which is directly related to skin reactivity
and clinical sensitivity.
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nal pathology, since new cases were observed all over the world
among oil-mill workers, fertilizer r:t:\ilcr’s, docke{s, draymen, far-
mers and people in contact with bags which had simply been ﬁ}]ed
with castor beans (Lucchese, Ordman, Kaufmsnn, Bemton, Steiner,
Figly and Rawling, Small). .

Lastly, epidemics of asthma had been mainly dcsct.'lbtd among
citizens in towns where castor oil-mills were i wxistence, t.g.
Toledo, Ohio, USA (Figlyy), Baury, Brazit { )\{eruies and Uthoo-
Cintra}, Johannesburg, South Africa (Ordman). Similar cases were

ko observed in Ttaly (Berto and Bassi) and in Germany (Steiner,
Hansen ).

4 Materigl and Allergological Tnvestigations

1. All our patients were genuine allergic people, mostly
asthmatics (83 cases), some of them suffering only from allergic
thinitis (15 cases) or spasmadic cough (4 cases).

The moterial consists of 81 adults {37 women and 44 men),
21 children {8 girls and 13 boys).

Al these patients systematically tested with extracts of

L. Ocdinary food stufls {eggs, milk, chocolate, potatoes, wheat).
Sensitization was observed only in a very small number of cases.
2. Ordinary Joca} poliens which enabled us ta trace one case
of allergy to parietary, 4 cases of allergy to planetree pollen and
25 cases of ‘al.lergy to grasses, We only found one case of sensiti-
zation 1o Ricinus communis pallen in a patient wha grew castor
in ber garden.
3. Moulds, Hollister's 33 mould types. In this
foulds, . group, there
were poshive 1ests to varions moulds (61 cases out of BBL)’:
4. Dedding material (feathers, wool, kapol). Allergy to
feathers was sometimes observed.
5. House dust (Hollister-Stier extragt ). This
‘ . was the most frequentl
observed alI:fg;'2 sinee all our patients, excspt o fow (14), wn{ ::})um'ﬁi
fo dust mraft in vanaus degrees (4- to 444
- ﬁsVamus seeds, Allergy to pyrethrum or mustard seeds is
i <, bt cottonseed a.lltig)' was sometimes observed (16 cases ), as well
Saxseed allergy which was more Siequent (41 cases ). Castor hean tests
were of course strongly positive in oll cares {(+4 0 +444)
15 foe Ber am
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Respiratory Castor Bean Dust Allergy in the South
of France with Special Reference to Marseilles

By RAPHAEL PANZANI, Marseilles

Since 1910, due to the work of Sckern, it has been known that
castor bean allergy occurs in animals. Since 1914 due to the auto-
observation by Alilare who ascribed his asthma to Rucin allergy
it has been known to occur in man. The first case in Marseilles
was described in 1951 in an address given together with Prof. Oftvrer
to the «Société Provencale de Médecine de Travail». We thought
first that it was mostly among workers In contact with castor
bean and its derived products {dockers, oil-mill workers) that
asthma could be observed, but we had to change our hypothesis
very rapidly, as can be inferred from the following history. In
1951, a 35-year-old paticnt suffering from hght allergic rhinitis
came to live in Marseilles at «Le Corbusier», a building 1n the
immediate vicinity of an oil-mill. Asthma was observed within a
month and the patient rapidly became inured to various thera-
peutics and to hyposensitization to house dust, to which he was
allergic. Other tests had been pracused with moulds, flaxseed,
various textile products, pyrethrum, but they were all negative.
Thinking of a possible castor bean allergy, we made a scratch-test
with this allergen, causing a strong local reaction and cven a fit of
asthma. The patient left Marseilles and since then has been cured
of his asthma. From that time onwards our experiments have been
enlarged and we will present 102 cases of castor bean respiratory

allergy.
History
Castor bean respiratory allergy was first described among labo-

ratory people who had to handle castor beans for a long time
(Ahlatre, Snell, Bernton, Robins, Woringer ). It then touched professio-
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3, Castor Oil Extraction

Tn Fraace, this extraction is only pmc.ﬁsﬂi in faur oil-mills
scattered round Marseilles and until 1937 it was gxsractcd by a
mechamical process which yielded about 6 to 89 oil l{n the cakes.
The cakes were therefore wet and non-powdery. ‘I\ouadays, a
chemical process is used which yields a much drier and more
powdery cake but which is also much more dangerous.

4. Intoxicstion by Castor Oul Cakes

Castor ail is absolutely non-poisonous but the oil cakes coma'i n-
ing ricin are dangerous for these who handle them. All those working
in that industry are well acquainted with the symptoms of acnte
intoxi by ricin { ly called “Ricin disease™) which

flu with respi y catarrll, mainly oto-rhino-
laryngitis, fever, pains, asthenia and sometimes wrticaria, This
complaint, which 1 easily cused, only appears when the subject is
exposed to thick dust.

The alfergical phenomena caused by castor oil cake dust are
well known to the Marseilles mill-owners who chiminate possible
asthmatic workers. Tests made on workers and employees in a
certain oil-mill in Marseilles have always proved negative.

5. The Use of Caster Oal Cakes in the Country

141,

These oil cakes are fisst-rate fertilizers and are only used in
the South of France (Comtat Venaissin, Bouches du Rhéne,
dustrict of Hyéres, Antibes) which allows the production of two
or three crops of vegetables every year, As this fertilizer needs both
heat and water for its action, it cannot be used in other French
proviaces for market-gardening (Britany). OR cakes are used cither
in their natural state of in association with other fertifizers, or with
straw and ammonia in order to obtain a synthetic fertibzer. The
latter procedure will probably prevail in the future.

These oil cakes are scattered on the ground at certain times
of the year (sp_xing and the end of summery), thus respiratory castar
beax.x aflergy is apt Yo asgsume a recurrent character simulating
pollinosis or mould allergy.

6. Castor Beans in France and Elsewhers

After they have been gathered the i
castor beans are sent in
sacks by boat 1o Marseiles where they are discharged and taken
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In five cases (including two children) severe systemic reactions
(asthma, urticaria or incipient shock) appeared after the test. We
always used the scratch method and never made puncture or intra-
dermal reactions, which are more dangerous,

C tal extracts ilable from laboratories, are not absolutely
Sree from vicin, which is a very strong poison, so that during the next ten days
afler the test a toxic skin reaction was produced. It was pseudo-inflamma-
tory, had nothing to do with castor-bean allergen but was duc
to ricin. We found an obvious proof of this fact by submitting ten
of the non-allergic subjects to a Prausnitz-Kustner test which was
absolutely negative.

None of our patients ever suffered from the absorption of
therapeutic castor oil. To our knowledge, only one case of this
type of allergy has been described by Blank.

B, The Castor Bean Industyy and Etiology of Our Observed Cases

1. Castor

Castor or “ Ricinus communis” belongs to the Euphorbiaceae. It
is often a rather tall shrub and is cssentially grown in sub-tropical
countries where it sometimes appears spontaneously (more especial-
ly in South Africa and Brazil which is the first world producer,
secondarily in Siam, Haiti, Central America). Attempts to cultivate
castor have been made 1n the States, Northern Italy and the South
West of France (Castelsarrasin), In the South of France, it is found
in the gardens and also has a useful purpose as it 1s reputed to
drive away mosquitoes. Castor gets pollen from June to October.
Its pollen, as we have seen, only rarely produces allergy. We were
mostly interested in the castor fruit and its bean-shaped almond.

2, Expansion of the Castor Bean Industry

Castor beans yield an a1l which has growing industrial uses,
¢. g. paint, ink, cosmetics, explosives,. and m.ostlgf plastic products,
among which “Rilsan” of the Organico Society is the most recent
product. In the same way, the need for organic animal manure is
felt in the country of our province and invites the farmers to make
greater use of castor oil cakes, an excellent fertilizer, especially for

market-gardening,
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bronchial catarth which usually appears or disappca.rs unex-
pectedly, and in most cascs without expectoration, This ype o;(
asthma ss made warse by the mast frequent wind in our own called Mmm{
but it improves when it rains. Tt will sometimes complctcly~dxs-
appear on Sundays when the oil-mills are closed and specially
when the patient leaves the town. It is possible to assert that
asthma only existing in Marseilles is very probably due to castor-
beans but in the country it worsens during spring and summer
when the ofl-cakes are scattered in the fields, However, it improves
when the patient leaves his home.

In 25% of these cases a fit of asthma is accompanied by
urticaria {sometimes generalised urticaria) which gives castor-bean
allergy a similar appearance to parictary pollen allergy.

2. Castor Bean Seratch Tests

The diagnosis rested on strongly positive scratch-tests. Scvere
systemic reactions, as we have already stated, appeared sometimes
immediately, while local pseudo-inflammatory reactions which
were due to ricin constantly appeared at later periods.

3. Local Passive Transfer of Antibodies

The Prausnitz-Kustner reactions were practised in 12 cases
(8 adults and 4 children) according to the usual technique, The
castor bean test was made by the punciure method advocated by
Small. The results were constantly positive (+-++- or ++-+4)
and never entailed constitutional reactions. Local pruritus was
Interesting to observe, and often lasted 8 days after the reaction,

4. Experimental Asthma

cmolrn\,u ni)ali:nu {10 of whom had only distant contact with
ca . ) L
bl ) we were able to cause manifestations of respiratory

a) 10 patients inhaled very finel
prjeccd by oy e ty finely crushed castor-o1l cake dust
. b) 4 patients inhaled rici
tories (also used in scratch.

n allergen from the Hollister labora-
volume of physiological saling

tests), diluted in 100 times its own
e {1000}
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to the Marseilles oil-mills, After extraction, the oil cakes which
are still in sacks arc sent by car or train to market-gardening
districts. The contaminated sacks sometimes are used to carry
potatoes or coffee, whence new danger of contamination ariscs.
Different workmen will, in that way, be exposed to this allergy
e. g sailors, dockers, draymen, fertilizer retailers, people dealing
with these sacks and mending them, especially farmers and oil-mill
workers. Farmers are very much exposed to contamination on account
of the frequent winds in our country which carry the dust about,
as are the inhabitants of Marseilles who live in the near vicinity
of the oil-mills. It should also be remembered that France imports
castor oil cakes from Holland and Germany and railway workers
are consequently exposed.

In our study, we have been able to trace the following etiolo-
gical cases:
1. Laboratory people, working on castor beans or castor

oil cakes: 1 case
2. Dockers, workers on the wharves, and drivers: 5 cases
3. People growing and gathering castor beans: 3 cascs
4. Workers and oil-mill employees: 1 casc
5. Fertilizer retailers, bag merchants, people living in

their vicinity: 7 cases
6. Country people handling castor oil cakes, and inhabi-

tants of the country: 20 cascs
7. Citizens of Marseilles living in the vicinity of oil-mills

where the dust has been scattered by the wind 65 cases

It should also be noted here that about 10 of those patients
live within 2 or 6 kilometers of the oil-mills. We wondered whether
the positive scratch-tests in these cases were a manifestation of a
pre-clinical humoral allergic condition and not a present clinical
condition. We noticed that this was not the case.

C. Clinical and Allergological Dragnosis of Respiratory Allergy to Castor
Beans

1. Clinical Characteristics

After a clinical examination had yielded no sign of castor bean
sensitization, an interview brought us interesting information. We
generally dealt with asthma of the pollinical type, i.e. an oculo-nasal-
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cakes). In the latter clinical form, whigh is the most frequent in
our study (70 cascs), castor bean allergy is anly one minor clc.mcnn

The importance of castor bean allergy in a population of
asthmatics is comparatively small. About 100 cases out’qf.IOSO
asthmatic, allergic patients tested are likely to show a sensitivity to
castor beans for various reasons. The oppesite test which was
always negative has been performed in 200 allergic asthmatics living
in French provinces where castor beans are unknown.

This seems to show that castor bean dust is not a powerful
sensibilizer in man under normal clinical conditions, but as Ratner
has shown, it is in animals.

Castor bean allergen is consequently quite distinet from ricin though
1t is impossible 1o obtain absolutely ricin-free allergenic extracts for diagnosis
and treatment. ‘The allergen is to be found in the bean and bark of
teaves and flowers It is thermostable, can be dissolved in water,
precipitated into alcohol and dialysable by ultra-centrifugation ~

h wstics which differentiate it from ricin.

Coulson, Spies and Stevens have isolated the C. B. IA from ricin
which possesses the antigenic properties of castor oil cakes in men
and animals They have also isolated C. B. 65A which is twelve
times less active than C.B.YA in sensitizing guinea-pigs experi-
mentally. The same writers add that “Chemical properties and
amino-acid content of the castor bean allergen were remarkably
similar to those of the previously described cotton-seed allergen,
Both were characterised by a relatively high proportion of arginine
and cystine. However, C. B. IA contained no tryptophane, in ton-

trast to the cotton-seed allergen which contained 1.49 of this
amino-acid.” °

D. Treatment

A‘:.Aan from antihistamines which are not always efficient,
corticoid homnonu_ of transitory action and non-specific dcscnsi\'\s:
l:;]i treatments \vth}} can only bring about slight improvements,
o t(r:iaatl;x:\:m of respiratory castor bean allergy rests on the fcllow:

a) Suppression of the aflergen;
) Specific hyp

10n to iated all
<) Specific hyposensitization to the castor bean
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In the first case, the castor bean oil cakes were pulverised
for an hour in a small room before the patient’s arrival, The
patient had not been warned beforehand and had shown no signs
of asthma for a fortnight. Five to twenty minutes after entering
the room, he had a fit of asthma starting with oculo-nasal catarrh.
Immediately after leaving this environment the patient felt his
asthma progressively disappear within one or two hours. Only in
three cases was it necessary to inject theophylline together with
an antihistamine in order to soothe the dyspnea.

In the sccond case, the experiment was still more conclusive,
and especially more rapid. 3 to 15 minutes after inhalation of an
aerosol which lasted from 20 seconds to one minute, a violent fit
of asthma developed which could only be soothed by anodynes. It
was impossible, of course, in those cases to eliminate a psychic
factor.

At the same time, 6 young adults suffering from allergic asthma
came to visit us imagining they suffered from castor bean allergy.
They showed no immediate reaction after a ricin-allergen aerosol
given for three minutes. The next day and for two or three days
afterwards catarrh developed in the upper respiratory tracts
simulating the castor-bean workers’ flu and very probably due to
ricin.
All those allergological and experimental investigations lead to
the assertion that a positive scratch-test to castor beans in an asthmatic
patient is sufficient proof of his suffering from a clinical allergy to that
bean.

The frequency of the associated allergies we have described
above enables us to conclude that the castor bean factor is essen-
tially variable according to the patient. We arc thus able to isolate
three clinical forms:

1. Isolated allergy to castor beans appearing in subjects very much
exposed either in their profession or at home presents the most
dangerous and the less frequent case, unless the patient can change
cither his profession or his home: 14 cases.

2. Castor bean allergy associated with house dust and mould allergy
appearing in over-exposed Julfjttl: (coumry. people, dockers, fertihzer
retailers or immediate neighbours of oil mulls): 18 cascs.

3. Castor bean allergy associated with moulds or house-dust alln.gj,
in less exposed subjects (citizens of Marscilles or of the surrounding

country remote from sources of dust, castor beans or castor oil
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in that way improved with more ease a'nd speed than th? other
test-patients It is, of course, too early to J\x.lgc methods which are
apt to imply an important psychotherapentic effect.

In conclusion, castor bean dust respiratory allctg.y isa da{\gcr
to asthmatics living in the South-East of France and in Mmsu“c.s,
bt it s a rather rare eventuahty since it has only been found in
about 109 of our asthmatics. It has been said that “Ricinallergen”
could easily be sensitizing. This scems to be an exaggeration since
a great number of our asthmatic patients were not semsitized
although they were under the same unfavourable circumstances.

Castor bean allergy is only one element of the more complex
allergies in which house-dust, moulds, and to a lesser degree flax-
seed and cottonseed, play a part. It is easily diagnosed. The castor
bean factor, however, is much more difficult to appreciate. Except
in extreme cases where the castor bean allergy is isolated it is
necessary to wait for the results of dust and mould hyposensitis
zation to decide, An ideal solution would of course be to take
the patient away from contact with castor bean dust, or to make
it thinner and less aggressive. Specific castor bean hyposensitization
according to the wsual technique, is still too dangerous to be
commonly applied, At the present moment, we use homacapathic
doses of “Ricinus communis™ per os, until the technique of hypo-

sensitization by means of castor bean allergen acrosols will be
perfected,

Summary
The danger for asthmatic people discussed :

oL nf the castor-oil industry in Marseilles, as the oil-mills are
situated in the residential districts of the town;

. 2. of the gcncr%}l use in the South-East of France of castor bean

0:\ cakes as a.fcmhzcr for market-gardening. The author stresses
ls ;{fact that since 1951, when his first medical observation on this
ubject was published, he has been able to collect about a hundred
cases of respiratory castor bean dust allergy.

ik Iclasust ::s‘e:;en is Oﬂc: observed among persans in direct contact

3 or e

Tetailers, oflomatt o Cak.cs {country peosle. doctere fomr--
Marseilles ' I
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L. 1t is difficult to suppress the allergen. However, the following
measures can be apllied:

1, Use of wet oil cakes retaining their oil. This measure, how-
ever, would have to be applied on an international plane because
6% to 8% of oil retained in the oil cakes represents part of the
benefits to the oil-mill owners,

2. Use of powerful aspirators in the oil-mills at the same time
taking care not to scatter dust about. This is done in California
by the Baker Oil Co.

3. Humidification of the oil cakes to 12%. They cannot be
humidified to a higher percentage on account of fermentation,

4. Use of paper bags which are water-proof as the usual cloth
bags are too porous and allow the finest dust to sift through.

5. To avoid storage of oil cakes in farms, and taking care that
the wholesale dealers are situated far from residential districts.

6. Building oil-mills far from big towns and using other fertili-
zers in the country are too idealistic measures for practical appli-
cation,

7. Air conditioners used in houses situated near the oil miils
allow comparative quict for the patient while at home but on
leaving he is again exposed to the allergen,

IL. Specific hyposensitization to associated allesgens 15 easily realised
since these are mostly house dust and moulds. This usually improves
the condition considerably, the “Castor bean” factor being the less
important. It may be sufficient to cure a few of the less exposed
patients, but it proves absolutely inefficient in more severe cases.

III. Specific hyposensitization to castor beans 15 not generally advisable
because commercial extracts are not absolutely ricin-free, as has
already been stated. In spite of this some authors have attempted
to use the common method of intradermal injection of progressive
doses, cither under protection of cortisonc or not. A discrepancy
has, however, appeared in the results.

Herxheimer reported his observation of a desensitized patient
by employing the bronchial method which consists in having the
allergen inhaled in acrosols undcr spirometric control. We thought
this method reasonable and proceeded with a few experiments
which “a priori” seemed comparatively satisf:yi.ng. Meanwhi!c:, we
thought of using homocopathic doses of *“Ricinus communis™ at
the 4th centesimal, letting the patient take two or th}-cc granules
of this dilution each morning and evening. The 30 patients treated
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et obtenu par un arosol d’une solution de ricinallergine une
crise d’asthme expérimentale. ]

L’hyposensibilisation spécifique par voie gér.\émlc qui a él;é
tentée, nous parait devoir Etre, pour l'msm\!, rejetée 3 cause dc
ses dangers et de ses incertitudes, mais nous nous 'pmpnson!s dc
faire Phyposensibilisation par voie bronchigue suivant la més hode
du docteur Herxheimer en utilisant, par aérosols, des doses croissan~
tes d'allergine. En général, U'éloignement des saurces d.c poussiéres
de ticin et Phyposensibilisation aux poussidres de maison et aux
moisiesures suffisent 2 améliorer les malades.
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bean allergy (i.e. asthma, allergic rhinitis or more generally their
associated symptoms) is sometimes observed as an isolated phe-
nomenon, but in most cases it is combined with house dust, mould,
flaxseed or cottonseed allergy. Scratch tests were always strongly
positive (- + or 4+ ) and sometimes caused severe systemic
reactions. Prausnitz-Kdstner reaction had in some cases been practised
with obviously positive results while castor-allergen aerosols never
failed to produce experimental fits of asthma. Castor pollen tests
were in only one case positive. General specific hyposensitization
which has been attempted should at the present moment be dis-
carded on account of its dangers and technical insecurity. We hope
to practise bronchial hyposensitization according to Herxheimer's
method with increasing doses of allergen in aerosols. Removal of
the patients to a rcasonable distance from the sources of castor
bean dust, and hyposensitization to house dust and moulds are
usually enough to bring about substantial improvement.

Résumé

Lautcur insistc sur les dangers que représentent pour les
asthmatiques, d'une part l'industrie du ricin & Marseille, oir les
huileries sont situées dans la ville méme ct, d’autre part, I'utili-
sation dans le Sud-Est de la France des tourteaux de cetie graine
comme engrais des terres destinées A la culture maraichére. En
effet, depuis 1951, date 2 laquelle Pauteur a publié la premitre
observation marseillaise, une centaine de cas d’allergie respira-
totre aux poussitres de ricin, a pi étre réunie.

Cette affection s¢ rencontre chez des sujets qui ont un contact
direct avec les graines ol les tourteaux de ricin (paysans, dockers,
marchands d’engrais, ouvriers des huileries etc.) et méme chez les
habitants de Marseille voisins plus ou moins immédiats des huile-
ries. L'allergie respiratoire au ricin (asthme, coryza spasmodique
ou, généralement les deux associés) est quelquefois isuléc;_cllc
s'associe, le plus souvent, 2 une allergic aux poussitres de maison,
aux moisissures, & la graine de coton et A la graine de lin. Lcs
tests allergiques cn cuti-réaction sont touj?uxs fortcn'xent posttifs
(+4+ou 444 ) et donnent quclqu.tfoxs des réactions généra-
les impressionnantes. Nous‘ avons p.mtxqué, dans quelques C"S;
une réaction de Prausmitz-Kustner qui a été franchement positive
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