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Introductory Remarks on Ergotamine
By ARTHUR STOLL, Basel

The first main topic of your Symposium is concerned with
mugraine, The fact that ergotamine has for some years played an
umportant part in the treatment of migraine is no doubt the reason
why you have asked me to deliver a few introductory remarks on
ergotanune from the point of view of the chemist.

I am indeed very grateful that you have, at the same time,
given me the opportunity of drawing attention to the features
which distinguish ergotamune from the other alkaloids of ergot.
Above all, I should like to thank you for the honour whick you have
accorded to ergotamine by coming to Basel, the birthplace of this
highly active drug, to include a study of its specific action in
migraine i your dehberations

Ergotamine, together with other related active principles, is
synthesized with amazing skill by the ergot fungus, Claviceps pur-
putea Nevertheless, despite the great efforts made by pharmacists
and chemsts, beganning as far back as the year 1817, ergotamine
Temained undiscovered until the second decade of the present
century. It was not unul 1918 that ergotamine first saw the hight
of day as a beautifully crystalline, pure chemical compound. The
Ppossibility that ergotamine might exert an action on the autonomic
mervous system was scarcely considered at this time.

The reasons which prompted me to make the

study of ergot
my first task when the Pharmaceutical Department 4 :

of Sandoz was

ve principles in
dependmg upon the origin
the results obtaineq by the

€rgot 1s subject to extreme fluctuations,
and age of the drug, Consequently,

Yot Anh Allergy Vot 7, Na 4736 1955)
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obstetrician were often very disappointing, for if the particular
sample of ergot proved ineffective in a case of uterine atony, owing
to the low content of active principles, he was left powerless to
arrest a dangerous haemorrhage. My first aim, therefore, was to
isolate the active principle of ergot in a pure form and make it
available to the obstetrician and gynaccologist as a reliable oxytocic
capable of exact dosage.

«

NN P K el

Between the years 1909 and 1917, when I was assistant to
Richard Whllstatter in Zurich, Beilin and Munich, we had carried
out investigations on chlorophyll and cnzymes which had taught
me how to handle complicated natural products. The methods
which were worked out werc such that they enabled even highly
sensitive natural substances to be isolated in therr original state
When these methods were adapted to certain problems .\vhich
medicine presented to the chemist, they led to.th 1solation in
their native form of a whole series of active 'prl.nClp]L‘S of ergot
and a wide range of cardioactive glycosides. \Vl'tlun a f?w months
of commencing the investigations, it was possible to isolate tl}c
main alkaloid, crgotamine, from Swiss-grown ergot. Thc alkaloid
was obtained in the form of glistening, diamond-like crystals,

shown in Fig. 1.
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Initially, the importance of this first isolation of a pure auiyc
principleof ergot fay in the factthat ergatamine could be employedin
obstetrics and gynaecolagy mn all the old indications far ergot, thus
¢liminating tbe uncertaiaty associated with the use of a crude drug
of vanable composition and action. Morcover, in contrast to the
crude drug, ergotamine, being a pure substance, enabled the
pharmacologist and physiologist 10 carry out reliable imestigations,
an opportumty which wag followed up most inteasively in the
laboratories of Professor Rothlin. Thus, during the last thirty years,
the action of ergotamine on the autonomic nesvous system has heen
the subject of a vast number of publications.

The isolation of ergotamine and its fess active fsomer, ergot-
aminme, was followed later by the isolation of a whole series of

related alkaloids of ergot, the properties of which are summarized
wm kg 2

oo putred whalods of erget amd ther desborelatory momars
ki

[ onrln TR o ohey Discowrer
 Bgetomne groun
Ergomne # -y
Ergulaminne CMatity -;5!55' A s (‘9'8,
Ergosine 2, - 113
e LHaON, ~Pz?r Smih and Tmmes {1336)
2Ergddazoe gop
Erguensh #, gy
b’;::s':h:“ CaltnOM, ‘\3:: Shall ang Burckhordt {133}
Bokeyrboe [N 157
&qu%‘m 3 e St o Kafronn {1343}
Ergotornne [T s
t:gmmm wHiy O Ny ':aqa? St and Hefmenn {1343
3 Ergotiasne group
gy;‘;:;:ﬂ . SOy - Dudley gnd Myur
gebed et Kharasch ond Legoult
S5 and Burckhordt
Themgson [1935)
Fg 2

The alkalads accur Ppairs,
laevarotatory chloroform, and
havc\r\:’mr; to 52y about this 1sapm,

e
T, :\g:mimdt;d up the alkalows into three graups, the
e & p‘Th e crgomx.me group and the crgomclri;l
group The ergotamine ZToup comprises crgotmm'mzc !

the natural compound which i

2 dextrorotatory jsomer, 1 shalf
erisin fater.

angd
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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 believe, 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 .hercdxty in asthma,
urticaria, hayfever, as well as in neuro-dermatitis, has always been
emphasized by clinicians, and the dermatolog'xsts glfive always
agreed that heredity and factors of personal disposition play a
lesser role in contact dermatitis.

The frequency of personal and hereditary f:a\ctors 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 oflilt!e
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 dermatatis ? If a group of people is exposed to
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refatively light concentrations of certain skin scnsitizifxg'; agents,
then, as a rule, only 3 few individuals become scnsmz‘cd, the

s ¢ '_ °
porticutarly semsitive individuals, perhaps those mlh. a fair com
plexion and a moist skin. Most others are more Tesistant to the
sensitizing agents.

We encounter a similar § dual prediyposition or
to alfergic sensitization among gui pigs. In many pts to
indnce shin sensitizatons with simple chemicals only a few par-
ticularly susceptible animals become semsitized, \\Ihenas others ve-
act only after repeated applications of the sensiti agent. Just as
certain human individuals and entire human races are relatively
resistant to epidermal seasitization, so there are individual animals
and even entire strains of guinea-pigs which strongly resist, while
others readily b to experi 1 sensit of the skin to
hemical suk Landsteiner and Chase established and maintain-
ed a stram of guinea-pigs whose skin was much more readily sen-

sitized to simple chemical compounds than those of the usual
varieties,

While it is generally recognized that heredity and personal
disposition factors are frequent in atopic dermatitis the various sta.
tistics differ considerably, depending upan the p e of the
climeal material being analyzed. This is very evident 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 histonies, the sensinzing agent was mostly unknown. In the
second aralysss the only patients who were included were those

whose atopic symiptoms were cansed by the same known sensitizing
agent,

First Analysis

Baer (7) has analyzed 150 cases itis 1
) of atopic dermatitis in which
:l;:: ixagx;lms was made from purely chnical data; in the majority
ol es the causative agent was not established. 31 9, of the patients
hi;m: :30:&! h.lstoryhof allergy, rhunitis or asthma, 629 had
ergic asthma, shini it
e of e shinitis, ov atopic dermatitis among

gt and only 21 9 3
Tamily history of other atopies. ¥ 2% hed neitber 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 ifestati b kis specific allergen.
One would not encounter afternation or the sxmu}(anceus presence
of asthma and contact dermattls induced by a sxngl? agent in the
same individual. But, § ingly enough, alternation of asthma
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 60},
had an association of asthma with acute and chronic dermatitis; but
mn only 339 asthma was combined with atopic dermatitis. The
coincidence of an atopic and a non-atopic sensitization to the same
substatice is nat vestricted ta man. In experimental 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 guinea-pig iti 0 parapheny
enedsamine, Landsteiner and Chase (9) obtained sensitizations of the
nmedsate 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
can\Euunds ‘This combination of eprdermal and anaphylactic re-
activity thus appears to be muck more frequent in both guinea-pigs
and man than had previeusly been suspected,

1 h

Table §
Personal and Farnly History
. Faimdly and Personsl Hustory
Plaesae RUM R Baer
S BerCent Caser - Ber Gent
Contart Dermatis 96 62
Asthma 10} 3
Axthina plus Dermatinrs 24 13

Neurodermatina 150 bt}
. 1t is very important to recal) this fact when we attempt to
a\amdmsa{)c about the etiology of atopic dermatitis. Jadassohn has
; ‘::ﬁa ly ol scrYed, and we have confirmed these observations in the

¢ many times, that the skin of patients suffering from neuro-
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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 Contast Dermalitis 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 procedure during experimental sen-
sitizations of guinca-pigs. As in human allergy individual factors
may be eliminated by intensifying the exposure to the a!lerscﬂ_
Indeed, when arsphenamine, primulin_e, para}.:hcnylcnedlammc,
picryl chloride, etc. are applicfi in sufﬁcx‘cntly high concentrations
or repeatedly injected, the skin of practically all guinca-pigs, in-
cluding the more resistant ones, can be made sensttive.
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Wath increasing exposure the number of“‘cxp:rimcmc.\l" sen-
sitizations of the atopic type increases likewise in humans: N{wancl,
for instance, is known to produce a morbilliform, urnicaria-ike 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 i.n high
doses and for 2 prolonged period of time, as for instance during the
treatment of chorea, virtually 1009 of the paticnts so treated
beeome 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 volatle 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 primatily 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 ition, personal or hereditary factors do exist in
contagt dermatitis and atopic dermatitis as well. They become
utimportant in both i when the sensitizing impact i .

Table 2

Dependenct of the Type of Allergie Reaction wpon the Route of Administration
L Plant and dnsmel Prourts

‘Substance. Route of Adminutranon

Cantact Tchalation 1niection or

agertion

Atropine D A
Morphae D A % ’/:' g
Quinine D A DAU
Emetine DU A o
{pceacuanha A :‘L
Essental Orly D A
Asparagus b A g‘ :’ g
Celery D A o
Sk 0,6
Har D .
Featbers b .
Fih D rs D,
Tuberculin D A "4 U
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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 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 dermatisis
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. are 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 expasure 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 s\aun'\imc m:dy ;fnd
in velatively 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 were 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 noxous 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 Allirgsc Rraction upon the Route of Admunistystios
L. Plant and Amimal Products

Substance Route of Addmunstration
Catact Tahatuon  Tojesuon or
naevion

Avropine »
Morpune D N o o
Quaruae D A DA
Eameune DU A A
tpeeacuania A A
Essentiaf Ouls b A D,
Aspatagus D A DNy
Gelery » N A
Sik pu N
Har D A
Feathers el A
Fish

D
Tuberculn D : DAy



10 Mayer, Contact Dermatitis versus Atopic Dermattis

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.
Table 4

Dependence of the Tpe 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 formaldehyde 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 whenit comes in contact
with the skin (Mayr, 8). Many othex: 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 allcrgicf when in-
haled, or contact dermatitis when in conmct.m'th (}fc skin, then we
may assume that the two types of exposare ~ inhalation and contact
- elicit two different general reactions.

Tmportance of the Carrier for the Type of Sensitization

What 15 the nature of the differences betweeninhalation of an
allergen and contact with the skin? First, let us consider the pos-
sinlities that we can exclude. We can exclude the possibility that
the allergen produces atopic allergies upon inhalation, because it
comes 1n closer contact with the sites of the atopic reaction when
1t enters the organism through the Yungs 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 skin 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
non 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 (Mayer, 12).

, “: a powesful hapten, such as formaldehvde camas fn anmse-y

. L v s == e auult sumDle procotiagen and pro-
kcmnn.. Only Iu smaller proportions and consequently in weak
competition with keratn and coltas

en daes th
onpon it kerat I es the hapten encounter
) dCogvem:ly, whex} formaldehyde is inhaled, ingested or in-
ecte ty or intraperi 11

pally with ally it first

Ys

comes in contact pri
and globuling, m

less with collagen and not at all with keratin, el
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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 (thoughin different 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 affinities 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{x‘xsncr (;0;\‘:
pounds as well, Chromates, persulfates and mercury E’-\ At
stance, arc examples of strong mineral sv.nsrm.crs'. xadlflpc.
strong allergens of organic nature are aromatic amines, iamines,

i mtro pounds and amino-phenals ‘phcny\hydr‘azmc
and phenylhydroxylamine, qui qui imines ;\nd.qumonc
dﬁmincs,aldchydcs,particularlylhoscoTlowcrmo\ccu\nrwt\_gh\such
asformaldehyde or acrolein, d pout d , asfor tang
certain plant products, detergents of various anionic and cationic

b i such as sulfonamides, Jocal 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 are trans-
formed metabolically {nto divectly active antigens, as for instance
aromatic amines, amino pherols, many nitre 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-
ganic and organic compounds, they all share one common chemical
property of great importance: a strong affinity for proteins which
is equal or simular 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 helong
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 sensh ; the aldehyd lyph

i et b 4 ! i h ? q“in~
ones, unsaturated compounds, and wetting agents. Yt is obvious
that the tanning activaty of many chermeal substances of low mole-
cular weight s proportional to their sensitizi ng properties {Table 5},
The strongest sensitizers are at the same time the most powerful
tanoung agents, and derivarives 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.
viess to forma complete antigens, are identical with those that trans.
fm:[n;h“'mm leather: namely, cross-finks between tanning agents
a? .era‘tm anfi collagen and t}}cit precurzors; obviously the same

for both the tanning and the

are
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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 a full antigen from a haptenic
contactant and the skin proteins as follows:

Table 5
Sensitizing and Tanming Activities
Group Sensivzing Tanning

L. Aldehydes

Formaldchyde A RS

Higher aldehydes - +

Aldchyde Cyq ] o
2. Quinones

Qrthe quinone R EREINIE

Qumnone durmae e 4t

Di- and tetra.

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

Sulfonates o .
5 Unsaterated

aliphatic compounds 444 4+ k4

Upon contact with and penetration into the skin, powerful
sensitizing agents combine through cross-hinks with fibrous proteins
and form insoluble {or at least difficultly soluble) complete antigens
of the following, or multiples of the following constitutions (Table 6) :

Table &
Carrier Cross-Lank Carnier
Cr
AN
o] o \
Protein NH NH Protein
Cr
N
NH (o] )‘\l}l
] co
i i
Keratih ~——————SH- CHyo—————SHI Keratin
Collagen NH CHy NH ——Collsgen
NH- CHjy NH Albumun

Albumin N
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o

1
(e
Collagen ——r———" NH l

Albumin

Albumun

Keratin
Keratin

G

These are the complete antigens of the contact-type of sensiti~
zation. We beheve that in the case of atopic, anaphylactic sensitiza-
tion haptens are transformed 1to full antigens by a very similar
process, since it is known that all strong sensitizers, such as formal-
dehyde, quinones, chloramine T, persulfates, etc. undoubtedly
combine, when inhaled or ingested preferentiaily with the globular
protens 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
beth are shown m Table 6.

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 protemns of the keratin or collagen families; 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.

Tt 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 compoesition and different physical properties
sets the different patterns for the future form of the specific antibody.

According to one 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 therefore 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 after
intradermal application of the hapten alone (Aayer, 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-
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atopic allergy depends to a great extent upon the chemical nature
of the proten to which 2 hapten is attached. A globular antigen,
such as the native albumin or globulin antigen or a hapten com~
Pined with albumin or globulin produces an atopy, whereas a
Tsapten combined with a fibroid carder 1eads Lo sensitizations of the
contatt type.

The question naturally arises as to how the atopic dermatutis fits
into this picture? 1 must admit that here again I can formulate
culy 2 hypothesis, since I have not been able so far to produce this
type of allergy in animals. According to all available clinical and
histochemical data, it appears quite probable that neurodermatitis
is not a combination of the evanescent and the delayed type but a
special type of sensitization.

In his clinic, 7. Jadassohn always expressed the opinion that the
Teaction site in dermatitis is the reticulum of the cutis. The
histology of dermatitis agrees with such a concept. Spongiosis and
mtra-cpidermal vesicles, and other characteristics of the contact
dermatitis are absent. Tnstead, in all typical cases of newrodesma-
tites we find strong, progressive hypertrophy of collagen within the
cutis and fater on mucilagenous degeneration as well as the altéra-
tion cavitaire which in turn are lacking in contact dermatitis, urti-
caria and in angioneurotic edema.

Dacs o rem -

- wivpne utiiauLs mvolving a de; lymcrizatio;\ of the
ground sub and the b Drann He considers these
changes as evidence of an altered state in the glycoproteins and a
loss of soluble material through the blood vessels.

Considering these specific changes of the connective tissue and

the ground substance we need 2 litele aw
G ! ide: \
lh anc .<.~n y l.x a| OE.‘I.QO congider thaf

L+ svepvspsatianides ot lipopolysaceharides, etc,
:s)t;;::‘& c‘ilr:;x:i:rt ;]hatl:x\ \hxs.mamxcr still another complete :Im,igcn
ot e c‘dc § n‘bm&cs the complete antigens containing
Rigen prods cr cs’ Proteins and that this third type of complete
o oo inolhcr speaific type of annbodies which is re.

istic ions of atopic dermatitis,

2 Int Arch Allergy, Vol 1, No 12 t1esyy
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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 dermatits 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 dermatitis, I 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



Maye¢r, Contact Dermatitis versuy Atopic Dermautis 19

whether 2 contact or an atopic type of sensitization is established.
1n the case of complex antigens, sensitization as such depends upon
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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i esnier, end eczema, spd N id,
S(r:n gz(Bx \hin;g that we can leave such a discussion behind us,
for in the final analysis, names are not of csfcmmlA jmportance,
but rather, 2 true understanding of what one is talking about.

Allow me then, in order to facilitate my tash, 1o modify once
again the title of this lecture. I should fike firstly 10 speak of atopic
dermatitis, then of contact £czema.

"The following quotation is from Beyd: “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
1n the same patient, and among the other members of the family,
will agree, I believe, that here one cannot properly speak of coinds
dence. Assuming of course, that the patient has at least a certain
minimum of intelligence, that he has a family, naturally the larger
the better, and that he has not fallen aut with his refatives to the
point of hardly knowing anything about them, there will be
a high probability of learning from him that in his family there
1s some neuradermiatins or one of the other atopic manifestations.
It is this fact, among others, which seems to establish the corrects

ness of grouping fogether nenrodermanitis, infantile eczerna, asthma,
and hay fever,

titis» might have been replaced by? neuﬂ)dcrn’:au:lis, I;c'hen Vidal,

For the dermatologist who Js speciaily interested in disserninat-
?d neurodermatitis it cannot be doubted that infantile eczema is
mm.natc\y related to neurodermatuis, even without taking the
family !'ﬂ‘story into account. How often do patients with neure-
dermatitis say that in their earhest childhood they suffered from
eczema? Yowle:, Warin and Aplay investigated this in another way.
f:,‘g,,?;‘,lfa‘f,‘fii:"y, interesting figures, In 78 children who ha(i
e e redly, was
“asthma,

. flopeieat i o
U e pauents, as compared to 5-7% of compa:cd gr::p‘szs{a‘
seems o me that in the future it would be more carrect to sp.e.ak
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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 cantrary, we did not find any reaction to the following

antigens:
XT‘ agn antigen characteristic of duck eggs;
2. ap ansigen characteristic of duck n.xc‘at. "

It appears then, that there i.s no ldxm',-r.lcmsy towards t! néc
antigens with which the poss'lb'm.ty of previous contact i:m e
entirely excluded, namely, the antigen characteristic of duck eges,
and the antigen found in duck meat.

Furthermore, 30 years ago, it was shown by Dale and Hartley,
and Dakin and Dalr, that pwinca-pigs semsitized to hen egg-
white also reacted to duch egg-white, and vice versa. We were
able to demonstrate that guinea-pigs sensitized to hen egg-
white, and examined by the Schulz-Dale methed, reacted to
exactly the same antigens as the infant who is idiosyncratic to egg-
white. It would scem therefore, with a probability which approaches
certainty, that the idiosyncrasy of the child s an
acquired one, and acquired by sensitization, Moro had slready
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 s the pre-natal period.

The question arises as to whether this jdiosyncrasy to cgg-
white has an etiological significance in this dermoiosis of small
children Many authors, among whom Aore was the firs, appeay
fever to have had any doubts upen the subject; and yet, in 1926
tseveral years before Mors's work), I had deseribed the following
case of idiosyncrasy toward hen egg. With a Yitle hen egg, we
were able to set off, by scarification, an urticarial reaction in a
ckild, and obtain a positive Prausnitz-Kustner veaction with his
seryn. One year befoce these experiments, the child, who was
two years old at the ume, had been. hospitalized for infantile eczema,
He had been given egg to eat, and this had provoked urticaria,
but without aggravation of bis evaema. In Iater years,
the pubheation of the work of Moro and his colleagues, we fre-
q:xgr:tly tried, in Bruno Block's clinie, to find 1 dierineiem fo

following

PR

o avinabs dL urst sight one might be led to answer i
. n
t‘hc affirmative. The eczematous child shows a cutaneous reaction
10 €88 Which non-eczematous chuldren do not; they all probably
cerve some egg in their feedings, either 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 management of lhcsc(
patients, will be rewarded by. much more success in treatmen
than has previously been obtained.» .

1 should like o tite something which to my mind has alw;\ys
eemed to be an argument in favour of the importance of dusl‘ in
neurodermatitis 1 am referring to the observation that, dun.n.g
the penod of their military service, men with neurodermatitis
show exacerbations when they are required to dleep on straw,
Anather fact which seems to speak clearly in favour of the impor-
tance of inhalants, is that a change of environment may undeniably
have @ favourable infuence upon cases of atopic dermatitis. A
stay at the seashore has often been especially recommended; and
I believe that Swiss dermatologists have all observed many extra-
ordinary remissions during  stay in the mountains, particularly
in the St.Moritz atea. Thesc remissions are almost always followed
Dy relapse when the patient returns to 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

Frovpmaus St s BN

-+ puesans sunclllly 1rom neurodermatitis, and on controls; he
found no difference between the Geneva antigen and the St,Moritz
antigen, even when he employed them in various ditutions. The
same sesily 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 hypothesis
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
exclude the possibility that house-dust plays an important role
in the pathology of neurodermatitis, nevertheless, they do cast
some doubt upon the validity of such an assumption. However,
ConTary to gue results, Schuppli found that dust from the St-Mcritz’
::(alcfuscd smany fewer reactions than that of Basel and of Zurich;
oo, 2 “t:is i‘\:’;: ;:a:t Sdu{pplx‘s experiments were made with aslhma:
e oo, oo employed mattress-dust. With house-dust from
s we used, 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'n’w:mI \13]E]5t ::;)n l:z’r;?m‘f
reaction, which is, after all, rather st‘nkmgA still reme n,_
as 2 young assistant to Bruno Block in 1926-27, 1 tried to f‘:‘ :s

an urticanial reaction in a case of eczema 10 alot, and in 3 “'"
of crzema to primrose, but although the patch-tests were strongly
positive, T was unable to obtain _t}\c sll‘ghttsl wh.cal. 1 car{) n)tc
£wo cases of idiosyncrasy to camornile, which Zaruski and I pu lishe
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 camomile. Here, the paz.ch-
test was positive, while the scratch-test was completc_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 heen 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 patch-tests is performed with patients suffering from
neurodermatitis, i soon becomes evident that here positive reac-
fmns are rare. In other words, a polyvalent eczematous sensitivity
is much more frequent in contact eczema than in atopic dermatitic.

. . |

The patch-taes voea
and histological '
1t be allergic or
local nfilirauon ¢ .
bm:h imra- and | L. suus, s histological pic(ur: i
quite different from that of contact eczema, as well as of atopic der-
mautk.lshaunotcmrrupona“' ion of'the histology of infantil
coztna, of Teurodermatifis, and of contact eczema (Prof. Emirm;
wall speak 10 us on this), bus 1 should like merely to cite here two
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with his asthmatics, while Ausso obtained many positive reactions
with adults suffering from atopic dermatitis, but few with the
controls. Schryder, 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 positive 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 Afayer, 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 imply an etiological rela-
tionship). In contact eczema, theeczematous 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 to be undcninbl?y
and 1 know of no comparable procedure with vegard to atopic
dermatitis. . ..
“The urticarial reaction of the infant with atopic chnm\uus to
egg-white, and of older children and adults to various “xr.rha)anu”,
can be transferred by the Prausnite-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 ako many others,
investigated the passive transfer of eczematous hypersensitivity,
not in humarns 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 Block. Unfortunately, we know of no cases of
animal atopic dermatitis, but an experimental contact eczema can
be produced in guinea-pigs. The only problem here, is whether
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

obiection te caneldasies a1 o

Jpeves vr Lertabia L guinea-ugs, Sulzherger cansidered ns doubrful
the validty of speaking of true animal contact eczema. At the
tume of their carly experiments, Bloch and R, L. Mayer had already
emphayised that the lesions obtained in guinea-pigs with pri

and with ursol histologicatly approxi 1y correspond 10 human
contact eczema. We were able to demonstrate that guinea-pig
eczema completely corresponds to human eczema, ift is provoked
ot on the flank, but on the nipple, which has a thicker cpidermis,
and where there are no intesfering hairs. Later, in Sulzbcrger‘;
Iaboratory, and 1 mine, the same result was obtained, namely
a lustologically typical cczema on the flank of guinca-pi’gs where
we h'ad \chk:ncf‘. the epidermis. Thus, from the histological point
of view, there is no ohjection 10 equating guinea-pig contact

!‘:‘cnzc‘ma h\»ilh the human condstion. Naturally, I do ot mean 1o
ply that the analogous, or Jet us simply say the identical histolo.
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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 scems 1o me to be undcmnblf,
and 1 know of o comparable procedure with tegard to atopic

dermatitis, . . s
The urticarial reaction of the infant with atopic dfrmauus lo
egg-white, and of older children and adults to various u}h:\lants )
can be transferred by the Prausnitz-Kiistaer method. ! his method
however has failed so completely with contact eczema, that the
question has arisen as to whether the eczematous reaction is truly
due 10 an aatigen-antibody reaction. Thanks to the work of Land-
steiner and Chase, important progress has been accomplished in this
field. Landsteiner and Chase, and later Chase, and also many others,
investigated the passive transfer of eczematous hypersensitivity,
1ot 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 experi ] eczema in guinea-pigs,
which was first introduced to experimental dermatology by my
former chief, Bruno Block, Unfortunately, we know of no cases of
animal atopic dermatitis, but an experimental contact eczema can
be produced in guinea-pigs The only problem here, is whether
e 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 ke 10 cite an
objection to considening that they are identical, that is, the histo-
logical difference between human eczema und guinea-pig eczema,
In view of the dsfficulty of Q gical lesions
typical of eczema in guinea-pigs, Sulzberger idered as doubtiul
the validity of speaking of true animal contact eczema. At the
time of .\hcir early experiments, Block and R, L, Mayer had already
;ng)haf&s‘cd lharl .!hc‘)es'fon‘s‘ obtained in guinea-pigs with primrose
c:nt:c]t c:z‘::x:a W . e Y pond e human
ma. We were able to demonstrate that miinan =~
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I wew wu tnsering haws. Later, in Sulzberger’
. . s
laboratory, and in mine, the same result was obtained, namely

a histofogically typical cezema on the flank of guinea-pigs where

we had thickened the epsdermis. Thus, from the histological paint

of view, there is na objection g i

v ta equating guinea-pig cont
~eczc‘m:x with the hurman condition. Naturatly, I do n};tg mcanatcl:
imply that the analogous, or let us simply say the identical histolo.
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gica} 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 a comparable phenomenon
in a child who showed urticaria to honcy. Apart from the urti-
carial reaction to honey, transferable by the Prausnitz-Ruistner
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 Landstener 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 simlar to that obtained in the donors by epicutancous
application of the substance responsible for the eczema. De Ieck
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 clnically resembles the donor’s
reaction, shows no histological eczematous changes. It seems to
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me that these theoretically significant expgr’xmems .s\mu\dh be
pursued fusther, but having cited them, 1 will not discuss them
at greater lenpth, . .

Let us now vetary, for the last time, to a comparison of atopic
dermatitis with contact eczema. .

Cortisone is certainly not 2 substance which we may simply
call anti-inflammatory. This has been clearly shown by}he coope-
rative research accomplished by three Gentva Institutes, the
Ophthalmological Clinic, the Institute of Histology, and the Dt~

i 1 Clinie. The following conditions were found to be un-
affected by cortisone: herpes simplex of the carnea, the tuberculin
reaction m the bovine conjunctiva, the reaction of guinea-pigs to
Schick toxin and to cantharidine, and the reaction in humans to
vitraviotet irradiation.

Tt cacnat be overemphasized that atopic dermatitls and cons
tact eczema respond impressively to this hormone, although
relapses are very common after cessation ol treatment, especially
in cases of atopic dermatitis. But, and this we consider to be
notewosthy, according to our experiments {Franceschedsi and his
collaborators}, the urticarial reactions, which are characteristic
of atopic dermatitis, are not abolished by cortisone. With regard
to the patch-tests, the sttuation is not as clear, for some investi-
gators, such as Ingram and his collaboraters, have seen them become
negative under the influence of cortisone therapy, while others,

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

And 50 we are confronted with still another enigma n a field
which 15 50 complex, so Fall of emgmas, the solution of which will
requite reflection and discussion, but more important than refiec-
tion 3s Further observation and experimentation. We are stifl very
far from a conclusion, and this wil be my principal conclusion,
apart from the following rather obyious one: The differences bee
tween atopic dermatins and contagd eczema are great, and the

fact that the differennial diagrosis way be very difficult s not a
proof that the two condstions are related.

Author's address Profeuor W Jadassohn, M
et ‘K“E’;qlz‘%fxmmnmemmw. Faculer of Meditine,
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Dermatite allergique expérimentale par chlorproma-
zine et action inhibitrice du goudron végétal

Par LINO BUSINCO, SERGIO BENVIGNATI et FERNANDO AVANZINI

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

La chlorpromazine cause dans la peau des réactions d’hyper-
sensibilité, caractérisées surtout par un cedéme le plus souvent im-
posant et dont I’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 P'on 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 apphcation cutanée de d;xhrpmmmm tous les

jours Epiderme et derme A structure normate

Fig 2 Idem Détas] du derme pormal .
Fig 3 ldem Le tssu conyonetif du derme réticularre parait pm(ﬂ{ldtmrnl cedémateux
Les fisceaux sont mal colords et espacés U'un de I'aurre
Fig ¢ tdem Guospe dee \wsseaus du derme réuculaice On remarque une Relle
ertasie atteignant surtout les capllaires
Fig 5 idem Par un agrandusement plus fort, on remarque une digoeiation ardéma-
teuse des fibres conyoncuvales dans le derme papillaire On voit auss une remarquable
ectasie des anses capiflaires d réseaw sasculaere superieel
Fig 6 Tdem Detar] des capillaires ectasques Ils paraisent remarquablement dilatts
ervide de sang
Fig 7 1dem Détadl de Perdéme attergnant séneusement Je tsiu conjonenf du derme
rofond
Fig 8 Idem Epiderme avec des plagucs de spongrase circopserite
Fig 9 Peau de cobaye trautée pendant 5 jours avee up mélange de goudron Hyper-
kératose moderée avec des signes de dégénérauon de I'épiderme, La couche cornéennic
montre une infltraion leucocytaire  Signes modérés d'infiltration dans e derme
papillarre,
Fig 10 dem Detail, le componetf papillaife parait cedémateux et désagrené avee des
signes de souflrasice dégéadeatne
Fig 11 1dem. Detail La couche germinati ¢ montse une acti ité reproductn e évidente
avee canyotnese
Fig 12 Idem Vue d'ensemble de la peau avee les signes d'hyperkératose ct éparssisses
ment de Ja couche germinause Aspect normat dy derme
Fig 13 ldem On remarque un ennchissement scosble des cellules de fa couche
germinatise. Dedemne du bissu congonctif contigu
Fig 14 Peau de cobaye trantec pendant 10 jours asec un mélange de goudron, Repos
pendant les die jours consécuttfs Nouselle appheation du mélange au 21e jour, Lianimal
est sacnifié au 3¢ Jour Couche épidermique éparssic par proifératnn de 1a couche
muquetse de Malpigh.
Fig 15 Tdem Detal de I'ennchissement flbroblasuque dans les intessuces du derme
profond N

A;:i "lliz .l.::m dg czzhixat uzuzg chaque jour avee un métange de goudron et Chior-
Ple our ‘3’:1‘; :‘m:‘;ﬂ nsuite repos pendant 10 jours, sacrifice de I'animat au

7 P8 pres nosmal avee des signes modérés dhyperplasie

&udermique

fig I7 Peau de cobaye tranée chague Jour avec un mélange de goudron et Chlor-
promazic pendant 10 jours Ensuite repos pendant 10 jours, nouselle apphcation du
gy Iie tour Amvmal sactifé aw 23c your yperkiratose, épansisement de la
e Matpigh, infiltration du derme papilarce. Dans ke derme profond 1l ¥ 2 un
Fe 18 1oem l;\‘::lr:\e;nzdcriu une augmentation des fibrobastes

Fig 19 Peau de col

goudvon et Chlorpre

une nous clle applicas ~~ -+ i -t Uit 1epos de ) e o 00

keratose, épussisen :
edeme ‘

Fig 20 Yem Any

Fig 21 1dem Dedeme du congonc f papillasre avec | e des capillases du résean
e ul Ha ec Pectasie d,
pillay a
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Le deusitme groupe a {té traité (ous les jours ‘n\'ccl du;&p}lé;
cations cutanées d’un mélange de gon(‘\mn vighuat et les o r:\lc
ont é1¢ saemfiés en partic aprds le 5e jour et lcs> autres nps csmv
10c jour du traitement. Dautres cx}corc sont rf'stcs .en rcp(: rs)(m
dant 10 jours, ensuite on a wé3 ‘?mmaux, tandis qu. auy Iau ;cm(»s
a appliqué encore m;(c i.'uis le mélange de goudron; on les

e et 24c jour.
ap\‘ésL‘: t’i:‘)xts’ig;e gmupc! a é1é traité avee e n_\élangc de go'udrop et
1a sotution de chlorpromazne 2 2,3%; Tes animaux ont &8 sacrifiés
aux mémes laps de temps quc les ammau‘(‘dcs n‘u(re.s groupes. Da.ns
cette expénence on a introduit nne vasiation, < csl-a-d‘\tc on a fit,
pendant 10 jours de suite, un traitement avec Ja solution de ch}or-
promazine 3 elle seule et, dans les jours suivants, s app'nm\ms\s
quatidiennes de goudren végéral et ensuite, au 2le jour, on a
badigeanné de nouveau avee la solution de chlorpromazine. On a
sacrifié ces animaas de la méme maniére que les autres animanx.

Nous rapportons 1l les résultats des examens histologiques de
ta peau des animaus traités avec la chlorpromatine, avec le mé-
fange de goudron et encore avec la chlorpromazine associée au
mélange de goudron végétal chez les mémes animaux,

Résuliats

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

Le trattement avec la solution de chlorpromazine 3 2,59,
cause, dans {a peau des cobayes, une réaction dhypersensibiing
lacalisée surtout dans le derme profond ou réticulaire, Locdeme 3
est d’une intensité remarquable et it dissocie violemment les gros
farsceaux conjonctivaux en reduisant leur colorabilité. Une spufe
france cdémateuse coexiste dans les couches superficiclles oh Pon
observe une grave ectasie des capillawres, L'acdéme attcint méme
fa couche basitaire de 1'épithéhum et cause Ja spongiose. Dans les
peaux traitées avec Ia chlarpramazine, lintensité de l'aedéme con-
waste avee ¥ absence totale de la réaction prokiférative des histiocytes
pénvasculatres et avec Je manque d'infiliration de granulocytes
¢tosimophules et Qantres ceules que T'on rencontre ordinairement
dans linflammation allergque. La souffrance du tissu est la mani-

€panchement copienx de hquide, dont e cantenu protéique est
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rait méme dénver d’une action analgésique jocale. 11 faut encore
considérer I'hypothése d’une action irri!:In(c sur les fibres nerveuses,
causée par la cnise hyperesgique et qui, moyennant des processus
de vaso-dilatation antdromique et des axone-réllexcs, ctc., aug-
mente la ibération anormale locale de P'histaminc. Le fait qua
cette libération de Phistamine ne s'ajoute pas la présence des
¢osinophules, pourrait étre expliqué par une action d'inhibition de
Ja part de la chlorpromazine envers ces cellules. .ll ne faut pas
exclure enfin que 'edéme par chlorpromazine puisse avorr !u‘u,
dans les enses d’hypersensibilité, au moyen d’un agent chimique
qui ne soit pas Uhistamune,

Quant & l'action contrastante du mélange de goudron végétal
contre la réaction hyperergique cutanéc i la chlorpromazine, elle
pourrait étre expliquée soit par une simple inhibition au contact
complet avec Pallergéne, soit par un mécanisme biologique plus
complexe, Dans ce dernier Paugmentation des fibroblastes peut
avoir son importance et aussi Jes activités biologiques opposées,
provoquées par le mélange goudronneux lur méme,

Résumé

Le trasement avec Ia solunon de chlorpromazine a 2,5% cause, dans I peau des
cobayes, une réaction d'hypersensbilug localiste surtour dans le derme profond ou

rénculaire L'edeme y est d'une intensité remarquahle et il dissone viotemment Tes
wros fassceaus. en reduisant leur col
Une souffrance eed

dans tes couches sup
une grave cctasie des capulgires L'edéme atteint méme la couche basla
thélium et cause la spoagiose L
hiber cette réaction

T'on obmerye
ire de 1'épre
application d'un extrait de goudron égétal peut n

Summary
R LM'\PP‘l\c‘a\Wn of22 5%, slution of ehlormromazine eunkee im tha o = =6+ .
&« ' .
« ) o g, o
An oedemataus state afso exists n the sy

perficial layers where one observes 2.
even reaches the baular epithehial Tayer
cgetable tar extract nhibit thuy Teaction

severe ectass of the capillanes The oedema
#nd causes spongions The application of a s,

Mrese de Tauewr Prof Lino Buvnco Via Agcigento, 6, Rome (Jtabie)
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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 ol il y a la libération de
Phistamine. Tandis qu'ici 11 y a, en cffet, le tablean réactif que Fon
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 capillaifcs sont gr‘f)s.stxs A
cause de Laugmentanon de la part aquense, L'cxamen, axb en
détail 4 fort grossissement, permet de déceler des Pyul}cs et des o
tons minuscules dans Ia paroi tout autour du capiliaire, signe d'un
¢tar d'hyperactivité de passage du corps ﬂmdvc du capillaire dans
1 tissu environnant. A ce tableau morpho}ogxquc correspond une
augmentation anormale de la pcrméabillté,.par runséqusm Yes
(ussus contigus deviennent trés riches dun liguide aqueus. Lhntens
sué de ce phénomene est démontré par e fait que K.m\.pY‘{S’ des
capillaires it y a fréq Qes lacunes dissociant Vintégrité des
ssus. Lexamen Histologique 2 démentré que de cos lacunes par-
tent de minuscules courants de hquide, qui vont dissoerer les cel
fles de la cauche mugqueuse adfacente et surtout celles de Ia couche
basilaire. Cette rrradiation fluide, partant du capillaire de Ja papille
du derme, prend souvent un aspect arboriforme caractéristique,
car elle diminue de relief au fur ct & mesure qu'dlle 5'dloigne vers
1a partie exténeure de ¥ éprthéhum.

Sur la base de ces observations, on remarque que 'altération
Jandamentale est constituée par une souffrance des capillaires avee
Faugmentation anormale de leur perméabilité et conséquente im-
bibution séreuse et cedéme des tissus adjacents, et aussi de troubles
différents de Vinégrité structurale des mémes tissus.

Outre les altérations dont la nature st surtout fonctionnelle,
tes capillaires peavent montrer aussi & autres transformations mor-
phologiquies consécutives représentées surtout par une augmentation
des cellales hisnocytaires prés de leur paroi. Ces histiocytes ~ que
nows appelons aristocytes ~ deviennent plus nombreus d’une ma-
méte varable sous la sumwlation hyperergique ct ils penvent
armver & sorgaruser en formations nodulaires périvascataires Dans
Cfs cas, on peut parfois trouver de nombreux granulacytes émino.
philes mélés aux histiocytes, ce qui est un autre signe de {a véaction
allerpique du tissu ayant lien dans cette région vasculaire.

Leesamen histologique de V'épithéium n's pas décelé d'alie.
y:mor:s ausst impartantes, 11 fant r quer que les modificato
wmorp ques ont Heu particuke dans Ia couche basdaire
et non dans 1a couche superficiclle. Dans fa couche basilaire,
‘out & provimité du tisse conjonctif adémateuy, )
1018 avee spongiose et anssi un renflement dinget
cellules de Vépithétam Parfois 31 Y a auss,

sur-
il y a des aliéra-
nsité variable des
paraliglement A 1x



Busineo, L, Granel, U, Gafft, 4, ct Centannr, ¢ Int Aech Allergy FI #5-60 (1957}

Le tableau histologique des dermatites hyper-
ergiques par contact

Par LINO BUSINCO, UMBERTO GRANELLI, ASSUERC GATFI
et GIUSEPPE CENTANNI

Institut de Rhumatologic de I'Unn ersité de Rome, Hopital San Gallicano de Rome.
Centre d'Etudes brologiques du § M Ordine i Malta

Dans ce travail nous avons soumis & la recherche histologique
la pcau de différents individus atteints de dermaute allergique par
contact. Dans 5 cas d’hypersensibilité aux substances antibtotiques,
nous avons examiné des fragments cutanés extirpés, au moyen de
la biopsie, de Ia 1ésion 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 sitge méme de Ia réponse posi-
tive au test par contact vis-d-vis des allergénes représentés par péni-
cilline, bois de chéne.

Riésultats

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

L’altération morphologique la plus importante, celle qui nous
semblc avoir unc place prépondérante dans le déternumsme patho-
génétique des différentes modifications cutanées, est formée par la
souffrance des capillaires du derme papillaure, cest-a-dire de la
région située dircctement au dessous de la couche basilare de
I'épithélium. Ces capillaires sont les plus souvent cctasiques, leur
calibre est trés large ct ils sont presque toujours sans les éléments
morphologiques du sang. Leur cndothélium est gross: & 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 glnndulaircs' oule lfmg
des voes piliphéres, Pallergéne atteint le derme papillaire et vient
2 contact avec les capillaires qui sont les éléments réactifs ultra-
sensibles 3 I'aflergre. Tei Vallergéne excite les histiocytes de la'pa.mx
capillaire, toujours préts a élaborer les anticorps, £t cause ainsi la
<ensibilisation locale. Dans cc siége, les contacts successifs avee
Pallergine cansent ensuite la libération des substances histaminiques
dont 12 pean est particuliérement riche. Probablement clest &

Fig } Car 792 Eczéoa par appheation locale de poudre de péniathae, Ocdéme
sponguoide du corps de Malpighi Le tissu fonjoncul sous-épithélial parait awsu
cedématens
Fig 2 Cas 792 Detail Par un fort agrandissement on sout un aedeme trés nterue du
e compactid, dont s capillaires sont fostesnent cetasiques < 1udes de sang On
remarque un relichement de 1a contguné des eeltules épimcuses; s interstces cellu-
Ttres sont élargrs et monteent leur en des espaces interfi formés
par Peedeme dans le conponcuf
Fig 3 Cas 792 Autre detat Qedeme du wssu conjonetil avee souffrance spongiotque
de 1z couche basale.
Fig 4 Cos 792 etasl Régron d'une papslie dermsgue svee un congoncuf fortement
démateux On remarque quelque anses des eapillaires trés cctanques Liordeme a
espacé le canponenl adyacent e¢ formé des lacuaes mterststelles dont be hquide 3¢ répand
dans I'épuhétium de Malpight en dissociant les cellules

Fg 5 Cas 793 Bezbrna allergique par Vemplos local de pémetine Ocdéme de fa
eouche wférieure du corps de Malpighn Tissa comjoncof papillaire edémateut avee
des vatsseaux ectasiques et parfors madérément eanch de cethdes hisocytasres

Fig 6 Car 793 Détail Derme papillaie eedémateux avee des samseaux ectasiques

Le tisu conponetf est espacé par des lacunes epdeme qui continuent dans les espaces

mtercellulatres abnommement enlargs du corps de Malpight.
Fig 7 Cas 204 Dermatite allesgsqoe par emplon Yocal de pématline Liépathéium est
remarquablement épaiss, ave¢ un fort processus d'acanthose Parmu des branches
épirhéliales il y a des anses du derme pagillaire tacluses, en fférentes conditions de
soufirance dégéndratne.

N .
PN
a0
N
= viais UL Uegeneration.

Fig.9 Cas 84 Dbl Epithelium mostrans Vinclusion de narties de «

Fig, 10 Cay 804 D,
Papliaices mcluses .
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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 mterstices
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de ces cellules, soit en passant par les voics glnndulafrcs. oule l’ong
des vores prlipheéres, Pallergéne atteint le derme pnplllmrc'ct vient
4 contact avec les capillaires qui sont les éléments réactifs ullra:
sensibles & Tallergie. Ici allergéne excite les Instiocytes de la.p:frm
capillaire, toujours préts A élaborer les anticorps, et causc ainst la
sensibilisation locale. Dans ce sitge, les contacts succesmfs e
Tallergéne causent ensuite la libération des substances histaminiques
dont la peau est particubérement riche. Probablement clest A

Fig 1. Cas 799 Eceéma par apphication locale de poudre de péncilline Ocdéme
spongiaide du corps de Malpighi Le tisu comjoncnl sous4pithehial parait ausm
cedémateux
Fig 2 Car 792 Détan Par un fort agrandigsement on voit un trdéme 1res ntense du
nssa conjemcuf, dont fes capillaires sont fortement cctasiques €t vides de sang On
remarque un telichement de la cantguité des cellules épncuses, Tes intersuces ceflu-
tares sont élargis et montzent Jeur contmuation en des espaces wterfibmiltares formés
par I'edeme dans Ie conjonenf
Fig 3 €as 792 Autee detail Ocdeme du ussu cononetif avec souffrance spongionque
de 1a couche basale.

Fig. 4 Cas 797 Ditot Dbmnn 3 =1 =
demateux On fer

espacé le comjoncuf ¢

a

.
dans .

Fig 5 Cos 793 Ecrema alerpque par Semplor focal de péncilhine Ocdéme de 1a

couche mferieure du corps de Malpigh ‘Tissu conjonctif papillaire erdémateux avee

des vaseaux ectasiques et parfors modérément enrch de cettules hystiocytaes.

Fig 6 Ca3 793 Detad Derme papillare aedémateux avee des \aiseeaux eectaniques

Le tisu congoncnf est espacé par des lacunes d'erdéme qui continuent dans fes esgaces
miercellularres abnormement enfargis du corpy de Malpight.,

Fig 7 Cas 804 Dermaute allergique par emploi local de ndn.

48 0 Lt o4 Detal Les deux anses conjonctivales adyacentes montrent des degrés

dffrents de souffrance. Dans Tunc o obsrmve un savoean setasut, mvee parol

tpasic par Pandemne, o enfonce dans le componcnf edémateux, Dans Pautre, le capil-

arte dans sa parue haute est désagrége et on y remarque la présence de cellules er,
Qifferenss états de dégénération.

#ig 9 Cas 894 Ditad Epihehium montrant Finclusion de nasties oo » o

Fig 10 Gos 84 1

papiltaires nclys

Fig 1] Cas ¢ N
culaire partielle

Fig 12 Cas 85 Deomatne alleryy .

poudre Epithélum avec remarqu

danssa base, Les \aisscans do derr )
€a parue granul
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P 1ai

Fig 13 Cas 806 Détall Vaisseau dua avec un histio-
cytaire pénipariétal
Fig 14 Cas 806. Détal Oedéme pénicapiltaire dans le derme.
Fig 15 Cas 807 Dermatite allergique pac emplor local de pénicilline en poudre L'épi-
thélium parait remarquablement épaissi avec une acanthose considérable La couche
éprthéliale est espacée par des plaques de comyonctf dernuque incluses dans 'éparssisse.
ment de U'éprthélium Dans le derme, on remarque la présence de vasseaux avec

Fig 16 Cas 807 Détail Vasseau du derme asec un épaississement histiocytarre, cedéme
du tissu conjoncnf et présence d’éosinophiles
Fig 17 Cas 807 Détal Détail du différent aspect des plaques de conjonenf dermique
ncluses dans I’épithél Quel Tectasic des anses capillaires et
cedéme du conjonetif, tandis que d’autres montrent les signes d’une souflrance dégéné-
ratne
Fig 18 Cas 807 Détal Souffrance de differents degrés des plaques cononctnales
incluses dans Pépithélium
Fig 19 Cas 807 Détal Région un adéme dérable et
transformation dégénérative de plusieurs éléments de la structure
Fig 20 Cas 796 Dermatite eczématiforme par DD T Vawsseaux du conjonctif dermique
avec une réaction prot cdest ytes p
Fig 21 Cas 796 Détall Oedeme bien visible dans e conjonctif dermique avec augmen-
tation des histiocytes pémnasculaires
Fig 22 Cas 796 Détail Vaisseau du derme papill une
histiocytes pénipariétaux
Fig 23 Cas 796 Détal Ectasie capillaire dans le derme supérieur avec amassement
des vaisseaux péripanietaux
Fig 24 Cas 796 Détail Hyperplasie histiocytaire péricapillaire avec des lacunes remplies
de sérum

des

Fig 25 Cas 809 Eczéma allergique par ciment Epithélum de structure normale
Ocdéme modére du conjonetif sousépithélial Varsseaux avant les parois riches en
cellules
Fig %6 Cas 809 Détall Dans la région du derme papillaire on obserse un eedeme
évident et auss la présence de résidus nucléawr et de Jases comme
résultat d’une souffrance chromque
Fig 27 Cas 809 Détail Dans le derme on vout la présence de vaisseaux ayant les parots
enrichis par des histiocytes éolus en cellules lymphomonocytordes Méme les granulo-
cytes neutrophiles y sont trés fréquents
Fig 28 Cas 79¢ Hypersensibihité a la pénicilline (emplor lacal) Biopsie 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 Hypersensibihté 2 la pémaillne (emplos local) Biopste sur test cutané,
apres 36 heures Epithélum avec des cellules bydropiques surtout dans la partie
basilawe Le est tres cedémal avec ectasie 1 et
des histiocytes péripariétaux
Fig 30 Cas 795 Oedeme et dégénéravon cellularre
Fig 3! Cas 795 Détal Cellules épthéhiales avee hydrope cytoplasmatque

Fig 32 Cas 801 Hypersensibilité 2 la poussiere de bois de chéne Biopsic sur test eutant
apres 72 heures Vésicules intra-épithélales et edeme du derme Il y a de nombreux

vaisseaux avec amassement cellulaire peripaniétal
Fig 33 Cas 801 Autre detl Oedeme du comjonctil dermique avee des vanseaux
montrant un amasscment de cellules dans la région partétale
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I'histamine que P'on doit attribuer Ic réle le plus important dans
Paltération des capillaires ct surtout dans 'augmentation morbide
de leur perméabilité entrainant unc imbibition séreuse plus ou
moins remarquable des tissus adjacents. Cette intervention de
Ihistamine dans les manifestations de I'allergic est démontrée aussi
par 'augmentation remarquable de Phistaminémic chez les in-
dividus porteurs d’eczéma, cc que nous avons déja remarqué en
1941. La stimulation allergénique & comme conséquence aussi
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 Jocaux, 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

dcs troubles d;l)'cr:ms de I'intégnité structurale des mémes tissus
Outre les altérauons dont la nature est surtout fonctionnelle, les capiliaires

peuvent montrer auss: d’autres fc morph consécutines, Tepré-
senfées surtout par une augmentation des cellules histiocytaires pres de leur parot

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
capillanics may also show other consecutive morphological transformations, as shown

marnly by an increase 1n peripheral histiocytes

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

Nationa! Insntute for Medical Research, London

Several attempts have been made to dccid.e by tlcc}rophm‘ct::c
techniques which fractions of the serum proteins coftain the skin
sensitising 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) sggested 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 Seber {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 Petersen and Sober and a
typical elution diagram together with details of the chromatography
are given in Fig 1.

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

Results

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

4 .
$ ) !

i ) ¢ prvwsin JlsLnon 1 was apparently a a.-
globulin and the other. e La

s yrglobulin, Traction V moved at a rate
beiween f and y and later fractions had higher mobilitres.
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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

peuvent montrer ausst d'autres morph repré-

sentées surtout par une des cellules h Y

tarres 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 various disturbances of the structural mntegnty of these tissues

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
Reagn Astisty of y-Globulin Fractions
(Wheal area, m s mm , with | M serum)

Feaction

Conentraven ¢ 2 M N Buslr Whote Serum
0 0 70 100 60 0 90
110 o 10 43 race a &0
1100 0 0 trace o o 50

globulin from fraction IIf wsing ' 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 earlier reports to the contrary
were due to the exceptional sepsitivity of the test and the difficultics
n making it quantitative.

Summary

Serum from allergic individuals has been fractionated on
diethyl amino ethyl cellulose and it has been found that the reaging
are largely confined to one fraction of yglobulin.
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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 sodium
phosphate pH 7.5 prior to chromatography. It can be scen that the
reagins arc largely confined to fraction III and are absent from
fraction 1, the y,-globuhn.

14
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Fig I Chromatography of 3 ml human serum on 3 g dicthyl amino ethy] cellulose
(Column 12x 1 1 em ) 045 m! eluting with 001 M sodwum phosphate pH 7 5 45-180
ml elutmg with 002 M sodium phosphate pH 62 180-270 ml eluting wath 005 M

sodwum dibydrogen phosphate

Similar results were obtained with five other sera containming
reagins against a variety of antigens. In some the reagins were
entirely in fraction III and in others were more widespread, though
always with the highest content 1n fraction IIL.

These results confirm those of others (1, 2) that the reagins are
largely 1n the y,-fractions which contamn only about 109, of the
total y-globuhin of the scrum.

Some properties of these purified reagins were invesigated It
was confirmed that they were labile to heating at 56° for 4 hours as
has been reported using whole serum (9). The suggesuon tl.mt
reagins show exceptional persistence 1n the shin 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 g 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

Dermatolagical Climc of the University of Zurich, Switzerland
(Lur  Prof G Mescher, MLI))

By U W SCHNYDER

Prior to the 1930’s many physicians behieved 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 neurodermatitis. Today, many
dermatologists feel that the immediate positive shin 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 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 Afarchionin: and Aiescher. Thus, 1t 1s the cquivalent
of Besmer's “prurigo diathésique a forme objective eczémato-
lichénicnne”. However, *‘constitutional ncurodermautis” 1s not
the cquivalent of atopic dermatitis 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-
toid” by Rost and Alarchionim, 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.ampxc dﬂ:\?;.\}ms)
has the same etiologic basis as the dermatitis of olflcr :

With increasing age, there is an incrca.smg .hkchhwd h'at a
person  with constitutional neurodermatitis will a‘\so dev ck;p
asthma or allergic rhiuitis, or bqlh,' Yur}hcrmurc, it may i:; 3
many years before potential allergies in children become manifest
as they grow older and become adults.

bronehiale Rhinitis potlinoss
%, et ) Clay-Favar’)
1%
Y
LT " -3
%
. %o 5%

6t ist Ind Ird Ath St Bih
15t 2nd 3rd Ath Sth 6t 2 Sty

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

Although 339, of children with neurodermatitis will also
have asthma, this correlation is found in more than 509, of the
adult cases. In very small children, “constitntional dermatitis™
and allergic rhinits 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
asthima do so 1n the first decennium with relatively few persons
suffening imfia) attacks at a more advanced age, However, only
15% af persons without skin manifestations develon tha G - o
- e .

” weew auun LnieRlgum. ’
Only patients over the age of 16 were studied in this evaluation
of the intracutaneons allergy tests in constitutional neurodermatitis.
There wese 136 newrodermatiis subjects over the age of 16. These
paients were divided into two groups: a) those without Tespiratory
allergies, and b) these with respitatory allergies. The group {b)
was further subdivided into three groups: 1. seurodermatitis with

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

Dermatological Clime of the Unnersity of Zurich, Switzerland
(Dre @ Prof G Miescher, D)

By U. W. SCHNYDER

Prior to the 1930’s many physicians believed that an immediate
skin reaction in responsc to intracutancous injection of test materials
proved that the patient with ncurodermatitis was allergic to such
materials - and that the allergenic substance in part or in whole
was responsible for the patient’s ncurodermatins. 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 neurodermattis® 15 used as
1t has been by AMarchionim and Aiescher. Thus, it 1s the equivalent
of Besmer’s “prurigo diathésique a forme objective eczémato-
lichémenne” However, “constitutional neurodermatitis” is not
the equivalent of atopic dermatitis as 1t has been described by Sulz-
berger and others. Atopic dermatitis includes speaific shin manifesta-
tions occurring 1 infants, children and adults. The present author
classifies the eczema of childhood, called “ Fruhiexsudatives Eczema-
toid” by Rost and Marchiommni, as being different from the othier

forms.
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However, for the entire group of 94 patients with neuroderma-
utis and allergies of the respiratory tract, 70 patients (75%) ‘had
positive tests. In general, persons with neurodermatitis sombmcd
with allergsc rhinitis showed stronger positive shin reactions than
those with newrodermattis and asthma,

Sulzberger today regards skin tests positive to inhalant allergens
as idicative of an allergic predisposition; while others (Nexmand
in Denmark and Tuf? i the Umited States) still regard the inhalant
allergens as largely responsible for at least the seasonal worscning
of the neurodermatitis.
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Fig 3 Seasonal exacerbanon of various types of neurodérmats,

Fig. 3 indicates that 409,
showed warsening dunng the
variation; 189,

of .thc 131 cases of neurodermatitis

winter; 21% showed no seasonal

showed worsening in the summ i

A er, 109, in th

ix:tv;\‘“:\;“u;/o w the spring. However, 349, of thc’paﬁf’ms wiz}c\
rodermatitis and respiratory allerai i

oh i : Yy allergies had exacerhat

:x:\l::x:b t:c.rm.nlo\ongxc symptoms in the winter; 27% had no scgol:;

Sxacerb: “101‘:" !9 % bad worsening i the summer; 89, in 1k,

ncumde,r MA in t.hc spung And 54% of the pane’ms :vho I\as
matits without respiratary allergies showed worsen;

ng
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bronchial asthma; 2. neurodermatitis with allergic rhinitis; 3.
neurodermatitis with both allergic rhinitis and asthma.

78 patients with neurodermatitis (579%,) had positive skin tests,
mainly to inhalant allergens; 58 patients (43%) bad 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 Jaffé, 509,.

£
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92%
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63%

9t | 136 |

n vartous types of constitutional neuro-

Fig 2 Frequency of positive wheal

dermatitis

Fig. 2 shows the frequency of positive wheal reactions in
neurodermatitic paticnts with or without respiratory allergies, Only
199, of patients with neurodermatitis uncomplicnted‘by respiratory
allergies had immediate positive skin reactions to inhalant aller-
gens, But in neurodermatitis complicated by aslhma. the.perccmag.e
of positive skin tests was 63%; in neurodermatitis with allergic
rhinitis, the percentage of positive skin tests was 73%; and n
patients 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 group of 94 patients with neuroderma-
titis and allergies of the respiratory tract, 70 patients (75%) .h:xd
positive tests. In general, persons with neurodermatitis combined
with allergic thinitis showed stronger positive skin reactions than
these with neuradermatitis and asthma.

Sulzberger today regards skin tests positive to inhalant allergens
as indicative of an allergic predisposition; while others (Nexmand
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 exacerbavon of vangus types of neurodérmanus.

Fig. 3 indicates that 40% of the 131 cases of neurodermatitis

s\l\a:«a:ido l:\_o;sac:ung dunng the winter; 21%, showed no seasonal
oo ,“0/ % s?tx;:wcd worsening in the summer, 109, in the
o n:,umd‘,rm e spring. However, 349, of the patients with
ot d“mca ‘mlau'ns and respiratory allergies had exacerbation
Pl (]: ;gc Symptoms in the winter; 27% had no seasonal
e “Q} : ,ghhad Worsening in the summer; 89, in the
ncumde’r mat'n‘ n the spring. And 549, of the Ppatients who had

itis without respiratory allergies showed worsening
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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.

Total
cases

geasonat

ancy ot positivy

Skinraoctions 7

amang neuroder- | 31% %
NPy

motitis cases
54%

AM@ LU

Fig.4 Seasonal dependence of posttive and negative skin-reactions among neuro-
dermatitis cases

Winter ing | Nena

Seasonat depen-

matats coses

Tig. 4 shows the scasonal dependence divided according to
neurodermatitis patients yielding positive skin-tests .'u.ld thase
yielding negative skin-tests. In both groups those cases ‘,Vf‘h more
marked symptoms predominated in winter. In. a(!dxtxon,.sllc
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 those s'ubjecls
with positive skin-reactions and those without do not dlff.er as
regards scasonal 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 al&rg;;i
to pollen and to house-dust are to a large extent responsible
the seasonal exacerbations.

intr e Wons | 1000,
Fig. 5 o
2 G
sl fde Vo
g6 [yfay a
£ A,
1%
Fig 5 Seasonal dependence of with b fuvity to pollen
Fg 6 Seasonal tence of neurodermatitis with bype ity to house-d
{Total
jdust + Jgust ) coses
Fig- 7 N patlents with ion W wunter

Fyg. 5 and 6 show that in neurodermatitic patients with either
pollen or house-dust allergy, the patterns of exacerbation of the
skin allment were more likely to occur in winter. Thus, for pollen
!xypcrs:mihvity, 289 showed no season exacerbation; 32% had

cerbation; 16% summer, 7% autumn and 189 snrne e T
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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.

te non=

depandency
Total casas

Clir

Climotic
depandency

Skin-test 57

positve [, 73eis

27%.

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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this does mot prove that this substance has comribu\cfib in part
ot in whale to the creation of the patient’s neurodermatitis, HO}V-
ever, in many instances, the individual may have a hypcr.sensm\.nty
of the respiratory tract to this material. Fun}xcfmorc, inhalation
of the allergenic pollen may cause an exaccxbauon.of the a\lcfgy
of the respiratory tract {allergic rhinitis ov asthma) wxdluzu\ altering
in any way the condition of the patient’s neurodermatitis.

Summary

1. Yor the purposes of this paper, only patients with neuro-
dermatitis over the age of 16 were studied. About 20% of those
who had no evidence of asthma or allergic rhinitis reacted with
a positive immediate reaction to skin testing with ishalant aller-
gens. But approximately 759, of all patients with nenrodermatitis
and asthma or allergic 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 ailment in the winger,
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; 18%, show
worsening in the summer; 109 in the autumn; 11%, in the spring.
A detatled 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. ';”hefe was 1o difference between the subjects with positive
or negative immediate skin reactions in the variation of the severity
of the neurodermatitis with climatic conditions.

4. DasTamtw v
with all
:e:::a:ms nd as!h,;.;... wost pauents with constitutional teuro-

inha{" There is no pr'oof that an immediate positive skin test 1o
ant al{crgcm indicates that the specific inhalant material i
W part or in whole resp for the o itk *
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Nickel Seusitivity in Women
By C.D CALNAN
Connltant Dermatologut, St. John's Hospital for Diseases of the Skin, London

It has becn known for many years that the skin can become
sensitized to nickel. Most i igators, whether der gists 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 referrcd 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 Posuives Nickel Positioes
1953 1028 478 131
1954 81 a2 198
1955 885 420 180
1936 931 489 146

Nickel is quite obviously the commonest cause of allergic
contact dermatitis in this hospital, Almost all the cases are women,
and very few work in industrial nickel ‘processes such as rcﬁning,
tizing contact agents are stocking
or other chps and fasteners which touch the

or plating. In fact, the sensi
suspenders, earrings,



74 Calnan, Nickel Sensitivity in Women

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 95%.
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Toble 3 .,
Tautial Cavse of Nickel Dermatitis
Suspenders 3?;
Earnngs H
Wnst watch :
Brassiere clips !
Necklace clasp ¢
Spectacle frame

Once the patient is sensitized 10 nidesc\, :\t is very naticeable
that she does not yeact to every contact wﬂ}'x it. On}y one, two or
three suspender sites may be affected, whlle‘ earrings, brassiere
clips, or a watch buckle may produce no reaction. And sometimes
the patient may wear suspenders and othes }uck:\ plat.cd (asmnc.rs
with impuity. This aspect of the problem will be mentioned again
later.

The sccondary 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 n 759, of cases.
Tt appeans to be a very special type of spread which does not ocour
1n any other variety of contact dermatitis, and, as far as 1 know,
does not occur in the nickel dermatitis encountered by workers

in refineries or in nickel plating works. 1t is in fact so frequent
and 50 ch istic that one can

cases of nickel sensiti-
vity from this eruption alone. 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 wonld
appear to be fortui and coincidental, for ple, varicose,
seborrhoae, nummular or atopic eczema. But in the majority it
is an eezema of the hands, which is present in a fifth of all cases
(Table IfI). 1 am quite unable fo atiribute the hand eczema to
direct nicke) contact, as is sometimes suggested (Waldbott, 1953).

Kroepfle and Schuppli (1955 found nickel to be Ppresent in small
amount in household detrranntc bt we o, .y
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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 fasteners
Spectacles
Brooches
Corsets
Sctssors, 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 mckc{. Table II gives
the sites first affected in 400 patients, and it will be seen that
stocking suspenders account for 95%.
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is pro~
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Fig 2
Secondary Spread

(Elbow flexures
Forearms)
Eyelids

Neck and faee
Inner thgh
Generalised

or some praduct of it. This is panied by allergic hyg it
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 cruption 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
plasma cells and are not circulating freely in the serum. Nickel
sensttivity dermatitis of the tvpe deseribed ahnve tc qm o fm eemdee
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Table ITT
Cases with Associated Eczema
Eczemaofhands. . . . . ... . S e e 81 =209
Seborrthoeic. . . . . . . L L. L. ..., 13
Exogenous - o« . v oo i uu i a0 .., 12
Unelassified. . . . v 0 o0 v v w oL, 10
Atopic . . . v Lo e 4
Nummular . . . oo o0 0L, 3

Hypostatic . . . ... .. ........

of such products available in this country with negative results
(Wells, 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 379, 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, in
spite of much suggestive experimental work (Lowenthal, 1954).
Attempts have been made by Dowling (personal communication)
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 of it. Thus i 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, d with a sy

ical vesicular id eruption on
thc. palms and fingers, and a positive trichophytin skin test. The
lesions 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‘1\: i°$= waty from the gr.imary site. As far as we know, the anti-
s ;]:n act dermzmg are present in the lymphocytes and
plasma ce and‘arc not circulating freely in the serum. Nickel
sensitvity dermatins of the type described above is uniquein produc-
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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 mickel positive are often able to wear the metal in cl?lzt:fct
with the skin but show no veaction. Their degree of sensitivity
has not apparently vaned; hence some ?xher factors must play a
partin deciding whether sensitive skin will react to mc.!al contact.
Sweat, friction and penetration are impo.rmlm‘ fa x.uckc\ p\a.lcd
stocking suspender or a clip or 2 nickel coin is placed ina sch}mm
of artifical human sweat for 12 bous, it can be shown that nickel
fuas been dissolved off from the metal. It can be detected by 2
spot test with dithio-oxamide or dimethyl glyo<ime (Feigl, 1949}
The former is more suitable for tissues but not so specific as it akso
seacts with copper.

I¥ells {1956) has shown that nickel has 2 peculiar affinity for
keratin He immersed sections of skin in a solwion of nickel sulphate
and then stained them with one of the two agents mentioned above
for the spat test. Nickel was seen to be located especially in the
deeper Jayers of the stratum cornenm 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 link
18 a very weak one as it is xeadily removed by washing or by a
changein pH to the acid side, From the use of certain histochemical
rethods, 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 keratewne, This is a soluble protein,
m which the disulphide bonds of keratin are broken with potassinm
cyamde. Kerateine and nitkel sulphate are mixed in equal parts
at various pH levels, When an electrophoretic current is passed
f.hc nickel moves with the kerateine if it is linked, but separately
if not bnked. Mickel 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,

é;, any mtermediary pH 6-8 there is evidence of partial linkage.
€ Paper 1s stained with brom-phenol-blue for t i
with rublanic atid for nickel. P e o the protein, and

A NSO BN
more " esented us with
comr to nickel is 30

| ¢ messdslauons 5o wnigue that 1 feel 3t 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 Pathogenesis
of Contact Eczemn in the Guinea-Pig
By J R FREY and P WEXK

Moedical Research Department of F, Hoffmann-La Roche & Co, Lk, Daste

I Introduttion

In spite of the difficulties i defining and classifying the c\inic?\
conditions belonging to the group called eczema, everyone will
agree with the meaning of the word “contact eczema”, “contact-
dermatitis” or *‘contact type eczematous dermatitis”, a condition
frequent in man and easily produced in Iaboratory animals. Besides
1ts chimeal and biological importance, contact eczema is of special
mierest because 1ts pathogenic mechanmism is 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 cczema may be an allergic one,
this mechanism is today not yet letely und i

a3 Ymportant as the fate of the antigen after contact with the skin,
the place where antibodes are produced and the way by which
the whole skin becomes sensitized are still unknown.

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

L Basic Expeniment

Whate gumea-prgs weighing 500 g are used fhm 11 Tt -

b tat Acch Allergy, Vol 11.Na 17 41957
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Summary
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sites of direct contact, a secondary symmetrical eruption of the
“sensitization” type, and patches of associated eczema which do
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test) the following factors, which are under our control, may play
an important rdle: X

a) concentration of the solution

b volume of the solution applied .

¢) area of skin to which the solution is applicd.

As we work only with DNCB dissolved in acctonc, we do not
consider here the rdle played by the nature of the antigen and the
nature of the sohent a question perfeetly analysed in the paper
of de IWeck and Brun As acetone will evaporate rapidly, we obtain
4 certain amount of DNCB distributed uniformly en A certain
area of skin,

In order to work always under identical and reproducible
conditrons the following technique was developped:

a) With a metalhc print, circular arcas are marked on the
shased flanks of the animals.

b) With a micropipette, exactly measured volumina are
applied as uniformly as possible to the marked area.

¢) Reactions are read 24 houts later.

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

The skan arcas used, the solumina apphed, the amounts of
DXCB per em? and the scale used to evaluate reactions are indicated
m table I,

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

Table I
Quantitatne Epicutancous Test

Cireular uheme Concentration of  DNCB
test-area apphed the test solubion prr skin.area
o ems */o DNCB g em?
2 0,025
; 0,050 ?}] 375]  not
o0 02 525 rima
- 09 02| e
Degreeof  Macroscopic 1
reacuon Alaeravons 1.5 st
05 Tsolated red spots 2 sore ] primary
1 Diffue shight redness H el e
2 Strang cedness and 37,80
shght swelling

Decp recdness and |

3
strong swelling
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is used, which is applied directly upon the skin, The first application
performed in order to sensitize the animals is called primayy contact
and the place where it is done contact place, Second or further
applications performed to find out if animals became sensitized
are called test. The time clapsed between primary contact and
test is calied incubation time. Once sensitized, the animals conscrve
this property for a long time, perhaps permanently.

BASIC EXPERIMENT

ﬂ mrbrychioradensene (OHBT
(dissolred n acelone)

PLumary_esnlect (C) Test
Adheswe lpe DMCB 50% 03%0~05%~09% DICB

Y 0% of ormols

i sent fured
}——/ﬂfﬂ&o/u:a /w‘i A;p/«:a//pnj ].—maw
| P S |

0 0] 20 doys
~ - Fyg !

At high concentration DNCB may damage the skin of every
normal animal. The lesion so produced 1s called primary toxic
leston. The lesion produced 1n sensitized ammals by DNCB in
concentrations innocuous to normal ammals 1s called allergic
reaction (== test), A weak primary toxic reacton cannot be differ-
entiated macroscopically from a strong allergic onc. 1f macroscopic
observation of skin reactions is used in order to recogmze whether
an animal has bccome sensitized, this can be obtained only by
applying a test dose certanly not primary toxic. Thercfore, before any
other study can be donc, a quanutatively exact festing techmgue
has to be developed with which to establish the prumary toxic

and the allergic threshold.

111, Toxic and Allergic Threshold

1. Technique of the eprecutaneous lest. When testing skin sensiuvity
by application of a solution of antigen on 1ts surface (eprcutancous



of Cootact Eczema in the Guinea-Pig 85

arily non-texic solutions of DNCB. The numb?r of anirtmls., skin
areas, concentrations used and the results obtained are mdicmvd
m table IV, They show that with increasing 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

Pouuse
ey

Technic of senstiration ’
bgen in

Pomtive | Number of
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 em3 of 5 03 2088 27
Twsolutin of DNCB 1n aceron

o0 a shincarea of 4 emt Topg, 09 76 /88 8.4
9-17 days after pC 09 76188 86,4
14 aumals sensiized by apph.

Aton of some DACH gy 03 45781 53,6
O AN explantate wath goa: 05 70/ 84 834
pedcle and skun bridge. Tepg, 09 20 /84 95,3
76-91 days afier PG i

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

%o DNCB-solutian In acetone
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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 II. They show that
even when solutions of 1%y, are applied, 12,5% of the animals

Table 11
Determination of the primary toxic threshold concentrauon of DNCB 1n acetone on
the guinea-pig by apphcation of 0,65 cm? on a ski-area of 4 cm?®

Namber | Nomber of Testoncentration
Experi- | SRR | Do per.
: L ! % 15 % 2° fon
e mals concents | pnmntoos % An RAGN o, | analee,
a 8 16 2 125|114 815|116 100 | 16 100
b 8 16 1 62) 9 562|138 875} 15 938
¢ 8 16 2 125|100 65|12 750( 16 100
d 8 16 2 125(12 750 |14 875[ 16 100
e 8 16 5 31,2| 2 125[13 813 16 100
f 8 16 o o0 )1 52]12 750|114 825
Total 48 96 12 125}48 500(8t 8e4 | 93 970

develop primary tonic reactions. Applying solutions of DNCB in
acetone of 0,9-0,5 and 0,3 %/, ~ 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 III). The macroscopic
aspect of primary toxic reactions, as we shall see later, cannot
be distinguished from the allergic one (plate I, figures 1 and 2).

Table 111
Behaviour of non-sensitized normal amumals agamnst the acetomuc solutions of INCB
used for the testing of allergic ammals Volume apphied 0,025 em?, area 2 em?

C trati L (h sity

TR | oo s, |
03 375 0 149 ,
05 6,25 0o . 19
09 1,25 1 9

Conclusion: Appropriate concentrations to test scnsitized am-
mals may be weaker than 1%, Positive tests obtamned with Ingher
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 imes with prim-
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Table 5
Determinanon of the Tncubation Time
P . Nuember of pesiin e ammals after days il
centra- of
wor lammats) 3 | 5 16 | 7 ) 8ot
050, | 21 | 0 { @ 6] {6 t1aife
0T | M o | o} 2 alel2(o0to
100, | 26 (3 a i 10 g 2 0 [}
1,06, 2 0 Q 1 4 2 1 » o
doses | 4007y | 8 8 { ai 2] s t o | o
Tol 97 Sy n (a5 {3y (s | 7 o1 v
Tosste animals sn per-
cent of the total ¢ ) 0 josayssofao| 72] 0 10
Sum of the percenss o ) o jouiesiasfmol o |iog
Prima- {  50° 2 o {1 {28 2
nity , k3 6] ¢
toue | 50 3 8
doses { 50 8 8
509, 8 g
507, 3 3 8
Totd b ol 22w lse s | k]
Number of eested ammats { 2¢ { 32 | 0 { 8 { 8 { & 2
Percentage teactng
pontinely 9 1687} 975 [ w00 000 &rs 1000
W

N .
3 Incubation vme of experimentat contact eczera im the Funea-oe afs
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Posiyre
‘ovmols
"%
100,

2.
01 05502 030405 @91 752 3 4 5%
ovB

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

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

raals with high sensitization Unbroken curse primary toxic reactions Ahscissa logarith-
wically subdivtded  For numerical vatues see also tables IT and IV,

1V, Incubation Time

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

a) The carhicst time when animals can be tested.

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

c) At what tme processes as important as the formation of
antibodies take place, i.c, when corresponding alterations may be
searched for 1n certain as yet unknown organs.

1 Experiment. Several groups of wirginal 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 onc 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 primary
contact. Between 5 and 9 days (after the primary contact) practi-
cally 100% of the animals had become 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 doses.
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Table V
Determinanion of the Iacubatan Time

Number of potive anjmals aftce day<

Con-  |Number

seostti | centra-

Gi7 8 9‘I0 \\3\2

2 | 3
2|4

ma

[}
Number or mlcd ammzb 24
Percentage reacting

postiely

zed with] uon  |amimalsy 4 ‘ 5
U S M
Prima- | 0.50%, 21 8 0 o 11 & 1 o ¢
nly | 075, | 3 ) os o j2) 4 al2 Do
pon- | 100, | 26 o0 tlw({a |2 o '
toxic | 100, | 8 o]0 a2 ' ]
doses | V00, |8 9 { @ af 214 5 1 o {0
ol 87 ¢ U {25 |3 |30 7 ] [
Positive ammals 1 per-
cent of the total o o 258 | 350 { 300 72 0 18
Bum of the percents 0 0 2358 | 608 | 918 | 990 D 1000
Prama- | 509, 24 0 16 23 24
ay | 500, & s1 8
toxie 507, 8 B
doses ) 509, 3 a
0, 8 8
562, 8 P 8

687 1 97,5 | 1000 | 1000] 87,5 toao

78317 days ofter ¥
o5 ety

Fig 3 Incubavon tme
of experimental contact eczema m th
@ guinea.
(;B‘?\a;t:] n{:xﬁercm strength Dotted tme* Vging primanly ng:y.: m“pckaalner iy
o} Unbrcken e, Using primanly sonic sl (300,3 Abees oo 0,5~
subdiwded For mumerical values see ible Ve T
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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 . .
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0 e
" 2 . 8 0exs & % a5 s
cortoct g
Homder of anmls 3 ; . %4336 BN 3
wezoh eprrmerl

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 skin.

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



of Contact Eczema in the Guinea-Fig 94

= Sbater pump NM = Mask
Fig § Apparatus for anesthesia (schematically) WE It
o s OFF ~ Operavon fild AL = Rubber tube for aiw WF o= Tode
il ether Arrows indicating the direetion of ctirrent into the svtem

crystals of DNCB and more recently by apphyng 0,002 fnl of
a 50% solution of DNCB 1n acetonc. The area of the primary
contact is then covered with a litfle adhesite tape to avoid conta-

mumation 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 a great vein and some arterics and neryves 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,
vens and nerves, did sensttization appear. Using explantates
prepated 3, 13 and 19 days before, it could be demonstrated
that the absence of sensitizauon was not duc to a state of surgical

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

3 Conclustons On the basts of these results we may postulate
Wt mfluences emerging from the contact place are not trans-
mitted by the pathways ing the expl 1o the
1e, the blood and the nerve path and that this transmissizn will
probably be done erther by the Iymphatic system or the shin.
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VIL. By which Pathways Do the Factors Responsible for Sensitization Become
Generalized to the VWhole Skin

1. Experiment After the results obtained in our previous experi-
ments it was extremely 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. Resuits. As shown 1n fig 7, mt 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 1n 15, negative
i 5 and readings unobtainable in 5 cases. On the normal skin
the reactions were posttive in 21 and negauve 1n 4 cases. The

macroscopic aspect of a positnve test on the cxplantate 1s shown

on plate II, figures 4-5.
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Plae 1

Fags ]-2 Toxic and allergic reactions of different degree

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

Fig. 1 Bandage with elastic adhesne tape
Figs 2-3 Primary contact on the explantate
Frgs 4-5 Positnve test on the explantate

Figs 6-f Preparation of an explantate with ascular pedicle and skin-bridge
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Plate 111

3
Fig I Primary contact on an explantate wath vascular pedicle and shin-bridge
Fig 2 Explantate with skibndge Incionn to remove the subiiaral lymph nodes
Fig 3 Lymphatic vesscls of the skan of the guinea-pig Lateral view with representation

of the cutanequs muscles L = Lymphatic vessel, Ln, = Lymphonodulus, Le
Lymphocentrum 1 = Ln buccalin;

= Le Submenale; 3 = Ln mandibulans;
4+ = Lc parondeum, 5 ~ Ln cencalis superficialis (cramalis, 6 ~ Ln awillans
externus s accessonus (caudalis), 7 = Le subiliacum, 8 = Ln pophteus

a = L. to the Ln axllars propris {craniahis), b = L to the Ln femorabis medialis,
¢ = L towards the depth fo the Ln renalis, d = L turung to the laceral side and
appeaning agam on ', € = L turming to the medial side of the thigh, f = L for the
o popliteus, g = L. crowing the median line 1o the opposte fank, b = L. of the

antenior and infertor region of the chest
Gerkard Kellr Die L dec Haut des M, hens Zewschrfe fue
Tnfektions-Keankhesten 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 vp,g 2 Ve, arteria
and nerves 1n the middle part of the pedicle Enlargement .) 200, tan Geeson V' = strongly dilated
veinj A = arteria partially thrombotic and recanalized, N = nerve, G = granulomatous tissuc



of Contact Eczema in the Guinca-Fig 97

sa 81
5 Aumalt @ Tatal,
= £ *§
+ % % 0
@8 e
S
T2 Ameafs 51.5 o4
Skt | DS
5 5 % ] 3]
s 5§ w8t
Aot
:?é Jnels Lol §?
m W0 dars
¥ ~ Wg e fulonete "

it the normal skin.
Fig 7 Ammals sensitized by apphcation of the pnimary contact on !
Tist performed on the explantate and the normal skun. Abscissa: days afier btg)nﬂm;
of the egpenment. + ~ = Test posiuve 1esp. negative. O = Readingrunobtainable.

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 lymphatic vessels ot 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§,
ﬁé’urcs 68 and plate IIf, figures 1-3.
then p d s i

Two experiments were

P y in fig.9c and a. 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 s:.ccmd group the regional lymph nodes were removed surgi-
cally just before the application of the DNCR on the explantate

(prmary cantact) The pomary contact and the test were then
performed in the same way.

2. Results. As shown m the fig. 8 from the 32 animals which
recesved thewr primary contact having thewr Iymph nodes left in

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

d with the ism by a v \! pedicle and in addition by a skin

bridge. Significance of the regional lymph nodes. Experiments 2, b, ¢ lymph nodes

left in situ. Experiments d, e, f: lymph nodes excised. Abscissa: days after begrning
of the experiment, 4 — Test positive resp. negative O = Readings unobtainable.

situ, 28 devclopped 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.

c) The regional lymph nodes may be only a part of the systems
which transmit the influences emerging from the contact place
to the organs where antibody-like factors are produced or may
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Fig §  Espervnets on aulaneeus fragments (explontates) schematically pepresented The

ymphatic yestels are represented as chains, the blood paths a1 tubes; artertes and

veins are not specially differentiated Systers partcipating in the senntizing process

are marked i black, systerms not partaipating m wiite; the positive tests dotted.

a) and b) explantates with vasculo-nervous pedicle, ¢} and d): explantates with

vaseulo-nervous pedicle and skin bndge, 1 d) the regional fymph nodes have been
excis

2) Pnomary contact performied on the explantate. Lymphatic system Rot involved,
test on the explantate and Yha ra—ee 07

©) Pumary contact on the explantate Lymph nodes left n wta, Lymphaue system
wmolved Generalisation by the blood paths Test on the explantate and the normal
Sum postive

) Pricnary contact o the explantate Lymph nodes previously excised Test on the
explantate and normal san postve Trapsmusion of the inBuences emerging from
the contact place via nerves contaned 1 the pedicle 1 defirurely 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.

¢€) We consider that the factors responsible for the sensitization
of the entire skin are 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 cczema. 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

h

ymal tissue (granuloma) following introduction of a foreign
body (28). The polysacch ide may also £ bly
experimental bacterial or viral infections (22, 29, 30, 37 38).
In a preliminasy cammeaniomsion . 1o F

uons were obtained from gram-negative bacteria and especially
by fractionation of vanous Profeus species and culture filtrates of
these orgarusms® . In the meantime, we have tested » arge number
of new polysaccharide prcpamtmns derived from Proleus and have
also ded our on thew b

aof action,
Anti-Allergic Properties

The ps were studied as to thewr effect on systemic as well as
local anaphylaxis, using the foll g tests:

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

pigs.

* The g were prepared by Br, F W Kalat i 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-
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cnous § the dutal portion
n of pyrogen-{ree saline, Tdenucal lengths of t
e wer‘:ﬁ::nddgny‘; S eal organ bath as described above, Exactly 30 minu-
p :Iltr‘:munﬂ the ntestne m the bath, theethold doses of f‘lllu(ed egg-white were
ﬁded tothe m'[:n path The height of contraction of the controlintestines was c;mpar:d
Yeth that of animals which had recewved a ps ingection prot to being Wiled. rpn:!el
oups of senstistd guntapig were subnutied to the same procedute, except tha
i lh;::a;c the dose of the antgen was 50-100 times higher than the minimal effective
dose
Results

Certain preparations denved from Profeus n{lgan’: proved
disunctly protective against death from anaphylactic shock. T_hc
minsaum effective dose, i. e. the dose which when given 30-60 min.
before induction of shock would reduce mortality from 100% to
at least 50%, was found to range from 0.1-3 pgfkg in the case
of the best preparations The anaphylactic symptoms in the tur.
viving guinea-pigs were reduced in intensity and duration according
to the dose and depending on the preparation employed. With
some preparations practically no symptoms at all were observed
or, if so, the symptoms were usually only short-lived. Usually
good ps reached their optimal anti-anaphylactic activity only
30-60 min, after the injection.

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

In contrast to synthetic antiti it was ionally ob-
served that ps preparations which had proved fully protective in
Previous tests failed to do so when re-tested under identical condi-

tions but with different batches of sensitised guinea-pigs, The reason
for thus 15 as yet unknown

It 15 noteworthy in this connection that, among the different
PS prepavations tested by us, the majority proved inactive jn dosages
of 0.1-3 pgikg as far as theic anti-anaphylactic effects were con-
c;rned, Increasing the dosage of an anu-anaphylactically ineffec~
tive ps 10-20 fold did not result in any measurable iprovement
in its anti-anaphylactic activity,

Ant-anaphylactically active ions inhibited
b T or sup-
pressed, the active Arthus reaction En rabbits or guj i
2 inea-pigy, D
of 10-50 pglkg were necessayy . A

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 mtrapenitoneal

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®

. o oo f~ - - == - ~dwith egg

. . 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 beng sacrificed, while the other half served 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 n @ + Dustal sleum 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
m\; k4] 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 ling of the anaphylactic hani:

In order 10 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 pglkg 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 pgfkg 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 in 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 1z 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 u 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 sﬂpumldy‘ in disulled
v-altralr-:-:‘ltn‘: n concentrations of 1-10 prgfmd or 10-100 pgfmi respectively. Eq{u}.:
volurnes of these sohauons were thoroughly rmxed in 2 test tube and compared witl
bastemone solutions using the solated guinea-pig iloum or the blood prewuee of the
atropimsed eat as test obyects, . .

b) Werle's technique (47) The ps were dissolved an 195 acttie acid containing
2 g histamine]s 1l m concentrations varying from 33 g ~ 330 pigfel

6 rml aliquots of these solutions were dialysed at room temperature for 2 hours
against a known volume (194 rol) of 19 acetic acid. The fustamine 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 zitro 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 1solated 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 i even disappeared pletely. No
binding of histamine was observed using Werle's dialysing tech-
nique (47) with rather high toncentrations of ps and histamine,
It should be moted, however, in this connection that in ™ost
expenments the ps were employed in concentrations 10 times
inferior to effective concentrations of heparin.

Determination of Skwartzman reactivity scemed to offer an

ng possibility of d ing a with other
types of immunological respanse, although it may 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

g, 2B were wected soacutanmSy W S -
< . : ‘. ’
@

4 heonat v.dose of 10-30 ugikg
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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 vivo
a) Insitn

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 istamine, 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 eatro to the isolated rat colon
suspended in Ca—low perfusing fluid (19) and tested for possible direct antiserotonin
effects.

b) Invivo

Guinea-pigs were mjected 1. v, with up to 10 times the anti-anaphylacuc dose
of a given ps Starting 3% hour after the admunistration 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 ad i as a 29 aerosol;
since guinea-pigs show p 1 hyp ¥ to upon repeated exposure,
separate lots of guinea-pigs were used in order to evaluate the effect at vanous inter-
vals after the i, v. admmistration of the ps

Results

No direct antihistamine effect was found in the 1solated guinca-
pig gut, nor was the histaminc sensitivity of the gut of guinea-pigs
treated with ps i vivo altered to any appreciable degree. Similarly,
treatment with ps afforded guinea-pigs no protection against
histamine acrosol. 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 cffect of ps.

In spite of the negative results obtained with ps against hista-
mine in vilro or in vive, it seemed 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) - seemed of particular intercst and was therefore
investigated using two different mcthods.
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Binding of Histamine in vitro
< ps and histamune dibydrochloride were dissolved szv:\mlcly. in distilled
wmr'?,rT,:me concentrations of 1-10 pgfml or 10-100 pglmt respectively Equal
volumes of these solutions were thoroughly mixed 1t a test tube and compared with
estamene scharons using the folated guinca-prg o of the blood pressure of the
atropinised cat as test objects, i
) Werlé's techmque (#7). The py were dissohed in 13} acetic acid contaming
2 g histamune/G 7l in concentrations varying from 33 pg - 330 pig/ml
6 ml abquots of these solufions were dialysed at room wemperature for 2 hours
against a known volume (194 m) of 1% aceyc and. The histamine content of these
dualytates was compared with that of controls i Whith 1o s was present in the c:.uw
phane bag Control expenments were also conducted wing heparin in congentrations
1033 10 1 33 mgfead

Results

Some of the ps, when mixed i zitro with histamine in 2 ratio
of 1 : 100 and using final concentrations of the ps of up to 1 pg/ml,
were found to bind 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 mixung, 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 even disapy 4 pletely. No
binding of histamine was observed wsing Werles dialysing tech-
sugue (47} with rather high concentrations of ps and histamine.
It sh?u)d be noted, however, in this connection that in most
’ the ps were employed in concentrations 10 times
inferior to effective concentrations of heparin,
) Dr:u i tion of Sk y seemed to offer an
Interesting possibility of demonstrating a connection with other
types of § g al Tesponse, atthough it may not help greatly
to explain the anti-anaphylactic action of ps until more is known
n reactivity is a reliabl
mdex for such types of effect. ¥ ’

i

about the extent to which this Shwartzma;

Shwartzman Phenomenon
Rablits were wjected miracuty d
50418, 24 houry Toves 1h e s ROy Wit doses of e eanens e o
Other groups of 1 . :
the prepaatoty s .

. ' .
o e st of 10-30 gk
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Results

‘When tested on rabbits using Shwartzman’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-dermat 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.

Pyrogenicaty, Leucocyte Response

Most exp on p, ity were pecformed on g -prgs or rabbis
A few were carricd out on cats hetised with dial or chleralose 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 mn gumnea-pigs, from the marginal ear
veun n rabbits, or from the exposed femoral artery mn cats Differential white cell counts,
including thrombocyte 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 s 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 njection 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 employed. 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 m body
temperature, probably as a result of toxic or circulatory effects.
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The majority of the ps studied proved Tighty pyrogenic; in fac:;;
when injected intravenously into guinea-pigs, some of them ?“

produced 2 significant rise in rectal lmfpcr:\lurc in a dose as; .ow;
25 0001 pigfkg. On the other hand, taking 3 pglkg as the cntica
dose, some ps were found to be inactive in so far as they prodt{ccd
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 wsually resuited in the appea-
rance of muld to moderate hyperthermia, but with no appreciable

| in the anti-anaphylactic effect.

Following injection of a ps in @ definitely pyrogenic dose, 3
pronounced fall in total circulating leucocytes occurred within
5-10 min, i, ¢, earher than the vise in rectal temperature. The
leucopenic effect was often spectacular in that as much as up to
859, of the leucocytes disappeared from the peripheral circulation,
It was also noted that during the leucopenic phase the bufly 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 normal fevel by as much as 70-80%,.

The lencocytosis wazdue to palymorphonuclear cells and usual-
ly lasted several hours before returning to normal fevels; it was
accompanied by more or less pronounced lymphocytopenia. The
platelets fell withia about 15 min folowing injection of the ps
and remained at subnormal levels for several hours These haema-
tological effects and the hyperthermia were observed with some
vanation tn degree and quality in 2l the species examined. The
non-anaesthetised rabbit with its normal lymphocytosis showed the

most marked polymorpt 1 y and lympt
v ymphopenia,
whereas in the anaesthensed car these effects were appreciably
4 .
less p Typical ples of these resp are shown
in figures 1 and 2

Influence of Anaesthesia on Pyrexia and Leucocyte Responss

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

Table I
I of h upon and leucocyte reactions i the cat
Polysacchand D R, 1
Amenpete ElUNANe s sempersiure oy eseotyions

Dial-urethane 16617 3 + 4+ 4+
chloralose « 3 + +++
Dial-urethane 19338/8 0,03 +++ +++
chloralose « 0,03 (+) 44+
Dial-urethane 195153 0,03 ++ MY
chloralose « 0,03 (+) ++

'+, cmployed 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 lcucocyte
reactions (Table IT).
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Fig 2 Catd 24 kg Dial urethanc anaesthesia. At arrow intravenous injection of the
ps preparanon No 16617 100 pgikg

Relationship Between Anti-Allergic and Pyrogenic Properties

Most of the ps had a pyrogenic effect on guinea-pigs when
gen 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 anaphylacuc shock, although
they it di:

Taved
played an

1y potent pyrogenic 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
doses 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 2 risc 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
Pyrogenecity and anti-allergic effects of different ps
Pyrogemeity Antranaphylactic activity Inhibrtion of
e, ™ Rabbit Schultz-Dale reaction Genren® """
mowe®  in rivo/in miro®” " i pig* Rabbut*®

16617 + + + + o + +

16619 + + + + [¢] + +

18879/3 o + + [s] +

19338/8 +++  ++ + + +

19342/5 o o (+)

19553 ++ ++ O A
* Standard dose 3 ugfkg ** Standard dose 30 ug/kg

O - +++: Arbitrary activaty unuts (applicable only to pyrogenicity)

All these observations show, that bacterial ps may produce
different cffects 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 role

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 amphylacﬁf: flloclf or loc‘:\\. :m::;,
phylaxis do not possess ATy detectable afmh\sgamme activity
o or in the intact animal and since theit antiserotonin acsn\:m‘y
in vive is only feeble, it follows that suchv effects cannot contribu 1;_
in any appreciable degree to the an.u-anaphxlacnc activity ?‘
Proteus polysaccharides; their anti-allergic properties must necessan:
ly reside 1n same other mechanistm of action.

A divect mechanism, such as an inhbitory cffect on vascufar
permeability due to «proofings of permeable pores, can be ruled
out g prieri for purely quantifative reasons. As 'cvxdenccd k‘ry our
experiments, the binding of histamine in zitro, 1 €. ncutrflhsatxbf\
of histamine in some way or other occurs only under certain parti-
cular conditions but not under fitions in which, for pl
heparin is bighly sctive. Furthermore, so far as we have heen
able to detect, ps injected intravenously have no significant in-
fluence on plasma histamine in anaesthetised cats. The antisero-
tonin activity of Profeus ps must be considered as an indireet effect,

stce it is not detectable when the ps are added iz zitro to the iso-
lated rat colon,

It 15 therefore most bikely that the mechanism by whick
Proteus ps exert their ant-allergic effects differs from that of
known anti-allesgic drugs; furthermuare, these effects do not appear
immedhately, since even when the ps are 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 njection of ps.

In 1955, Humphrey (16), wsing a Pyrogenic ps fraction from
Chromobacteraum prodigrosum, found that it completely inhibited the
Arthus reaction in rabbits; but he discarded this effece as due
to nom-speaific interactions such as Jowering of the blood pressure
ete. Our exp with ps ob d by fractionation of Prafeus
wlgans barteria or culture filrates provide evidence that ps in
#g amounts are able o inhibir certain efects of the antigen-anti-
body reacuon oceurning in systemic anaphylaxis in the guinea-pig
as well as focal anaphylactic reactions of the Arthus type, Under
certain conditions they also irhibit the Shwartzaman phenomenan,
Torcw:xch they are used both as preparatory ag well as pmvocativ;.
agents,

8 Fot Arch Allergy, Vol 11, Ne 12 (1357)



114 Meier/Bein/Jaques

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 i#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 present
cxpeximcntal data, the possibility that steroids and/or substan-
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ces like isoprapyl-noradrenaline ::nsﬁbu(ed to the antiallergic cffects
% is one that cannat be ignoted, . .

* P’?mﬂtﬁmc appeats to bea parallel ‘.vi(h oth.cr 'ﬁndmgs rclﬂu;\S
to the effect of ps on the immune reaction, their mﬂucn.cc on the
o pt seems i ting. Our findings I}tm

feus ps possess preparatory as well as provocative propefties
vp;rl;’ciutgtcg v ’s technigue (40, 41) are in
Yine with previous reports on such properties of bacterial and other
ps prepacations 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 Serraiia marces-
cens {42). In 1952, Alechinsky reported that colture filtrates of Coli,
when injected intravenously at the same time as the preparatary
intracutancous dosc, largely inhibited the severity of the local
Si ph following p ive intravenous injec-
ton of one and the same filtrate (1). We have now been able to
confirm these results using small doses of our purified ps prepara-
ons.

There is also a possibity that the anti-anaphylaetic effect
occurs in connection with the pheromenon of «promunity». In
1936, Grskov and Kaufmann (33) found that mice which had received
dead typhoid bacilli i, v. or 1. p. developed a resistance 10 lethal
doses of this ism 1-3 days after ad stion. Similar findings
have recently been published by Rouley (37, 38) and others (22).
Ths inutial resistance disappeared rapidly and was not due 1o
classical specific immunity, since following the injection of one
species of dead Gram-negative bacillus transient protection against
many other species was obtained. This phenomenon can also be
‘provoked by Highly purified ps of Gramenegative bactesia, gonado-
trophic hormone fractions, ete. as described by Meier et al. (30),
It may be that this ph af * P

! ; i 4 with
Pullemer’s properdin system (34, 35, 46). But on the basis of the

present c\'fldencc, it cannot be assumed that such phenomena as
«promunity» .and the properdin system are the main or only
l]'?c(urs respansible for this 1ype of reaction In any case, they may
ave a n with the anti-all effects observe

by us uang ps from Proteus. N rerved

Thomas and coll. (#4) have shown that, when high doses of 2
s derived from Serratia marceseens ave injected into rabbies they

s

g to Shuart
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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, e. 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 bz.zsis of the present
cxpen'mental data, the possibility that steroids andjor substan-
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They have no direct antihistamine or.ands.crotonin ci’{cct in
vitro, nor do they counteract the effects of histamine acmsoli in ti:m
intact animal Their antiserotonin activity in the intact guinea-pig
exposed to serotonin aerosol is feeble. Under certain mnd\'tmns
they bind histamine in vtiro, but do not cause any appreciable
change in plasma histamine in anaesthetised cats. Mo.s! of lhf:m
are pyrogenic in the doses in which they afford protection against
anaphylactic shock. However, some of them are nor-pyrogenic in
anti-anaphylactic doses; thus pyrogenicity is not a prerequisite ?i'
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 d with the antj-anaphylactic
action which we could find 1n our experiments was that the reac-
twvity of the isolated gut taken from an animal treated with anti-
anaphylactic doses of ps, is greatly reduced when threshold con-
centrations of the antigen are used although it reacts normally
towards histamine. The mechanisen 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 a 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 inhibition 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 zivo 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 2 manner identical 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 humeral 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
either 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.

It 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 2 bearing on other problems of immunisation and scnsi-
tisation,

Our experimental evidence is so far obviously 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.

Summary

Ps derived from cells of Proteus vulgarss 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.



Hekns £, Tt Arch Allergy 15 113138 (13371

On Anaphylatoxin
By F. HAHN

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

In 1910, in the same year as Dale and Laidlaw descn:bcd the
similarity between histamine intosication and m}aphylncnc shock,
Fredberger prep phylatoxin. At first this zmrnctcd' more
attention from anaphylaxis research workers. Perhaps it was

d that the anaphylatexin theory tried to explain t}.xc
connection between the antigen-antibody reaction and the toxin
formation experimentally, As is well known, Friedberger produced
the towin 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 smmune precipitates, and after Nozy 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 1solated 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
histamine, this organ showed strong contractions. It thercfore
became doubtful whether the lethal effect of anaphylatosin in
the wtact ammal 15 connected with a direet effect on the smooth
wseulature, or whether it actually leads to a fatal bronchospasm.
‘When 10 years later Feldberg led the histamine theory to triumph,
e no Jonger had to fight against the resistance of the anaphylatoxin
theory. During the last few years, however, interest in anaphyla-
tounhas been axoused once more, since it was found that it possesses
the properties of a histamine liberating substance. As we showed
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On Anaphylatoxin
By F. HAHN

From the Pharmacological Insutute of the Medical Academy
Disseldord (Germany)

In 1910, in the same year as Dale and Laidlaw dcscr'}bcd the
similarity between histamine intoxication and al‘\nph)‘hcuc shock,
Friedberger prepared anaphylatoxin. At first this attracted more
attention from anaphylaxis research workers. Perhaps it was
advantageous 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 an 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 longer 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 Kellawgy 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 one 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 isofated 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 herc the hista-
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mine liberation in the isolated lung rinsed with Tyrode's 5“‘,‘“.‘“
1 related to the pulmonary inflation of intact animals, In intact
amimals, the histamine Yiberation in anaphylactic shock waul.d
appear to be yather stronger than after the injection of gunea-pig
serum anaphylatoxin, which would also correspond to the findings
of Dale and Kellaway, This is seen if our blood findings in anaphylas
10xin shotk are compared to the results obtained by Code in ana~
phylaxis. Unfoitunately, the blood values cannot be so well eva.
Tuated, since in shock, a decrease in feukocytes and blood platelets
takes place. Through this phenomenon, it is even possible that a
decrease in the blood histamine vafues can be observed despite
anincrease 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 comparatise 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 Sulva has repeatedly di d the considerations which
indicate the participation of a humoral factor in anaphylactic
shotk, and which would explain the recent interest in anaphyla-
toxig research, Further vesearch is necessary in order to show
whethier the humoral factor i identical with anaphylatoxin.

Recently we have attempted to obtain an indication as to
the part played by anaphylatoxin in anaphylactic shock, by examin-
mg whcthcx" any decrease in the capacity of the scrum to form
anaphylatoxin takes place in anaphylactic shack. So far these
e S, s i s e e
Yootz Factor 15 pasGdn 3 - use here the partitipation ofa
be seprofuced oo x}; : y evident, and .b:causP this shock can

fuc anily, and a5 often as is required. In guineas

mEs, we injected 2 constant dose of a haemolytic sheep’s blood
amboceptar  About one minute Iater, we took blood from the
Zz;rot(;d Together with dextran, the serum cbinined from this
h:l? asga\; an anaphylatox}in which was at an average less than
potent as that obtained from normal serum, Coagulation

xdnc ‘:\; dsh(::lkc b::md,r espeaally retraction of the blood cake, was
d therefore devised various i i ’

:ctergmm whether the & ion of §x§tnm_cn:a:r§ l:’dc" u‘:

y this arcamstance, Since in shack the biood platelets and leako-
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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 protan. This protein which transfers into the
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110 fraction may, together with a factor contained in 111-0,
aphylatoxin.

{uml‘fhx;: ?ml;ﬁzns frat normal serum are isolated and subsequent-
ly incubated with dextran, then an anaphylatoxin effect is o'ma:ncg
with 1111, but not with I1E-9 or I-111-1, 2, 3 slone, provide
that both fractions are separated exactly through d”“‘?xc_t“‘mc.‘mn
of L-T1L, If they are then mixed again, an anaphylatoxin is obtained
which has an efficacy not much fess than that of the incubated
native serum. With incubation of one hour, the efficacy equals
about ¥y of that of the initial serum, with a protein content of
36%, of the total serum protein.

We thus succeeded in demonstrating that two sharply separable
factoss play 2 part in the formation of anaphylatoxin. :ﬂﬁs Tcm?crcd
it possible for us to examine 2 few questions of seaction Kinetics, 1
would Yike to summarise the mast 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 dituting the serum with Tyrode’s solution (1 : 4},
the absolute anaphylatoxin formation is hardly influenced.

3 If the mixture ratio between II1-0 and I-ITI-1, 2,3 is
altered as compared to the normal ratio in such a manner that
either 111-0 or I~111-1, 2, 3 is reduced by a half or a quarter,
then the anaphylatoxin formation is reduced (with constant
meubation time). This reduction is in the average somewhat lower
Wpun Wat whitch wowld corresponad to the degree of dilution,

4. 10 one factor (I11-0 or 1-X11-1, 2, 3) is obtained from
ncubated serum and the other from normal setum, then no further
formation of anaphylataxin takes place {with constant incubation
vme) Thus, in the ion of anaphylatoxin, a
of both factors takes place. )

5 The factor contained in ¥I-0 is sensitive to a temperature
of 56° C. 'This is not the case with the factor contained in I-II-1
i, 3, nor with apaphylatodin iiself, Lower temperature degrce;

ave not been examined,

6. The facfor contained in IT1-0 is sensitive to zinc, This 3s
not the case with the factor contained in I-III-, 2, 2 or with
anaphylatoxin itself Other metals have not yet 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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& a biclogically § ing ph and deserves
further attention.

Summary

Anaphylatoxn has the properties of a hismmin? «libc‘mdz.\g
substance for the guinea-pig. The question of its panicipation in
anaphylaxis still remains unanswered, Recently it }fas been de-
monsirated that in inverse anaphylactic shock there is a dccrc.nse
in the capaity of the serum to form anaphy latoxin, The mechanism
of anaphylatoxin formation in vitro hos been {urther clucidated. The
process depends on the presence of two serum factors which can
e separated by Cohn’s method of fractionation. The formation has
a hugh temp caeficient, 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 sensithve io
zinc-ions, The toxin itsell has subjbty properties different from
the serum factors mentioned above, It is Jess sensitive to certain
physieal or chemical influences, The relation between anaphyla-
toxin formation and complement function is stilf 10 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, the 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
Ouchterlony Gel Plates
By JOSEPH G TEINBERG
From the Bencard Alicrgy Rescarch Uni, Brechworth, Surrey, England

A new tiscovery 1s 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 stramns to new anubiotics
the nd- »7--+ 7 ° .

gronS
apphice oo

So 1t has been with Quekterlony'’s (1949) discovery of antigen-
antibody precipitation patierns in double diffusion 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 :dennity” prevailed, later revealed complex-
wes which were not simply resalved (Kamnski, 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,

Qn the other hand, 1n Jess than a decade widespread applica-
won has been made of Ouchterlons 's basic discavery in many sclentific
El\sc\p\mts Modufications have been dev eloped which have enbanced
it usefulness,

2 ot Arch Aoy, Vol 1, No 34 11957)
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IWells. From the start I disliked templates for forming ur'clls“x:;
the agar, They hold up proceedings because one must_“:{:u[ ;ruml
gel mn one plate to set before the template €an be remove a;xn. o
for asecond plate Nor was I intrigued by the corh borer techl lg [
With the latter, distances between wells are not accurate. 50
designed, and our Instrument Shop constructed, gel cutters to meet
our various needs (Fig. 1). After plates are poured nﬂd. set they are
hned 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 watcr vacuum pump s inserted down the )\0"03\'
shaft of each cutter tube and the plug removed. When the cutter is
hficd out an exact pattern of clean-walled wells is left. The eutter
1s moved from plate to plate and the operation repeated In minutes
dozens of identrcally patterned and spaced plates are prepared.

Fig | Cutters for making standardered gel plate patterns

Marking, Wniting across the bottoms of the dishes is an e

IR

»~ svsnuve apeierence notch {rom the edge of the gel and
plot the antigen-antiserum layout (with reference to the notch) in
the workbook. If we wish 1o place specific information on the gel
itself, we use a solution of Alctan Blue {1 C 1} and a fine artists
brush This was first desenbed as a specific polysaccharide stain
for bactenal capsules (Mc Kunney, 1953). ¥ thought it should stain
agar, which 1 a polysaccharide, just as effectively. The Alcian Blue
stains the gel mdelibly and permanently, being unaffected by
subsequent immersion of the gel for washing, fising, or precipitate
stamng

Recording, In most cases it s desirable to make 2 permancnt
record of the precipitation patterns obtained. Simple line dravang
1sJaborious and subject to bias and boredom - a combination deadly
to accuracy. Staining, mounting and drying the gel1s a slow, time.
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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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{¥ells. From the start T dysliked templates for forming wells in
the agar. They hold up proceedings because one must wait for the
gel in one plate to set before the template can be removed and‘uscd
for a second plate, Nor was I intrigued by the cork borer technigue.
With ihe latter, distances briween wells are nat accuraie. So 1
designed, and our Instrument Shop constructed, gel cutters to meet
our various needs {Fig. 1). After plates are paured and sct they are
linied up on the table. The cutter of desired pattern is set on the
first plate and pressed into the gel A drawn glaws 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 16 left. The cutter
1s moved from plate to plate and the operation repeated. In minutes
dozens of identically patterned and spaced plates are prepared.

Fig 1 Cutters for making standardized gel plate patierns

Markimg. Wriung across the bottoms of the dishes je an »e

+ v sanurl daeierence notch from the cdge of the gel and
plot the antigen-antiserum layout {with reference to the notch) in
the workbook If we wish to place specific information on the gel
tteelf, we use a solution of Alcion Blue {LC.LY and a finc arst’s
brush This was first described as a speaific palysacchande stain
for bacternal capsules (Afe Kunney, 1953). I thought it should stain
agar, which 15 2 podysaccharide, just as effectively. The Alcian Blue
stans the gel indelibly and permanently, being unafiected by

subsequent immersion of the gel for washin ficwng, or precipitate
gel for washi
q g, frang, pitay

\ I;tm;dmg In Imost cases 1t 15 desirable to make a Permanent
‘; io:m of the brecipiation patterns obtained Srmple hine drawmng
avarnious and subject fo bias and boredom - 2 cortbnation deadly

6 accurag
ey Staintng, mounting and drying the ged 15 2 stow, time-
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In our laboratory we have madc 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 observations and
original 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 techmques could suffice to give the results
required, I have never been awed by complexity, and in our work
with the Quchterlony plate I have madec 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 agaimnst which the precipitation bands can readily be
secn 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 clamfication was {rwmitful and recently I published
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 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 saline and
virtually neutral pH. We have not found buffering 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
siliconc grease, rubbed into the bottom of the petrt dish. It makes
the glass non-wettable and effectively discourages solutions and
sera in the wells from cozing under the agar.
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Identsfication and Discrimination

1 shall treat he subjects of identification and discrimination
together because there is a good deal of overlapping of \hcxr_ pro-
vinces. One must diseriminate between bands even 23 one is at-
{empting to identify thew; and one must properly identify separate
tands as belonging to more than one antigen-antibedy systen when
one s trying to discriminate between them.

This brings up the perennial question: what .cxac(ly docs a
precipitation band mean in terms of antigen-antibody systems?
That a single band may in reality be made up of 1wo or more
systems, whose bands are superimposed, is now well recognized.
Fig. 3 shows such coalescing of bands actually taling place. From
1t we can see that it is entirely a matter of conceniration. 3t em-
phasizes the need to study the precipitation pattern at different
antgenic contentrations before wemifying a band as deneting a
single antigenic component. Only by such study can diserimination
Be obtained hetween multiple antigens which may precipitate along
the same Jine at certain concentrations

So much iy clear and, I believe, generally recognised and
accepted  But there 15 also reason to heheve that in certain cir-
cumstances one may obtam two or more bands from asingleantigen-
antiody system, even when one does not fifl the wells more than
once. 1 beleve, in fact, that the Liesegang ring phenomenon is not
entirely absent from the antigen-antthady reaction in gel diffusion
phates 1 know this suggestion will arousc strong emotions, because
i was a long time before gel diffusion studies could break away
from Beckold’s (1903} orginal misconception that all multiple bands
were due to the Lusegang phennmenon, rather tha to a mulapheity
of antigens and antibodses It 15 not my intention 10 revert 1o the
notions of Bechold, but salely to point out that sometimes the Liesegang
phenomenon may slip into our plates to confound our attempts at
rdentification and discrimunation.

- mz';’:;;s’;ﬂc! : ::ﬁ:s’ i{‘}hmny{fcal) brefly, are noted pa_r(icularly
o ol \hr;u o - en silver nitrate, {or' example, "s allowed
gh 2 tube of gelaune containing ammonium chro-

mate a xhythmfc precyputation of niver chramate takes place if the
salt concentrations are nght - re,

2 serses of precipitation bands
f;:n‘;s‘ n‘\ \hc) 8¢l Hughes (1934), explaning the Liesegang phenomen-
s 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.
Fortunately, our staff photographer took a heen intercest 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 secing 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 cariier 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 see a form of banding which I
think is independent of temperature changcs: Between wells 2 nn_d 1
{reading clochwise) we find a band spreading ?u! and becoming
two. It is the outcrmost band of well 2 where it most clczsc.ly ap-
proaches well 1. A possible explanation is that the preciprtation
around well 1 has drawn on antibody from the interzone between
the two wells, giving rise to an area 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 “ravefaction”
-~ or, more orthodoly, antigen excess ~ may be created because
lowering of the temperature may slow the diffusion of the large
gamma globulm antibody molecules more than the smaller oval-
bumin molecules.

Fig- 5 represents a different case. This is a conscntional
Ouchterlony plate in which the antiserum was in the centre cup and
the antigen 1n the three peripheral cups. I think you can see the
ntense bands formed within 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
distnct through being more intense and compact”.

But how can anugen or antibody breal through the barrier of
a precipitation band to form additional bands? We already re-
tognise that a precipitation band is no barrier to the nassage of
© -

- 00 actual

. a photo-
sovivglapn 0f 2 precipitation band in an agar gel (Fig. 6). It is
apparent that what may appear as a sohd band to the naked ¢ye
1s 1t reality a collection of discrete precipitate particles I think st
reasonable that, 1 view of what we saw before, the spaces between
the particles are “rarefied” 1n respect of antigen and antibody mole-
cules So1t s entirely possible that such molecules way pass through
the band zone without weeting their opposite numbers; and so he
available, of conditions beyond are nght, for precipitation in a
sccond zone This agrees with the views of Jennings {1934) and
Jenmings and Malone (1954) I I may borrow an analogy from
nuclear physics, the mean peneteation distance of a neutron 13 only
2 staustical average, which may be well exceeded by any mdividua)l
neutron Likewsse, the zane m which a preaipitate forms in a 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 in a rabbit. By no conventional method of Ouchlerlony 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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P 8

a

Fig 7 Crosmgeaner (“reaction of nonadentity”™) of enucal 1

y p Lands
{between wells 6 and 1)
Frg 8 Enfargement of crossng-os et area from Fig 7
Fig 9 Spur formation (“reaction of partial identity”) between cross-related antigens.
natne ovalbumin and chemcally substiluted oy albumin
Fig 19 Gel plate precipuauon of a scmple chemucal substance (Double sersal ditution
clockwise from well 1)

which a spur 1s formed at the point where two adjacent bands join
up {Fig 9) From what I have already shown it is obvious that spur
formatton need not necessarsly represent partial identity. If two
bands are supernimposed and one of those bands 1s identical with
that at an adjacent well, a linkage would take place between the
wdentical bands, yet 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 sllustration I turn to a stady which arose from an interest 1
had in the possibihty of employing a simple synthetic chemical for



136 Feinberg, Identification, Discrimipation and

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 1ts partial specificity with the latter by hooking up
with st

A

Frg 11 Falure of sour farmaniem Turtwaem ~eet RO

ton bands T
haplen, nght

Fug 12 Intraget specific abvorption Mixed anugen-anthody systems, unabsorbed {se¢
text for detal),

T have speut some time crying “Beware™! I feel T was justified
1 sa doing because before we can make proper use of a method we
should understand s mechanics and be aware of wts limitations,
In the case of the Quehterfony plate the nature of the molernlee we

g Aat .

3

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 museellany such extracts contain In atlempting 1o
compare them with other related extracts — such as those from

different pollens -1t 1s virtually impossible to follow accurately the
Jomnings, partial joimngs and crossing

bands. gs-over of the ndividual 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 theory 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 15 what we would
expect, since the antiserum is unispeaific 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 arsamhc group. The bands it
forms aganst the two antigens have a partial identity - to native
ovalbumin — so they jomn. But in addition the antiserum 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 each 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 dusct' ;,0

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

the coupled ovalbumin that it is pt i )

dcmrmstpmze its partial specificity with the latter by hooking up

sath .
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Fig 11 ailure of spur formation between parnally related anvgen-antibidy preciptas

tion bands Top well- chemcally coupled oxalbumun, bottom well, chemcal dnalent

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

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

1 have spent some time crying “Beware™! 1 fecl T was justified
1n so doing because before we can make proper use of a method we
should understand 1ts mechamics and be awarc of its limitations,
In the case of the Quekterlony 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 brighter side of my paper

Thus will concern itself with sdentification 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 anugenic mscellany 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
Jgom:;xgs, 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 T fecl 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 tho. 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 line has disappeared in the mived 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
specific 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 ovalbumun, 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-
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17
Fg 13 Tniragel specific absorpuon Punified ovalbumin n gel.
Fig 14 Intragel speaific absorption Commercial fibrinogen in gd
Fig 15 Intragel speaific absorption Ovalbumin and fibrinogen 1n gel
Fig 16 Tntragel speafic absorption Antovalbumin m gel (5%,) Note masking of
outermost fibrinogen band
Fig 17 Tntragel speaific absorpuon Anti-oralbumm {25%) m gel Note uamashng
of outer fibrinogen band
Fig 18 Intragel speafic absorption. Antiovalbumin (10°) i gel Note unmasking of
outer fibrinogen band

gen preparapion 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 elminated by intragel absorption with the commercial
fibrinogen, elimination of all bands by absorbing n the gel with
both antigens, and that intragel speific absorption of antigens can
be accomplished by incorporating antiserum m the gel, with a
similar specific elimmation of precipitation bands. In Fig 17 we
also sce the heterospecific 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-
cifiaties 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
clucidating the recogmzed, but so far poorly defined, relationship
between the pollens of the grasses. And as we have scen so clearly



Quantificanion in Ouchterlony Gel Plates 143

demonstrated on one of the glides I have shown., in our hIIl'ldS
intragel absorption has already made clear one point about WhlE!]
there has in the past been some duspute. It has sho)vn thfn there is
o obvious effect on the pattern, placement or. intensity of the
bands of one precipitating system by the diffusing antigens and
antibodies of 2 second system. In fact, cven in a zone of antigen-
antibody reaction there is no interference with the bands of hetero-
speatfic precipitates. .

21 2

Fig 21 Tntragel specific abrorpion 1n crass-related systems Elrmnnanon of one anngeme
specificity
Fig 22 Tntrasel speeific absorpuion 10 cross-related systems Ebmination of both anti-
gemuc speaificiues. (Band at Teft well 10 an artefct )

Quantification

This brings me to the final section of my talk: quantification
m Ouchterlony plates This 1s a very new ficld. When Wodehouse's
review appeared 1 1956 it stated *“With OQuchterlony plates quanti-
tanve determinations arc not possible™. Shortly thercafier 1 pu-
bhished a preliminary description of a methad 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 unit are n themselves meaningless The
one ignores the efficiency or lack of efficiency of the extraction
process, the other ignores the possible allergenic role of polysac-
chande and turns a blind eye to the mdigmues the protein may
have suffered 1 the course of the extraction The highest protein
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Fig 19 Intragel speaific absorption. Anti-fibrinogen in. gel
Fig 20 Intagel specific absorption Anti-ovalbumin and ant-fibrinogen i gel

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

You will recall the pattern of partial identity we got in our
ovalbumin and arsanihc-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 ovalbummn 1s added to the gel all the
ovalbumin bands cisappear, but between the coupled ovalbumn
and its antiserum a strong band persists, running off in the direction
of the spur on the unabsorbed plate. This shows the spur was due
to a second spcaificity on the coupled ovalbumin molecule. 2
specificrty duc to the attached arsantlic 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 mn the antugen-antibody system

Such, then, are the potentials of mtragel absorption i helping
us to identify and discriminate between precipitation bands in
Quchterlony plates. An obvious application of the techmque 1s in the
study of the components of complex anugen-antibody systems,
especially between systems which have some components i com-
mon. Absorption by the clements of one 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 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 shdes 1 have shm\'r}, in our lmr'uh
intragel absorption has already made clear one point about \\'hlc!l
there has in the past been some dispute. Tt has shotvn (hf\t there is
no obvious effect on the pattern, placement or intensity of the
bands of one precipitating system by the diffusing antigens and
antibodues of  second system. In fact, even in a zone of antigen-
antibody reaction there is no interference with the bands of hetero-
specific precipitates.

21 2

Fig 21 Inwagel specific absorpuion in cross-related systems Ebmynation of onc antigemic
specifieity
Fig 22 Tntrage! specific atxorption 1n cross-related systeme Fhimination of bath ann-
genic spresficities. (Band at 1oft wellas an arsefact )

{uantificatton

This brings me 1o the final secuon of my talk. quantification
m Quchterlony plates This 1s a very new field. When IWodehouse's
review appeared in 1956 1t stated “With Quekterlony plates quanti-
tame determunauons are not possible” Shortly thereafter 1 pu-
blished a prelimunary description of a method for such quanutative
determination (Feimberg, 1956).

We were led to our scarch for a good routinc method for
quantitanve antigen analysis because of our dissatisfaction with the
availsble methods for the assay of alfergens, Both the Noon unit
and the protein mitrogen umt are s themsches meaningless, The
onc ignores the efficiency or lack of efficiency of the extracuon
process; the other ignores the possible allergenic role of polysac.
;l;:f\de;nd turns a blind cye to the indigmities the protemn may

e 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 dilutions of a single pollen extract, showing fallacy of “weak” and
“strong™ bands (clockwise from top well}
Fig 24 Senal Didunons of pollen extract 100 (top well), 80, G4, 51, 41, 33 Note
tnsensitn ity 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 anugens in a heterogencous muxture, If, at the
same time, the method could give a qualitative prcture of a hetero-
gencous 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 Ouchterlony plate scemed to me to
offer any prospect of meeting these conditions.

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

Fig. 23 demonstrates the fallacy of attempting to draw quanti
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 mner components start off extremely
faint in the strongest concentration and do not become a “strong”

band untl we get to the lowest concentration, passing through a
3-band stage on the way.

Fig 25 Cutter for quantitatise gel plates

Thus 1llustrates 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
i the first well or that n the last, In the first instance we should
have concluded that there was a strong outermost component with
virtually little else. In the second we would have concluded that
there was a very strong mner component and a weaker outer one,
N The starting point of my search for a quantitative method was

¢ conventional Quehterlony plate. We sce in Fig 24 what happened
when T attempted to titrate a series of dilutions of a goldenrod
go:rlen extract. It was most discouraging, for one could see hittle

ifference between the first dilution and the last, which was onl

one-third as strong On theoretical grounds 1 redesigned the yl

Pattcmvto be ftudmd and designed a new style of cutter (Fxgc:’g;
© prlclc‘lsslanuucdslmplc device, made 1n our own Instrument .Sho[;
oo standards The distances between the cutting tubes are
e 1% :;st ll'neasu:lcd by a travelling microscope - to plus or
fo- s sturdy and virtually indestructible The one you

1ot 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 od The famnt 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 platc, showing a series of dilu-
tions of a hazel pollen extract, successive endpoints are achicved
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.

WP TN
N V0

Fig 3/ Two identical sets of plates showing extensibihty and reproducibiity 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 mixture 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 season, any in vitro assay method which offers
Icss is but a blunderbuss approach, not far supenor to the protcin
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 1nto a somewhat simpler method which would
suffice for such less demanding situations. This was but a quantita-
tive refinement of the work of Petrie (1932). Instead of establishing
a scrum gradient in the gel, the serum is actually incorporated 1n
the gel at a surtable concentration - gencrally 5 or 10°,. Senal
dilutions of the antigen are placed in wells cut m the agar. With a
cutter I designed 1t is a simple matter to set up any number of
plates with identical patterns of 18 wells, all of identical size (Fig. 33)
One can, as I have donc on this plate, use three sets of six holes to
titrate simultaneously on the one plate three different preparations.
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Fig 32 Tutravon of indnidual antigens of heteros

gencous system on one piaic {welhs 1,
)
Fig 3 Antgen utration m tripheate, after one-half hour,

Fig 3 AsTig 33, after 24 hours

Actually in this plate I have used the same solution three times to
demonstrate the reproducibility of the method. It is seen that the
last ang of precipttate forms in each case 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 are actually specific
preaipitates formed by diffusion of the serum from the agar into
the antigen-contaiming sells, The conditions present — i.e. fived
antiserum concentration in the presence of varying antigen concen-
trations ~ and the manner in which the precipitates formed were
remiuscent of the classical Dean and Webb optimal flocculation
system Would 1t be possible to assay various antigens in terms of a
gwven antiserum by observing their optimal flocculation concentra-
tons in gel plates? Experimentation showed this was indeed a
practical possibiity

In fact, this plate was set up to study just that phenomenon,
In Fig. 33 one can just sce evidence of floceulation taking place,
prncipally in the fourth well After one hour incubation at 37° C
{F1g. 35) the flocculation is more casily photographed, and it is
clearly seen that 1n each case 1t has been maximum in the fourth
well This offers an interestng alternative to the previous method
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individual antigens (Fig. 32). In this platc, showing a series of dilu-
tions of a hazel pollen extract, successive endpoints are achicved
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 tubc 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 antigemic 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 arc times when and situations 1n which less
critical analysis will suffice. Wlile working at my refined quanti-
tative technique it became obvious that with slight modification 1t
could be transformed into a somewhat simpler method which would
suffice for such less demanding situations. Thus was but a quantita-
ave refinement of the work of Petrze (1932). Instead of estabhshing
a serum gradient in the gel, the serum 1s actually incorporated 1n
the gel at a switable concentration — generally 5 or 10°,,. Scrial
dilutions of the antigen are placed n wells cut m the agar. With a
cutter I designed it 1s a simple matter to s?! up any numbcr of
plates with idenuical patterns of 18 wells, alt ofidentical size (Fig. 33)
One can, as I have done on this plate, use three sets of six holes to
titrate ssmultancously on the one plate three different preparations.
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used the Quchterlony gel plate is an extremely flexible 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 appheation in the work you may yoursches be doing on
antigen-antibody analysis,

Tinally, 1 should hike to thank those of my colleagues who have
0 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 photographic technique which made possible the photo-
graphs he prepared to illustrate this paper, while Mr. R. D. Peiers
made the gel cutters And to Dr. F. H. Milner, Technical Director
of C.L Bencard Ltd, and 1o Dr. F, Farguharson, Dircctor of
Beccham Rescarch Laboratories, I am indebted for encouragement

m my work and for permission to present it today at this distin-
guished meeting.
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Fig 35, Antigen-anubody precipitation m welly
Fig 3 Ann-serum ttration in triplicate, after one half hour
Fig. 37 Antiserum titration in triphcate, after 24 hours

for gross antigen titration in antiscrum-agar. We have not yet had
the opportunity to compare the relative accuracies and sensttivities
of the two methods, but intend to do so in the near future.
There is yet one more modificatton I have made in the
Ouchterlony plate to adapt it to quantitative immunologtcal 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 in
the agar and serial dilations of the antiserum 1n the wells. Again an
cndpoint develops within one-haif hour at 37° G and remains
unaltered afier 24 hours {Fig. 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 gei diffusion studies mn plates has given
us such a pawerful tool for tmmunological 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 fimished up a Zechariah
predicting for it a new and bright future as a unique foundation for
immunological quantification. But even gloomy prophecies have
their use, and in the present case T hope they may serve to foster
caution in the interpretation of precipitation patterns obtamned
gel platcs. On the brighter side, 1 think T have shown that properly
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Fundamental Aspects of Single Yersus Double
Diffusion Methods for Immunological Assays

By R. AUGUSTIN
From the Wnght-Fleming Insutute, $t Mary's Hospital Medical School, London, w.2

1

Oudin’s brilliant realisation of an i jeal :ma!ys'u‘ of
complex antigen-antibody systems without the 1aborious 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 reactant

In the original experiments (“diffusion simple”) Oudin over-
layered a column of agar ining a ion 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 hiquid-gel interface and will then be seen to stretch further and

further down the tube as more Ag eats its way into the Ab layer,
clearing it of free Ahin sha vvamae- To e e e

3 mvesu Ldgged, and may finally dissolve in its upper pax_u
where there is a large excess of Ag. At what distance from the
lcat.'ltng edge this occurs depends upon the ease and rapidity with
which the icular Ag-Ab pr dissolves in excess Ag.
In ﬂ.O(ECulaling (“horse”) systems (narrow range of precipitation,
Precipitate soluble in excess Ab as well as in excess Ag, see fig. Ii
lines rather than long drawn out zones of precipitation can be

11 Tot Arch Allergy, Vol 11, No 34 (1857}
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Fundamental Aspects of Single Versus Double
Diffusion Methods for Immunological Assays
By R. AUGUSTIN
‘Prom the Wright-Flernng Tnstitute, 51, Mary’s Hosphtal Meducal Schoal, Lendon, W. 2

Oudin’s brilliant realisation of an immunochemical :ufa\yxis of
complex antigen-antibody systems 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

Antgen as the external reactant

In the original experiments (“diffusion simple™) Oudin over-
layered a column of agar ing a ation of
antibody (Ab), called the internal reactant, with a solution of
antigen (Ag), called the external reactant. At sufficiently high Ag
1o &b 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-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,
cleaning 1t of free Ab 1n 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
wh:x:c there is a large excess of Ag. At what distance from the
Icafilng edge this occurs depends upon the ease and rapidity with
whith the particular Ag-Ab precipitate dissolves in excess Ag.
In ﬂ_o:.culaﬁng (“horse™) systems (narrow range of precipitation,
precipitate soluble in excess Ab as well as 1n excess Ag, sec fig. I)‘
lines rather than long drawn out zones of precipitation can be

11 Tat, Arch. Allergy, Vol 11, No 34 (1957}
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Keeping the Ab concentration constant, and using various A'g
concentrations €, OQudin found empirically that 2 straight line is

obtained when »;— 35 plotted agairst log C, ie.
t

—;TTzAlogc.-B )
Where A and B are constants.
Backer et al, (1951), on the other hand, plot the square of

—;?against log C and also obtain a straight line, i. €.

°
T= AtlgC — B e (3

Where Al and B! arc other constants, Becker et al, (1951) then
proceed to show that an el y th ical of these
Qiffusion problems can reconcile the contradictory statements [v3]

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

Oudin, therefore, in his experiments, must either have been
working with Iow Ag-Ab ratios or have used a rather limited

straight portion of the curve obtained by pleuing'}%agaimt log C.

Qudia’s method bas been applied extensively in a modified
form by odehouse to the standardisation of allergen solutions, or,
more accurately, to the standardisation of some antigenic compo-
nent of allergen solutions; that is, antigenic in rabbits.

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

‘;i,;u Constant, Cn oo (4)

n b'eing yet another constant, and G the initial Ag-concentration.
This gves, re-written:

2

log e Constant + n log G .. (5)

This would, 1f correct, lead to yet 2 third relation, namely
x

x
t}:’it a plot of log m {.e.of nmﬁm'r a3 done by Oudin nor of

7 @5 done by Becker et a), for large Ag to Ab ratios) against log G



154 Augustin, Fundamental Aspects of Single Versus Double

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

h
H
v
¢
|
1
¢
1
i
i

A Y
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
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

= k)t (D)

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

}—7;=AlogC—B a{2)

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 e ®

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

. . - x .
straight portion of the curve obtained by plotting .- against log 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

n b.eing yet another constant, and C the initial Ag-concentration.
This guves, re-wntten:

%= Constant Cn @

x

log = Constant + n log C Lo (5)

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

th‘at a plot of log W (t.e.of ncltheri‘ as done by Oudin nor of

*
~¢ as done by Becker 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-
pitate soluble in excess Ag and insoluble 1n excess Ab. — “horse’ flocculation
N s a IR e, o carbohydrate

> (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.
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i ing various Ag
Keeping the Ab concentration constant, and using vanous A
ccnccnm\pdogns C, Oudin found empirically that a straight line is

obtained “hcn% is plotted against log G, i.c.

;‘T:Alogc—n .2
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.

2 AkgC— B e (3)

Where A? and Bt 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 f? for low Ag-Ab ratios.

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 applied extensively in a modified
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

% = Constant, C» e @

 being yet another constant, and C the initial Ag-concentration.
Thus guves, re-written:
x
log F = Constant + nlog C - (5)
This would, if correct, lead to yet a third relation, namely
that a plot of log =
.

4 m (i.e.of neithcr% 2s done by Oudin nor of
¢ s done by Bed

ker et al. for large Ag to Ab ratios) against log C
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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-
din’s th- Fortunately Woadehouse does not make use of his theoreti-

cal considerations, but proceeds by direct comparison with a
standard. Using a graphical method of % 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 (—k4Dy) _ €y 1/Dy g

{1 — exf (k/2)/D,)] exp (—k?/4D,) C, | D,
where D, and D, are the diffusion coeflicients, 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).

Determination of Ab- ions (and equivalence rattos)

In general the Oudin method has not been used for the csti-
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 taay be compared by (;ncorp'ol:it-
ing them into 2 gel (4g & the externsl reactant) and ‘elcrfrumng
which Ag concentrations give equal depths of penctration in tfm
instances. Theoretically, the ratio of these two Ag-concentrations
should then be the same a5 that of the two Ab-concentrations.

1. b) The concentration of one of the intcrna\ reactants (Ab)
may be varied while keeping the Ag-concentrations (Ag as the exter-
nal teactant) constant. As before equal depths of penetration should
indicate equivalent Ag-Ab ratios, i.e, one Ab-concentsation may
e expressed in terms of another.

Qudin (1952) claims to have obtained straight lines by plotting

* Jagainst the logarithm of the Ab-concentrations, Indeed, by
7
exterpolating these straight lines to zero movement {x = 0 for all 1)
he claims to be able to obtain rough estimates for the equivalence
ratio R - *éxcept in extreme cases™, From his fig. 8 (Qudmn 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: ions of { 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, Sprers and Augustin, 1957) that Oudins equations can only
hold good for a very fimited range of Ag-Ab ratios, it is a little
disturbing that st should matter what absolute concentrations are
wsed. At high concentrations some interference with diffusion

processes may be conceded on general grounds, but deviations at
low ¢ remain ined

2. b may be used as the external reactant, in which case the
Ab-concentration must exceed that of the Ag. In ponciple it should
agam be possible to make co pari of Ab « ations by
varying either the Ab-concentration at constant Ag contentration
S’la) or by varying the concentration of the internal reactant {which
l(sztt)c Ag this time) while keeping the Ab concentration constant

There are, however, certain limitations. Qudin does not
recommiend using Ab as the external xeactant in ‘precipitin systems
for purposes of immuno-chemical analyses because Ag-Ab precipi-
taies are not soluble in excess Ab (i

> 2 T 8. 1}; i.e. the density of the
precipitate gradually increases from the leadine edem “:‘{ e thn
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should give a straight line. Luckily, in his plots of experimental

x
I
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. [FWodehouse

'
of Ag-Ab ratios including the range of Becker’s —}:— as well as Ou-

x
din’s . Fortunately IWodehouse 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
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 + of (2/D)] exp (—K¥4Dy) _ Gy 1/Dy (g

[1— erf (K2)D,)] exp (—k2/4Dy) G,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 ‘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 (Augustin, Hayward and Spiers,
to be published) over a wide range of concentration ratios (from 1
to 4000).

Determination of Ab ions (and l 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 ge {Ag as the external teactant) and determining
be'xch Ag concentrations give equal depths of penctration in Ifolh
instances. Theoretically, the ratio of these two z\g—COnCcnu:nuons
ehauld then be the same as that of the two Ab-concentrations.

1.b) The concentration of one of the internal reactants (Ab)
mas be varied while keeping the Ag-concentrations (Ag as the exter-
ral}uztml) constant. As before equal depths of penctration should
indicate equivalent Ag-Ab ratios, i.e. one Ab-concentration may
be expressed in terms of another.

Oudin (1052) claims to have obtained straight lines by plotting
[L} against the logatithm of the Ab-concentrations. Indeed, by

Jt

exterpolating these straight lines to zero movement (x = 0 for all 1)
ke claims to be able to obtain rough estimates for the equivalence
rato R — “except in extreme cases”, From his fig. 8 (Oudin 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-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 ct al.,
1951, Spiers and dugustin, 1957) that Oudin’s equations can only
hold good for 2 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

b eral grounds, but deviations at
Tow remain plained

2. 4b 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 pari: 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:; Ag this time) while keeping the Ab concentration constant

There are, however, certain limitations. Oudin d
tecommend using Ab as the external reactant in pr:dpitino:s(:;:
for purposes of immuno-chemical analyses because Ag-Ab Pprecipi-
tates are not soluble in excess Ab (fg. 1); i.e. the density of ll;lt
precpitate 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
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to the impurity. Even a large amount of Ab to an Ag impux:‘ty
would not interfere when Ab is the intcmfll reactant. On the other
hand a suitably controlled reversed Qudin-method c?uld‘ serve as
a very scnsitive tool for discov ering strongly antigemic n-uno;
impurities. However, for quantitative assay purposes the reverse
method would seem unsuitable from our experiment; both zam:s
moved infinitely more slowly than could be cxp:ctc.d on B‘:clm s
theory from the diffusion coefficient of rabbit Ab. Itis concu}-a.blc
that the very high density of the precipitate in the upper precipita-
tion zone may even have ituted a hanical imped 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 method 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 ratics, it is convenient to preserve
the term “double” diffusion for methods in which Ag and Ab
diffuse towards each other through an initially empty layer of gel.
1 have adopted Qudmn’s classifications throughout, but have trans.

lated “diffusion 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 days are necessary for assay purposes, depending on the system.
During such periods there is a danger that the reactants may de-

terorate or reservonrs get exhausted, both of which may introduce
€I101S,

Nevertheless, the method has already proved most valuable
in 2 number of immunological systems (Telfer, 1953, Qudin, 1952,
Wodehouse, 1954) and will continte to be so for the determination
of physical constants of soluble antigens that are difficult to isolate

and also to throw light on Ag-Ab reactions in

general (Munoz et
al-, 1951, Rubinstein, 1954, Spiers and Augustin, 1957, A i
Hayward and Spiers, 1957). st gt
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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

a3 | [persae fageav ao || A || a0 |} &
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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 coneentration, the dlution used i 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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2. Simple 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) werc 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 rcactants 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 cqual 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
antiserumn, 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 samc system. There is, therefore, only one straightforward
comparison of the positions of the lines in a series of tubes, usually
after overnight incubation. The method is thus less cumbersome
than Qudin’s single diffusion method, and it is irrelevant which
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
precipitation lines.

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
Ab present, and #of on their concentrations. According to Preer's
approximate theoretical treatment (Preer, 1956) a fixed line is
produced if Cyy = Cor where Gy, and C,, represent the initial
concentrations of the reactants in cquivalent units. Spiers (1957),
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taking into account the smutual ardhilation of Ag and Ab ‘in the
plane of reaction (precipitation. “line”}s found that a stationary
fine formed when

CMVDI = Co*.VD:
where D, and D, ate the respective diffusion cocfficients qf 'lhc
reactants. On both treatments the position of the fixed line divides
the middle layer in the ratio /Dy
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Fig 2 Fig. 3
Fig 2 Smple double diffussm method by Oakly and Fulthorpe. 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 Layer after a suitable ume of incubation. Tn tube 2 the con-
ceatration of free Ag ia the top layer has been reduced by allowing #f 1o react with
2 standard quannity of Ab; the hine appears higher up the tube. Tube 3 shaws the line
m the sarme postion as tube 2 after reaction of the Ag with 2 difution of an Ab soluven
of unkngwn concentration; the difuuon used in the preparation of the 3rd tube con-
tains as mmuch Ab 2s the standard. Volume changes due to the Ab additions are asum-d

ta have been vurtably adpisted and taken o account,
Fig 3 Grodient diffusun method by Augustin and Hapeard. As 1n the method by Oakly
and Fulihorpe neteal gel 13 layered above the Ab layer. After over-night incubation
{for evtablishing a swiable gradent across the muddie layer) decreasing concentrations
of Az have bern addzd to a series of such equally treated tubes. Lines facm hagher 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 & lne 1 the muddle Layer. The
concentrations of unknnwn Ag solutians are adjusted untl 2 tube s obtained which
also shows a lin¢ 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,
Ouakley and Fulthorpe have 1% ratios 2s well as concentrations entirely
undefined. Also the further away from the equivalence ratio the
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2. Simple Double Difusion

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 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 cquivalence ratio (assuming equal 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
the samc system. There is, therclore, only onc straightforward
camparison of the positions of the lines in a serics of tubes, usually
after overnight incubation. The method is thus less cumbersome
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 therefore
once more be present in fairly high concentrations to give visible
precipitation lines.

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 {Dear 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 an.ls
produced if Co = Cyp where 'C,,, an‘d Coa rep.resem.(hc smtial
concentrations of the reactants in cquivalent units. Spiers (1957),
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er prior to adding the Ag-solution in 2 concentration such.th:n
1:?: prp:cipit:\ﬁon line forms as a tangent to the upper mcmscl\‘xs
of the (origmally) neutral gel layer (fxg. 3). Such a tang.c.nt to ’;1 c
rmeniscus provides an easily 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 concentrations 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-
tion 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 a longer period of time; for under
the mﬂl.xencc. of an everAmcrcasing tide of Ab across the precipi-
taton 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

81
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| | n
Fig 6 Formation of the preapitaon Line 1 the gradient diffuon 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 are assumed to be lost 0 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
. This has been establist

d by us experi Uy 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

Ag umits in
top loyer
Middie tayar

6000

about
toon

obout,

es 2000

o 1500

1500

@ 5@ T
TG g

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,
not 2 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 horizonta} tangent touches the menscus. Therefore, under
conditions of Ag excess {even if temporary) the line may form
tangentially to the menfscus and Ag-Ab complexes in the edges
of the meriscus may either never form in the fisst place or may
redissovle, Curved lines may however form with fast moving
reactants in too high concentrations in the bottom layer. We did
obtan such curved fines in our frst attempts of employing Ag
in place of Ab in the bottom layer in too high a contentration

(Hayward and dugustn, 1957).
FORNATION OF STRAIGNT LINE IN MENISCUS
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Fig 7. Dy tation of the format
Iines in gel diffusion tubes with curved menuscr,

By varying the size of the top layer {fre
t;c“};:ng the . 10ns of t}lxae o f‘::)haar:i
o c;::: ermem;ntal}Z that the ]?osiﬂon of the ling depends
concenlt at ;0:; only while the deusity of the line increased with
e i1 uza amourits of reactants. This has enabled us to
e oy ?m;:egug;t;t:; ::1[ t}*?gdrha'nh is possible by the Oudin
Moreover, as the position of theo“n?;s ’;3::;[3: o mfl\'ing lfnés-
the first howr or so of adding the Ag, suhscf;:ei? :!lt::rsn::;:?;:
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and indirect means (dugustin, 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 zero 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 increasing 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.c. the Ag flow
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(Elek, 1949). The existence, in Fanberg’s plates, of AP even behind
the Ag cups favours this still more According 0 Fzmbn'g as much
as 72 hours are needed to establish a suitable Ab gradient before
the Ag may be added.

Summary

| The “gradient” double diffusion method of Augustin and
Hayward 1s compared cnitically with the “simplc” 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 describing 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 ug 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
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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 Expenimental Pathology, Unn ersity of Birmingham

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 qualitative method for comparing the anti-
genic compositions of dandruff protein preparations and idenufying
individual constituents It has proved particularly swtable 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. Estabhishment of the immunochemical mechanism involved
in the scverc rcaction 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 ml ) being added as presersative

Preparation of Horse Dandruffl Extract

Horse Brushings
acetone at 1°
Defatted Dandruff Powder
0852, NaCl, toluene at 1°
“Crude Extract”

Dhalyws (water 1)

¥ Y

* Dualysed Extrait” Dialysate
Mon-dalysable “mtrogen” (B4°,)

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 picture of the
biocherical reactions involved in inhal ype hyper ivity,
nor to correlate allergenic activity with any peculiarity in chemical
constitution (if, indeed, such a relationship exists).

The advent of physica-chemical methods such as clectro-
phoresis and ultracentnfugation in the last twenty years {a penod,
meidentally, 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 earher methods employing strong acid, alkali
and orgamic solvent precipitants Several of these more modern
techniques have been apphied to the fractionation of horse dandrufl
extract with the asm of accounting for each individual constituent
and considering uts possible réle as allergen In this way it was
hoped to establish whether there was only one substance or several
assotiated with biological activity

At various stages 1n the work to be descri i
escribed crystalline horse
Elc;;"um alburmn (HSA) has been used as a reference substance.
¢ reason 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-
gencity 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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Drabyed Dandna] Etract (barb bufler pti 86)- Electrophoress.

«—Ast.

% =6 E = 7.31 vfem , 148 min

Ultracentnfugal analysis

| m————

96 () o

=+ 56

1520 2t €0.000 r pm

Fig 2 Tree-solution electrophoresis was carried out i buffer of 1ome sirength 01,

whilst buffer of half this strength was used 1 the papecsstp and ultracentnfugal
analyses (figs 2A, B, G taken from Biochem J 1957, 65, 582)

descending limb. It will be seen that these values (a = 56%,
b = 85,39, ¢ = 9.19) agree weli with the corresponding values
obtained by paper-stnp analysis (Fig 2B) on 3 MM paper (in
whuch no defirute separation of ¢ component was obscrved) This
suggested that the protems did not differ greatly in their contents
of non-protein prosthetic groups. The splitting of the major b
component into b, and b, (Fig 2C) which sometimes occurred in
the sohd medwm, was not surprising 1 view of the asymmetry
of the corresponding schlieren peak

Mobrluty

The b component was found to hate a faster mobility (-8.03x
10-% as compared with -6 49x 10-5 cm? v-t scc-1) 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-electric 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 (2.58) of a
purified b, preparation, which scdimented as a single boundary
in barbitone buffer containing 0.2 M. NaCl, thc 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 ] 65, 562, 1957)
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The solubility curve obtained from a small-scale quantitative
fractionation of dialysed dandeuflextract with ammonium sulphate
(adjusted to pH 7.0 with concentrated NH; solution) is shown in
figure 3. When the ultraviolet {277.5 m 4) absorptions ‘proportional
to protein concentrations) of the supernatants were plotted against
cach salt concentration used for precipitation, the fractionati
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 interesting to find that no salt concentration himit
corresponded to 509 saturation with ammomum sulphate, the
accepted “dividing line” between serum globulins and albumin.

Ammonm Sulphate Fractionation of Horse DandnufT Extract
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Large-Scale Fractionation

blad](:‘s“:crfraclionatwn scheme shown 1n figure 4, the figures 1n
o aboc 0:1-1 to the wet wesghts of the protein ppts. (reckoned
Pt s \cl‘:1 dOn:xmcs d\ty wts) These values indicated a distry-
e s ndruff protein amongst the yarious fractions in agree-

ith that precicted from the solubility curve, the major

portion ey, i
NHy, So‘ng precipitated between 55-80%  saturation with
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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.

Solubulity Curve of Dralysed Horse Dandruff Extract in \mmonum Sulphate
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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
Ez:tcr-electmphureuc mobility to the carbohydrate-rich b, campa-

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 IL 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 1

P C P C

Hexose/N (Prot) = 0312 0010

I 81 4%

ous 0376 0245

glycoprotem of whole dandruff
d fractions (Barl buffer, pH{ = 86, I = 005, 2 maf

Fig 5. Companson of pap
;
~inp for 16 hours) (Taken from Biochem J , 1957, 63, 562)

extract and
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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 linear
relationship holds between mean wheal diameter and the Joga-
nthm of the histamine 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 skin-
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 il 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.

Comparuson of Skin Reactnattes of Dandruff Extract and Salt Fractions with thar
Content of b, Electrophoretic Component

o
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Results
The results
obtataed by prick testing 5 Iy
lOrse-sensitiy
(aged 9-13) with 0.1 %o (W, y st

{V) solutions of whole dandruff protein

and
1ts salt-fractions are shown in the form of a histogram 1n
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Dial Ext, 1 I nr 1w

do—>
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Fig 6 Comparatwe paper-clectrophioresis of 1% (W/V) solurons of dralysed dandruff

extract and salt-fractions m barbutone 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 saline, of comparable concentrations {(uswally 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 Ui w Dual. Ext.
1
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Fig & Comparson of paper-electrophoresrs patterns shown 1 fig 6 with the corres-
ponding gel-preeipitation spectra obtained by usng antiserum rased an rabbsts to
‘dualysed dandruff extract 18, (W/V) antigen solations were tested

Gel-Preciputation Analysis

Infig B the antigeruc spectra of 1%, solutions of whole dandruff
extract and its salt fractions have been aligned with their paper-
electrophoresis patterns shown earher in figure 6. (The antisera
used 1n such analyses were raised 1n rabbuts with a Freund adjuvant
10 2 5 0%, solution of total non-dialysable dandrufl protein). Side
by ude arrangement of antigen cups was preferred to the more
common radial arr in which 1denufication of the lines
was found to be more difficult

The main precipitin lines shown were 1dentified by comparison
with realtively pure protemns obtained by preparatwve electro-
phoresis (As many as seven lines have been observed on analysis
of crude extract under certain conditions). Tt will be seen that the
dialysed extract spectrum 1s comprised of three main lines, corres-
pondimg to the a, b, and b, electrophoretic components. Where
superimposition 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 did 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 (57% of non-dialysable protcin)
and in fraction III, as well as comprising a substantial (409%)
proportion of fraction IV. On the other hand, none of this compo-
nent could. be detected by paper-clectrophoresis of fraction I and
relatively httle (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 closely.

These findings suggested therefore that the b, component
was, in fact, responsible for allergenic activity, especially as it
was impossible to associate skin reactivity with any other clectro-
phoretic constituent. For instance, as mentioned earlier, 1f compo-
nent b, were the allergen, fraction I 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 1s to accept a “unitarian hypothesis” pertain-
ing to allergemic activity of horse dandruff constituents, onc must
explain why fraction I, which is deficient 1n the supposedly aller-
genic b, component, shows small but measurable shin-reactivity.
At thus stage, it is fortunate to find available a more scnsitive

method of asscssing protein heterogeneity, namely the gel-diffusion

prccipil'm tests.
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Assay of Column Electrophoresis Eluates

Further evidence in support of the b, component being the
dandruffl allergen was obtained by skin-testing relanvely pure
anugen preparations obtained by column clecirophoresis in starch
and acetylated cellulose. In this way, for instance, a pure prepa-

Fedt

. of starch cl
with garent saltfraction 181, uwng sntscrum rased against cruds
(Taken from Brochem | 65, 582, 1957)

cluate (El No 11)
e dandruff exerace,

ration of component a, which gave only one precipitin line on
tesung 4 19, (W) solution with antiserum to crude dandrufl
extracy, proved vinually unreactive Conversely, by careful selec.
tton of eluates from a starch clectrophoress run on the most
potent salt-fracuion (111), one could obtan relatively pure prepara.
nons of the b, component showing ncreased skin-reactivity as
compared with the parent fraction. The purest preparation yet
obtamned by this process prmved to be the most potent, possessing,
\50%})( the slan-reactinaty of fraction I {which jtseif was 889,
as active as crude extract) ‘mmunoelcc\rnphmcnc comparison o“l'
this eluate (No. 11 with s parent fracuon 111 1 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 m dialysed dandouf enteact and salt-
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Assay of Column Electrophorens Eluates

Further evidence in support of the b, component being the
dandruff allergen was obtained by skin-testing relatnely pure
antigen preparati brained by column clectrophoresis in starch
and acetylated cellulose. In this way, for mstance, a pure prepa-

Fu ot

ration of component g, which gave only one precipitin line on
tesing a 1%, (W/V) solution with antiserum to crude dandrufl
Xtract, proved wirtually unreacuve. Conversely, by careful selec-
ton of eluates from 2 starch clectrophoresis tun on the most
Potent salt-fraction (111), one could obtain relatively pure prepara-
:3: of [;hc b, component shmtn'ng increased skin-reactivity as
Oht::::i hwnh the parent fraction The purest preparation yet
1505 of & }Z this process proved to be the most potent, possessing
ot cﬂuvc e skin-reactivity of fraction 11T (which itself was 889,
— as crude extract) Tmmunoelectrophoretic comparison of

cluate (No. 11) with uts parent fraction 111 1s sHlustrated 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.
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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 eluates 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-fracuions 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 obtamned 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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i« now accumulating in support of the theory that ?nly the faster
by (F) component i associated with allergenic actvity.

Acenlated Cllaose Electrophosess of Dandrufl Protemn Traction 158
(preciguated becween 55-80% sat of whole extract with ammonium sulphate)
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Fig 1 Barbutone buffer (pF 86, 1 = 0.05),22 ma 21 hr.

When one re-examines the antigenic speeusa 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. techmque in assessing the punity of allergen
preparations

An example of its use 1 this field 1s shown in figure 13 in
whxc!x the degree of punfication achieved by reprecipiting salt~
fr?ctlon LI three umes and then sub-fracuonating 1s compared
with that obtaied by column electrophorests of the crude salt-
fraction Jt will be seen that there 15 hittle dufference between the
spectra of the 60-709/, and 70-80%, saturated ammomnuum sulphate
fractions and the crude fraction 111 spectrum. (In fact the main

T3 Tnt Arch Allergy. Vol 11 Ne 44 (19524
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Fig 12 Companson of the antigenuc speetra of 05°, (W/V) solutions of dandruff
extract (D) and salt-fractions (I-1V), using anuserum rarsed agamst dualysed dandeufT

extract
Fig I3 Comparison of antugeme spectra of 059, (W/\ ) solutions of dandruff extract
(D), saltfractions I1T (35-80°, ). 70 (60-70°, ) and 80 (70 807,

saturation) with a selected acetylated eellulose electrophoresis eluate, using antiscrum
raned agamst dialysed dandruff extract

purification achieved by reprecipitation appears to have been
removal of mgment). On the other hand, the selected acetylated
cellulose electrophoresis eluates were considerably more pure,
being contaminated only with some b, component. In addition
the clectrophoresis process removed pigment, which travelled
ahcad of the b, peak.

This example illustiates the superionity of the gel-precipi-
tation technique over currently used physico-chermcal methods
for assessing protein heterogenenty. It was not possible, for instance,
to detect any heterogencity of the acetylated cellulose clectro-
phorcms cluate by subscquent paper-strip :\nalyscs over a wide
pH range (4.6-10.6). Morcover, it was cqually impossible to
differentiate clearly between the b, (T') and b, (S) components by
this techmque

Serological Relationship between Horse Dandruff and Horse Serum
Proteins

From results obtained by prick testing horse-sensitive subjects
and carrying out optimal proportion titratuons with rabbit anti-
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sera to horse dandruff and horse scrum proteins, Squire (2) had
concluded that the severe rteactions 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 possibility of such a structural relationship existing be-
tween the horse dandruff and serum proteins was borne in mind
throughout the studics on the horse dandrufF system, just described,
Enery 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 2 marhed difference in the electrophoretic mobilitics
of the two protewns. The magnitude of this difference imphied that
the relationship between horse dandrufl and horse serum proteins
was Jess close than, say, that reflected in differences in the clectro-
phoreuc mobility of one protein (for example ovalbumin) obtained
from different species (5).

Having successfully applicd the gel-precipitation technique
to the 1dentification of the allergen in horse dandrulf extract, it
seemed possible that s application here would throw new light
on the naturc of the relationship between horse dandruff and
horse serum protein and establish with which dandrufl antigen
the serum albumin cross-reacted Such nformation could not be
readily obtained by micans of the Dean and 11'¢bb optimal proportion
titration method (6), which relies on well separated precipitation
optima 1f antigemic heterogenety 1s 1o be detected

Results

When an Ouchterfony pl. i

vy plate test (fig 14) was set up, comparin,

:;;e:\ctwns of 1% (W/V) dandruff protein solutions and 10‘};’,g
o solutions with rabbit antiserum raised 10 crude horse dandruff
"’::2“,;‘ was clearly evident that the mam albumin Tinn cus o1

usunLLs,

“ac‘lll\:n more defimte results were obtained by studying the
ons between concentrated dandrufl protein solutions and
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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 its contamination with serum albumin was obtained
from experiments carried out with absorbed antisera,

Absorption Experiments

All antibody to 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,
so that no further precipitation occurred on testing the super-
natants with dilute (1100, 11000, 1/10000) HSA solutions (or
for that matter, with antiscrum), The 20% 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 2 ten-fold diluted solution with anti-serum
to dialysed dandruff extract. 29, total dandruff protein solution
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
extract to absorb anttbody to HSA.

These results were nterpreted as corroborative evidence in
favour of the gel-precipitation findings. Hence 1t appears that the
serclogical relationship between horse dandeuff 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-reactivity between the two types of protein.

Dascussion

Application of gel-precipitation to the study of the horse
dandruff system has proved useful 1n determining the nature of
the allﬁrgrn and also in “quahty control”
of purification. It 1s evident that the te

valuable when combined with physico:
Jective salt.,

during successive stages
chnique s particularly
c " -chemical methods such as se-
precipitation and efectrophoresis.
The twe maim adva

. ntages of th - precipitati .
Mlustrated by this work ges of the gel-precipitation technique

are:
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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
componcnts from whole extract.

The antigenic compositions of fractions obtatned 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('aclivilic.s were (!clcr-
mined by the quantitative prick-testing of horse-sensitive patients.

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 dandruff
proten and precipitating mainly between 55-80%) saturation
with ammontum sulphate. This finding was substantiated by carry-
ing out skin tests with purer fractions.

Recent column electrophoresis {acetylated cellulose) and gel-
precipitation analyscs 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 scrum proteins is due to the presence
of small quantitics of serum alburmun and globubn in the dandruff
material,
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Quantitative Gel Diffusion Methods for Assay of
Antigens and Antibodies
By B.J.Havwarp and R. AvausTin®

From the Wrght-Flemung Institute, St. Mary’s Hospital 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 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
-t U T P e Mevis Lad.)
' h + tense and
. . both the
component extracts were used. These extracts have at least five
major antigens 1n common, one of them a heat labile protcin-
carbohydrate complex. Pollen extracts prepared by extracung 1 g.
of grass pollen with 10 ml. of buffered physiological saline (Noon,
1911) are said to contain 100,000 Noon units/ml. As this type of
weight unit as well as defimitions based on mtrogen or protein
nitrogen cstimations are generally considered unsausfactory (.lugu-
stin, 1956), we indicate the potency of pollen extracts 1n terms of
+ The authors wish to thank the asthma research counct! for a grant to the In-

stitute 1 atd of this work
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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 easly identifiable heat labile comp which forms readily
tests, the corr if

precipitating Ab 1n rabbits, In gel diff: p g
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 antigen emulsions 400 mg. non-dialysable frecze dried residue
of pollen extract was mixed with 10 ml of pollen extract containin,
100,000 “A” units per ml. and 90 ml, 1% aluminium phos hati
suspension (Holt, 1947). This was added to 100 ml of 209, a‘:lac 1
(Honey:vcll, Atlas Co. Ltd.) 1n Bayol F (Esso Petroleum C; Ltd§

; this

. 1 2 hand emulsifier or
was obtained At one
. ml. each wer,
%w‘;h l'he ra:bll( m tlhc T rendelenburg position on the o;e?:l:tc)a’d
ap) along the lateral aspects of the ventr. i
al sutfa i
ce of the animal,

14 I Arch Allersy Vol 11, o 4 (1957,
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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

m o e vy

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 Augustin, 1957.)

(2) Durect assay by the recersed gradient diffusion method: Ag-gradient
method. This test has been developed similarly 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, hquified 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,)
Quantities 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
(05% 55°C). The height of this neutral column (contaiming
neither reactant) is carefully adjusted by holding each tube against
a reference tube during the filing process. A measuring ad may
be used (dugustn 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
sensitaty, heights from 0.4-0.8 cm. are suitable. The tubes are
closed with rubber bungs to prevent evaporation and placed in an
tncubator at 37° for a fixed period of ume, usually 16 hours, for
convenrence After incubation, sensal dilutions of antisera in isotonic
ii‘l-‘“chare added to form thc‘mp layer A further period of incuba-

™ then follows. Precipitation lines may appear 1n a few hours
d‘PCndmg upen the concentration of the reactants Series of ﬁ\ve’
tubes are et up for each antiserum under test together with a

control set contaiming the standard antiserum A li
tangentall:

I sutable

ne forming
y 10 the upper mentscus 1 taken as the end point {fg. 2).

concentrations 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
prcscrva\ivc to a concentration of 0.029,, dwwectly before use.

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 speaifically 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 dil-
fusion method for measuring antigens (Augustin and Hasward, 1955),
but, instead of an Ab-gradient across the middle layer, an Ag-
gradient 15 established by incorporating Ag in the bottom gel layer,
instead of Abs Ab instcad of Ag constitutes the top layer.

In practice, one part of a solution of Ag of a suitable congen~
tration is warmed 1o about 55° G and mixed with three parts of
195 hquified agar of the same temperature, (Temperature require-
ments are not quite as crical as in the Ab-gradient - “direct”
method -, and may be altered to suit individual requirements.)
Quantities of about 0.5 ml, are dispensed (Pasteur pipette} into
small tubes (diameter 0.8 cm., height 8 cm ) of equal bore to give
agar columns 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, 1955) but is not required alter a
hl.!lc pracuce In this way, many tubes may be rapidly filled, all
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 cocflicients,
“mg 0{ incubation before adding the Ag, and on the rcquirui
sensitivity; heights from 0.4-08 cm. are suitable. The tubes are
€losed wath rubber bungs to prevent evaporation and placed in an
incubator at 37° for a fived period of time, usually 16 hours, for
convemence. After incubation, serial dilutions of antisera in lSﬂl‘{)nic
iﬂhnc }:‘xre added to form the top layer. A further peniod of incyba-
d‘:':e;df:gfﬂh:vs l}}’:empitatiun '1incs may appear in a few houwrs,
e o ch: . concentra}xon of the reactants Series of five
control et mnxt:v or each antiserum under test together with a

aming the standard antiserum A line forming
1o the upper is taken as the end point (fig, 2)
oncentrations have been chosen, the lines will maintaix;

If!;imblc c
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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 dissolve the precipitate once it is formed. If
100 high an Ag concentration is used, there is a stecp gradicnt
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 Qakley and Fulthorpe,
Great care must be taken therefore to choose an Ag concentration
sufficiently igh 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
adaptation of the gradient diffusion method to “horse” systems
where the precipitate is soluble in cxcess Ab as well as in excess Ag.

The Dilute Antigen Test

Ths 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 gg.fml of which about
one-filth 1s protemn nitrogen, only a fraction of which represents the
Ag we assay. The required test must therefore be sensiti
to detect such small quantities and accurate enough to
between two such quantities. Since the smallest quanticy
able by the Ab-gradient diffusion method is 800_(}'&;‘(;“:’1\?::1:;
ml, some type of blending method has to be employed. The least
laborious and most accurate method for this purpose \v;s found
be an apphcation of the gradient diffusion method as an % ud to
reversed” test n indsrect

Ve cnough
distinguish

The diluted Ag-solutions are added i
toa

antsesa and wncubated for 30 min. Ag and Ap S:S;Sb_;f Sl;ndard
ducing the Ab concentration of these antisera (indire s xe-
ment of Ag). Thesc reduced cone, th ot measure.
the reversed test N measured by

Fig 3 shows schematicall,
prepared for checking an unk;
100 or 200 “A” unitsfrm], Th,
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Fig 3 Dilute Antigen Test “Reversed” method,, Ag incorporated m gel in bottom laver

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
{0 have a control senes 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). One
part Ab (or Ag) of a suttable concentration is heated to 54° C and
mixed with 3 parts of 2 19, agar solution ceoled 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 ¢m, in diameter, arc
cut into the gel at distances of about 1.5 em. 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
incorporated in the gel (as would be expected since AgAb pre-
apitate 1s soluble in excess Ag, but insoluble in excess Ab).

PN
A
O ;0!

N .

0 0 o

-——

END POINT
Fig 4 Diagram of simple dilfusion plate asiay Anfser

um inco
Cups filted with serial dilutions of rPorated in the gl

antigen

The drameters of the precipitation nings or haloes ¢
with decreasing concentration of the reactants n the lti‘Crca{e
preapitauon finally occurs in the well wstead of in '},“c ! until
first well not to be surrounded by 2 ning or halo is tak, e gel. The
pomnt (fig 1;) and the dilution at which Whi ken as the end
with a standard may be
e or Ab solution Yy be used 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 10 contain
800, 900 and 1000 units of Ag/ml, the 1000 units/ml. tube only
showing a line {touching the meniscus), The addrion of the 100
and 200 units solutions in place of saline would then cause 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
aternate wells. The central well contains the other reactant (say
Ab). Preaipitation lines normally appear within 16 hr, Il unknown

F\xi a; The Polvgon plate method Diagrammatic representation Central wells contamn
enpheral cups contain Ag S 18 the standard Ag solution, U 1s the unknown g
soluton

Fig 6 Tn
A ;:nk'g\m‘,plalc method Each hole punched separately by hand Centeal
koo A 4 Ferpheral wells contain standard Ag aliernating with 2 dilute
& The standard solution was diluted unul a shape approaching a regular
polygon was obtained

ane

sq:a::a\::l‘i;d l‘arr. of very different concentrations a tnangle or

o octagen cOOr:inlcd by the stronger soluuion i place of a hexagon

form P 6 n diduung the stronger reactant irregular polygons
2. 6) until the formation of a regular polygon indicates



200 Hayward/Augustrn

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 9, 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. scveral hours arc 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. Tlus test was developed accident-
ally when comparing Cocksfoot pollen extracts with their ultra-
filtrates. A small amount of skin reactivaty (0.1 9% 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 therc was
some active molecule, smaller than the rest, that could leak through
sclectively. Three Ouchterlony plates were set up similarly to fig. 9;
the central well was filled with antiscrum (rabbit) to cocksfoot
pollen cxtract and the ultra-filtrates and concentrates (reconstituted
to their volume before ultra-filtration), were placed mn alternate
wells around the periphery. At first, 1t appeared that the filtrate did
not contain any detectable Ag. However, by diluting the concen-
trate onc-thirticth, a regular polygon was formed and all the ori-
ginal antigemc components were found to be present in the ultra-
filtrates as well as 1n the concentratcs. Selective leakage was there-
fore judged to bave been unhkely.

Fig. 5 shows diagrammaucally the quanutative application of
this test. Once more gel slabs of about 0.3 cm. thickness are preparcd
with central wells of about 0.5 cm. diameter. Six or cight wells,
about 0.2 cm. in diameter are symmetrically 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 may be
varied to suit the concentrations of the system under in\.'esugﬂllon
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-
tamed 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 washc}i fgraan:niar:ic.
mum of three hours ~ preferably overnight — with at least thr, 3
changes of saline. During this process, the gel slabs {marked }c,
means of notches or with a suitable dye) float free. They are !hclsl

laced 1n a gentle stream of 1 ¥ .
gf about nvge haurs. 4T {ap water fora further washing

(b) Drying The washed
sheets {sihicone coated, or

gel slabs are transferred to fresh glass
taken 1o avoid the formatio

uncoated lantern slides), cury i
2 ¢ bel
™ of air bubbles between écl and g‘;;g

* 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 metheds are described for
assaying antigens and antibodies.

3) Methods are given for staining 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 even 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/for glycerol into the gel film.
The dry gel film (by itself 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 containing 8, ¥/, glycerol and increasing
amounts of ethanol; forty minutes are allowed in 50%, ethanol,
forty minutes in 709% and forty minutes 1n 90% cthanol. Ten
minutes in each of the ethanol concentrations is sufficient if glycerol
1s omutted (the omussion of glycerol necessitates coating with a
lacquer). After soaking in 9094 ethanol (with or without glycerol)
the gel slabs are ready for staining

(d) Staning Two to threc minutes 1 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 background. Excess dye is removed by washing in
several changes of 90% cthanol (with or without the inclusion of
89, glycerol, depending on whether lacquenng is ulumately re-
quired, c.g. for the preparation of lantern shdes) — a few mn. in
cach until the background is free from dye. Gel films are then placed
face downwards on the silicone coated glass without removing cx-
cess moisture). This is followed by drying at 37°. The dry films are
once more prised gently off the silicone treated glass and arce pliant
cnough to be filed without further treatment.

Summary

1) Adaptations of the onginal gradient gel diffusion method
(Augustin and Hayward, 1955) are given for the assay of antibodies
and quantitics of antigens of <1 pug./ml.
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disease, the antigen being autologous - namely, the un?ltnnscd
blood-cell. In the second case, there is no true aatosensitization
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
1

tissues. It is sigmfi in this conncction 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 mycobacteria), the ammal 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 abic to induce

ussue changes of this kind
roeom o o -

satisfa
- whit
can t

) ) © s muru ycobacters:
intends to modify and potentiate the allergic response, k :
The killed mycobacteria 1n the adjuvant enhance the immune.

Yogic response of the orgamism: antibody production seems to b
e



Darnbusck, S - Int Arch Alleray 11 206213 (1957)

The Value of the Gel-Precipitation Methed for the
Study of Auto-Immunological Problems

By SIGRID DORNBUSCH

Trom the Medical Out-Patient-Department, Unnversity 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
raedical history” (Edsall). Actually, Ehrlich wanted to statc by ths
term that according to our practical knowledge, antibody formation
against autologous or homologous protein is impossible.

It is doubtful, however, whether the Iatest clinical and expen-
mental experiences will sufficiently justify this pnincipal 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 injectuing auto-
logous or homologous material In most cascs, however, organ
extracts were used which had been specially prepared for mjection
and which can hardly stand comparison with endogenous sub-
stances.

The existence of an auto-allergic pathogencsis was taken into
consideration first when — in connection with various hematologic
discases — antibodies could be detected against autologous crythro-
cytes and leucocytes respectively. Up to the present time, 1t has
been impossible, however, to state with certamty whether such
antibody-production 1s suddenly started agamst unaltered blood-
corpuscles duc to an individual allergic disposition of the organism
or if, under the influcnce 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 definition of a true auto-allergic
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to form a complete antigen. It is doubtful, though, whether anti-
bodies against such a combined antigen can also react with the
unaltered tissye. In animal experiments no tissue changes could be
produced if instead of Lifled 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 1n the organism or, rather, on the presence of certain
bacterial sut If auto-sensitization depends mainly on a
certam rmode of reaction of the organism, it should be possible to
prove the existence of tissue speaific antibodies in connection with
abacterial tissue changes. If for mnstance by earlier contact with
tubercle bacills the conditions necessary for a certain type of reac-
tion have 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 for any further discussion of auto-allergie
diseases

We exarmined the sera of more than 1000 patients by means
of the hughly sensitive hemagglutination test according to Boyden
and found that even m cases with degenerauve diseases without any
bacterial influence, tissue specific antibodies may be traceable
(Klensorge, Dornbuseh). Yor various reasons these investigations
were carried out chiefly 1n cases with necrotc 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 homologous
tissuc suspension in ammal experiments, chat 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



to form a complete antigen. It is doubtiul, though, whether anti-
bodies against such a combined antigen can also react with the
unaltered tissuc. In animal experiments no tissue changes could be
produced if nstead of Lilled 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 in the orgamsm or, rather, on the presence of certain
bacterial substances. If auto-sensitization depends mainly on 2
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 carher contact with
tubercle bacillt the conditions necessary for a certain type of reac-
tion have already been supplted, 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 solutton of this problem would be of the
utmost importance for any further discussion of auto-allergic
diseases

We examined 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 degencrause diseases without any
bacterial influence, tissue specific antibodies may be traccable
(Klensorge, Domnbusch). Tor vanous reasons these investigations
were carned out chiefly in cases with necrotic changes of the myo-
cardium The present report will be confined to the demonstration
of antibodies directed against cardiac tissue.

seratogieaity

Priatio} of Antigen

Serologreally
oegative

5 ¢ 3 3
werrs
Fig 1 Average value of the auto-sntbody.utes of 15 o

tients in ¢l
recent myocardial iaremee he fist 9 weeks after

n
15 Iat Arch Allessy Vel 31, ho 34 (1957



210 Dornbusch, The Value of the Gel-Precipitation Method

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.

Vo

Fig 2 Ouchterlony-Plate
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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.) Direct 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~ ¢.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 Adjurants

Dr Cotarer* stated that he had been working on expenimental allergic encephalo-
myelitis and had certain posmts which he would ike to make about the Freund adjusants,
The restdues obtained from aad-fast barilh coutd be substituted for the basill and intart
bacilli were not essential Some of the hipid extracts made from the bactena shoned
only partial actvity, which required speaal methods 1o demonstrate

Regarding the brat factor in the productjon of expenimental allergic encephalstis,
it was possible to substitute protein made from bran for the whole brain and this
protesn couid be used in much smaller amaunts than the intact bran - about 1/250th
of the amount of wet bram required (1)

He alio wished to draw atiention to the importance of the actual site of inacutation
of the materal 1nto anmmals as this rught considerably affect the results obtained and
1t was possible o Inject matenals 1nto one site and produce httle or ne eeaction m the
ferous system and vet when they were injected elsewhere quite severe fesions would
appear 1n the bran He did not conuder that the Freund adjuyant type of matenal
nted necessanty be dern ed from bactetial sources as it was uite coneen abla thee —.f

o s samit extiact of an organ such as had been described
ght not be an adequate antigen for this puypose
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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 consntution. The following items may be classed as symp-
toms of an allergic consti («allergic sug »): a history
of allergrc disease in the family of the patient, a personal history
of other forms of allergic discase, the typical histological findings,
cosimophilia of the blood and secrctions, hypotension, changes in
the blood sugar curve (which often continucs at a very low level),
increased permeability of the capillary walls, frequent slight
changes 1n the electro-encephalogram, changes in the blood
cholesterol, the potassium content of the blood and the protein
pattern, often a shght increase 1n basal metabolism and diminished
values obtained 1n adrenal function tests {tables I and 11).

Table 1
Allergic Sugmata m Patients with Atopic Dermatitis
T Positrvc fanuly-anamnicsis 76°, (100 cases)
1 Posune auto-anamnesis 65%, (100 cases)

TI Blood-connophilia

{many panents with high blood percentage of counophily)
IV BSR decreased

56%, (100 case)

347 (100 ases)
@eseased 19, (100 cases)
' Low blood sugar curse 33% (100 casen)

V1 Yo, or low, free gastoc actd
VIl Low blood pressure
VI Posiuve shin tests

0% { 50 cases}
56%, {100 cases)
B1%, {100 cases)

IX Increased permeabulicy Gap wall 707 (100 cases)

X B'M aboenormat 20, (100 cases)
under normal 1% (300

XU Decreased 17-ketostesords | 24 hours ¢ i

27% {59 cases)
80% { 50 cases)

and 1 2 other cascs only 2

XII Increased percentsge of peglobulin
in onlv 2 cases examined we did not find any sugmata,

Table It
Allergic Dermatius in Pavents with Alergic Respiratory Diseases
1000 asthmave patients  Fezema imfantum

150 (15 o,)

atopse dermatitis 206 (20,6%,) ¢ (41.2°, )
eczema infantum + dermatits 56 ( S,600 | °
no ccaema

568 (5882,
(alternation of asthma and eczcma, 12 cases)

eczema infantem. 2% { 4,80,) l

atoprc dermatitis 120 24 o)) (32,07
eczema wfantum 4 dermatius ) { ©20%)

16 { 3,29,
10 eczema 310 (58 o)

500 thunuts patients
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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 apprenticeshup, many flonists 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 paticnt), which is changed 1o
treatment 3 times weekly after about 7 days and subscquently
reduced to once or twice weekly for a few wechs.

The results of treatment varied markedly. In some cases, the
symptoms disappeared completely In that event, treatment was
discontinued and again repeated when the symptoms recurted.
In 2 number of cases, only the itching was relicved, whereas the
skin symptoms persisted or were suppressed only in part. Ina
third group, no improvement or merely very inadequate improve-
ment was obtamned (table IV) The difficulty in obscrving the
results of 2 therapy of stching is that many psychological factors
are mvolved n this, and that in general atopic dermatitis suddenly
comes and again 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 18 passible 1o observe how the
histamine sensitivity decreases

Summary

In many cases of atopic dermatins, dtfferent so-called allergic
sigmata were found As several imes the speaific allergens could
not be found, a provocation test with histamune by iontophoresis
stemed useful The same method used as treatment was rather

diﬂppm'mmg the itching reacted favourably {somatic or psycho-
logical treatment) ?

A * addr
o s addies Dr W3 Quarles van Utford Emmalaan 17 Utrerht {Netherlands]



216 Quarlesvan Ufford

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 paticnts in whom a sufficiently specific therapy (elimina-
tion ctc.) was frequently impracticable until they had been ob-
served 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 provocation-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 cvaluating the
response, we differentiated between very marked general hista-
mine sensitivity reactions and aggravation of the actual symptoms
{i. c. of the eczema) following admimstration of histamne cven
after adminstration of a single dose in some cascs, following
adminsstration 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 rchieve the very often intense itching,
2. to rclieve the skin symptoms themsclves.

Table 1T
Histamine (Iontophoresis) Provocation Test in Pauents with Atopic Dermatitis

100 cases (control tests negative)
very hugh hustamine sensitiaty (after 24 minutes already headache,
2

general itchung, flush, verugo, etc ) 0 (20%)
Reaction tn the dermatinis after | provocation 20 (20°)
Reaction m the dermatitis after more proyocattons 50 (50%,)
No reaction 30 (30°%)

Table 11"

Treatment of Atopic Dermatus Pauents with Histamine by Tontophoresis
50 cases {control cases negatiie}
1. Temporary improyement of reching - 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 one 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 weehly for a fow weeks,

The results of treatment varied marhedly. 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 relieved, whereas the
skin symptoms persisted or were suppressed only in part. Ina
third group, no improvement or mercly very inadequate improye-
ment was obtained (table IV), The difficulty in observing the
results of a therapy of itching is that many psychologreal factors
are mnvolved 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 expect a strong
suggestive support. The use of histamine administered by ionto-
phoress as a provocation test i 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 1s possible to observe how the
histamine sensitivity decreases,

Summary

In many cases of atopic dermatitis, different so~called
stigmata were found As several trmes the specify
tat be (ound, a provocation test with histamine by iontophoresis
scemed uselul The same method used as treatment was rather
disappormuing: the niehing reacted favourably (somatic or psychy
logical treatment)? psycho-

allergic
ic allergens could

Author s address Dr W I Quarles san Ufford Emmalian 17, Etrecks ethtendy
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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 n demng this by a large
number of chemical fractionation procedures and chromatography

e
+ Thanks are expressed to the Asthma Research Councy! for a grant to this Institute

1n aid of this work.
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(2, 3). Indeed, pollen antigen complexes .with mbtfnt a""lhotrj
may be washed many times {up to twelve times washing \\ll~ C !
sahme in a recent experiment in our Iaborz.lwf))x and yet w ‘IE still
give posinve shin responses in a}lcrglc subjects when the antigen-
antbody loccules 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 suk allergenic in man (and shin
reactive m allergic subjects) adhere closely to the pollen components
precipitated by the rabbit antibodies.

We do know that pollen allergens are closcly associated with
the pigmented protein-carbohydrate complexes that are antigenic
in rabhits, and that the protein part alone is involved in allergen-
wity (3), since proteolytic digestion with three different crys-
talline enzymes, active at pH L5, 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 climcally, as the strongly pigmented carbohydrate rich com-
ponents (8).

Some degree of fracuonation between skin reactivity and
one rabbit antibody precipitating pollen antigen could be
achieved by prolonged electrophoresis, 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
\}'hllc the filtrate proved climically as active as the unheated soly.
UOH‘ 9); slfm reactivity only gradually breake dowe swish £.

-+ wasuwntidied 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 expressed to the Asthma Research Councit for a grant to thys Institute

1n aid of this work
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rather than haptens (5). It is possible that such “incomplete anti-
gens” are chnically active. . i 3 -

The evidence given so far is compnnbl‘c .\n\h the view ~\ hat
in reactne pollen cOMpORENS are also clu}\cally active. lrm’fl
previous work (3) it would appear lh.:n reagins and rabbit :mlll-
bodies may be formed in response to dlﬂ'crtn.( pn.rls of onc.nml l. he
same antigen. This 1dea is particularly attractis ¢ in connection with
the theory that allergenic materials are substances smal! cnough ta
act as haptens, yet big cnough to act on other occasions as .full
antigens. As haptens, i e, combined with a carrier in a possibly
uncorled condition, such molecules may well present a different
part of thert structute as a matnx for antibody formation from the
uncombined molecule acting as an antigen in its own nght (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 {Quchter-
lony tests) we know that all the British grass pollens so far examined
by us (Festuca rubra, F. pratensis, F arundinacea, Avena arrhenatherum,
Lolum multforum, Anthovanthum odoratum, Phlewm pratense, Alopecurus
?m(nm's, Dactylis glomerata) have a number of antigens {for rabbits)
in common and that all of them contain a common heat labl
antigen, The latter appears to be the Wain antigen, for 1t is aways
the first to produce antibodies in rabbits This heat labile anugen ¥ 2/
has therefore heen called by us antigen “A”.

So far it has not been possible to isolate antigen A, 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 1o be the main
allergen, or, .indﬂtd, not an allergen at all Assays in terns of a
;‘:32::&:‘::ﬂ;";:l:s;l,)'!;\ssocm;:d with skin r?ac(ivi()' are certainly
total mutrogen or pyhosphrf{l:r: :tlcp:crtlly Chc“:“‘?’;‘)l‘ “T"'alysﬂ, such a3
165 which ar6 nog clasele ..EA < ‘\ p}'tc.\p\(a e n\trngl:, auant-

antigen A appears to
and 15 therefore a s
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 — Ttalan ryegrass (Lolum multyforum), 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 allergics. 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. Augustin, 1955). Apart from
R Hogné's light scattering method (1956) which 1s stitl under test,
an objective test method is thus lacking. The following experimental
results seemn therefore worth reporting.

‘Through the courtesy of Dr. Mowbray (St. Mary’s Hospital}
serum from a patient allergic to phenolphthaleine was obtained.
The fresh serum was said to form a 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
232t 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 rcaction
with pol}cn extracts and reagins, and other drugs rersus the serum
of sensitive patients, have so far failed,

Mdbncs addiess Dr R A
v R Augustin, The Wriehe Fleming Tsotate of Microbiola
¢ Mary's Hospial Medeas Semoh Eomtone 1t °2 SEnetonds™



222 Augustin

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
By R. AvgestiN

From the Wright-Fleming Tnstitute, St Man's Hospnal
Medscal Schaal, London

Skin tests arc uscless in patients with drug allergies. This is
not surprising, considering (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. dugushn, 1935). 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 a patient allergic to phenolphthaleine was obtained
The fresh serum was said to form a precipitate with phenalphtha-
lene Although this could not be repeated a fortmight later, a some-
what diffuse but clearly marked precipitation line was formed in
agar when phenolphthaleine mixed and incubated with normal
humay serum, was allowed 1o diffuse against the pauent’s serum.
Pf’mOFPh{halnne iuelf, in a large range of different concentrations,
did a0t give 2 viuble reaction. Attempts to imitate this reaction

W;‘h P"l'lm extracts and reagins, and other drugs zersus the serum
O} senditive patients, have so far failed.
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Although cutaneous 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 onc 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 activitics
must necessarily vary with the sensitivity spectrum of the (allergic)
subject used, as well as with the composition (in terms of actve
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 duc 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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ogy, since new cases were observed all over the world
:;\xlm‘;“gﬁ;?ll—f\;!\,l workers, fertilizer r:t;\ilcr’s, docker}, draymcn,ﬁ {]als
mers and people in contact with bags which had simply bcex} e
with castor beans (Lucchese, Ordman, Koufmann, Bernton, Stanets

i wling, Small). .

F!&’t};;':&f:;k{“f&u of as)thma had been mainl): dcsct:lbtd among
citizens in towns where castor oil-mills ss:trt in existence, .8
Toledo, Ohio, USA (Figlyy), Baury, Rrazil { )\{eru{es and Uthoo-
Cintra}, Johannesburg, South Africa (Ordman )+ Similar cases were

also observed in Ttaly (Berto and Bassi) and in Germany (Steinef,
Hansen ).

A Material 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 matesial consists of 81 adults (37 women and 44 men),
21 children {8 girls and 13 boys).

All these panents systemativally tested with extracts of

L. Ocdinary food stufls (eges, milk, chocolate, potatoes, wheat).
Sensitization was observed only in a very small number of cases.

2. Ordinary Yoca} poliens which enabled us ta trace onc case
of allergy to parietary, 4 cases of allergy to planetree pollen and
25 cases of allergy 1o grasses, We only found one case of sensiti-
zation to Ricinus communis pallen in 2 patient who grew castor
in ber garden,

3. Moulds, Hollister’s 33 mould types. In this group, there
Were posiive tests to various moulds (61 cases out of 88).

4. Dedding material (feathers, wool, kapol). Allergy to
Teathers was sometimes observed.

5. House dust (Holluster-Stier extract ). This was the most Jrequently
observed allergy, since all qur patients, except a fow (14), were sensitive
fo dust extract in varous degress (4 to ++++)

6. Various seeds, Allergy to pyrethrum or mustard seeds is
wave, Wt cotlonseed allergy was sometimes observed (16 cases), as well
o flaxseed allergy which was more Srequent (41 cases ). Castor bean tests
were of eourse strongly positive in ali cases {(+4 to +444).

15 Ine Aredh &M
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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,
vanious 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
(Ahlawe, Snell, Bernton, Robins, Woringer ). It then touched professio-
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3, Castor Ol Extraction

o Fraace, this extraction is only pmc.ﬁscd in faur oil-mills
scattered round Marseilles and until 1937 it was Fxsractcd by a
mechanical process which yielded about 6 to 8% oil in the cakes.
The cakes were therefore wet and non-powdery. ‘No\\.adays, a
chemical process is used which yields a much drier and wore
powdery cake but which is also much more dangerous.

4. Intoxication by Castor Oul Cakes

Castar ail is absolutely non-poisonous but the oil cakes coma'i n-
ing Ticin are dangerous for these who handle them. All those working
in that industry are well acquainted with the symptoms of atute
intoxication by ricin { ly called “Ririn disease™) which
resembles common flu with respiratory catarrh, mainly oto-rhino-
laryngitis, fever, pains, asthenja and sometimes urticaria. This
comphaint, which 15 easily cused, oy appears when the subject s
exposed to thick dust.

The alfergical phenomena caused by castor oil cake dust are
well known to the Marseilles mill-owners who chminate possible
asthmatic workers. Tests made on workers and employees in 2
certain oil-mill in Marscilles have always proved negative.

5. The Use of Castor Onl Cakes in the Country

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
Prcv'mces for market-gardening {Britany), OR cakes are used cither
in their natural state o in association with other fertilizers, or with
straw and ammonia in order to obtain a synthetic fertilizer. The
Iatter procedure will probably prevail in the future.

These oil cakes are scattered on the ground at certain times
of the year (spring and the end of sumimer), thus respiratory castor
beax.x allergy s apt Yo agsume a recurrent character simulating
pollinosis or mould allergy.

6. Castor Beans in France and Elsewhere

After they have been
gathered the castgr beans are sent in
sacks by boat 1o Marseiles where they are discharged and tak:n
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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.

Commercial extracts available from laboratories, are not absolutely
Sfree from ricin, which is a very strong poison, so that during the next ten days
after the test a toxic skin reaction was produced. It was pseudo-inflamma-
tory, had nothing to do with castor-bean allergen but was due
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.

Nonc 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 Industy 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 spontancously (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 scen, 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 o1l which has growing industrial uses,
e. 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 invitcs 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 (..lisappca.rs unex-
pectedly, and in most cascs without expectoration. Tl‘x:s it o;(
asthma s made worse by the most frequent wind in our.lau-n called Mmm{
but it improves when it rains. Tt will sometimes complctcly~dls-
appear on Sundays when the oil-mills are dfmd 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 oil-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
unicaria {sometimes generalised uriitaria) which gives castor-bean
allergy a similar appearance to parictary pollen allergy.

2. Castor Bean Scratch Tests

The diagnosis rested on strongly positive scratch-tests. Severe
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 casex
(8 adults and 4 children) according to the usual technique, The
castor bean test was made by the puncture method advocated by
Small. The results were constantly positive (4 -+ or +4+44)
and never entailed constitutional reactions. Local pruritus was
Interesting to observe, and ofien lasted 8 days after the reaction.

4. Experimental Asthma

cast;rnbu patients (10 of whom had only distant contact with
Al . N -}
bl <ans) we were able to cause manifestations of respiratory

2) 10 patients inhaled very finely crushed
el by s 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 salin

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 tracc 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 cascs
3. People growing and gathering castor beans: 3 cascs
4. Workers and oil-mill employees: 1 case
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 o Castor
Beans

1. Clinical Characteristics

After a clinical examination had yielded no sign of castor bean
sensitization, an interview brought us interesting information. I¥e
generally dealt with asthma of the pollinical type, i.e. an oculo-nasal-
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cakes). In the latter clinical form, whish is the most frequent in
our study {70 cases), castor bean allergy is only one minor clc.mcnn

The importanice 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 heans 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 to obtain absolutely ricin-free allergenic extracts for diagnosis
and treatment, The allergen is to be found in the bean and bark of
leaves and flawers It is thermostable, can be dissolved ia 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. 1A 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-
mex.\tally. The same writers add that “Chemical properties and
afruflo-add 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. 1A contained no tryptophane, in ton-

trast to the cotton-seed allergen which contained 1.49 of this
amino-acid.” ’

D. Treatment

Apart from antihistamines which are not alw:
corticoid hormones of transitory action and cific d
Mg treatments which can only bring about slighrt improvements,
::tg t(r:iaatl;x.\:m of respiratory castor bean allergy rests on the fcllowi

ays cfficient,

a) Suppression of the allergen;
) Specific hyp

10n to sated 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 2 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 posifive scralch-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 subjects (country 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 and speed than th? other
test-patients 1t is, of course, too early to judge methods which are
apt to imply an important psychotherapentic effect.

In conclusion, castor bean dust respiratory allergy is a danger
to asthmatics living in the South-East of France and in Marseilles,
but it is a rather rare eventuahty since it has only been found in
about 10 of our asthmatics. It has been said that “Ricinallergen”
could easily be sensitizing. This seems to be an exaggeration since
a great number of our asthmatic patients were not sensitized
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 hyposensiti-
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 usual technique, is still too dangerous to be
commonly applied. At the present moment, we use homacopathic
doses of “Ricinus communis™ per os, until the technique of hypo-

sensitization by means of castor bean allergen aerosols will be
perfected.

Summary
The danger for asthmatic people discussed:

oL nf the cast?r-oil industey in Marseilles, as the oil-mills are
situated in the residential districts of the town;

o Z‘Lof the gcnc{gl use in the South-East of France of castor bean
‘:\ cfa es }i:s a.fcm‘hzcr for market-gardening. The author stresses
su;. :cctt that since 1951, when his first medical observation on this
" 3 ;vas Ppublished, he has been able to collect about a hundred
ases of respuatory castor bean dust allergy.
ik cast::s\:i:; ;s ::\cf; observed among persans in direct contact
retailers, oottt o Cak_cs (country people. dockere fors'ta-
Marseilles ' I
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L It is diffieult 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 mills
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 aérosol d'une solution de ricinailergdne une
crise d'asthme expérimentale. ]

L’hyposensibilisation spécifique par voie gér.\émlc qui a él;é
tentée, nous parait devoir étre, pour l"mstam, rejetée & cause dc
ses dangers et de ses incertitudes, mats nous Tious proposons de
faire Phyposensibilisation par voie bronchique suivant Ia méshodc
du docteur Herxheimer en wilisant, par aérosols, des dloses croissan~
tes d'allergne. En général, Uéloignement des sources d.c poussiéres
de ricin et Phyposensibilisation aux poussidres de maison et aux
molsissures 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-Ktstner 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 reasonable distance from the sources of castor
bean dust, and hyposensitization to house dust and moulds are
usually enough to bring about substantial improvement.

Résumé

L’auteur insiste sur les dangers que représentent pour les
asthmatiques, d'une part l'industrie du ricin & Marseille, olr les
huileries sont situées dans la ville méme et, d’autre part, lutili-
sation dans le Sud-Est de la France des tourteaux de cetie graine
comme engrais des terres destinées 2 la culture maraichére. En
effet, depuis 1951, date A laquelle Pauteur a publié la premiére
observation marscillaise, une centaine de cas d’allergie respira-
toire aux poussitres de ricin, a pi étre réunie.

Cette affection se 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, & une allergie aux poussitres de maison,
aux moisissures, & la graine de coton et A la graince de lin. Lcs
tests allergiques cn cuti-réaction sont touj?uxs fortcn:xent posttifs
(+4+ou 4-+++) et donnent quelquefois des réactions généra-

Nous avons pratiqué, dans quelques cas,

les impressionnantes. e
4 tz-Kustrer qui a été franchement positive

une réaction de Prausnt
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Es fallt schwer, in dicsem Fall den ganzen Vorgang als dic
Folge einer nur auf die Durchbruchstelle beschrankten Media-
nekrose aufzufassen, denn die Veranderungen der Intima greifen
cinc weite Strecke {iber die Durchbruchstelle nach beiden Sciten
hinaus. Handelt es sich um ctwas andcres, ctwa um ein nicht aller-
gisches Geschehen? Diesc Frage 1aBt sich nicht mit Sicherheit
beantworten. Mikroben waren jedenfalls nicht nachweisbar, und
auch die Blutkulturen blichen steril. Die Auffassung, daB cs sich
auch hier um cinen mit der P.n. verwandten Vorgang handelt, st
am nahelicgendsten, allein erklart sich der Unterschicd gegenuber
dem GefaBbild der P.n. bloB in cinem verschiedenen Angriffspunkt
der Noxe oder in cinem verschiedenen Sensibilisierungsgrad der
gefdBaufbauenden Elemente? Diese Frage bleibt vorlaufig noch
offen.

Eine besondere Gruppe bilden jene Falle, bei welchen nicht
nur Arterien, sondern auch Venen und Arteriolen befallen werden.
So hat 1942 Harkayy 16 Falle zusammengestellt, welche cin poly-
symptomatisches Krankheitsbild darboten: pleurale und peritone-
ale Exsudate, Pericarditis, Polyncuritis, Veranderungen des Elehtro-
cardiogramms. 15 unter 16 Patienten litten an Asthma. In einigen
Fallen bestanden rezidivicrende Hauteruptionen: Urticana, angio-
neurotisches Odem, Purpura, hdmorrhagische Nckrose. Die Au-
topsic bei 4 ad exitum gehommenen Fallen ergab in verschiedenen
Organen (Lungen, Herz, Leber, Nierc) in den mittelgroBien Arte-
rien und Venen Veranderungen vom Charahter der P.n. und der
nekrotisierenden Arteriitis, fibrinoide Nekrose im angrenzenden
Bindegewcbe, ferner endarteriitische Prozesse vom Typus der
Endarteriitis obliterans. Bei allen Fallen bestanden Anhaltspunkte
fiir das Vorliegen einer chronischen Sinusitis. Im Blut hochgradige
Eosinophilie (in 15 Fallen 39-85 %). Einige reagicrten auf dic aus
dem Sehret der Nehenhohlen und aus Bronchialschleim gezuchteten
Mikroben positiv, wobei dic histologische Natur der Reahtion nicht
angegeben und vermutlich nicht untersucht worden ist. Wiederholt
wurden auch Sofortreaktionen auf verschiedene nicht bakterielle
Antigenc (Nahrungsmittel, Poilen, Staub, Tabak) crhalten.

Der "Vascular Allergy” von Harkayy steht dic ”Allergic Granu-
lomatosis” von Churg ct al. in mancher Bezichung nahe. Es handelt
sich ebenfalls um ein schweres polysymptomatisches Krankherts-
bild: Ficber, schweres Asthma, abdominelle Beschwerden, Diarrhoe,
intestinale Hamorrhagien, cercbrale Symptome, rheumatische Be-
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schwerden, Pericarditis, Albuminurie und Hamaturie, In der Mchr-
z2h! der Falle traten auch cutane Erschei n auf: iotr:

und subcutane Knoten, urticariclle Quaddeln, mahulo-papulose
Exantheme, Petechien bis ausgedehnte Ehchymosen. Bei den 7ur
Autopsie gelangten Fallen {10 von 15) wurden in verschicdenen
Organen 1m Bereich kleiner Arterien und Venen entzundliche
Prozesse vom Typus der Pun. und der nekrotisierenden Periarteriitis
mit Schwellung des Endothels und Nckrose der Gefafiwand, Infil-
tration mit neutrophilen und eosinophilen Leuhocyten gefunden,
Fur das Krankheitsbild sind nach der Darstellung der Autoren
besonders charakteristisch extravashulare und oft in der Nahe von
Klenen Venen gelegene Herde von fibrinoider Degenartien und
Nekrose des Bindegewebes. Diese sind anfanglich von Leukocyten
und besonders Eosinophilen (im An diem 70-80 %, der
weilen Zellen) durchsetzt und zeigen ausgesprochene Tendenz
zum Zellzerfall; in der Folge Ausbildung cines Granulationsmantels
aus radiar liten Makropt von epitheloidem Charakter,
aber sparlichem Protop! und unregelmaBiger Gestalt der
Kerne wie die klassische Pun.

Analoge Veranderungen finden sich auch in den cutanen
Pasionen: Arteriolen, deren Wandung von Leukocyten durchsetzt
ist, welche zum Teil zerfallen, auch hier reichlich Eosinophile, in
einigen Fallen Schwellung der Endothelien und Nekrose der Ge-
faBwand, und danchen wiederum Degenerationsherde im Binde-
gewebe mit granulomatosen Randwall oft paravasal, aber nic im
Bereich der GefaBwand selber lokalisiert,

In der Mehrzahl der Falle bestand eine Nebenhohlenaffeh-
tion mit Staphylokokkus aureus und albus und Pneumokohken.
Fast alle hatten in der Vorgescluchte eine Poeumonic duschge-

macht. 5 wiesen rontgenologisch den Befund von Loffler'schen Tn-
filtraten auf.

Zwischen den Fallen von Harkazy und denen +
wsofern Ubereinstimmung alsbeide polyorganische]g:agf\z,cgill:;si;;m
darstellen, bei welchen neben Arterien und Artenolen auch Vi .
beteiligt sind. Allein wahrend die Vascular Allergy von H: C:C“
der P.n, relativ nahe steht und vielleicht nur cinenggond i 17' -
stellt, so enthalt die ”Allergic Granulomatosis® on Mu::;:;l b
den vom GefaB unabhangig Degenerationsherd im Bind cwcnl:
welcher zur Auslosung einer granulomatosen Reaktion fi uhi%cggf}f;
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Es fallt schwer, in dicsem Fall den ganzen Vorgang als dic
Folge einer nur auf dic Durchbruchstelle beschrankten Media-
nehrose aufzufassen, denn die Veranderungen der Intima greifen
cine weite Strecke uber dic Durchbruchstelie nach beiden Sciten
hinaus, Handelt es sich um etwas anderes, ctwa um ein nicht aller-
gisches Geschchen? Diese Frage laBt sich nicht mit Sicherheit
beantworten. Mikroben waren jedenfalls nicht nachweisbar, und
auch die Blutkulturen blichen steril. Die Auffassung, daB s sich
auch hier um cinen mit der Pon. verwandten Vorgang handelt, ist
am naheliegendsten, allein erklart sich der Unterschicd gegenuber
dem GefaBbild der P.n. bloB in cinem verschicdenen Angniffspunht
der Noxc oder in einem verschiedencn Sensibilisicrungsgrad der
gefaBaufbauvenden Elemente? Diese Frage bleibt vorlaufig noch
offen,

Einc besonderc Gruppe bilden jene Falle, bei welchen nicht
nur Arterien, sondern auch Vencn und Arteriolen befallen werden.
So hat 1942 Harkapy 16 Falle zusammengestellt, welche cin poly-
symptomatisches Krankheitsbild darboten: pleurale und peritone-
ale Exsudate, Pericarditis, Polyncuritis, Veranderungen des Elcktro-
cardiogramms. 15 unter 16 Patienten litten an Asthma. In eimgen
Fallen bestanden rezidivierende Hauteruptionen: Urncaria, angio-
neurotisches Odem, Purpura, himorrhagische Nekrose. Die Au-
topsie bei 4 ad exitum gekommenen Fallen ergab in verschiedenen
Organen (Lungen, Herz, Leber, Niere) in den mittelgroBien Arte-
rien und Venen Veranderungen vom Charakter der P.n und der
nekrotisierenden  Arteriitis, fibrinoide Nekrose im angrenzenden
Bindegewebe, ferner endarteriitische Prozesse vom Typus der
Endarteriitis obliterans. Bei allen Fallen bestanden Anhaltspunkte
fur das Vorliegen einer chronischen Sinusitis. Im Blut hochgradige
Eosinophilic (in 15 Fallen 39-85 %) Einige reagierten auf dic aus
dem Sckret der Nehenhohlen und aus Bronchialschleim gezuchteten
Mikroben posttiv, wobei dic histologische Natur der Reaktion nicht
angegeben und vermutlich nicht untersucht worden ist. Wiederholt
wurden auch Sofortreaktionen auf verschiedenc nicht bakterielle
Antigene (Nahrungsmittel, Pollen, Staub, Tabak) erhalten.

Der *Vascular Allergy” von Harkazy steht die ”Allergic Granu-
lomatosis” von Churg ct al. in mancher Beziehung nahe Es handelt
sich ebenfalls um ein schweres polysymptomatisches Krankheits-
bild: Fieber, schweres Asthma, abdominelle Beschwerden, Diarrhoe,
intestinale Hamorrhagien, cerebrale Symptome, rheumatische Be-
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kokken hauptsachlich zu Erschei der Purpura rhcumatica

fuhren, wahrend fur die P.n. unbekannte Erreger verantwortlich
sind.

Fin beiden Gruppen gemeinsames, in den Beschreibungen
haufig erwahntes und als allergisches Symptom gedeutetes Element
sind die Eosinophilen. Nach den heutigen Kenntnissen durften
Ecsinoptulen nicht chne weiteres als ein Bewels fiir allergisches
Geschehen angesehen werden, indem einerseits typische allergische
Vorgange wie die Tuberkulin- oder die Ekzemreaktion ohne Betci-
hgung von Eosinophilen verlaufen und andererscits Eosinophile im
Gewebe und im Blut auch bei nicht allergischen Vorgdangen, wic
2.B bei der Resorption von pflanzlichen Olen in groSer Zah! und
schon in den ersten Tagen nach einer parenteralen Einverleibung
auftreten konnen (Esselier). Im histologischen Bild der Sofort~
reaktion bilden die Eosinophilen allerdings einen integralen Bes
standteil der Fruhperiode. Vermutlich sind sie die Folge der Aus.
schuttung von Histamin oder histaminahnlichen Sub , 2l
mal die Histaminquaddel durch eine Haufung von Eosinophilen
im GefaBlumen (Berger und Lang), aber auch im perivascularen
Gewebe (V. Jadassohn) ausgezeichnet ist. Ihr Auftreten im Reak~
tionsbild der allergischen Vaculitiden konnte ebenfalls die Folge
ciner Histaminausschuttung sein, was an sich kein Beweis fur die
Identitat beider Vorgange ist. DaB die Beteiligung der Eosinophilen
von den Autoren Big verschied gegeben wird, kann
vom Zeitpunkt der Untersuchung abhangen (beim Arthus-Pha.
nomen sind die Eosinophilen am zahlreich in den ersten
12 Stunden), kann aber auch, wie schon erwahnt, eine Folge der

verscl d ‘;M;U' g hoden sein, Jedenfalls bildet das Sym-

ptom kein zuverlissiges Kriterium. Wenn schon die samtlichen, Formen

der Allergide dte Quge und vielleicht einen ge-
allergischen Reakti Z

i besitzen, so wird
Iy . erst
weitere Exforschung dueser interessanten Erscheinungen ;in: Klassif :mf:‘f
auf solidem Boden erlauben. <ienn

Zu:ammmfmm,,g

Es werden die verschied F
N N Ormen \¢ .
sprochen, welche einerseits dem Formenkreis der Parpe l:‘r\;rglc be-
ca, andererseits dem Formenkreis der Periarteriit cumati.
gehoten. is nodosa an-

4 Int Acch Allergy, Vol 8, Mo 12 (1956)
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das Granulationsgewebe als solches ist das Besondere, denn auch
zum Bilde der P.n. gehort in der zweiten Phase dic Entwicklung
cines Granulationsgewebes. AuBergewohnlich ist dic isolicrte Binde-
gewebsschidigung. Darin crgibt sich eine Bezichung zu den rheu-
matischen Reaktionsformen (Aschoff’sche Knotchen, Noduli rheu-
matici) sowie zu Veranderungen beim Lupus erythematodes acutus,
die noch der weiteren Abklarung bedarf.

Zum SchluB stelit sich die Frage, ob zwischen den vascularen
Allergien der kleinen und jenen der groBen Gefae cine engere
Wesensverwandtschaft besteht, ob der Reaktionstypus derselbe und
nur der Reaktionsort ein anderer ist. Bei der Verschiedenheit des
GefiBaufbaues mull sich der Vergleich auf dic allgemcinen Ziige
beschranken. In beiden Fallen handelt cs sich um cinen mehr oder
weniger stiirmisch verlaufenden, vom GefaB8 ausgehenden ProzeB,
der oft zur Schidigung der GefdBwand und zur Blutung fuhrt. In
beiden Fallen spiclen polynucleare Leuhocyten wenigstens in der
Initialphase eine wesentliche Rolle. In beiden Fallen ist das Endo-
thel auler gelegentlicher Schwellung seiner Elemente anscheinend
nicht primar befallen. Das GefaBlumen wird oft cingeengt, bleibt
aber in der Regel durchgangig. In beiden Fallen durften mikro-
bielle Noxen atiolagisch dic Hauptrolle spiclen, vielleicht auch
dort, wo Mcdikamente (Sulfonamide) wisachlich in Frage hommen,
in Wirklichkeit aber nur Mittlerrolle spiclen. Wenn schon dic Falle
in ihrem Klinischen Verlauf entweder unter dem Bilde der Pn.
oder des leuhceytar-hamorrhagischen Mikrobides verlaufen und
als nosologische Einheiten imponicren, so beweisen gerade die Falle
von Harkavy, daB cs auch Zwischenformen gibt, bei welchen neben
den Arterien auch Arteriolen, Kapillaren und Venen befallen sein
Lonnen. Auch in den Beschreibungen der P.n.anderer Autoren finden
sich relativ oft Hauteruptionen erwahnt, vor allem Purpura (in 31 °,
der von Bruce, Logue und Mollins aufgestellten Staustik 177 Falle),
was cine Beteiligung auch der kleineren GefaBe wahrscheinlich
macht. Das schlieBt nicht aus, da8 die P.n. in ihrer Massischen Form
cine nosologische Einheit bildet (wie das auch fur eng verwandte
Formen wic dic Arteriitis temporalis gilt), wobei fur die besondere
Lokalisation — bald nur Arterien, bald Arteriolen und Venolen,
bald beides — sowohl das Verhalten des Reaktionsgewebes als auch
die Natur der mikrobiellen Noxe verantwortlich scin durfte. Mikro-
bielles Geschehen verrat aber haufig einen organotropen und histo-
tropen Charakter. Es ist moglich, daB Staphylokokken und Strepto-
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In beiden Fillen handelt es sich um akut entziindliche ex-
sudative und leukocytéire Prozesse mit und ohne Gewebsschadigung,
welche im ersteren Fall Venolen, Arteriolen und Kapillaren, im
letzteren Fall vorwiegend die kleinen Arterien betreffen.

Die Vorginge haben, reaktionspathologisch betrachtet, aller-
gischen Charakter, doch ist es vorerst nicht méglich, sie mit einer
der bekannten allergischen Reaktionsformen zu identifizieren.

Es ist wahrscheinlich und in einzelnen Fillen durch die Te-
stung belegt, daB es sich um Streuexantheme handelt und daB
herdanstissige Mikroben atiologisch die Hauptrolle spielen, so daB
man wenigstens in diesen Fillen von vasculiren leukocytaren
Mikrobiden sprechen kann.

Es wird die Notwendigkeit betont, vor der #tiologischen Ab-
klirung der einzelnen Fille vermutete Zusammenhiinge mit vor-
handenen Infektionsherden durch Testung mit den in Frage kom-
menden mikrobiellen Antigenen durchzufihren, wobei nur ein
auch histologisch den natiirlichen Vorgingen analoges Reaktions-
bild Beweiswert besitzt.

Summary

Various types of vascular allergy which belong to the cate-
gories purpura Schénlein and periarteriitis nodosa are discussed.

In both cases we deal with acute inflammatory exudative and
leucocytic processes, with and without damage to the tissues. This
damage affects in the former category venules, arterioles and capil-
lary vessels and in the latter mainly small arteries.

From the point of view of the pathology of reaction these
processes are of an allergic nature but it is at present intpossiblc to
identify them with the aid of one of the known allergic forms of
reaction.

It seems probable — and in some cases this is confirmed by
tests - that we deal with diffuse exanthemas and that the principal
aetiological factor is provided by microbial foci so that, at least
in these cases, we may speak of vascular leucocytic microbids.

The necessity of testing for suspected relations to ir}fcctious
foci with the corresponding microbial antigens _befor.e arriving at
an aetiological clarification of individual cases is pointed out. In
such cases only a reaction-picture histologically analogous to natural
processes will carry convincing proof.
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Further investigations showed us that in !’act larvae of a.scandcs
are frequently the cause of these infiltrations. But ascarides are
not the unique cause of the phenomenon and o!her' causes or, ifI
may say so, other antigens are resp ible for thz.: development of
the tramsitory infiltrations with blood cosincphxha.. The clinical
picture is sharp and well defined. The following slides may first
show the X-ray aspect and the clinical picture of the classic tran-
sent infiltration, In another series 1 should like to show some
particulars of these infiltrations, discuss the differential diagnosis
and then show the results of experimental work on the subject.

In two thirds of our cases the eosinophilia varies between 10
and 35 %. In the extreme cases which are rare, there is found a
minimum of 5-10 % and a maximum of 40-66 %.

The distribution of the infiltration at the different months
shows a high number during summer and rare cases during winter.
That is a maximum during the season of sunshine and selads.

An interesting observation has been made by my collaborators
Kartagener and Spukler. They were able to find in fluoroscopic exami~
nation of a field battery 50 men with transient lung infiltrations,
while in the neighbouring battery only one single case was found.

And he was the only man, who got his food from the kitchen of the
first battery.

We find in one fourth of our cases eggs of ascaris in the feces,
But one must consider that there is not the ascaris duelling actually
in the intestines of its carrier, which produces the infiltration, but

that it is the larva ingested with food, chiefly salad, which produces
the nfiltration.

From the

anatomo-pathological point of view the infiltrations
are considered as i isti

P g of phile cells, The
hcpat.lsalion is chiefly due to these cosinophile cells by lack of fibrine.
Thus is most characteristic for this type of preumenia, and explaing
the rapid evolution of these pneumonic lesions.

In the post mortem observations of cosinophile lung infiltrations
of 0. Meyenburg, Zurich (1942), there exists no clinical history,
l(h;;c cas:s gf accidental death having not been examined clinicallv;

stides of t] - i i i
;hown)',s ¢ anatomo-pathological aspect of the infiltrations are
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Transient Lung Infiltrations with Blood Eosinophilia
By W. LOFFLER, Zurich

In 1932 we described quickly appearing and quickly dimin-
ishing X-ray shadows in the lung fields and called them pulmonary
transitory shadows or infiltrations. They are connected with a marked
and also transitory eosinophilia of the bloed. The phenomenon
corresponds to @ pneumonia which is rather poor in clinical signs.
There exist considerable difficulties in differentiating these shadows
from tuberculous infiltrations and from other forms of pneumonia
with rapid course. Decisive is the rapid development of both, the
pulmonary infiltrations and the blood eosinophilia.

The X-ray shadows are variable, unilateral or bilateral, fleecy
or dense and small and round or big and irregular; they may be
very extensive. They usually appear within three days and disap-
pear in about 10-12 days.

One single X-ray picture is insufficient to establish a diagnosis.
A series of pictures or fluoroscopic examinations would be necessary
to cstablish a final diagnosis. A purely radiologic observation is
insufficient by itself for diagnosis. The same phenomenon of rapidly
disappearing shadows may occur at the end of certain pneumontas.
The diagnosis is deviated if the decisive conditions are neglected.

Hematologically in continued examinations the total number
of leucocytes is between 4000 and 8000, rarely exceeding this
number. The characteristic eosinophilia is of short duration, appea-
ring quickly and also disappearing quickly, it may vary from 66 %,
to 6 %.
From the very beginning of our observations we had considered
the possibility of worms, specially ascaris as a causative agent.
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Some authors described as transitory infiltrations pneumonias

of which they only documented radiologically the final stage. Su.ch
ion within onedisease is not admissible, A p remains

a pneumonia, even if you consider only the end ofit: A preumonia
remaias a big disease while the cosinophile infiltration is alwa_ys a
small disease, May 1 use the comparison: Cutting off the tail of
2 lion will never produce 2 cat but will remain a lion’s tail.

The clinical observations of the transient lung infiltrations
with eosinophilia of the blood led to rather far reaching conclusions
hut was unable to give a satisfactory solution of their pathology and
enclogy. Experiments made on human beings, so by Koino, pro-
duced severe pneumonias and those by Vogel and AMinning on
themselves also pointed to the great probability, that after ingestion
of ascaris eggs transitory lung infiltrations may appear, even
together with cosinophilia of the blood,

Since all the cases of v. Afeyenburg were examined after ac~
cidental death, all knowledge of the previous clinical aspect and
partientarly of blood examination was lacking, that is at least one
of the chief symptoms of the transient infiltration. So by the obser-
vation mentioned, it was impossible to prove, that any definite
agent i3 able to provoke the lung infiltrations coinciding with
blood eofinophibia. We therefore tried to find an experimental
solution to this problem, and to investigate if it was possible to
find in the same animal, proveked by a definite agent, the clinical
2 well as the anatomo-pathological criteria, 1. ¢. lungfinfiltra-
tions as well as blood-eosinophilia, both of transient nature, We
chose, together with Eysellier, what we considered to be the most
frequent agent, the larvae of ascans lumbricoides. In spite of the
exutence of pseudo-eosinophile cells in the guinea-pig we chose
this animal, the real cosinophils being easily distinguished from
pstudocosinophils.

The results of this experimental work ate conclusive, A sevies
of microphotographs it shown giving evidence of the ascaris lar-
VAv 2 an important causative agent, after infestation of the
gunea-pigs fﬂkh tiving eggs, that is eggs comaining moving larvae.
:':;: :vha;:;i;:ﬁ:t; u:f Iirvla ::m rol(o;v:d from the intestines to the

R ail statl
pictre of (s s ons could be photographed. The first

how the larva bores into th
€ mucous
membrane of the caccum protucing very distinct eosinophil
P

re-



56 L3ffler, Transient Lung Infiltrations with Blood Eosinophilia (302)

There follows a series of slides illustrating some particularities
of the transient infiltrations as bilateral and migrating foci, parti-
cipation of hilar glands, participation of interlobar space and
pleura, then cases of small, fleecy shadows in great number, and
finally the miliary form of the transient infiltration, which could
give the impression of a miliary tuberculosis or certain form of
Boeck’s disease.

The rapidity of the development again is the deciding factor
together with the blood examination. We must always bear in
mind, that infiltrations with blood eosinophilia of tuberculous
origin are extremely rare but may occur.

We had the opportunity to see several cases of transient infil-
trations in which an artificial pneumothorax had been established
or in other cases was on the point of being established. This, no
doubt, is regrettable but is reversible. The situation is entirely dif-
ferent, when in eosinophile infiltration of the testicle or epidydimis
an operation is performed. In this case the situation is irreversible,
The cosinophilia of the prostatic fluid is characteristic in such
cases. This examination should therefore not be neglected (Burck-
hardt and Kartagener).

Pulmonary infiltrations coinciding with an infiltration in the
testicles together with signs of meningitis are particularly apt to
induce to the false diagnosis of tuberculous lesions. The eosino-
philia of the blood as well as that of the cerebrospinal fluid may
prevent errors.

The differential diagnosis includes all forms of shadows and
may be mentioned here very briefly only.

Virus-pneumonias, as well as cases of Q-fever show compara-
tively slow evolution, without eosinophilia of the blood. The fact,
that these cases as a rule oceur in groups, does by itsclf in no way
exclude an cosinophile infiltration as mentioned above.

We cannot help objecting very strictly to the tendency to
declare every undefined shadow to be a transient infiltration with
blood eosinophilia.

Atelectasis may be mistaken for transient infiltration. There
are also pneumonias produced by preumococei with very rapid

development.
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Larvae of Botricephus latus. Fasciola hepatica. Necator :fmcricn-
nus, Strongyloides stercoralis, etc. The inhalation of certain forms
of acarus failed to produce typical eosinophilic infiltrations. Tt is
evident that the ascaris is not the only but probably the most com-
mon and most frequent cause ofthe transicnt pulmonary infiltra-
tions.

Summary

The syndrom of ient pull y infiltrations with blood
eosinophilta is characterised by rapidly developing and rapidly
disappearing X.ray-shadows in the lungs and transient cosinophilia
in the blood. The infiltrations may occur as one single focus or
several foci simultaneously or successively.

The X-ray-shadow reaches its maximal intensity carlier than
the 3 of eosinophils is ined; the differcnce may be
2-3 days, To have a clear aspect of the clinical picture daily exam-
inations are necessary.

The infiltrations may occur in other organs, epididymis, liver,
meningi. The pathologico-anatomical findings are broncho-pneu-
monic infiltrations and, experi Iy, d with atel i
The syndrome can be reproduced in all its aspects experimentally
by ingestion of embryonised eggs of ascarides.

The migration of the larvae can be followed from its start in
the mucous membrane of the colon through the liver into the lungs

and bronchi, Similar clinical pictures can be produced by injection
of different oils,
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action in the intestinal wall. This reaction leads to the formation
of very dense eosinophile infiltration of the submucosa of the
coecum,

In the next largest station through which the parasite wanders,
the liver, we see very distinet changes.

The larvae are scen in the liver lying partly in a blood vessel
and partly in the parenchyma of the liver. The bile duct and its
accompanying blood vessels are filled with eosinophile leukocytes
swarming out into the surrounding liver tissue. At another place,
we find an extensive zone of necrosis with a distinct eosinophile
reaction surrounding it. The larvae go from the liver to the lungs
by way of the blood-stream. In the lungs they cause the formation
of the eosinophile infiltrations which have our special interest here,
they arc located partly around a bronchus, partly around blood
vessels and partly in the parenchyma of the lung itself. Therc are
also very dense perivascular cosinophile infiltrations, others in the
parenchyma of the lung, in which larvae of ascaris are found.
There exist also dense peribronchial infiltrations with marked cosino-
phile bronchitis.

The larva has reached the lung at the end of its wanderings.
It can be found in the lumen of the bronchus, surrounded by
mucous masses, in which cosinophile leukocytes are embedded.
The larva of ascaris which travels from the lumen of the bronchus
to the intestine by way of the trachea and esophagus, does not
mature in the guinca-pig, as it does in man. But this is without
interest in connection with our problem.

The appearance of the infiltration in the Jungs as well as the
rapid disappearance of them is shown in X-ray pictures. The
pictures were taken before the infestation, and 9, 10 and 11 days
after the infestation had begun. Numerous circumscrided infiltrations
of the lungs, situated paracardially on both sides, which show a
rapid involution, are to be seen. Blood eosinophilia and eosinophilia
of the marrow are marked and transient.

A good deal of possible causes, others than ascarides, have
been suggested. Engel mentioned the pollen of tl.le pfivct plfmt,
observing in Shanghai the coincidence of the transient infiltrations
with the flowering of this plant. As yet, we have not been
able to find the same. Hoff and Hicks reported a case duc to End-
amaeba histolytica. A series of other parasites has been mentioned:
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given but there seems Tittle doubt that it does in fact take place.
From the evidence of Riley (3) it seems extremely likely that the
soutee of the histamine is the mast cells and that histamine release
involves the intracellular breakdown of the granules and the dis-
charge of their contents. The process is remarkably rapid one:
In my laboratory, Boake (unpublished experiments) has found the
following mean times elapsing from pricking the reagent through
the skin to the appearance of the wheal: histamine 102 sec., mor-
phine 130 sec., pollen 172 sec. The differences between the first
two latent periods presumably expresses, at least in part, the time
taken for morphine to fire off the mechanism for histamine release
and for the histamine to diffuse out of the mast cells. 1t is a quick
process occurring in 28 seconds, suggesting that the morphine
prabably acts at, or close to, the surface of the cell. The “antigen-
antibody” reaction which underlies the pollen reaction presumably
is a large component in the difference between the latent periods
for morphine and pollen. Here again the very brief time, 42 seconds
suggests that this reaction takes place at or close to the surface of
the cell, a lusion agreeing with the p of a sub in
plasma as shown by the Prausnitz-Kiistner ion, These p

then, all appear uninfluenced by cottisone or A.C.T.H. in the
doses here used.

By contrast, the tuberculin reaction is diminished in size by
cortissne and A.C.T.H. to ar extent varying from 15 to 170 times.
Another response diminished by cortisone and A.C.T.H. was that
ta mang butyrate, a sub also producing a delayed 1ype
of response with a maximum about 24 hours after its injection.
Here, however, the degree of reduction of response was less, about
fwsce. That the chemical mediators of the delayed response are
different from those of the immediate response, is indicated by the
presence of inflammatory cells in the one and their absence in the
other. Moreover, while the sizes of the responses to histamine pollen
and cat scurf are reduced by antihistamines, those to ;
3:::3:: ::: ;:c ::bcfrcz}x‘ﬁn z:im not. Cortisone diminishes the
work of Iﬁndepand th? inciencs o o ey oF response, and the
ok ol - indicates that the cellular component of the

P is also diminished in the The poin

of action of cortisone remai olved. o o ot
mains tns 5

N T uns: { ed. The fact that the response

1 23 well as that to tuberculin

%
suggests that it does not act in this hind of response at least on the
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Some Vascular Effects in Allergy
By G. W. PICKERING

St. Mary’s Hospital Medical School, University of London.

It is well known that cortisone in therapeutic doses in man
frequently suppresses inflammation in certain diseases in which an
allergic origin has been suspected. It seemed possible that we might
learn something of these processes and of the point of action of
cortisone by studying the effect of the substance upon the vascular
response of the skin to a variety of agents.

In these experiments (2) we used patients who were receiving
cortisone in doses of 200 mg. per day or A.C.T.H. 100-160 mg. per
day for discases such as rheumatoid arthritis not primarily affecting
the skin. Experience with a variety of agents convinced us that the
changes, if any, were too slight to be detected merely by comparing
the sizes of lesions produced by a given dose of the agent before,
during and after cortisone treatment. We, therefore, used serial
dilutions of the test agent, confirming what others have noted
before, that in most of these agents there is a linear relationship
between the logarithm of the dose and the diameter of the response.
By comparing the positions of the regression lines we were also able
to estimate the degree to which the response was suppressed by
cortisone therapy.

The first group of agents tested were those giving the triple
response of Lewis, namely, histamine, morphine and pollen-extract.
The sizes of these responses were quite unmodified by cortisone or
A.C.T.H. Now Feldberg and Pator (1) have shown in the perfused
cat’s skin that morphine does in fact liberate histamine. The formal
proof of histamine liberation in the pollen reaction has not yet been
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Some Clinical Aspects of the Dingnosis and Treatment
of Vascular Allergy
By JAN WALDENSTROM
From the Medical Clime of the Univernty of Lund, General Hospitah, Malmd

The problems sct by the occurrence of widespread vascular
lesions (polyangeitis) in a patient’s body are manifold and hard to
solve. The role of allergy in some of these conditions (peri- or,
preferably, poly-arteritis nodosa) is probably important atleast in
2 certain number of cases, The presence of manifest allergic discase
such as asthma and unusually high eosinophile count are important
features in such patients. In other instances of polyangeitis (wide.
spread arteritis lis”, pul y obliterating arteritis with
pulmonary hypestension, etc.} the role of allergy has not heen
established. The present paper will discuss the effect of treatment
with ACTH or Cortisone in some cases chosen from our rather
extensive experiences in this field in Malmo.

The clinical diagnosis of periarteritis nodosa has always been
regarded as difficult. When the picture is typical e.g. in a person
with asthma who develops fever with persistently high eosinophile
count, abdominal colics, signs of renal damage, polyneuritis, etc.
little doubt exists as regards the diagnosis. Thorough palpation of
the cutis with biopsy of subcutancous nodules may confirm the
diagnosis. In a number of cases a biopsy from a skeletal muscle
(e.g. deltoid) has given positive evidence for the diagnosis. This
has been a valuable diagnostic procedure also in our experience.

Spontaneous remissions in periarteritis nodosa (P.N.} are by
no means rare. I have seen at least 3 such cases happening before
}he advent of ACTH or Cortisone, Such remissions make our
Jjudgement regarding the effects of adrenal cortical hormones




62 Pickering, Some Vascular Effects in Allergy (308)

antigen-antibody reaction. However, as Dr. Feldberg so clearly
indicated yesterday, we know little about the processes concerned
in this delayed type of response, which has every characteristic that
we may demand for inflammation. I incline to the view that the
release of intracellular enzymes, particularly proteases, are con-
cerned but where along this chain of events cortisone acts remains
speculative.

Summary

In doses used therapeutically in man, Cortisone has no effect
on skin responses to histamine, morphine and pollen; it reduces the
responscs to manganese butyrate and tuberculin. The time relations
of the response to pollen suggest that the reaction between antigen
and antibody takes place on or near to the surface of the cell. It is
possible that the type of delayed response affected by Cortisone is
mediated through intracellular release of enzymes such as proteases.
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discussed, A small subcutancous nodule was located and a biopsy showed typical
penartentis nodosa, At this tsme (May 1950) ACTH was very scarce n this eountry
and she receved only a short course with immediate, though transient, effect on Ihi
BED .23 goumr, e et Cpeen ..

. . . e .
states in letters that she 1s able to do full-tine work and 1s feeling fine. She 13 sull suffering
om pasns 1n her legs however.

Comments, After a long illness with constant low weight, general
lassitude, newritis and increase in ESR a short course of ACTH
started a remission that lasted for nearly 5 years. Biopsy established
the diagnosis

The next case was not equally favourable as regards the final
outcome, even if the immediate therapeutic results were excellent.

Case 2. A J , male, born fn 1822 {fig 2). In December 1350 a big nghtsided
pulmonary ifiltration was found. The patient was treated with sulpha drugs, perucillin
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somewhat difficult. It is usually stated that these hormones have
a favourable temporary effect on different forms of polyangeitis.
Such a statement is to be found, for example, in a recently compiled
monograph on Cortisone by Lukens. Very few facts regarding the
long-time outcome of periarteritis nodosa after such treatment
however are to be found in the literature. In 1951 Joknsson published
a case from this clinic, where a remission lasting for more than
2 years was induced in a patient with P.N. verified by biopsy. This
woman has now been under observation for more than 5 years and
has suffered no relapse of her disease.

The largest collection of these cases treated with adrenal Corti-
cal hormones has been published from the Mayo Clinic by Schick
et al. They had seen 13 cases but the observation times did not
exceed 15 months, The immediate effects were usually very good
but there were several instances of infarctions probably due to
healing of the arteritic process with secondary obliteration of the
vascular channels. One of the best followed cases has been published
by Mundy et al. where 4 courses of ACTH gave clinical improve-
ment each time. The patient was placed on continuous treatment
with cortisone and remained in gooed condition after 16 months.
Another person was observed in remission for 14 months (see Levin
et al.). Continuous ACTH was used as treatment. Two young
boys, 15 (Simpson et al.) and 9 years.old (Dent et al.) showed re-
missions of 16 months and 2 years respectively with ACTH or
Cortisone. A number of authors seem to have had serious compli-
cations from ACTH treatment of their cases and it is not rare
to find the statement that the hormonal treatment aggravates the
cardio-renal condition of these patients. Also the danger of in-
farctions after healing of the angeitis is pointed out.

During the last 5 years we have seen 8~10 cases of P.N. in the
Malmé Clinic and a number of these have been treated with ACTH
or Cortisone. I shall only present histories regarding a small number
of these cases and discuss the influence of treatment,

Case 1. The first case has already been published 1n Swedish by Johnsson {1951),
T.M, was born m 1901. In January 1949 she was treated with sulpha drugy and felt

very ill after the treatment (“moribund”). In the spring of 1949 she had persistent
fever for no obvious reason. Her ESR (erythrocy 3 fon rate} i d to
- + 1 me em Lesmees oafes sachecuc with 2 body

ensitivity and some

» eosinophibia, there

ive diagnoses were

WOL sy wap
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discussed. A small subcutaneous nodule was located and a biopsy showed typical
Perartents nodosa, At this ime (May 1950) ACTH was very scarce in this country
and she received only a short eourse with immediate, though transient, effect on the
ESR and excellent umprovement in appetite and general status After cessation of
therapy there was seen 4 typical rebound phenomenon regarding the ESR but her
“weight continued to increase steaddy and her fever disappearsd. Later exarmnations
showed a normal ESR and an increase 1a her body weght to the normal values She
states m Tetters that she 15 able to do full-time work and 1s feeling fine. She is still suffering
from pasns in her legs however

Comments, After a long illness with constant low weight, general
lassitude, neuritis and increase in ESR a short course of ACTH
started a remission that lasted for nearly 5 years. Biopsy established
the diagnosis,

The next case was not equally favourable as regards the final
Outcome, even if the i d h

p results were 11

Case 2 A.J., male, bom 1n 1922 (fig. 2). In December 1950 a b
s Y . 2). g night-uded
Ppulmonary wfiltration was found The patient was treated with sulpha drugs, perucillin
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and in, He ! kerato-conj and jomt pans.

In March 1951 purpura d:vclopcd on both legs. The pulmonary picture indicated the
possibility of a lung tumour and the patient was transferred to the Clinic for Thoracic
Surgery in Malmé He was scen by me 1 consultation without any defimite diagnoss
being possible at that time. In August 1951 he developed sudden abdominal colies
that indicated a laparotomy, Multiple small nodules were found 1n the peritoneum and
a bmps‘/ showed typical P.N. A purpunc spot was also cxcxscd and showtd the same
picture in the vessels, In S he and n two
fingers. In spite of severe decubrtal ulcers, m:atm:nt with ACTH was regarded as
the best chance for the patient. After a course of ACTH lasting for about 2 months hie
ESR'came down to 40mm but hus eostnophile count remamed elevated Therewas avery
marked increase m weight and the patient’s hition was re kabl, The
decubital ulcers healed but he still had cruptions of purpura, He was dismussed from
the hosputal in exccllent condition. From November 1951 to June 1952 he was able
to work normally. He then developed angina and was treated with sulpha drugs in
another hospital, It must be regretted that we had not warned the patent against
taking sulpha drugs, He developed jont patns, a high fever and papules and ulcers,
He was treated for a few days in this chiruc with Cortisone, when he was already morr-
bund. There was no effect of the treatment The post-mortem showed wide-spread
periarteritis nodosa,
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Comment. The influence of sulpha drugs and antibiotics on the
develapment of P.N. s not definitely proved but the severe relapse
1n the present case started after the second course of sulpha drugs.
There was only mod inophilia and no i in y-globu-
Yins. The first effect of ACTH was excellent and lasted 8 months.

Furiher case. We have secn one patient, who had been suffering
from colitis since 1945. In 1952 he had another attack with
diarthoea. In 1954 he had repeated melaena from an uleerative
proctitis. In March 1954 he was running a high fever and was in
avery bad condition. He was treated with salazopyrin without any
improveroent, It was thought that he suffered from a septic con-
dition but antibiotics were ineffective. The patient died with marked
azotacrmia; there was no eosinophilia. The ESR was high but there
was no increase in the y-globulins. The post-mortem gave an
unexpected diagnosis: periarteritis nodosa with infarctions in lungs,
spleen and colon. An identical case has been described recently
(1951) by Mundy et al.

Regarding the other patents it is perhaps sufficient to say,
that one man, born in 1893, suffered from very violent purpura
eruptions in {951 on all four extremities and also had some pur~
Pura on the trunk. No previous medication was known and there
were no signs of allergy. Eosinophiles gave a maximal value of
13,5% of 18200 white cells and the sedimentation rate gave a
maximal value of 35 mmjhr. There was no inerease in y-globulins,
Biopsy of a subcutaneous nodule showed changes that were jnter-
preted as periarteritis nodosa but there was also present a fibrinoid
necrosis in the fntima of the vessel. The rapid effect of ACTH was
also lasting. The patient was observed for 18 months. After the
treatinent he has remained completely well,

Another patient 1 this group was a woman born in 1897,
§ iia:?rlcn Lll::?, 2(;) yc:;) 1shc had suffered ffom valvular heart
25 s overber 1951 she was Krc.:n.:d with sulpha _drugx for

€ On ad she had an increased

piratory
i : g
<old titre and a diag; of virus p ia was made.

In Januar.y 1852 increasing cardiac decompensation with red
:u!;ntous infiltrations on the left calf, irregular fever, leukocytosis
b’:; : ;nccc:casgd ES}( were noted. .Shc was treated with penicillin
- rrent pcnn.ds of fever with leukocytosis and cosinopenia

oped. In April she showed a very peculiar haemorrhagic

exanthema op the hypothenar regions in both palms and had

3 Int Anch Allergy, Vol B, o 12 1956}
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diffuse pains in the body. Biopsy from the left deltoid showed
typical periarteritis nodosa. Treatment with ACTH resulted in
excellent subjective improvement. This continued and her ESR
came down to 30 mm/hr. On continued smaller doses of ACTH her
ESR again increased to 100 mmj/hr. She received 10 units protracted
ACTH every other day as a continuation of her initial ACTH
course. On June 5th, 1952, she developed acute pulmonary oedema
which was treated successfully. At admission her achilles reflexes
had disappeared and she also had signs of a Jeft-sided peroneal
paresis. Her ACTH treatment was discontinued and she was in a
rather good condition until July 15th, when she had a left-sided
hemiplegia and died after 11 days. The post-mortem showed a
thrombosis of the left cerebral artery, signs of mitral stenosts, renal
arteriosclerosis but no signs of P. N. There were however numerous
infarctions, The periarteritis was obviously healed.

The next case will be treated more in detail as it scems to
show some features of unusual interest, even if the diagnosis has
not been definitely established.

Case 3. Male, born in 1900. In 1942 first attack of asthma. In 1952 he had a
relapse {fig. 3). In 1954 the pzuem fdt very tired, had lost much weight and suffered
from severe itching, The g as prurigo nodulars
Hyde. In April 1954 he had a new attack of asthma wuh severe cardiac incompensation,
extensive oedema and maximal cyanosis. He also had a swollen liver with a blood
pressure of 130/90 mm Hg. On admittance hiy ESR was very low (cardiac mcompen-
sation) in spite of a high p-globulin with a Jow serum albumin. He was treated with
mercurials and his oedema disappeared. He also had marked cosinophilia. There
were clinical and roentgenological signs of ¢or pulmonale. Biopsy from the deltord muscle
showed no signs of P.N, The patient had an c:cwwdy high cmmopl'ule coum with

nearly 30,000 cellsfmm?, His ESR was h d and his }
became more marked. His eosinophilia showed marked fluctuations but hu ESR was
quite bigh when we started witl tisone in spate of d

and other signs of renal dysfunction (creatinin clearance 19 mlfmin.) At this stage
the patient was severely cachectic, febnile and disorientated and cortisone treatment
was regarded a3 an ultimum refugium. The effect on the general status of the patent
was dramatic. He started eating, his non-protein-mitrogen came down to normal
values, the albumin increased and the p-globulin decreased. The eosinophile count
also decreased and in June 1955 hus general condition was quite good with a weight
increase of nearly 30 kg and a normal ESR and eosinophile count,

Gomment. The fever, maximal eosinophilia, cachexia, azot-
aemia and signs of cardiac damage could well be explained by a
polyangeitis. No proof of the correctness of this diagnosis was
obtained however. The effect of cortisone has been spectacular in
spite of severe contra-indications in the form of impaired renal and

cardiac function.
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Discussion

It is naturally difficult to judge the effect of treatment with
adrenal hormones in all these cases Most interesting in my opinion
is case 3, where no signs of arteritis were found. The clinical picture
however so much resembled P.N. in an allergic person that this
dizgnosis seemed most probable. In spite of severe renal failure
Cortisone had an excellent effect on his health and it may be said

tixat it effected 2 more or less complete cure of his very long-lasting
illness.

The general “antibody” reaction as regards y-globulin, ESR
and different serological tests is not too well known in this type of
collagen disease. Together with Doctor Sten VWinblad, Head of the
Department of Pathology of Malmé General Hospital, we have
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diffuse pair_)s in the body. Biopsy from the left deltoid showed
typical periarteritis nodosa. Treatment with ACTH resulted in
excellent subjective improvement. This continued and her ESR
came down to 30 mm/hr. On continued smaller doses of ACTH her
ESR again increased to 100 mmj/hr. She received 10 units protracted
ACTH every other day as a continuation of her initial ACTH
course. On June 5th, 1952, she developed acute pulmonary oedema
which was treated suceessfully. At admission her achilles reflexes
had disappeared and she also had signs of a lefi-sided peroneal
paresis. Her ACTH treatment was discontinued and she was in a
rather good condition until July 15th, when she had a left-sided
hemiplegia and died after 11 days. The post-mortem showed a
thrombosis of the left cerebral artery, signs of mitral stenos:s, renal
arterjosclerosis but no signs of P. N. There were however numerous
infarctions. The periarieritis was obviously healed.

The next case will be treated more in detail as it seems to
show some features of unusual interest, even if the diagnosis has
not been definitely established.

Case 3. Male, born in 1900, In 1942 first attack of asthma. In 1952 he had a
relapse (fig. 3). In 1954 the patient felt very tired, had lost much weight and suffered
from severe itching, The di logists d d his ! as prurige nodularss
Hyde, In April 1954 he had a new attack of asthma with severe cardiac incompensauon,
extensive oedema and maximal cyanosis He also had a swollen liver with a blood
pressure of 130/90 mm Hg. On admittance lus ESR was very low (cardiac incompen-
sation) in spite of a high p-globulin with a low serum albumin. He was treated with
mercurials and his oedema disappeared. He also bad marked eosinophilta. There
were clinical and roentgenclogical signs of cor pulmonale, Biopsy from the deltod muscle
showed no signs of P.N. The patient had an excessively high eosinophile count with
nearly 30,000 2, His ESR h d and his hyp lobul
became more marked, His eosinophilia showed marked fluctuations but his ESR was
quite high when we started treatment with cortisone in spite of considerable azotaemia
and other signs of renal dysfunction (creatinin clearance 19 milfmun ). At this stage
the patient was severely cach febrile and drsori d and cortisone treatment
was regarded as an ultimum refugrum. The effect on the general status of the patient
was dramatic. He started caung, his non-protein-nitrogen came down to normal

bul 4

values, the albumin d and the y-gl d The hile count
also decreased and in June 1955 bis general condition was guite good with a wesght

increase of nearly 30 kg and a normal ESR and eosinophile count,

Comment. The fever, maximal cosinophilia, cachexia, azot-
aemia and signs of cardiac damage could well be explained by a
polyangeitis. No proof of the correctness of this diagnosis was
obtained however. The effect of cortisone has been spectacular in
spite of severe contra-indications in the form of impaired renal and

cardiac function,
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Summary

Careful treatment of polyangeitis may give long-lasting re-
missions — possibly cures. In severe cases usual contraindications
should not deter treatment with cortisone, that may sometimes be
life-saving. The plasma protein response of patients with peri-
artenitis nodosa s usually not very marked. The occurrence of
abnormal sevological ™ay i be regarded as
completely unspecific.

References

Det, 3. H ,J. K Strange, W Sako and D. J. forks Amer . Dis Child 85, §56, 1953,

Johnssom, $.+ Nord Med. 45, 91, 1951

Law, M H,W.S. Adams, W § Beck, R. Goldman and S H, Bassett; ], chin, Endocrinol.
11,375, 1951,

Lokews, F + Medical Uses of Cortisone; The Blakiston Company, Ine , Toronto, New
York 1954

Mm,, wsz. W G. Walker, H.A Bukermon and G.J, Beck: Amer. J Med, 11,

Sthwl); R]gAsig A H.Boggenstoss and H F. Polly® Proc. Staff Meet. Mayo Chin. 25,
3,
Author's address;
Profestor ], Waldenatrom, M D,
Allminna Sjukhuset,
Molms (Sweden)



70 Waldenstrdm, Some Clinical of the (316)

collected a large number of observations on this problem. In
lupus erythematosus dissem. we have found a very variable sero-
logical picture, where agglutination of sensitized sheep corpuscles
is however a common finding. In periarteritis nodosa we have a
number of cases showing positive anti-streptolysin titres or high
titres of agglutinins for sensitized sheep cells during some stage of
the disease. On the other hand the ESRs have never been maxi-
mally increased; nor has the y-globulin, determined with paper
electrophoresis, shown very remarkable increases, Only in case 3,
where the diagnosis however is open to discussion, had a maximal
increase in y-globulins occurred with a correspondingly low value
for serum albumin, The values become normal very quickly on
treatment with cortisone. The serological picture was rather un-
interesting if we except a positive sheep cell agglutination on eone
oceasion. The low degree of y-globulin derangement in the in-
stances of polyarteritis contrasts with the maximal increases in
many other forms of collagenosis. In these instances we also find
a varied picture of serological reactions becoming positive probably
as a result of general increase in the synthesis of y-globulin.

The connection between increase in the bulk of the y-globulins
and certain serological changes in different diseases s of considerable
interest. In myeloma, where the y-peak is usually narrow and high,
the only ‘“‘unspecific” serological feature seems to be an anti-
complementary cffect. In an exceptional case coagulation defects
caused by specific antibodies are found. In chronic virus infections
on the other hand a number of different changes are seen. It is
well-known that a positive thymol test and a pathological increase
in cold agglutinins and heterophile antibodies may be seen after
some virus infections. Hepatitis gives a nearly constant increase in
anti-streptolysin titre. I have recently been in a position to observe
a”case with chronic gastric lymphosarcoma with enormous in-
creases in serum yp-globulin, This patient’s scrum also had an
anti-complementary effect and sometimes showed increased titres
of anti-streptolysin and agglutinins for sensitized sheep cells. He
also suffered from typical purpura hyperglobulinaemica. Another
chronic infection, kala azar, gives a positive englobulin test, increase
in eryoglobulins and has nearly constantly an anti-complementary
effect. At the basis of all these changes we find a strong broad y-
peak in the electrophoretic diagram as in the collagenoses.
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microscope: Doms vitons de 1a sorte I teansmission de vibrations
mécaniques 2 Pobjet en. observation.

Le tube du microscope surplombe ume cuve spécialement
adaptfe ob repose Vintestin. Un réservoir latéral renferme la solu-
tion d'ovalbumine qu'un tube effilé déverse goutte A goutte sur fa
membrane mésentérigue.

Les caractéres optiques sont les sujvants: oculaire Leitz péri-
plan 10X et objectif Zeiss planact ique 9x ou A i i
& Peau 40x.

1. Nous avens utitisé des lapins dont le poids est volsin de 2 kg
(minimum: 1,9 kg; maximum: 2,150 Lg). Les animaux dont la
paroi abdominale est rasée sont maintenus A jedn depuis la veille
au soir. La natcose au chloralosane (80 mgfhg) est instaurée
15 minutes avant Ia laparotomie.

1’animal une fois fixé sur une gouttitre de Claude Bernard
Tegt difite, on pratique Vouverture de 1a paroi abdomi-
nale au ther dre sur une } de 5 cm au niveau de la
ligne médiane. Le premier temps permet Vincision du revétement
cutané, le second celui du plan musculo-péritonéal.

Avee Ies plus grandes précautions, en évitant tout étirement
du mésentire, wne anse de la portion terminale de Vintestin gréle
et aloss extériorisée. Un fit de lin fixe le méso-appendice A la paroi
qul est suturde de part et d'autre de Panse ainsi mise 3 jour en
éiitant de comprimer son pédicule,

L'animal, dans sa gouttitre, est porté devant le microscape et
basculé ge tefle manitre que Fincision abdominale se trouve 2 la
hautcur‘d'une cuve qui remplace 1a platine dn microscope. Nous
avons disposé dans cette cuve une table de verre sur laguellc est
érendue tres délicatement la portion extériorisée de l'intestin, recou-
vmc. ensuite d’un drap ajouré. Les anses intestinales baignent dans
:‘;hq\;ldc“rmouvclé continuellement, Sa température est main-
50:)“;;3 ‘:ai i E:é;;e:, ‘:1: :rc&penﬁ{\ imx\-’ncrg‘e dans l'gau chaude, et
quide £costont oo Ve becur;: a table &' obsm:vatmn. Lc méme

permet une i 350 n tube effilé monté sur micromanipulateur,
brane més & n"consfantc, par goutte 4 goutte, de la mem-

ne, La
une Jampe & ﬁla:nmt de carbone. i o ot viglée par

1

J¢ i 3, v
o n‘:u‘:l;m par l?x‘péncx\cc de Chambers et de ses collaborateurs
A vons choisi comme liquide laveur, du liquide de Ringer



Sur les réactions anaphylactiques des vaisseaux
mésenteriques du lapin
Par J. LECOMTE et J. HUGUES

Institut de Clinique et de Pathologic médicales A {Prof. J. Roskam)
Université de Lidge

Le comportement des vaisscaux sensibilisés soumis & une réac-
tion allergique a été observée in vivo par Gerlach, lors de I'examen
du mésentére de la grenouille (1). Ces études princeps ont été
poursuivies par dbell et Schenck {2), Ebert et ses collaborateurs (3,
4), 4 P'aide de la cellule de Clark insérée & méme loreille du lapin
sensibilisé. Chez le méme animal, nous-mémes avons examiné le
comportement des vaisseaux mésentériques, tandis que Burriage
décrivit les réactions anaphylactiques des capillaires pleuraux (5).

L’examen de la membrane mésentérique du lapin parait le
plus fructueux. La faible épaisseur des tissus, la visibilité excellente
de leurs réseaux vasculaires (6) permettent une analyse aisée des
phénomeénes qui s’y déroulent. Nous avons pu ainsi, par micro-
cinématographie, suivre les phases initiales et étudier les modifi-
cations pharmacodynamiques des réactions anaphylactiques locales.

Technique

La technique que nous avons utilisée pour Iétude cinémato-
graphique des réactions vasculaires suivant, chez 'animal normal
ou sensibilisé, P'application locale de lantigine spécifique, est
inspiréc de Chambers et Qweifack (7). L'un de nous y a cu recours
dans ses travaux antérieurs (6).

1. L’appareil de microcinématographie utilisé comprend une
caméra solidement fixée 4 une charpente métallique scellée dans
le mur du laboratoire. Elle ne présente aucun contact avec le
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effets de Pinjection clle-méme de ces substances sont ainsi d'l.rcc\c-
ment observés. Laréaction anaphylactique est déclenchée 15minutes
aprés intervention de Tagent pharmacodynamique. L'action des
antihistaminiques de synthése, de Phéparine et du salicylate de
soude 2 été étudiée de la sorte.

¢} Enfin, certaines substances ont été appliquées & méme le
mésentére et leurs effets locaux directement observés, Lapport de
Vantigine a é¢ effectué sur la membrane ainsi électivement
medifiée,

Résultats
. Réactions anaphylactiques

1. Chez 'animal non sensibilisé, le contact des feuillets mésen-
ténques et de Uovalburmune de poule & concentration dix fois
supérieure & celle utlisée chez les animaux anaphylactisés n'est
suivie d'aucune modification vasculaire.

2. Chez I'animal sensibilisé & Povalbumine, le hiquide standard
nentraine aucune lésion Une série importante de lésions vasculaires
est déclenchée immédiatement par le passage local de Povalbu-
mine Elles sont donc de type anaphylactique

a) Dans les 5 premidres minutes qui suivent le contact avee
Panugéne, les parais subissent des modifications com-
plexes, Les cellules endothéfiates gonflent légirement. Les leucocytes
et {cs plaquettes s'accolent A Pendothélium jusqu'd constituer un
\eritable endurt que réduit fortement la Jurmiére vasculaite. Cet
amas de thrombocytes et de leucocytes étroitement accolés subissent
le long des parais une lente migration passive sous Vinfluence du
courant sanguin, lui-méme beaucoup plus rapide, Le diamétre
exténeur d‘f vatseau ne subit aucune modificanon, La fumitre est
S:::Cr;;l;i::s:: un appor} d*éléments figurés d'ongine sanguine,

T2 une réaction vaso-motnce propre A ce moment,
™ Qaffienrs par la suste, aucune altération artérielle. Au nn cau des

C;glﬂam;s (5410 p de duambtre), be gonfiemen des cellules endo-
théhales est parfoss mieux visible,

nets b) Dés 1a 6e mnnte, ic courant veineux entraine des embols
) ﬂzrlnent reconnaissables par leur coloration blanc-jaunitre dans
rouge des hémaues Leur longueur vaue de 50 2 100 p. 1is

se suced 4
dénccedtm 2 un rythme variable selon les ammaux, mais peuvent
Hler 3 ranon de 3 4 4 par minute

T 10t Avch Allerey Vol B e 1 7110y
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gélatiné (19, de gélatine), tamponné 4 pH 7,4 par du bicarbonate
de soude ¢t du phosphate acide primaire de soude. Dans ces con-
ditions, nous estimons, aprés ces auteurs, que la circulation mésen-
térique conserve des caractéres normaux durant plus de 3 heures.

3. Trois jours de suite, chacun des 75 lapins sur qui nous avons
cxpérimenté, a regu, 3 semaines avant I'intervention, 5 ml d’oval-
bumine native, dans le tissu sous-cutané du cou.

Cette méthode d’immunisation permet d’obtenir un taux satis-
faisant d’anticorps circulants qui peuvent étre mis en évidence
dans e sérum par un ring-test qualitatif.

La réaction allergique mésentérique est sollicitée par une
solution d’ovalbumine native, en solution & 0,1,% dans le liquide
de Chambers et Zweifack (7).

Le débit de I'irrigation est de 1 ml/minute. Ellc dure de 15 a
30 minutes. La quantité totale d’ovalbumine administrée ne dépasse
pas 100 mg dont une partie importante n’est d’ailleurs pas retenue
par le mésentére et s’écoule directement dans Ia cuve. Cette imper-
fection technique rend impossible une administration strictement
quantitative d’un antigéne donné,

L’ovalbumine de poule a €té choisie plutét que Ie sérum de
cheval pour sensibiliser les Iapins. En effet, chez Panimal neuf| le
sérum de cheval provoque des altérations endothéliales veineuses
immédiates (8), absentes si 'on recourt au blanc d’ccuf. Cette
protéine est donc un antigéne micux approprié A I'étude des réac-
tions fonctionnelles et morphologiques qui sc manifestent aprés la
sensibilisation de P'animal.

4. Les modifications pharmacodynamiques des réactions vascu-
laires anaphylactiques ont été étudiées suivant plusieurs schémas.

a) Quelques substances utilisées en traitement chronique ont
été injectées avant la laparotomie: cortisone, A.C.T.H., gluconate
calcique, salicylate de soude.

Aprés ouverture du péritoine ct étalement sur le microscope,
la membrane mésentérique est irriguée, durant 15 minutes, par le
liquide normal. L'antigéne est mis ensuite 4 son contact. L’examen

des modifications vasculaires éventuelles: accolement pariétal, pas-
sage des embols est noté. Une révision microscopique complete du
mésentére irrigué est effectuée dés que la durée de I'apport anti-
génique a atteint 30 minutes. L.

b) D’autres substances ont été administrées par voie intra-
veineuse, aprés préparation de la membrane mésentérique. Les
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offets de Dsmjection clle-méme de ces substances sont ainsi di.n:clc-
ment obsen és. Laréaction anaphylactique est déclenchée 15 minutes
apris Vintervention de Vagent pharmacedynamique. 1 action des
antihistaminiques de synthése, de Théparine et du salicylate de
soude a ét¢ étudrée de la sorte.

c) Enfin, certaines substances ont €té appliquées A méme Je
mésentére et leurs effets locaux divectement observés, Liapport de
Pantigéne a été cffectué sur la membrane ainsi électivement
modifiée

Résultats
4 Rtactions anaphlactigues

1. Chez I'animal non sensibilisé, le contact des feuillets mésen-
ténques et de P'ovalbumine de poule h concentration dix fois
supérieure 3 celle utilisée chez les animaux anaphylactisés n'est
suivie d’aucune modification vasculaire.

2. Chez I'animal bilisé i Vovalbumine, le tiquide dard
nentraine aucunc I&sion Une série importante de Iésions vasculaires
est déclenchée immédiatement par le passage local de Vovalbne
mine, Elles sont donc de type anaphylactique.

a) Dans les 5 premidres minutes qui suivent le contact avec
anugéne, les paross veineuses subissent des modifications com-
plexes. Les cellules endothéhales gonflent légérement. Les leucocy tes
et fes plaquettes s"accolent 4 I'endothéhum jusqu’a constituer un
véritable endwit qui réduit Jortentent Ja lumitre vasculaire. Crt
amas de thrombocytes et de leucocytes étroitement accolés subissent
le Jong des parois unc lente migration passise sous 'nfluence du
courant sanguun, lui-méme beaucoup plus rapide. Le diamdtre
exténeur du vassseau ne subit aucune modification. La lumiére est
dane vétréase par un apport d’¢léments figurés d’ongme sanguing,
sans rapport BVCF une réaction \'ﬂSO'ﬂ'IO(TiCC propre. A ce moment

o

vasties UL partons mieux visible
b) Dés la 6e minute, le courant veincux entraine des embols
;\::tmmt reconnasssables par leur coloration blanc-jaunitre dans
ot rouge des hématies Leur longueur varse de 50 & 100 # s

B R N .
dc smce:dcm 2 un rythme vanable selon les animaux, mais peuvent
efiter & rarson de 3 a 4 par minnte.

3 It Aeb Allwy Vot B Aa 12 (1550
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gélatiné (1% de gélatine), tamponné 4 pH 7,4 par du bicarbonate
de soude et du phosphate acide primaire de soude, Dans ces con-
ditions, nous estimons, aprés ces auteurs, que la circulation mésen-
térique conserve des caractéres normaux durant plus de 3 heures.

3. Trois jours de suite, chacun des 75 lapins sur qui nous avons
expérimenté, a regu, 3 semaines avant l'intervention, 5 ml d’oval-
bumine native, dans le tissu sous-cutané du cou.

Cette méthode d’immunisation permet d’obtenir un taux satis-
faisant d’anticorps circulants qui peuvent étre mis en évidence
dans le sérum par un ring-test qualitatif.

La réaction allergique mésentérique est sollicitée par une
solution d’ovalbumine native, en solution & 0,1.% dans le liquide
de Chambers et Zweifach (7).

Le débit de lirrigation est de I ml/minute. Elle dure de 15 &
30 minutes. La quantité totale d’ovalbumine administrée ne dépasse
pas 100 mg dont une partic importante n’est d’ailleurs pas retenue
par le mésentére et s’écoule directement dans Ia cuve. Cette imper-
fection technique rend impossiblc une administration strictement
quantitative d'un antigéne donné.

L’ovalbumine de poule a été choisie plutdt que Ie sérum de
cheval pour sensibiliser les lapins. En effet, chez I'animal neuf; le
sérum de cheval provoque des altérations endothéliales veineuses
immédiates (8), absentes si on recourt au blanc d’ccuf. Cette
protéine est donc un antigéne mieux approprié 4 I'étude des réac-
tions fonctionnelles et morphologiques qui se manifestent aprés la
sensibilisation de 'animal,

4. Les modifications pharmacodynamiques des réactions vascu-
laires anaphylactiques ont été étudiées suivant plusieurs schémas.

a} Quelques substances utilisées en traitement chronique ont
€& injectées avant la laparotomie: cortisone, A.C.T.H., gluconate
calcique, salicylate de soude.

Aprés ouverture du péritoine ¢t étalement sur le microscope,
la membrane mésentérique est irriguée, durant 15 minutes, par le
liquide normal. L’antigéne est mis ensuitc & son contact. L'examen
des modifications vasculaires éventuelles: accolement pariétal, pas-
sage des embols est noté. Une révision microscopique compléte du
mésentére irrigué est effectuée dés que Ja durée de apport anti-
génique a atteint 30 minutes.

b) D’autres substances ont été adminstrées par voie intra-
veineuse, aprés préparation de la membrane mésentérique. Les
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Liobservation des carrefours veineux permet d'en saisir la
formation. Tls résultent du brusque décrochage pariétal de Pendut
hrombogyto-leucocytaire qui adhire mal & Vendothélium. Brus.
quement hbérés dans le courant, ces embols ramonent sur leur
passage les amas Jachement acerochés s s'accroissent ainsi fort
rapidement et atteignent leur volume maximum x Ventrée des
grosses veines ol nous cessons de fes observer.

Quelqueflois, les embols sont brusquement arrétés par les
&éments accolés B la parol. Tis bloquent alors fe courant veineux,
Le vaisseau est remph, dernére embol, par les hématies arrétées.
On peut alors observer Tacllement dans la lumitre les embols
arrétés, dont la constitution leucocyto-thrombocytaire est évidente,
Le throrbus artété se remet-il en mouvement, le courant \eineux
se rétablit et les embols poursuivent leur course.

Les artéres ne charrient aucun embol

Les caplaires leur donnent également naissance selon le
processus déja déerit au niveau des veines.

) Aprés 15 minutes dwrrigation, les parois veineuscs se laissent
traverser par de véntables éaculations d’hématies T est impossible
de prévoir Pendrout des sol de continuité et den disti 1es
contours, mais 11 s'agit bien de bréches au-travers desquedles les
hématies quittent le vaisseau, envahssent le tissu pénvasculaire par
éctusées successives, agrand ble-t-il, rapid le pertuis.
Eiles s’¢talent en un éventail de plus en plus étendu, se glissent le
long de‘ Ja veine, la ceinturent d’un véritable manchon de globules
Touges imbrigués fes uns contre les amres.

L'étendue du processus hémorragique peut ére telle qu'une
mc‘!\c purpunique est visible & Ponl nu sur fa transparence du
mésentére

Les Iéstons veineuses et pénveneuses vont de pair avec Paceole.
ment thrombo-leucacytare Les embols ¥ naissent facilement jus.
qu'a ce que lc courant veineux s'arréte complétement, Jamais] le;
arteres ne sont entreprises Les capllaires, fréquemment bloquds
monrent des Tuptures moins ctendues, vite hmitées dans(}
crotssance par Parrét de la arculation, e

d) Apres 30 minutes de contact avee Pantigene,
2

i st i
guére de arculation veneuse. e

Poursutvant yn

] cours trréguher
(ent‘ 4 travers (s parons altérées par les cellules adhércmcg:h 1 o
surface murnc,l)u cemturées de leur gaine dhematies, 1 e
rares thrombs s"avancent par saccades » Qhues
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Fig 1 Lapm sensibilsé Grossissement 100 x Mésentére irngué par le kquide standard
Remarquer )a netteté des paross vascolaires Lo vaessean noir au centre de la phata est
une vemule (diametre 25 1)

Fig 2 Méme préparation qu'en 1 , irnguée depus 5 minutes avec I'anngene spécifique
Remarquer 1" hromboryto-leucocytare aux parors de la veme Aucune

modtfication du calibre Llartére cst intacte

Fig 3 Méme préparation, irniguée depuws 5 minutes avee I'antigene Grossissement
500 x En haut Pariéniole dont les parois sont intactes £nr bay Ja vonule, on disingue
1 }
yeaire

nettement I'ag y

Fig 4 Lapinnormal mésentdre rngué A l'aide d'une solution de trypune 4 0.2 % depurs
15 muinutes Apparttion de petits foyers hémorragiques pérneineut Aucunc agglutina-
won thrombocytare pandtale. (Comparer atec la figire 2) Grossssement 0o«
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Liinjection dans la veine de l‘or.cillc d‘lhist:u:ninc 2 HCl pro-
voque le décés du lapin dans un délai de 3 & 4 minutes. ,

Au niveau du mésentire, aucune réaction particulitre n'est
alors visible: tes battements artériels diminuent jusqu'a disparaitre,
les veines se congestionnent. Le flot sanguin de retour se ralentit,
puis Sarréte. Mais aucune lésion pariétale ne stbauche; aucune
modification non plus du diametre vasculaire au niveau des
artérioles de cahibre inférieur 2 50 s

2. L’administration de phénergan (10 mg/hg) par voic intra-
\cineuse provoque un ralenti net, mais transitoire (sa durde
est inférieure 3 5 minutes), de la circulation mésentérique, aussi
bien chez I'animal normal que chez le lapin sensibilisé. Chez ce
dernier, Virnigation avec I'antigéne, 15 4 30 minutes aprés Vinjec-
tion du phénergan entraine des Iésions en tous points identiques 3
celles d&jd décrites chez les animaux sensibilisés non soumis &
Pantihistaminique Leur horaire est le méme.

3 L'application locale sur la membrane mésentérique de deux
Wibérateurs d'bistarine (9, 10, 11), lc 48/80 (5 mg) ou le 1935 1,

{10 mg) en solution & 1 %, provoque une
de T'hi i

dimmution importante
. ive du tissu mésentérique (12). Cette réduc~
tion me s'accompagne d‘aucune réaction vasculaire. Les ésions
anaphylactiques qui survent le contact de antigéne et de la mem-
brane amsi privée d'histamine sont comparables aux réactions

déertes chez tes amimaux sensibilisés non traités par ces libérateurs
d'histamne

4. L'administration de cortisone par voie intramusculaire 2
rason de 10 mgfkg deux fois par jour durant les 2 jours qui pré-
cédent I'expénience, une derniére injection étant pratiquée 3 heures
avant celle-ci, modific les 1ésions anaphylactiques.

La circulation mésenténique elle-méme ne présente aucune
parbiculanté ni & "owserture de 'abdamen ni aprés 15 minutes de
contact avec le fiquide de Zweifach Mais fe contact avee Tantigéne
ne provoque pas I'appanition précoce d'embols. Ceux-ci, en nombre
d'alleurs réduit, ne surviennent que 18 minutes aprés Vexposition
a Povalbumine. A Ja 30e minute, les manchons hémorragigues sont
peu développés ou complétement absents.

Bref, les phénoménes anaphy
miubés dans leur com

5 L'A CT.H,, injrcg PAr vene incramusculaire 2 1a g,

5 mg/kg, répétés 5 fois de 12 en (7 Beuses, fa dernibre admi:slit o

iques sont remarquabl

posante embalicue et purpurigue,

ra.
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Les artériales, dont le diamétre ct les parois sont inchangé
tranchent par leur intégrité sur ces tissus profondément modifiés.

Aucun gonflement cedémateux n’est nulle part visible dans
le tissu interstiticl. Le mésentére est parsemé, a Pecil nu, de grosses
taches purpuriques confluentes le long des nervures vasculaires.

¢) I1 cst possible dirriguer un secteur restreint du mésentére
sensibilisé. L’apparition des lésions localisées déja décrites n’em-
péche pas la reproduction de manifestations identiques lors d'un
second apport de l'antigéne. Si 'on étale sous le microscope une
scconde zone mésentérique restée jusque-la intacte, clle réagit de
fagon absolument supcrposable & la premiére, dans les mémes
délais.

3. Le choc anaphylactique général, provoqué par P'injection
rapide de 10 mg d’ovalbumine par voie intraveineuse, entraine
parfois la mort de I'animal. Lors du déces, les vaisseaux mésen-
tériques importants battent de plus en plus faiblement. La circula-
tion sarréte. Les veines se distendent. L’arrét de la circulation
mésentérique ne s’accompagne d’aucune modification ni morpho-
logique ni fonctionnclle active des vaisseaux obscrvés,

Dans un seul des 5 lapins étudiés, le passage de rares embols
veincux a précédé le décés brutal de Panimal.

B. Modifi pharmacod) de ceite réaction

q

1. Chez Panimal neuf ou sensibilisé, le dépét sur lc mésentére
de solution de 5-hydroxytryptamine ou d’histamine 2 HCI & 19/gy
entraine une constriction nette des artéres mésentériques (diamétre
supéricur 2 500 g). Celles-c1 sont difficilement visibles au micro-
scope, car clles sont noydes dans un tissu adipeux abondant. Les
variations précises de leur cahibre sont difficilement mesurées par
I'observation microscopique.

La constriction artériolaire proximale st peut-étre & origine
du ralentissement net de la arculation observée au mveau des
vaisseaux en aval (diamétre de 10 2 15 p). En effet, aucune diminu-
tion de leur calibre n’est constatée. La reprisc d'unc arculation
veineuse normale ne s’accompagne m d’accolement leucocytaite
focal, ni de formation d’cmbols. Aucunc lésion morphologique n’est
donc provoquée par Papport externe d’histamine ou de sérotonine

A dose massive.
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Linjection dans 1a vewe de l'orFillc d"ht‘slmir::tcm? HCI pro-
voque le décés du lapin dans un délai de 3 & 4 minute A] ire west
Au niveau du mésentére, aucune féacnor} pnr‘ucu'xc n
alors visthle: les battements artériels dlmlnl.ltnl jusqu'a dnpmiml\‘.l‘,
Tes veines se congestionnent. Le flot sanguin de 'vctcur lsc.m entit,
puis s'arréte. Mais aucunc lésion pariétale ne s ébauche; aucudnc
modification non plus du diamétre vasculaire au niveau des

artériales de cahbre inférieur & 50 g .

2, L’adminstration de phénergan (10 mgfhg) par voit intra-
veinense provoque un ralentissement net, mais trans\m{r? (sa duréc.
est inférieyre & 5 minutes), de la circulation mésentérique, aussi
bien chez Panimal normal que chez le lapin sensibilisé. Chez ce
dernier, I'rnigation avec Pantigéne, 15 3 30 minutes aprés 'l"lnjcc-
tion du phénergan entraine des lénions en tous points identiques &
celles désa déerites chez les ammaux sensibilisés non sours &
Pantihistaminique. Leur horaire ¢st le méme.

3 Lapplication locale sur la membrane mésenténque de deux
lLibérateurs d'histamine {9, 10, 11), le 48/8D {5 mg) ou le 1935 1.
{10 mg) en solution & 19y, provoque une diminution importante
de Phistamine constitutive du tissu mésentérique (12). Cette réduc-
ton ne saccompagne d’aucunc réaction vasculaire. Les lésions
anaphylactiques qui suivent le contact de Vantigéne et de Ia mem-
brane anm privée d'histamine sont comparables aux réactions
décrites chez les animaux sensibilisés non traités par ces libérateurs
d'hustamine.

4 L’administration de cortisone par voie intramusculaire a
raison de 10 mg/kg deux fois par jour durant les 2 jours qui pré-
cédent I'expénence, une dernitre injection étant pratiquée 3 heures
avant celle-c1, modific les lésions anaphylactiques.

La circulation mésenténique clle-méme ne présente aucunc
particlarité nt a Pouverture de 'abdomen ni aprés 15 minutes de
contact avee le liqude de Zweifach. Mais le contact avec Vantigene
ne pravoque pas I"apparition précoce d'embals Ceux-ci, en nombre
fi"““ems réduit, ne surviennent que 18 minutes aprés 1'exposition
4 Povalbunune A la 30e minute, les manchons hémorragiques sont
peu développés au complitement absents 7

Bref, les phénoménes ana

) phylactiques sont remarquablement
nhibés daps leur composante

embohique et purpurique
5 L ACT H., injecté par voie intramusculaire 3 Ja dose de
5 mgfLg, tépétés 5 fos de 12 en 12 heures, 1a derniére administra-
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Les artérioles, dont le diamétre ct les parois sont inchangés,
tranchent par leur intégrité sur ces tissus profondément modifiés.

Aucun gonflement aedématcux n'est nulle part visible dans
le tissu interstiticl. Le mésentére cst parsemé, A I'ceil nu, de Erosscs
taches purpuriques confluentes le long des nervures vasculaires.

¢) Il est possible d’irriguer un secteur restreint du mésentére
sensibilisé. I.’apparition des lésions localisées déja décrites n’em-
péche pas la reproduction de manifestations identiques lors d’un
second apport de P'antigéne. Si I'on étale sous le microscope unc
seconde zone mésentérique restée jusque-la intacte, clle réagit de
fagon absolument superposable & la premitre, dans les mémes
délais.

3. Le choc anaphylactique général, provoqué par l'injection
rapide de 10 mg d’ovalbumine par voic intravcineuse, entraine
parfois la mort de 'animal. Lors du décés, les vaisseaux mésen-
tériques importants battent de plus en plus faiblement. La circula-
tion s'arréte. Les veines se distendent. L’arrét de la circulation
mésentérique ne s’accompagne d’aucunc modification ni morpho-
logique ni fonctionnelle active des vaisseaux observés.

Dans un scul des 5 lapins étudiés, le passage de rarcs embols
veincux a précédé le décés brutal de 'animal.

B. Modifications pharmacod, ques de celle réachon

1. Chez 'animal neuf ou scnsibilisé, le dépét sur lc mésentére
de solution de 5-hydroxytryptamine ou d’histamine 2 HCL & 19/,
entraine unc constriction nette des artéres mésenténques (diamétre
supéricur & 500 g). Celles-ci sont difficilement visibles au micro-
scope, car clles sont noyées dans un tissu adipeux abondant. Lies
variations précises de leur calibre sont difficilement mesurées par
P'observation microscopique.

La constriction artériolaire proximale est peut-étre & Porigine
du ralentissement net de la circulation observée au mwveau des
vaisseaux en aval (diamétre de 10 3 15 z2). En cffet, aucune diminu-
tion de leur calibre n’est constatée. La repnise d’une circulation
veineuse normale ne s’accompagne ni d’accolement leucocytaire
local, ni de formation d’cmbols. Aucunc Iésion morphologique n'est
donc provoquée par I'apport externc d’histamine ou de sérotonine

4 dosc massive.
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cm s e RN

ie provoque aucune réaction vasOMOIRICE WL AULUNL starus s
laire. Chez ces mémes animaux, {'wrigation des vaisseaux 3 Paide
du hiquide témoin ne produit aucune altération (Tableau I}.

Aprés contact avec I'antigéne, le passage &'embols R'est rctnrdc'
que chez 1 lapin sur 5 (14 minutes). Cependant, le phénoméne
'Arthus Jocal est pastiellement inhibé dans s2 composante hémor-
ragique chez 3 ammaux; chez les 2 autres, cette inlubition est
wnportante*.

7. Le gluconate calcique, injecté par vole intramuseulaire &
raison de 800 mgfhg, 15 runutes avant le dépdt local de Vantigéne
ne wodifie apparamment pas la circolation mésentérique.

Apres contact avec Vantigine, on note Iabsence d'cmbols ot
de phénoménes hémorragiques chez 2 lapins sur 4, L'inhibition du
phénomeéne d’Arthus Jocal est 1égére chez le troisieme, nulle chez
1 quatri¢me animal (Tableau 1),

8. L’action de I'héparine sur Jes réactions anaphylactiques des

ésentériques a été égal iné

L

I héparine uuhsée est la solution de Liquémine «Rochen» du
commerce & 5000 unitésiml. Elle a ét¢ injectée par voie intra-
veineuse 4 dose unique, 4 Ia vitesse uniforme de 1 ml en 20 secondes.

Tableau §
Nambre
Produis Taore de Erabohsatien Mancham hémoresgiques
Cort inhj
oo 4 retard (4) inhibition marquée (4)
Fables doses + retaed (1) Hormaut {4)
§o[r;t; doses 5 retard (3) inlubition partielle {2)
St inhibition partielic (2
Chronigue 5 retard (1) normaux (3)
2u 5 retard (1) nhybiion paruelfe (3)
Guconat tnhibision marquée (2)
Gt . ot 1 inhebitian pattelle (2

wahibition complete (2)

Le chuffre entre parenthese rey

présente le nombre d’anmaug o I
e8tons de func ou Cautre compeante drs phénomncs allongrs ot modif
—

* Ces recherches sur 1'action de Ja cortisor
e, de P
sonde amt é1é effectuéen avec Ja eolaboratuon d B éahcu::ig: i syl de
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tion étant pratiquée 3 heures avant Pessai, ne modifie pas la circu-
lation mésentérique. Celle-ci ne présente aucune particularité, ni
au début de Vexposition sous le microscope, ni aprés irrigation &
I'aide du liquide témoin.

Au contact de I'antigénc, on ne surprend aucune modification
de Ia réaction anaphylactique habituclle: le passage des embols
s'effectue dans les mémes délais (une scule exception: premier
embol, 7 minutes) et Pimportance des manchons hémorragiques
est inchangée.

Aprés de plus fortes doses d’A.C.T.H. (12,5 mgfkg, répétés
5 fois), la circulation mésentérique ne présente aucune particularité
ni aussitt aprés U'extériorisation, ni i la fin de la période divri-
gation témoin.

Au contact de Pantigéne, les embols apparaissent avec un
retard net (19 minutes environ). A la fin de Pexpérience, les man-
chons hémorragiques sont moins importants que chez les animaux
témoins. Ils sont cependant plus développés que chez les animaux
traités par cortisone.

Bref, les réactions inflammatoires sont particllement inhibées
aprés I'njection de fortes dases d’A.C.T.H., mais moins qu’aprés
Padministration de cortisone (Tableau I).

6. Le salicylate de soude, en injection répétées (150 mg/hg
administrés 5 fois en 60 heures) altére chez le lapin sensibilisé ou non,
la vascularisation mésentérique. La membrane présente dés son
cxposition sous le microscope diverses Iésions: cyanose légére de la
membrane, peuts foyers hémorragiques (10 &4 20 p) dissémnés
autour des capillaires veineux, parfois arrét circulatoire local.

Lirrigation & P'aide du liquide témoin angmente nettement
ces 1ésions qui présentent alors une allure hémorragique de plus en
plus nette avec formation de manchons périveincux importants.

La présence de ces lésions, qui ne dépendent pas d’un apport
antigémque quelconque, rend malaisée 'appréciation des cffets de
Pinjection répétée de salicylate de soude sur les processus anaphy-
lactiques. Signalons cependant Iapparition retardée des embols
chez un scul lapin (18 minutes) et dans deux cas, Iapparition d'un
faible accroissement sculement des manchons hémorragiques lors
des contacts avec I'antigéne; chez Jes trois animaux restants, ces
manchons augmentent normalement ct présentent leur aspect

habituel.
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du Japin Q2
Seize lapins, sensibilisés ou non, ant été explorés de la fagon
suivante., Aprés 15 minutes d'wrigation dc' la mc.m}mne mésen-
térique 3 Paide du liquide témoin, Yhépasine est {njectée dan§ Ia
veine marginale de Poreille. Aprds une période d’o}xscrvauun
vanable de 10 & 20 minutes, qui permet fa mis.c o évidence des
Aésions propres 3 I'héparinisation de Panimal, le Tguide venfermant
[ovalbumine native a la dose de 0,1 % est alors mis au contact du
mésentire. Durant 30 minutes, I réaction allergigue mésentérique
éventuelle est soigneusement observée. A Ia fin de Yobservation, on
note Tes caractéres de a circulation locale,

2) Modfications de la circulation mésentérique sous héparine
chez, Danimal neuf ou sensibilisé

Aucune réaction particulitre n'est observée si la dose d'hépa-
tine injectée par voie intraveineuse est inférieure 4 1 mifkg. Dans
les 5 premidres minutes qui suivent Pinjection de 2,9 3 5 mijkg, la
circulation s’accélére. Sa vitesse redevient rapidement normale et
se stabilise (6). Cependant, chez 2 animaux, l¢ flot sanguin se
ralentit fortement, une cyanose nette de Vintestin finstalla qui se
dissipa fentement, en 5 4 10 minutes, lorsque la circulation eut
repris son cours normal,

Parmi nos 16 animaux, 6 ont présenté dans un délai de 7 &
17 minates aprés Ia fin de linjection, des 1ésions hémorragiques
«spantanées» au niveau des nervures vasculaires mésentériques,
Lews dimensions furent parfois telles quiun piqueté purpurique
était visible 4 Pecil nu,

Ces Iésions présentent les mémes caractires que celles que nous
avons déjs décrites au cours des réactions anaphylactiques mésen-
tériques: elles sidgent uniquement au niveau des veinules d’un
diametre de 20 2 40 p. Elfes se constituent par éclusées successives
de glnbullcs rauges qui, de proche en proche, finlisent par constituer
un Ppérived important s’étend:
aval de son point de départ,

loin en amont ct en

Aucun acco\m_\m\ ‘particulier des Jeucooytes ne fur déeelé, pas
ph{s que Ia formation d'embols plaquettaires, contrairement & ¢
quont closervé Grata et Hrsex 13), Fulton, Lutz et Ackers (14), Quick
et al. (15), Fleck (16), Laufingn ot al. {17},
Aprds 30 minutes, ces Jésions hémorragi
S TTagiques cessent de pra-
gresser, 81 3 ce moment nous vérifions I'état des portions du méS::-
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locale de En haut 1

Fig 5 ¢t 6 Lapin normal,
plaquettaire et feucocytaire & I'endothéhum d’une artériole du mésentére, 5 minutes

aprés le contact avec la thrombine Grossisseraent 800 x En bas manchon hémor-
ragique entourant unc veinule du méme organe Pas de limite vasculatre nettement ap-
parente Grossissement 250 x
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1. Lésions provoquées par Papplication locale de thrombine

Le contact du mésenidre avee une solution renfermant de
50 3 250 unités/ml de thrombine, ne produit aucune altération
vasculaire. Celles-ci surviennent aprds emplol d’une solution yen-
fermant 300 unités/ml. Le délai qui Pécoule entre le contact avet
cette solution et V'apparition des premiéres manifestations patho-
logiques, parait bien dépendre de la vitesse circulatoire A Vendroit
étudié, Efles sont précoces, survenant dans les 3 premitres Tinutes,
5 le courant est ralenti; plus tardives (10 minutes), si la circulation
et rapide. A partir de 600 unités/ml, les 1ésions sont constantes.
Elles se manifestent dans les 5 minutes, parfois dis Ja Ire minute.
Elles frappent d'abord la veinule, mais s'étendent également 2
Vartériole.

La premitre manifestation anarmale que provogque la throm-
bine est Paccolement A Vendothélium d'un enduit constitué par
quélques leucocytes et de nombreuses plaquettes. Celles-ci paraissent
noyées dans une substance amorphe ¢t plastique qui assure leur
agglutination rédiprogue ainst qu'd fa patoi. Ces amas thrombo-
cytaires croissent yapidement et réduisent progressivement la
Jumitre vasculaire, artérielle et veineuse. Finalement, ils obstruent
complitement le vaisseau et arrétent la circulation.

§i la thrombose laire s'installe rapid , aucune mani-
festation embolique n’est visible. Sj, au contraire, la progression
des' amas pariétaux est fente, des embols se détachent. On peut
facilement les reconnaitre dans le courant veineux. Voici quelques
exemples du rythme de leur passage, par minute, dans une veine
de 30 y aprés action de 600 unités de thrombine (Tableau I1).

Tableau 1T
D, en mun
reodiiuvwd 1 2 3 4 5 & 1
Lapino® 1 4 6 8 5 3 0 0
lapx'n 2 10 3 5 thrombore veineuse
Lapin n° 11T 2 3 4 0 0 0 o
{hépanné)

bo&eA\m\me.réacﬁvn Pér'w:xscu!aire n'est apparente si la throm-
hémcv:sctx\am est .ra}?)dl:. St 12 circufation persiste, des manchons
2gigques périveineux et périartériels engainent aprés 10 3
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tére non extériorisées et qui sont donc exemptes de toute manipula-
tion, nous constatons que les manchons périveineux y sont beau-
coup plus rares et méme, dans certains cas, complétement absents.

b} Modifications de la réaction allergique mésentérique
chez Panimal sensibilisé

L'apport de I'antigéne sur la membrane mésentérique pro-
voque chez I'animal traité par héparine, 3 la dose de 0,1 & I ml/kg,
un ensemble de réactions vasculaires entiérement superposables &
celles que 'on observe chez les animaux témoins: accolement des
leucocytes et des plaquettes 4 la paroi, passage d’embols dans les
délais normaux (3 & 5 minutes), manchons périveineux.

A la dose de 2,5 mifkg, I'héparine elle-méme provoque, nous
venons de le dire, des manifestations hémorragiques. Dés qu'elles
sont stabilisées, I'antigéne est mis au contact de la membrane
mésentérique. A cette dose, I'héparine supprime I'accolement leuco-
cyto-plaquettaire 4 'endothélium veineux et conséquemment, la
formation d’embols. Mais elle est incapable d'inhiber le développe-
ment des manchons périveincux. Ceux-ci peuvent méme, aprés
héparinisation, atteindre une importance dépassant de loin celle des
images présentées par les animaux témoins.

A la dose de 5 mljkg, I'héparine empéche de fagon absolue
4 la fois 'accolement leucocytaire et le développement ultérieur
des manchons périveineux. Aprés 30 minutes d’irrigation par la
solution d’ovalbumine, aucunc Iésion anaphylactique n’cst apparue:
la circulation reste absolument inchangée.

C. Analogies avec Uaction locale de la thrombine

La thrombine sous forme de topostasine «Roche» a été mise
en solution dans le Jiguide physiologique et déposée sur la mem-
brane mésentérique aprés arrét du lavage pendant des laps de
temps n'excédant pas 10 minutes.

Nous avons vérifié qu’en Pabsence de thrombine, cette mani-
pulation ne détermine 'apparition d’aucun phénoméne patho-
logique. Il nous est d'ailleurs arrivé aussi — technique plus dispfcn-
dieuse — de substituer au liquide laveur banal ce méme liquide
additionné de thrombine, sans interrompre le lavage du mésentére.
Les résultats obtenus par ces deux techniques sont superposables.
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1. Lésions provoguées par Dapplicali locale de thrombil

Le contact du mésentdre avec une solution renfermant de
50 4 250 unitésfml de thrombine, ne produit aucune altération
vasculaire. Celles-ci surviennent aprés emploi d’unc solution ren-
fermant 300 unitésfm). Le délai qui s'écoule entre Ie contact avec
cette solution et Vapparition des premitres manifestations patho-
logiques, parait bien dépendre de la vitesse circulatoire & Vendroit
#eudié, Elles sont précoces, survenant dans les 3 premidres minutes,
si le courant est ralenti; plus tardives (10 minutes), si Ia circulation
est rapide. A partir de 600 unités/ml, les Iésions sont constantes.
Elles se manifestent dans les 5 minutes, parfois dés 12 1re minute.
Elles feappent d’abord la veinule, mais s’étendent également A
Vartériole.

La premidre manifestation anormale que provoque la throm-
bune est Paccolement A Pendothélium d’un enduit constitué par
quelques leucocytes et de nombreuses plaguettes. Celles-ci paraissent
noyées dans une substance amorphe et plastique qui assure leur
agglutination réciproque ainsi qu'a 1a paroi. Ces amas thrombo-
cytaires croi rapid et rédui progressi la
lumidre laire, artérielle et vel Final ils obstruent
complétement le vaisseau ct arrétent la circulation.

Sila thromb laire s'installe rapid t, aucune mani-
festation embolique n'est visible. Si, 2u contraire, la progression
des amas pariétaux est lente, des embols se détachent. On peut
facilement les reconmatire dans le courant véineux. Voic quelques
exemples du rythme de leur passage, par minute, dans une veine
de 30 x aprés action de 600 unités de thrombine {Tableau 11}.

Tableau I

Delay e0 mszates
aprés Papplicauca

2 8 4 5 & 7

Lapin o 1 T 6 & 5 3 0 o

Lapin n° IT 3 5  thrombose veineuse

Lapin o° II1 2 3 4 0 0 0 0
{béparné)

oo Aucunc'rénction ?érivascul:dxc west apparente 5 1a throm-
b e vascx'x!an-c est 'rapxdc. 81 la circulation persiste, des manchons
morragiques périveincux et périartériels engainent aprés 10 A
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15 minutes les vaisscaux soumis & Paction de la thrombine. L'obser-
vation microscopique montre que Iextravasation des globules
rouges s¢ produit par éclusées successives, a la faveur de véritables
pertuis créés dans la paroi vasculaire, Il ne s’agit donc nullement
d’une diapédése individuelle ct lente des éléments figurés & travers
Pendothélium.

2. Lésions provoguées par Pinjection intraveineuse de thrombi

L’injection dans la veine de Poreille de 600 unités de thrombine
provoque le décés immédiat de I'animal. Aucune manifestation
vasculaire locale n’est alors observée au niveau du mésentére, pen-
dant le ralentissement et jusqu’a Parrét de 1a circulation.

3. Action de I'héparine

L’héparinisation générale du lapin (1 mlfkg de liquémine «Ro-
chen, soit 5000 unités), n'est pas capable de modifier gualitativement
I'action locale de [a thrombine (600 unités/mi), bien qu’elle diminue
Ia toxicité du produit lorsqu’il est injecté par voie intraveinecuse.

D. Différences avec Uapplication locale de trypsine

La trypsine «Light» en solution en 2 %/, dans le sérum physio-
logique a été amenée sur Ia membrane mésentérique. Aprés 15 mi-
nutes d'irrigation avee 'enzyme, les parois veineuses sc rompent
ct des éjaculations d’hématies envahissent les tissus voisins. Finale-
ment, des manchons hémorragiques entourent chaque veinule. Mais
aucun embol ne se détache des parois rompues.

Une différence essenticlle oppose ainsi les lésions anaphy-
lactiques et les troubles locaux provoqués par la trypsine.

Discussion

{. Les conditions immunologiques qui, chez le lapin, sont
responsables de Papparition des réactions vasculaires anaphylac-
tiques sont bien connues (18, 19). Nous avons limité notre étude
A Pexamen de phénomenes anatomiques immédiats qui sont le
témoin de la réaction antigéne-anticorps.

A. Deux de leurs caractéres sont primordiaux:

a) la localisation & Pendothélium zeineux des lésions vasculaires;
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b) le réle des Ieucocytes et des thromboeytes dans leur décloppe-
ment.

Etudions-les en détail.

a) Seules les parois veincuses sont altérées au cours des réac-
tions allergiques locales. Cette localisation est en rapport avee la
résorption transpariétale de Pantigéne (10) au niveau dt.ts capillaires
veineux, C'est 14 en effet que la perméabilité des parois de I'arbre
vasculaire est 1a plus élevée. Le sitge veineux des manifestations
granulopexiques lors d’injection intracutanée d’)\istnminc.(ﬂ, 22)
ou d'un antigene Sexplique de la méme manitre. Les veines sont
en outre les sules atteintes dans le décours des réactions allergiques
de type Arthus (23) et des inflammations de type Shwartzman (24),
fors de P'application mésentérique de trypsine, de chloroforme (12)
ou Qhaile de croton (37).

Par contre, I'administration de I'antigéne par voie endovei~
newse, 3 dose non mortelle, provoque des lésions artérielles visibles
A Pexamen histologique (25, 26) 3 I'observation microphotogra-
phique des vaisseaux du lapin et de la souris (2, 3, 27) ou aprés
artériographie (28).

b) L'observation de la paroi vasculaire met en évidence un
gonflement endothélial modéré. 11 est le témoin passager de I'altéra-
tion de cette paroi: les perturbations éventuelles propres 4 Pendo-
thélium veineux sont rapid quées par I'accol sccon-
daire des plaquettes et des leucocytes. Nous assistons de la sorte
i I constitution des lésions déja décrites par les anatomo-patho-
logistes (29, 30) et en particulier par Stetson au cours d'études
histologiques du phénoméne de Shwartzman (24) et dArthus (23).
La technique que nous employons nous permet d’affirmer que
!hr(_sm\{\ <t embols se détachent de la parot reineuse couverte d’un
tapis leucocyto-thrombocytaire. Aynaud (31), Stetson (23) et Schenck

(2} estment cependant que des amas plaguettaires identiques
peuvent se f:orm:r dans fa lumidre méme du vaisseau et reconnaitre
st une origine purement plasmatique.

Le xole que joue le com,
mation de ces aggluti

I est possible que ce complexe protéi i
| ue constif
TPenduit collant 2 I" ;i i celuiet mows

plexe antigéne-anticorps dans la for-
t & V'observation.
€ pour une part

endothélium, mais celui-ci nous apparait surt
luit co out
Teprésenté par 14 com z

posante cellulaire (leucocytes et -
cytes) du phénomene, ¢ yies et rombo
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B. Les caractéres fondamentaux de Ia réaction allergique aigus
telle que nous la provoquons, sont d’ordre vasculaire:

a) formation d’amas cellulaires accolés A la paroi, susceptibles
d’embolisation;

b) apparition de manchons hémorragiques périveineux qui ne
détermine aucun obstacle mécanique & Pécaulement du sang,
mais apparemment une ouverture dans Ja paroi.

C. Leslésions veineuses et périveineuses de type hémorragique ne
s'expliquent pas par une simple thrombose avec infarcissement
secondaire. Il s’agit d’une altération endothéliale intrinséque: il
n’existe aucun rapport entre arrét des embols et la naissance du
purpura, entre Pimportance de Paccolement intravasculaire local
et la rupture veineuse,

La nature autonome de ces Isions endothéliales veineuses a
déja été établie par 4pitz (33). Pour ce dernier, comme pour Gratia
(34), une nette relation existe entre Iintensité de la sensibilisation
générale de P'animal et la tendance hémorragique du phénoméne
d’Arthus. dpitz a en outre injecté une pseudo-solution d’anticorps
dans Ja peau du lapin, puis, & intervalles croissants, I'antigéne
correspondant par voie intraveineuse. Le déclenchement du pur-
pura localisé 4 I'endroit de I'injection de Panticorps coincide avec
Papparition de ce dernier dans Ie plasma et, a fortior au niveau de
Tendothélium veineux.

Un tissu semble donc électivement lésé chez le lapin sensibilisé
lors de 'apport local de I'antigene spécifique: la parol vasculaire
veineuse. Véritable organe de choc (35), elle conditionne lors de
son atteinte non seulement la formation des embols, qui vont
produire 4 distance les Iésions mécaniques du choc, mais encore
Papparition de purpura.

Ces deux ordres de phénoménes peuvent d'ailleurs étre facile-
ment dissociés. Le lapin hépariné i 1a dose de 2,5 mifkg répondra
A Pagression allergique par un purpura local intense sans accole-
ment ni embol, preuve nouvelle que ces derniers ne sont pas la
condition nécessaire des }ésions hémorragiques.,

L’arrét des thrombi embolisés dans la Jumiére veineuse est un
phénoméne accessoire. L'oblitération qui en résulte est, & distance,
le témoignage d'une atteinte pariétale et n’implique nullement un
accolement thrombocytaire au sein du courant sanguin lui-méme.

Les images que nous avons observées sont entitrement diffé-
rentes de celles décrites par Gerlack (1) ou par Eickhoff (32). Ces
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auteurs imaginent au stade aigu des I&sions allergiques, une réaction
circulatoire «qui prend la forme d'une stase séreuse. Les éléments
corpusculaires émigrent du torrent sanguin. La lumitre vasculaire
est ainsi occupée par du plasma qui se coagule ¢t se retrauve &
Pobservation sur Je vivant et sur Jes coupes histologiques corame
une formation hyatine. La circulation n'est évidemment pas pos-
sible dans ces vaisseaux ainsi fermés» (32, p. 25),

Si Pon en croit nos observations, il n'existe pas d'obstacle
direulatoire relevant dume coagulation intravasculaire, La diapé-
dise cellulaire est peu importante au début et 1a stase séreuse n'est
jamois apparente. L'arrét de 1a circulation est la conséquence, non
d'une coagulation intravasculaire en masse, mais d’une obstruction
progressive lide 4 un accolement de plus en plus marqué des leuco-
cytes et des plaquettes 3 1a parol veineuse.

D. Les Iésions vasculaires provoquées par Ia thrombine sont
assez comparables dans leur pathogénie aux réactions anaphylac-
tiques. Elles s¢ caractérisent par Paccolement des plaquettes et des
leucocytes aux endothélia veineux avec formation d’embols qui sont

inés dans la circulation et enfin, dévelopy de h
hémorragiques périvasculaires.

N Ces manif"fstadans vasculaires ne sont donc pas le propre des
F giques: on les T encore aprés la mise en
contact des vaisseaux microscopiques avec certaines grosses molée
cules: glycoptue, dextrane, extrait d'ascaris, gomme arabique, sérum
de cheval chez le lapin non sensibilisé (13). Eiles S'observent aussi
avec une it€ et une précocité dinstallation particulitre au
Zov.lrs des réactions locales provoquées par le chloroforme et Phuile

e croton (12, 37).
ih %{t:;n: caractires sont c,cpc\::dant propres aux 1ésions dues
Fimportan ﬂ[\ic, ?O‘afxlxpens Vatteinte des endothélia artériolaives,

ce de lagg des cellules noyées dans

une substance visqueuse dé nature inc idi
% onnue et {a rapidité de I -
5101 vasculaire. ? Foeelu

" 2;_Lc tle gcmé par {'histamine et Ja 5-hydroxytry ine dans
patbogéaic des réact Hylactiques figurées est fort rédus
L'application localc de ces substan ctla dé Pl :?C l'o:'t i

;f’:x;s;u:.we dl:’mésm\érc s'avérent sans conséquences vasculaires
e en ituti i bl i :
e : ive est P de modifier le
. coc\:z‘:’dt:s réactions 2naphylactiques, Celles-ci ne sont nullement

par 1a neutralisation de certains effets de Thistamine {12)
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B, Les caractéres fondamentaux de Ia réaction allergique aigue
telle que nous la provoquons, sont d’ordre vasculaire:

a) formation d’amas ecllulaires accolés A la paroi, susceptibles
d'embolisation;

b) apparition de manchons hémorragiques périveineux qui ne
détermine aucun obstacle mécanique 3 Pécoulement du sang,
mais apparemment une ouverture dans la paroi.

C. Leslésions veineuses et périveineuses de type hémorragiquene
s'expliquent pas par une simple thrombose avec infarcissement
secondaire. 11 s’agit d'une altération endothéliale intrinstque: il
n’existe aucun rapport entre Parrét des embols et Ja naissance du
purpura, entre Pimportance de I'accolement intravasculaire local
ct la rupture veineuse.

La nature autonome de ces lésions endothéliales veineuses a
déja été établie par Apitz (33). Pour ce dernicr, comme pour Gratia
(34), une nette relation cxiste entre V'intensité de Ia sensibilisation
générale de animal et la tendance hémorragique du phénomene
d’Arthus. Apitz a en outre injecté une pseudo-solution d’anticorps
dans la peau du lapin, puis, A intervalles croissants, I'antigéne
correspondant par voie intraveineuse. Le déclenchement du pur-
pura localisé & Pendroit de Pinjection de Ianticorps coincide avec
T'apparition de ce dernier dans le plasma et, a fortiori au niveau de
Pendothélium veineux.

Un tissu semble donc électivement 1ésé chez le lapin sensibilisé
lors de Tapport local de Pantigéne spécifique: la paroi vasculaire
veineuse. Véritable organe de choc (35), elle conditionne lors de
son atteinte non seulement la formation des embols, qui vont
produire & distance les Iésions mécaniques du choc, mais encore
I'apparition de purpura,

Ces deux ordres de phénomenes peuvent dailleurs étre facile-
ment dissociés. Le lapin hépariné 4 1a dose de 2,5 mljkg répondra
A Vagression allergique par un purpura local intense sans accole-
ment ni embol, preuve nouvelle que ces derniers ne sont pas la
condition nécessaire des lésions hémorragiques.

L’arrét des thrombi embolisés dans 1a lumiére veineuse est un
phénomene accessoire. L'oblitération qui en résulte est, & distance,
Je témoignage d’une atteinte pariétale et n’implique nullement un

accolement thrombocytaire au sein du courant sanguin lui-méme.

Les images que nous avons observées sont entiérement diffé-
rentes de celles décrites par Gerlack (1) ou par Ewckhoff (32). Ces
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glutination des plaquettes sanguines méme aprés héparinisation
générale de I'animal. .

4, La suppression des phénoménes aua,}‘)h'y}ixf:t.xqucs jocaux ne
sexplique pas irement en postulant I de processus
coagulatifs. :

Dans nos expériences avec la cortisone, .l‘A.C.T.HA, le s:ﬂ{-
cylate de soude et le gluconate calcique, le délai séparant l'adn}:m-
stration de V'agent sensibilisant de celle des hormones et des diffé-
rents médicaments exclut d’office toute modification des organes
producteurs d’anticorps et du taux sanguin de ces derniers (42).
Cest donc la réaction laire elle-méme, dépendant de la réac-
tion antigine-anticorps, qui est modifiée.

L'action antianaphylactique de la cortisone est bien connue:
¢lle est manifeste au niveau des réactions tissulaires granul
de type maladie sérique (43). Indépendamment les uns des autres,
nous-mémes, Ebert et Wissler (3) V'avons mise en évidence, dans les
conditions expérimentales que nous venons de mentionner. Selon
Tilfotson (44), le phénomene d’Arthus provoqué selon la technique
classique, est fortement réduit par la cortisone, en dehors de toute
modification du taux d'anticorps. Comme la cortisone augmente l¢
tonus vasculaire et dans certains cas, réduit la perméabilité des
vaisseauy, peut-€tre agit-elle, ainsi que Padmettent Ebert et Wissler,
en limitant la pénétration intravasculaire de I'antigéne.

L’A.C.T.H. w'est actif qu’ doses considérables. Peut-étres'agit-
il d’une réactivité particulitrement faible du cortex surrénal des
animaux étudiés. Le pouvoir inhibiteur de I'A.C.T.H. vis-3-vis de

1o whamss -

4e sahtuaLiL entraine doit étre attribuée A la libération d’hor-
mones cortico-surrénaliennes en quantités suffisantes pour exercer
une action antiphlogistique efficace. Les dissemblances entre Ies
effets de Ja cortisone et 'A.C.T.H. sont peut-étre dues A In mice on

Prmdasts a

A lugiete
& hautes doges,
vasculaire par

Pour les vaisseaux du salicylate de soude, administré
c]st claslsixqv.;e. La fragilisation précoce de la membrane

es salicylés masque dans nos essais les caractéres
Ppropres des lésions qui suivent la réaction antigéne-anticorps. Par

€ Int Arch Allergy, Vot 8,No 1-2 {195)
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Toutefois, I'histamine endogéne est libérée au niveau des tissus
soumis & la réaction antigéne-anticorps (10, 12). Une telle libéra-
tion rend compte de V'accroissement précoce de la perméabilité
vasculaire qui marque PYinstallation de phénoménes endothéliaux.
Mais cette perméabilité accrue ne joue qu’un réle secondaire dans
le développement des réactions vasculaires figurées.

3. Réactions figurées anaphylactiques et lésions dues 2 la
thrombine reconnaissent-elles Ia méme pathogénie?

Les propriétés protéolytiques attribuées & la thrombine ne
peuvent cxpliquer les lésions vasculaires obscrvées. En effet, la
trypsine provoque des ruptures pariétales veineuses qui ne sont pas
précédées d’accolement thrombocyto-plaquettaire. Une éventuelle
activation des processus protéolytiques tissulaires ou plasmatiques
par la réaction antigéne-anticorps ne peut davantage expliquer
I'apparition des phénoménes anaphylactiques que nous avons
observé,

La réaction antigéne-anticorps qui se déroule dans un plasma
riche en thrombocytes entraine Pagglutination de ces éléments
(23, 38). La thrombine introduite en quantités minimes dans unc
suspension de plaquettes provoque le méme phénoméne (39, 40).
Cette propriété commune pourrait jouer un réle important dans le
mécanisme des phénoménes observés. La thrombine résorbée pourrait
également réagir avec le fibrinogéne plasmatique et précipiter de
Ia fibrine. Certes le réle de cette protéine dans I'agglutination des
thrombocytes n’est pas encore démontré. Il convient cependant de
rappeler que de nombreux facteurs qui inhibent I'accolement réci-
proque des plaquettes au cours de I'élaboration du clou hémosta-
tique jouissent des propriétés anticoagulantes (6).

De méme Vhéparine, anticoagulant remarquablement actf,
supprime les phénomenes anaphylactiques vasculaires. Certes la
dose antiallergique d’héparine est de loin supérieure 2 celle qui,
in vitro, inhibe la coagulation sanguine. Ceite constatation n’élimine
pas définitivement l'intervention de processus coagulatifs dans les
réactions allergiques. Les concentrations locales d’héparine réalisées
au cours de nos expériences aprés administration par voie générale
de I'anticoagulant pourraient ne point suffire & entraver 'action
de substances thrombo-plastiques libérées 1z loco au cours de Ia
réaction antigénc-anticorps (41). Rappelons que la thrombine

appliquée A la surface des vaisseaux mésentériques provoque I'ag-
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gcifi &vidents en administration locale comme Vannas (55}
J'a décrit dans les affections oculaires expéri les staphylo-
cocciques du Japin. Une telle activité antiinfiammatoire mal expli-
quée ne serajt-elle pas un des mécanismes responsables de 1a sup-
pression des phénoménes de Shwartzman local (56) ou général (57),
et éventuellement dans nos expériences, de la prévention du phéne-
mine d’Arthus mésentérique?

Conclusions

A. Dirrigation du mésentére du lapin & U'aide d'une solution
renfermant de Povalbumine permet de mettre en évidence, chez le
senl lapin sensibilisé, une série de réactions vasculaires importantes
dont les principaux caractéres sont les suivants:

. Elles s¢ localisent exclusivement au niveau des capillaives et des
Vemes,

~

Elles s¢ marquent par un précoce et important accolement &
fa paroi, de thrombocytes et de leucocytes gqui s'embolisent en-
suite dans fe courant veinewx ou provequent Varrét de la circu-
lation de retour.

3, Des manchons hémorragiques périveineux dus A des solutions
de continuité de Ia paroi, parfois étendues, font plus tardi

leur apparition,

B. L'histamine et 1a 5-hydroxytryptamine ne jouent ancun rle

o i ‘
dans Ie déter minism de ces phénome phylactiques figurés.
C. La ppliq Tocal t sur les val
Yagpl aux parpis vei et

Mengues provoq
artérielles, de leucocytes et de plaquettes.
Les modalités d’apparition de ces thromboses ainsi que des

embokes, voire des hémorragies locales qui £’y trouvent associées,
sont comparables aux phénomé hylacti ’

. o - °
. Toutefols, clles intéressent également les artérioles mésen-
térigues,

P L.’applicatiun locale de Ia trypsine provoque la supture des
S:rms velneuses et Papparition des Ksions hémorragiques, Elle ne
termine aycune aggluti locale des pl et throm}
eytes circulants, o

E. 1. La cortisone et PA.C.T.H.n;
-C.T.H.injectés de fagon répétée au
::ﬁﬁ‘ics ‘(118 heures précédant 'application locale de lantigine, le
“Yiate de soude et le giuconate calcique administrés peu avant
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contre, 'administration d’une dose unique de la drogue réduit

certainement Pimportance des lésions anaphylactiques (48).

Gette inhibition peut reconnaitre plusicurs mécanismes:

a) Les salicylés inhibent in vitro la formation du complexe antigéne.-
anticorps. Il s'agirait d'une fixation du radical salicyl sur la
molécule de I'anticorps (49).

b) Les salicylés diminuent la perméabilité vasculaire, Cette imper-

méabilisation est nettement visible au niveau de la papule hi-

staminique ainsi que des lésions provoquées par les libérateurs

d’histamine et le chloroforme (50, 51).

Par stimulation de Paxe hypothalamus-hypophyse-cortex sur-

rénal (52), les salicylés provoquent une libération d’hormones

cortico-surrénaliennes qui pourraient étre responsables de I'in-
hibition des réactions anaphylactiques. Dans nos conditions
expérimentales, puisque I'effet antianaphylactique se manifeste
trés précocement aprés une injection unique, 1a libération d’hor-
mones cortico-surrénaliennes, plus tardive, ne peut pas expliquer
les propriétés antiinflammatoires du salicylate de soude. Cette
opinion est d'ailleurs conforme aux conclusions qu’Ungar tire
de son étude de Pinhibition du phénoméne d’Arthus passif au

niveau des articulations du cobaye (53).

Le gluconate calcique, dont le pouvoir imperméabilisant et
anti-cedémateux est bien conny, inhibe les phénoménes vasculaires

allergiques (54).

c

<

*

Une propriété commune permet d'expliquer de fagon satis.
faisante I'action antianaphylactique de ces diverses substances,
savoir: Jeur pouvoir antiperméabilisant. 11 est vraisemblable que ce
pouvoir se traduit au niveau des parois vasculaires par une fimi-
tation des échanges avec le milieu extérieur, d’ott une entrave
apportée A une suffisante résorption de Pantigéne. Peut-étre aussi,
pour une méme quantité d’antigéne résorbé, les lsions anaphylac-
tiques subséquentes sont-elles sinon complétement empéchées, du
moins fortement réduites par un hypothétique accroissement de
1a résistance des membranes vasculaires. De tous les agents utilisés,
la cortisone parait le plus efficace.

La méme conclusion pourrait, d’aprés certains, expliquer les
effets de I'héparine. En dehors de toute réaction allergique, cet
anticoagulant posséde une action antiinflammatoire nette, non
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Summary

By bringing specific antigen into contact with the mesenteric
membrane of 2 sensitized rabbit immediate vascular fesions are
produced. In the following 5 minutes the venous tndethcliu.m
swells and the circulating platelets and leucocytes adhere to it.
These accretions are detached from the endothelium in the form
of emboli. After 10 to {5 minutes the venous walls undergo rupture
at certain points and erythrocytes invade the neighbouring tissues,
The venous circulation is arrested owing to thrombosis and the
formation of emboli.

Vascular anaphylactic lesions are reproduced by focal appli-
cation of thrombin. They differ from toxic manifestations induced
by locafly appiied trypsin.

The anatomical lesions are not dependent on the endogenous
histamine content of the mesenteric membrane. They are not re-
Juced by local application of either histamine or histami
hiberating substances. They are not inhibited by antihistamines.
Histamine is however liberated during the 15 minutes following

contact with the antigen.

Previous treatment of sensitized animals with calcium salts,
!mpar'm, sadium salicylate, cortisone and AC.T.H. reduces the
intensity of the vascular anaphylactic lesions.
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cette derniére réduisent A des degrés variables les 1ésions vasculaires
consécutives, chez le lapin sensibilis¢, 4 la mise en contact de Panti-
géne et du mésentére.

2. Le salicylate de soude provoque des lésions vasculaires
hémorragiques lorsqu’il est administré A doses répétées durant
48 heures. Ces lésions empéchent toute appréciation de son pouvoir
antianaphylactique en cure continue.

3. L’action antiallergique précoce du salicylate de soude ne
dépend pas d’une activation du systtme hypothalamus-hypophyse-
cortex surrénal.

F. A la dose de 5 ml/kg, I'héparine inhibe totalement Ia réac-
tion anaphylactique mésentérique aigue observée chez le lapin
sensibilisé & I'ovalbumine de poule.

Cette action antiallergique apparait 3 des doses de loin su-
péricures 4 celles qui suffisent 3 rendre le sang incoagulable.

G. La signification de ces phénoménes est discutée.

Résumé

L’apport de Pantigéne spécifique au niveau de la membrane
mésentérique du lapin sensibilisé provoque Papparition de lésions
vasculaires précoces. Dans les 5 minutes qui suivent ce contact,
Iendothélium veineux gonfle, les plaquettes et les leucocytes cir-
culants s’y accolent. Ces amas s’en détachent sous forme d’embols.
Aprés 10 2 15 minutes, les parois veineuses sc rompent électivement
ct les hématies envahissent les tissus voisins, La circulation veineuse
s'arréte par suite de la thrombose et des embolies.

Les lésions anaphylactiques vasculaires sont reproduites par
’application locale de thrombine. Elles sont distinctes des mani-
festations toxiques provoquées par la trypsine appliquée localement.

Ces lésions anatomiques ne dépendent pas de la teneur en
histamine endogéne de la membrane mésentérique. Elles ne sont
pas reproduites par I'application locale d’histamine ou de ses libéra-
teurs. Elles ne sont pas inhibées par les antihistaminiques. L’hista-
mine est cependant libérée au cours des 15 premidres minutes qui
suivent le contact avec 'antigéne.

Le traitement préalable de Panimal sensibilisé par les sels
calciques, Phéparine, le salicylate de soude, Ia cortisone et I'A.C.T.H
réduit Pintensité des lésions anaphylactiques vasculaires.
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Summary

By bringing specific antigen into contact with the mesenterie
membrane of a sensitized rabbit immediate vascular lesions are
produced. In the following 5 mi the venous endothelium
swells and the circulating platelets and leucocytes adhere to it.
These accretions are detached from the endothelium in the form
of emboli. Afier 10 to 15 minutes the venous walls undergo rupture
at certain points and erythrocytes invade the neighbouring tissues.
The venous circulation 8 arrested owing to thrombosis and the
formation of emboli.

Vascular anaphylactic lesions are reproduced by local appli-
cation of thrombin, They differ from toxic manifestations induced
by locally applied trypsin.

The anatomical lesions are not dependent on the endogenous
histamine content of the mesenteric membrane. They are not re-
produced by local application of either histamine or hi: i
hiberating substances. They are not inhibited by antihistamines.
Histamine is however liberated during the 15 minutes following
contact with the antigen.

Previous treatment of sensitized animals with calcium salts,
heparin, sodium salicylate, cortisone and A.C.T.H. reduces the
intensity of the vascular anaphylactic lesions,
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Beobachtungen iber die Wirkung vonTuberkulin auf
die Leukozyten tuberknlinempfindlicher Menschen
Von G.JACCARD

Aus der Medipnischen Universititklnk Zgrich
{Dusektor: Prof, W, Lifler)

Seit den Versuchen von Rick und Leuwis sowie von Moen und
Swift wird aligemet g dal der Reaktionsablauf der
Tuberbulinallergie an dic lebende Zelle gebunden ist. Diese Vor-
stellung hat durch die gegluckien Versuche, die Tuberkulin-
empfindlichkeit mit Zellen eines sensibilisierten Organismus passiv
u fibertragen, eine michtige Stiitze erhalten (Chase, Mefaxas und
Metaxas-Bihler, Cummings und Mitarbeiter, Lawrence, F. Sehmid,
Wesslés und noch andere).

Die Wirkung des Tuberkulins auf die Leukozyten tuberkulin-
empfiodlicher Tiere und Menschen in vitro war cbenfalls schon
G d zahlreicher U gen (Favour und Mitarbeiter,
Witte, F.Schmid, Berdd und Mitarbeiter, Waksman, Bassermann,
Marks und Fames). Mit A hme der 1 glisch
Aufarcn wurde allgemein cine zytolytische Wirkung von Tuber-
klin, 29f solche Zellen beobachter,

Uber die Modalitaten dieser Tuberkulingytolyse und ihre Be-
zichungen n den anderen i biologischen Erschei

g gen der
Tuberkulose Bestehen noch zum Teil widersprechende Angaben.

Fur die praktischen Belange der Klinik ist aber cine Klarung dieser
Probleme dringend erwunscht, weill man doch, da8 die Resultate
von Tuberkulinhautproben sehr stark von sekundaren, unspezifi-
schen Faktm::n beeinfiufit werden, Es ist daher fur den Kliniker
verlockend, in dieser Zytolyse eine Moglichkeit zu erblicken, die
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Reaktionslage menschlicher Zellen gegeniiber dem Tuberkulin un-
abhingig von anderen Korpereinflissen zu erfassen.

Wir haben uns bemiiht, auf Grund einer moglichst einfachen
und in jedem klinischen Betrieb leicht durchfithrbaren Versuchs-
anordnung Einblicke in dieses Geschehen zu erhalten, und michten
im folgenden unsere ersten Ergebnisse bekannt geben.

Methodik

Als Tuberkulin fur die Zytolyse verwendeten wir ein uns in freundlicher Weise
vom Schweiz, Serum- und Impfinstitut in Bern {Dir. Prof. C. Hallauer) zur Verfugung
gestelltes Praparat PPD-Berna in isotonischem Phosphat-NaCl-Puffer, auf 75000 T. E.
pro em® titriert, ohne Zusatz von Konservierungsmittel. Als Heparin haben wir in
verdankenswerter Weise von der Fuma Hoffmann-La Roche & Co. in Basel phemlfreies
Liquemin «Rocken erhalten. Bei allen Untersuchungen wurde strenge Asepsis beachtet,
Glasrohrchen und Spritzen wurden auf Korpertemperatur vorgewarmt.

Dic Prufung der Tuberkul dlichbeit (Rel er-
folgte n:u:h A!zmloux mit albmmmﬁmm Alt-Tuberkulin Berma (130000 T. E fem?®) in
v bis zum Auft ener positiven Reaktion (Papel von

6 mm). Die Untersuchung auf Zytolyse erfolgte teils vor, teils nach der Hauttestung,
Den Vcrsuchspmoncn wurdc je nacb Bcdarf 2-10 cm? Blut aus der Kubitalvene mit
einer mit Heparin i Je 0,9 em® deses Blutes
wurden sofort hli in Glasrd (5 cm Jang, Durch 1 cm) mit 0,1 em?®
der gewunschten PPD-V:rdunnung oder 0,1 em® physiologischcr Kochsalzlosung als
Kontrolle gnindlich vermischt. Die Rohrchen gclang:n auf einem Gestell in den Brut.
schrank (37”) Innerhalb 24 Stunden wrrdcn sie zwcxma] kurz aufgeschittelt und der

k geluftet. Die Leukozy nach dem Zufugen des
Tubcrkuhns und spiter erfolgt nach grundlichem Aufschiitteln in 23k nach
Turk. Bl he werden nach Pappenheim gefarht. Stark h Zellen werden

nucht gezahlt oder differenziert,
Auf Grund der Resultate zahlreicher Vorversuche wurden dic meisten Unter-
b bei einer Tuberkuli ton von 75 T. E.fem? und einer Emnwirkungy.
dauer von 24 Stunden durchgefithrt.

Resultate

Nach dieser Methodik wurden 43 Personen untersucht. Bei
35 derselben konnte kein statistisch signifikanter Abfall der Leuko-
zyten unter Tuberkulincinwirkung gefunden werden. Die Tuber-
kulinempfindlichkeit der Haut verteilt sich bei diesen Zytolyse-
negativen Fallen wie folgt:
Mantoux-Probe Alt-Tuberkulinverd. 1:1000000 pos.: 7 Falle
1: 100000 pos.: 2 ,,
1: 10000 pos.: 7 .,
1: 1000 pos.: 12 ,,
1: 100 pos.: 2,
1: 100 neg.: 4
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In Beaug auf das Vorliegen einer aktiven Tuberkulose ergibt
sich bei diesen Zytolyse-Negativen folgendes: 7 derselben leiden an
2ktiver Tuberkulose, teils frisch entdeckt, teils scit langerer Zeit in
Behandlung. Bei den tbrigen 28 bestehen klinisch keine Anhalts-
punkte fur eine Tuberkulose.
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Tabelle 1

‘Wirkung von Tuberkulin auf (Zah, ) bei drei Personen

Gesamtzahl Neutr. polyn, Lymphozyten Monozyten
§.E. {Sr. D.[W. R|S. E. (Sr. D|W. R.| 5. E. [Sr D.JW. R.J 5. E. IS, DJW. R/

sofort 4500 | 6000 [ 460029303950 3000 11601 1700{ 1640 250 | 200 | 500
nach 24 Std.
75E.PPD{cm? 3100 (4000|3000{2060|3140]1300{ 820! 580| 780| 180 | 250 | 900
Kontrolle
nach 24 Std. [4200{6000{440012020{372012580} 63016501300} 420 } 530 | 500

2. S. E. 46j1hrig 8. Anamnese ohne Tbe. Seit 1942 Beschwerden wegen Spondy-
lolisthesis, Klmnikeinweisung wegen akuter Magenblutung, wahrscheinlich bei Uleus
veatriculi, Tk urehleuch o.B. M

. B, 1:10000 11 mm.
3. R.F. 37jahrig Q. Anamnese ohne The, Seit 1946 Hypertonie. Klinikeinweisung
wegen li-scitiger Th fnahme o. B. Mantoux 1:10000 7 mm.

4, B. A. 46jihrig @. 1940 Pleuntis exsudativa. Klinikeinweisung wegen einer
frischen Mudiartuberkulose mit meningeal it M 1:1000 15 mm,

5. W. R.21jihrig . Friber keine Tbe. Durchleuchtung 1954 o. B. Klintkein-
weisung im Februar 1955 wegen einer frischen & L berkul
1:100000 7 mm

6. Sr.Ma 52jihrig Krankenschwester. In den letzten 1Y, Jahren dauernd auf

kuk i tatig. Tt fnah kalkte Residuen in der Iinken Spitze.
Mantoux 1:100000 8 mm.

7. Sr. Do 34jihng Krankenschwester. In den letzten 2% Jahren dauernd auf
Tub i i titg Th h k Pris lex im rechten
Mittelfeld, Mantoux 1:100000 7 mm.

8. Sr. El 25jahnig Krankenschwester, 1949 diplomuert, hat sether nie auf emer
Station fur O L ) beitet. Th hme 0. B Mantoux 1:1000 15 mm
Papel mit auffallend grofem Erythemhof.

Die Abhingigkeit des zytolytischen Effektes von der Tuber-
kulinkonzentration geht aus der Abb. 1, diejenige von der Dauer
der Tuberkulineinwirkung aus der Abb. 2 hervor. Der EinfluB des
Tuberkulins auf die verschiedenen weiBen Blutzellen wird an drei
Beispielen in der Tabelle I gezeigt.

Diskusston

Aus unseren Untersuchungen geht eindeutig hervor, daB die
Leukozyten gewisser Personen unter dem EinfluB von Tuberkulin
zum Teil stark beschidigt und aufgelost werden. Dieser Effekt
geht nicht parallel mit der Intensitat der Hautreaktionen dieser
Personen auf Tuberkulin, indem dic Mehrzahl der Untersuchten
trotz stark positiver Hautproben keine Zytolyse zeigt. Dasselbe gilt
auch fiir die Mehrheit der Patienten mit einer aktiven Tuberkulose.
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Die geringe Zaht der Personen mit positivern Ausfall des Zylo]y'sc-
versuches, welche wir bis jetzt eruieren konnten, erlaubt noch keine
Schlubfolgerungen in Bezug auf klinische Besonderheiten, die dieses
Phinomen begleiten wurden. Immerhin ist es auffallend, daB cs
bei Krankenschwestern von Tuberkul i hiafig 2o sein
scheint.

Die Zytolyse tritt nur bei relativ hoher Tuberkulinkonzen-
tration auf (ungefahr entsprechend Alt-Tuberkulinverdunnungen
bis 1:1000). Sie ist nach einer Stunde meistens noch nicht, nach
4 Stunden jedoch deutlich nachweisbar, und betrifft vor allem dic
neutrophilen Polynuklearen, weniger die Lymphozyten. Die Dif-
feremzierung gefarbter Ausstriche ist aber schwierig und mit Fehler-
quellen behaftet; fiir praktische Zwecke genugt die einfache Be-

i der Leukozyteng, hl in der Zihlkammer, Nur in
ganz seltenen Fallen wurde dieselbe durch cine Agglutination der
Lenkozyten verhindert.

Unsere Befunde sti vollstandig mit denjenigen iiberein,
welche Wakman bei Versuchen an Kaninchen erheben konnte.
Auch dieser fand keine Korrelation mit dem AusmaB der Haut-
reaktionen. Mit der Tuberkulinzytolyse beim Menschen haben
sich bis jetzt vor allem Farour, Vilte sowie Berdel und Mitarbeiter
befafit. Von den genannten deutschen Autoren sind cbenfalls nur
an einem Teil der untersuchten Tuberkulosekranken positive Er-
gtbnisse erhalten worden, welche in Bezug auf zeitliches Verhalten
und wirksamer Tuberkulinkonzentration mit unseren cigenen Re-
sultaten gréBenord: g itber Dicse Autoren
geben jedoch keine Auskunft Uber die Tuberkulint kti

ihrer Versuchspersonen. Fazour findet wie wir die Tuberkulin-
‘z’vytolysc nur bei gewissen Tuberkul i und bei gewi

den mit positiven H: kti und kann fiir dieses be-
slum_!;re V:haltcn ebenfalls keine Erklarung geben. Im Gegensatz
1 thm saben wir innerhalb der ersten § ie ei igni-
Bhanten Gret o g n Stunde nie einen signi

kuhnA“s diesen Erortsn'mgcn geht hervor, daB uns die Tuber-

mc}]zytolyse vor neuartige Probleme stellt, die 2um groBen Teil
ungelost sind, Weitere Untersuchungen werden notwendi

sein, um die Stellung dieses Phanomens im .

ioloo) Rahy T -
biologie der Tuberkulose genaver zu umschrcibcr:n o der Tmmn



100 Jaccard, Beobachtungen Uber die Wirkung von Tuberkulin auf {346)

Tabelle 1
Wirkung von Tuberkulin auf hiedene Blutleukozyten (Zahl/mm?) bei drei Personen
Gesamtzahl ‘Neutr, polyn, Lymphoryten Monozyten

S.E [Sr. D|W. R[S, E.[Sr. D[W. R|S.E.|Sr. D [W. R.|S. E. Isr, DJw, R

sofort 4500 (6000 4600|2930]3950( 3000/ 1100| 1700| 1040| 250 | 200 { 500

nach 24 Std.
75E.PPD/em? 3100|4000 | 3000]2060 3140 1300| 820] 580| 780|180 | 250 | 900

Kontrotle
nach 24 Std. |4200{6000(4400[2920|3720(2580] 630]1650(1300( 420 | 530 .')OOJ

2. 5.E. 46jahng &, Anamnese ohne The. Seit 1942 Beschwerden wegen Spondy-

lolmhuu Khmk:mwmung wegen akuter Magenblutung, wahrschernlich bei Ulcus
o.B. M. 1:10000 11 mm.

3. R.F 37_|almg$ Anamnese ohne Tbc Seit 1946 Hypertonie. Klinikeinweisung
wegen 1 Th o.B. 1210000 7 mm.

4. B.A. 4Gjﬁhng 4. 1940 Plcurms :x:udauvn lemk:mwcuung wegen einer
frischen A mit 1:1000 15 mm.

5. W. R. 21jihrig 3. Frither “keine The. Durchleuchtung 1954 o B, Klinikein-
weisung im Februar 1955 wegen ciner frischen kavernsen Lungentuberkulose, Mantoux
1:100000 7 mm.

6 Sr. Ma 52jahrig Krankenschwester. In den letzten 1% Jahrm davernd auf
Tuber tatig. Tt fnah verkalkte Residuen in der linken Spitze.
Mantoux 1: 100000 8 mm.

7. Sr. Do 34jihrig Kmnkmehumn In den lcmcn 25/, Jahren dauernd auf
Tuberkul i tatig Th im rechten
Mittelfeld. Mantoux 1:100000 7 mm.

8. Sr. El 25}&hng Krankau:hwmn 1949 dxplomnen, hal seither nie auf emner
Station fur O 1:1000 15 mm
Papel mit auffallend groBem Eryv.hemhof

Die Abhingigkeit des zytolytischen Effektes von der Tuber-
kulinkonzentration geht aus der Abb. 1, diejenige von der Dauer
der Tuberkulineinwirkung aus der Abb. 2 hervor. Der EinfluB des
Tuberkulins auf die verschiedenen weiBien Blutzellen wird an drei
Beispielen in der Tabelle 1 gezeigt.

Diskussion

Aus unseren Untersuchungen geht eindeutig hervor, da die
Leukozyten gewisser Personen unter dem Einflu von Tuberkulin
zum Teil stark beschadigt und aufgelost werden. Dieser Effekt
geht nicht parallel mit der Intensitit der Hautreaktionen dieser
Personen auf Tuberkulin, indem die Mehrzah! der Untersuchten
trotz stark positiver Hautproben keine Zytolyse zeigt. Dasselbe gilt
auch fur die Mehrheit der Patienten mit einer aktiven Tuberkulose.
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New Serological Method for Demonstrating
Sensitivity to Allergens*
By R. HOIGNE, W. GROSSMANN and H. STORCK.

From the Department of Internal Medicane, Zurich (Prof It Lifller),
the Department of Dermatology, Zunch (Prof, G Muscher)
and the Prnate Laboratory of Dr. W, Grassmann,

Various methods have been devised by Prausmitz and Kustner,
Jones, Coombs, Boyden, Kallds and other investigators to show specific
reactions in serum of patients sensitized to allergens (1, 2, 3, 4, 5,
6,7,8,9,17, 18, 19, 20, 23).

Observations have been done on the behaviour of thrombocytes
in allergic reactions (10, 21, 22, 24, 25, 26, 27). A new approach
for “in vitro™ allergen tests was initiated by our observation of the
behaviour of thrombocytes in oxalated blood (11, 12,13, 14).

We demonstrated that within a certain range of allergen
dilution, platelets show increased grouping. This platelet “agglu-
tination™ is discrete; however, it can be demonstrated with a

pecially developed blood smear-technique. The reaction is highly
specific. Tn 41 of 42 cases of drug, inhalation and ingestion allergies,
the allergen was found without exposing the patient to the allergen.
We described this reaction as the thrombocyte *“in vitr® allergen test,
Since this p dure was hat time. ing and delicate,

we looked for a new and more adequate method for identifyin, .
the specific reaction between allergen and blood from a scnsiﬁzeg
patient.

o ﬁnaly;is of the reaction showed that a serum factor is respon.
sible for the inati i .
T pll;—nelclt aggllluuflauom The reaction takes lace et

e rrall vt

Lot one year and a halfwe have sou,

Teaction can be measured by exact

Grossmann we constructed a very sensi
* This work war aided

et v e by : ot from the «Sandoz Suliung zur Forderung der

gfnt to learn whether this
I?hyxlcal methods, With Dy,
tive nephelometer to attempt
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Rusammenfassung

Die Wirkung von Tuberkulin auf heparinisiertes Vollblut wird
mittels der Bestimmung der Gesamtleukozytenzahl vor und nach
Inkubation beobachtet. Die Erprobung dieser einfachen Methode
an 43 Versuchspersonen zeigt, daB eine signifikante Tuberkulin-
zytolyse, unabhiingig vom AusmaB der Tuberkulinhautreaktionen,
nur bei gewissen Menschen, sowohl klinisch Gesunden als auch
Trigern aktiver Tuberkulosen, anzutreffen ist. Zeitliche Verhalt-
nisse und EinfluB der Tuberkulinkonzentration werden kurz be-
sprochen.

Summary

The action of tuberculin on heparinized whole blood is observed
by determining the leucocyte count before and after incubation.
An assay of this simple method, carried out on 43 experimental
subjects, revealed that a significant tuberculin cytolysis, independent
of the intensity of tuberculin cutaneous reactions, occurs only in
certain individuals, both among those clinically healthy as well as
among carriers of active tuberculosis. Time factors and influence
of tuberculin concentration are briefly discussed.
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New Serological Method for Demonstrating
Sensitivity to Allergens*
By R. HOIGNE, W, GROSSMANN and H STORCK

From the Departvent of Internal Medhcane, Zusich (Prof 1Y, Lofle),
be Department of Dermatology, Zurich (Prof. G Muscher)
and the Private Laboratory of Dr. ¥\ Gressmann

Various methods have been devised by Prausnitz and Kilstner,
Fones, Coombs, Boyden, Kallds and other investigators to show specific
reactions in serum of patients sensitized to allergens (1, 2, 3, 4, 5,
6,7,8,9, 17, 18, 19, 20, 23).

Observations have been done on the behaviour of thrombocytes
in allergic reactions (10, 21, 22, 24, 25, 26, 27). A new approach
for “4n vitro” allergen tests was initiated by our observation of the
behaviour of thrombocytes in oxalated blood (11, 12, 13, 14).

We demonstrated that within a certain range of allergen
dilution, platelets show increased grouping. This platelet “agglu-
tination” is discrete; however, it can be demonstrated with a
specially developed blood smear-technique. The reaction is highly
specific. In 41 of 49 cases of drug, inhalation and ingestion allesgies,
the allergen was found without exposing the patient to the allergen.
We described this reaction as the thrombagyte *“in vitro” allergen test.
Since this procedure was ti ing and delicat
we looked for a new and more adequate method for identifying

lhc.spcc'lﬁc reaction between allergen and blood from a sensitized
patient.

Analysis of the reaction showed that a serum factor is respon-
sible for the platelet agglutination. The reaction takes place just
as well using thrombacytes of a control patient so long as sensitized
serum and dilutions of the corresponding allergen are wsed. The
platelets function solely as an indicator (13).

For one year and a ha we have sought to learn whether this
halfwe hax )
ght learn whether thi:

asured by exact physical methods. With
Gy _physical methods. With Dr.
We constructed a very sensitive nephelometer to attempt
* Thus work war
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to evaluate either the platelet agglutination itself or perhaps a
serum reaction independent of thrombocytes.

Using this technique the following observations were possible:

If allergen is added to the sensitized serum in increasing
concentrations a slight turbidity oceurs at certain dilutions. Control
investigations combining non-sensitized serum with the same sub-
stance showed no increase in turbidity, We are, therefore, no longer
dependent on the presence of platelets as an indicator, The results
of the new serologic method, however, parallel the thrombocyte
“in vitro™ test (15, 16).

Brief Description of the Method

Serum is placed in the measuring test tube of the nephelometer
and the allergen is added in increasing concentrations. We begin
with the highest allergen dilution and double the concentration
with each step. The colourless solution of the substance disperses
light less than serum. Therefore a clearing of the serum takes place
(fig. 1). If the relative turbidity and the concentration of the
substance in question is plotted in a system of coordinates, the
control serum shows a steady rise with a gradual leveling off.

In contrast, the addition of serial concentrations of a known
allergen to the serum of a sensitized person results in a horizontal
segment in the turbidity curve; that is, the clearing expected after
adding the water-clear substance solution is compensated by a
reactive turbidity., As shown by fig. 2, it is unimportant to the
reaction whether plasma or serum is used.

Such a curve could be obtained with any sensitive nephelo-
meter, whether optic or photometric. Fig. 3 shows a simplified
diagram of such an instrument which we have constructed. From
a light source a bundle of parallel light rays fall on the measuring
cylinder containing the serum. Some of the light rays deflected
at right angles by the fluid are intercepted by one photocell, while
light from the same source arrives uninterrupted at a comparison
photocell. An adjustable diaphragm equilibrates the intensity of
the light deflected by the serum. At this moment, since there is no
current flow, the amperemeter reads zero. This point corresponds
to the turbidity of the original serum tested. As serum turbidity
decreases with the addition of clear allergen solution, the lig.ht
dispersion diminishes; if the turbidity reaction occurs the intensity
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NEPHELOMETRIC METHOD
FOR ALLERGEN" IDENTIFICATION
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Fig 1, Turbidity s plotted as the ordmate, allergen-concentration as the abscissa

of dispersed Yight i The gal amplitude is elec-
trically compensated. The number read after compensation of the
turbidity indicates the change from the original turbidity.

Fig. 4 shows the nephelometer with measuring tube, micro-
amperemeter, the knob for zero point setting, and the potentio-
meter which permits ion for turbidity ch

During investigations the

of a stable

is of crucial importance - particularly a constant temperature and
the use of the same measuring tube during the recording of the
turbidity curve.

In the develop of the 1 method, approximately
1400 turbidity curves have been performed on sensitized subjects
and controls. More details of these first results are shown in the
St rische Medizinische Wochenschrift (15).

The influence of dilution of serum and allergen, the importance
of the diluting solution, as well as the influence of pH and tempera-
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Turbidity Reaction in Serum and Plasma.

a) From sensitized Patients with the Allergen
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b) From Control Serum of non sensitized subjects

n Serum 20 in Plasma
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Diution of the Drug Dilution of the Drug
Case /Drug:
3+28 Penicillin 12 Insulin vitrum 26 Diallylbarbit
8+19 Dipyrin 14 Natrium salicylat 27 INH
9  Sulfapyrirdine 16 pAcetophenetidine 29+31 Streptomyci

&g 2. Diluton of the Drug® To 2 em? of serum or plasma duuted 1:5 1z disulled water
is added 0.1 cm? of allergen dilution series 2, Begin with the highest Dilution

ture have been studied. The following simplified summary (fig. 5)
indicates the conditions requisite to a reliable reaction (clear
rectangle) and the procedure chosen for routine determinations
(circles). In most cases the serum may be used undiluted, diluted
1:5 or 1:25. If serum dilutions of 1:50 are used, the shape of the
curve is not any more characteristic. We choose the 1:5 dilution
as a routine test. In manipulating the allergen solution, doubling
of the concentration in the series is to be recommended. A serial
dilution by 5, although usually adequate, may in some cases fail
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Fig 3 Dragram of the Nephelometer constructed by JW* Grossman and R Howgné The
upper part represents the optical sechon of the apparatus, the lower part the electracal

secteon

| Concave Murror 7. Glass Measurmg Cylinder
2 Lught Source 8 Meawnng Photocell

3 Condensor 9. Companson Photocell

3 Sht of Diaphragm 10. Amperemeter

5 Biconeave Lens 11 Potentiometer for Zerapomnt
6 Lightproof Caung Compensaton

12 Resistance

Fig 4 Pucture of the Nephelometer (Phato
graph by the Insitute for Photography ETH,
Zunch) G = Measuning Glass Cylinder A = Amperemeter Z = 7tropo|[:lly.\dju\(-
ment I = Potentiometer

to detect the reaction For the diluting solution distilled water and
1sotonic phosphate buffer are most switable. Physiologic saline 1s
less sausfactory Since the reaction occurs regularly 1n the pH
mfnzg(; of 7.0 to 7 8, serum with unaltered pH is used A temperature
o 15 Just as suitable as approximately 37°, so we do the test at

Toom temperature The c
! ter onstancy of the temperat
Teaction is important 7 perature dunag &

7 Int Aseh Alligy Vol 8 No 12 (19561
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Turbidity Reaction in Serum and Plasma.

a) From sensitized Patients with the Allergen

7 n Serum 7| in Plasma
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b) From Control Serum of non sensitized subjects
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3428 Penicilin 12 Insulin vitrum 26 Diallylbarbituricacd
8+19 Dipyrin 14 Natrwm salcylat 27 INH
9  Sulfapyrimidne 16 pAcetophenehdine 29+31 Streptomycin

Fig 2. Dilution of the Drug: To 2 cm?® of scrum or plasma diluted 1.5 in distitled water
is added 0 1 em? of allergen dilution series 2. Begin with the highest Dilution

ture have been studied. The following simplified summary (fig. 5)
indicates the conditions requisite to a reliable reaction (clear
rectangle) and the procedurc chosen for routine determinations
(circles). In most cases the serum may be used undiluted, diluted
1:5 or 1:25. If serum dilutions of 1:50 arc used, the shape of the
curve is not any more characteristic. We choose the 1:5 dilution
as a routine test. In manipulating the allergen solution, doubling
of the concentration in the series is to be recommended. A serial
dilution by 5, although usually adequate, may in some cases fail
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we demonstrated specific bodies in lhc.serum against drugs mbl\vo
groups of cases where an allergic genesis h:1d not at that m;c cen
clintcally confirmed. They were: patients with sull’hacmoglo inemia
following drug abuse, which we studied w:l}! Buh.Im{{nn and Luth-
singer; secondly, two patients with acute anuria comc:.dcm \.mh the
administration of a certain drug. Several days after discontinuance
of the drug, the anuria disappeared. .

Of the 70 patients with positive reactions to one, or occ’..monally
to several allergens, the specific sensitivity was confirmed in about
30 through P The itization was gl suggcsscd
clinically in the remainder of cases. Re-exposure was not carried
out 1 many of these paticnts hecause of the severity of their
symptoms.

In all patients who were chnically strongly suspected of specilic
sensttization, the reaction was positive to at least one of the probable
causative allergens, However there were two exceptions: both were
cases of agranulocytosis secondary to dipyrin. They showed a nega-
tive serological test to this drug. Since we were dealing with
polyvalent sensitizations, evaluation was considerably more diffi-
cult In the first of these patients, the reaction to dipyrin later
became positive. Follow up-studies were impossible in the second
patient. In all other investigations, the clinical observations were
consistent with the serological reaction.

The specific factor may be demonstrated months or cven years
after cessation of the allergic illness; that is, in patients who have
not since come in contact with the allergen in question.

With each allergen we carried out many tests on control sera,
These may be divided into three groups:

L. Sera from patients with no previous or clinical evidence of the
presence of allergy.

2 Sera from patients with confirmed allergy to a known substance
but without allergy to the substance under investigation.

3 Sera of patients, who had taken cnormous doscs of a drug
without the onset of clinical sensitization,

These control investigations showed that a posittve “in vitro”

reaction otcurred exclusively in connection with signs of hypersen-
sitivity in the patient
—_

. . Rx:ﬁrmm on Sullhaemoglobinenua;
e exp Med 118, 105, 1951 — Sk
Acta 20, 428, 1953 5 ok B

Maser, €, .| Buhlmann und M Hot: Z
o d Bublmenn und € Mawer Hely med
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Whether the new, nephelometric method or the thrombocyte
agglutination test is used, two factors regularly participate in their
development:

1. the specific factor, dialysable through ccllophane, which we call
factor 1,

2. an unspecific, non dialysablc factor which, for the present, we
shall call factor II.

As can be seen in fig. 6, both factors are thermolabile, They
arc inactivated at 56° in 20 minutes. Only with the mixture of
active, specific dialysate and unspecific serum factor is 2 demon-
strable reaction with the allergen obtained. If cither factor 1 or
factor 11 arc heat-inactivated, no reaction takes place.

Factor I is present only in the serum of specifically sensitized
individuals and shows a very high specificity. On the other hand,
the unspecific factor IT has been demonstrated in all humansera
mvestigated to date, and also in the sera of various animals, One
sces in fig. 7 that factor IT is present in the serum of horses, cons
and guinea pigs, but is absent in sheep, rabbuts, rats and chickens.

The dialysability of factor I is of particular interest. Cello-
phane, which is known not to allow protein diffusion, 1s used as the
dialysis membrane. Dr. Dukert investigated our dialysate by the
classical chemical methods. He was unable to demonstrate cither
albumen or globulin, At the same time D, Hassig performed a
precipitation reaction with Coombs’ scrum and our dialysate; the
ring-test was consistently negative. According to the literature, the
pore size of this cellophane is only 30-80 A which should exclude
the diffusion of protein. Thercforc it appears that factor I, in spite
of 1ts hugh specificity, is not a protein molecule.

Investigations of the stability of factors I and II in total scrum
revealed that factor I can be preserved in frozen serum for months
at —30° C, under the same contitions factor IT disappears in a few
days. In order to mimmze the “in vitro” changes of the scrum
which would further complicate the situation, we perform the test
when possible withm a few hours after the blood has been drawn

Clinteal Studies

The diagnoses of our patients were mamfold: allergic rash,
urticaria, angioncurotic ocdema, hay fever, thrombopenia, agranu-
locytosis, anaphylactic shock and conditions of collapse. As.idc l.“rc?m
these syndromes which are hnown to be frequently of allergic origin,
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to Elknsin. Numerovs other cases could b? related in which t
specificity of the reaction has been syst.crmucally proven. )
The new serological methed permits, almost without cxccp(!
the identification of the responsible allergen i‘n sc'vcrc allerg
Specific allergens may also be demonstrated in diseases of p
viously uncertain etiology.
Fig.7

. 5
Factor (F 1) w Animal Seva Tested using Speciic Factor n the Dial
pramcef Uspeofe o Hman Serim and the Cortesording Allerges

Avimal Seva

Serum-
alat
Dato  Allrgen Dot ot Gumea Pig Rabfat Pig  Sheep Cow Hone Ch

1 35 Pemolhn 3 4 e -~ = 4+
}, 455 Phenacetm 32—~ 4 - o+ - 4+ o+
1 75 Sulfonlamde 332 ~ 4 e -+
11035 Protamine

Zinctosbn 3 — k= — &+
11255 DBipwon 8 — - & o~ o+ o+
21855 Phenacenn B 0~ 4 — — — 4
1, 555  Ylorse Dander

Extract Wo— o+ — 4 o~ o+
1 655 WheatExtract Ul — + — o ~ PO
LIS PollenEwa ¥V — & — 4 o~ & 4
21055  Chicken Meat

Extract 1 — — - % — 4 +

Of each arumal species serum was tested from ses era) dufferent inda iduals

® Lt of the cases Schweiz med Wschr 8/, 1168, 1954, Schwers med Wschr
Nr 24, 578, 1955
+ ~ posiinc nephelometnc curve

negatye curve
@ = unchagactersstic shape of cune

** Fig 2,3 4 and 7 were published in the Schwez Afed Wachenschnlt
Nr 24,578 1935

Summary

A new serological method for the “1n vatro™ detection of al
gens has heen described. This test is the result of our observa
that serum of a specifically sensitized patient shows an increa
turbidity when mixed with the allergen. The reaction occurs i
deﬁm’lc range of allergen didution and may be measured by
sensitive nephelometer. |

This new reaction parallels the thrombogyte-
previowsly described

The turbyeut

factors

in-titro-allergen

¥ 18 caused by the combined acuon of two dhffer
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Fig. 5
Nephel: Method for the Ide of Miergens using Sensitrzed Serum
I I
Serum-chlution l 1 € g\/ S P
Allergen-dilution-serses by 5 Vs, @ }
Dilution solution for serum Iﬂ 1sotonie phos- phys
and allergen HO phate buffer NaCt

6,0, 62 64, 66, 67, 69,

pH-value
70, 7,2, GD 76, 78 ‘
Temperature in degrees /
Centigrade, during the 20° 37°
determnations \
[ | = Reaction occurs
Legend -
O = Chosen for routine determmation
Fig 6
Analysis of the Alergen-Reaction with Serum
Reaction with the Allorgen
Dualysate of Sensitized . rombocyte
Serum Normal Serum Nephelometric i vitra™
Test
acte acine + +
actne 0 — —
acuve el —
actne mactivated * — —
nactn ated actne — —
* Inacuvated 1in + = positive reaction
20 muenutes at 56 centigrade — = negative reaction

The specificity of the reachon is very pronounced. This is
convincingly illustrated by the following examples®

A patient with quinine sensitivity gave a positive reaction to
quinine but negative reaction to quinidine. Another with Diazil
agranulocytosis was positive to Diazil and negative to Elkosin, A
case of erythema exudativum multiforme secondary to Diazil
sensitivity showed a similar reaction, positive to Diazil, negative
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1o Elkosin Numerous other cases could be related in which the
specificity of the reaction has been systematically proven. .

The new serological method permits, a]mos} without exception
the sdentification of the Tesponsible allergen in severe allergies.
Specific allergens may also be demonstrated in diseases of pre-
viously uncertain ctiology.

Fg 7
Presence of Unspectfic Foctor {F 11} in ymmal Soa Tested uning Spryic Factor wn the Dialviate
of Human Serum and the Corresponding Allergen

Ammal Sera

Serume
e Atergen DAl ot Guinea Pt Rabbu Pig  Sheep Cow Hone Chicken

1 35 Pemalin 3 - 4+ - - - 4+ 4+ ©
L. 455 Phenacetn 32 —  + — o+ + =
1 7.55 Sulfondamude 332 — 4 -+ —_— + o+ —_
110 33 Protammnc

ZincInuln 34— - 4+ -+ 4 =
1125 Dipynn 8 — + - + o~ 4+ o+ —
21855 Pheracerm 38— 4 — = e+ —
1 553 Horsc Dander

Extract W o— & - 3 = ® + —
1 63 WheatExiract III  — 4+ - - -+ o —
1115 PollenExtract ¥V — 4 ok — 4 o+ —
210 55 Clucken AMeat

Extract I — - - % = o+ % =

Of each anmal species serum was tested from sevcral different indaduals

* List of the cases: Schweiz med Waschr, 84, 1168, 1954, Schweiz, med Wichr, 85,
Ar 24, 578, 1955

+ = postiwe nephelametne cune.
~ = negatne cunc.
@ = uncharacterisuc shape of curve,

** Fig 2,3, 4 and 7 were published 1n the Schwerz Med Wochenschnft 83,
Nr 24, 578, 1955

Summary

A new serological method for the *in vitre™ detection of aller-
gens has been described. This test is the result of our observation
that serum of a specifically sensiuzed patient shows an increased
turbidity when mixed with the allergen. The reaction occurs in a
definite range of allergen dilution and may he measured by a
sensitive nephelometer

tus new reaction
previously described

The tarbidit,
factors

parallels the thrombocyte-in-titro-allergen test

y is caused by the combined action of two different
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I. A dialysable factor contained in serum or plasma of sensit-
ized subjccts which is highly specific to the allergenic substance
(factor I.

I1. A non-specific, non-dialysable factor contained in human
serum and in serum of certain animals such as horse, cow and
guinea-pig (factor II), which could not be demonstrated in scrum
of sheep, rabbit, rat and chicken,

The cffect of dilution, temperature and pH as well as the
stability of both factors on the reaction has been studied.

The test proved to be positive in most of inhalation, ingestion
and drug allergies, and was ncegative in all controls.
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L. A dialysable factor contained in serum or plasma of sensit-
ized subjects which is highly specific to the allergenic substance
(factor I).

I1. A non-specific, non-dialysable factor contained in human
serum and in secrum of certain animals such as horse, cow and
guineca-pig (factor IT), which could not be demonstrated in serum
of sheep, rabbit, rat and chicken.

The cffect of dilution, temperature and pH as well as the
stability of both factors on the reaction has been studied.

The test proved to be positive in most of inhalation, ingestion
and drug allergics, and was negative in all controls.
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