424, Dy, Paul Bhrlich.

ROONIAN Laoryre—¢On Innnunity with Special Beference to
Cell Life” DBy Professor Div. Pavt, EraLtom, Direetor of the
Royal Prossian  Institute of Mxperimental Therapeatics,
Prankfob-on-the-Maine, Received March 1 Y ~-Ttead Mavch
22, 1900

rPraviEg 6 axp 7]
{Translation.)

Honowred President, my lords and gentlemen,—1t s to me the very
greatest. honour that T have heen summeouned here by vour most highly
estearmed Bovtety, which for mors than two centuries has representod
and still represents the centre of the suientific Mfe of Yngland, h
order that I may deliver the Croonian Lecture. T consider I am not so
much personally concerned in the honour that vou hestow on me, and
that Tghell not ervif 1 secin it a recoguition of the sclontific path
which T, iu company with mwany others, have ,“ought to follow, and
which in your eyes suffices to place the field in which T work on «
footing alongeide of oxaet acience, Tt i nn cxtveme pleaswre for me
to have the pl‘lwlpp;e of addressing so many medical colleagucs with
whoin for so many years 1 have been hound tn close ties of friendship,
and who have always been the first to weleome and to give vecognition
0 the results of my work,

Since Jennor made his great discovery of the protective action of
vaceinia against small-pox, & contury has pa,.-,.qed away. During these
years that terrible seourge of nunkind hag been almost Lomp]?i:biy
eradicated from the civilised world. The henofieial consequences of
Jenner’s discovery are so evident to nll who have any wish to propevly
appreciate them, thal one wonders why, during g0 grest a portion of
the Tong period of 100 years, they were ullowed to stand alone, with-
ot any endeavour helng made to induce an artificial immunity in
the ease of other infeetions diseases, "This is all the more remarkable
beeause Jenner’s discovery demonstrated in their entirety those essential
principles which, in later times, have heen established for ofher infoc-
tHous diseases.

Tn the fives place, it was shown that by the use of an attennated
virng, which of itself was non-injurious to the organism, & was
possible to ward off - the disease enused Dy the virnlenl viruas
Jenner also established- ~what is most-important from the pm(‘tmeﬂ
point of view.—that by the inoenlation of the wenkened poison
there was prodiced not only an immediste, but also an enduring,
protection.  Thut Jenner’s discovery remained so isolased was due
essentinlly to the fict that the theoretical conceptions of the cause
and uatnre of mfections discases made no advanes during the sub-
sequent decades; indeed, it wonld he an interesting topic for some
tistorian of medicine to trace step by step the gradual advance n the
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knowledge of infeetious dissuses during the past century.  Schwann’s
claggical investipations must be regarded as the {irst link in the long
vhafn.  Schwann it was who, In an unsually brillisnt menner, first
demonstrated that the decomposition of organic bodics in the processes
of fermentation and putrefaction was never spontancous, bul con-
gtantly avose through the ageney of micro-organisms coming from
without. This line of investigation reached ila zenith in the fundamen-
tal work of I'astour, of which the first and the greatest reswlt—Fister’s
method of wound treatment—worked a revolution in surgery. Then
followed the profound investigations of Koch on Anthrax, and the
pure eultivation of the most important pathogenic bacterta.

The work of Pastenr and of Koch afforded th{. firal basis on which the

study of artificial immunity conld be again undertaken. The possibility
of voluntarily producing a nurber of the most important infections
diseases of men and animals, and of modifying at will pure cultiva-
tions of hacteria, silher, according to Jenner’s precedent, by passage
through the animal body, or otherwise in artificial culbure media,
laid the foundation on which advancement eould proceed. Pasteur
himself was the first, after Jenner, to produce an artificial immnuity
by using an allenuated virus ; and he was also able to introduee the
pr oeedurc to some exlent mm practice with most beneficial results.
8t the theorctical cxplanations of all vhese facts lugged far hehind
their practical eflfects. The very able investigations of Metchnikoll anr
his theory of phagocylosia were, to many investigalors, inconelusive,
. With Behring’s cliscovery, that in the blood serum of auimals immu-
nised against diphtheria and tetanus, there were contained hodies which
were able to specifically protect other animals against the toxines of
these diseases, an altogether new factor was introduced into Lhe
question, This vemarkable discovery seemed at one stroke tc open
up an entirely new and extremely promising prospect of immunising
mankind against the majorivy of the infectious discases. Tt was,
thercfore, somewhat disappointing when there did not follow, on the
suceessful practical applieation of diphtheria antitoxic serum, a rapid
guecession of shmilar achicvements. [t may with truth be said, that
during recent years there has been somewhat of a standstill in the
further following-out of a work at first so enthusisstically reccived.
Ly purely empirieal methods, e.g., by the production and use of sera of
very great antitoxic value, the resulls attained showed no improve-
ment. DBetter snceess wag only Lo be hoped for when hy an accurate
Inowledge of the theoretical econsiderations underlying the question
of immunity, explanations of the previous fll-success were fortheoming.
Impelled by these consideralions I laboured for yearas irying Lo shed
some light into the darkness that shronded the subject.

In all exact work with chemical hodies—for only as such can we
regard the loxdnes produced by the living bacteria—the first desider-
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atum in the 'im-'cat-iga;t-ion Iz the oxuaet nomoerieal determination of
action and conmteraction,  The words of the gifted natural philo-
sopher Clevk Maxwell, who said that it he were required to symbolise
the learning of cur time he would choose o meire measure, o cloek,
and a kilogramme weight, arc oqually appesitc in rvefercmce to
progress in the field of inguiry in which we are al present in-
terested.  And so at (ke very heginning of my theorstienl work on
iramurity T made 76 my fivst task to iotrodiee measires and Ggnres into
Investigationz rogarding the relations existing between toxine and anti-
toxino.  TFrom ke cutset it was cloar that the difficuliies to he vver-
come were extremely greak.  The toxines, de, the polsonous produr'ta
aof hacteria, arc Hll]\ﬂUWll in s pure condl’rlon. So great is their
poteney, that we arc obliged to assume that the sirongest solid ( fesés)
poisons which ave ohtained L precipitating toxie bouillon with drnmo-
nium sulphate, represent nothing wove Lhan indifferent materials, pep-
tones and the like, to which t he specific toxine attaches itseli in mere
traces boyond the resch of welehing; for up to the present time, by
the purcly chomicul metheds of weighing and measnring, it has heen
impogsible vo ascortain anvtbing as to their presence or the intcnsit-y
of their action.

Tt luvprespnce i only betrayed by the proof of thelr specific toxieity
on tho ox'a‘(umm For the exact deterinination, cg., of the amount of
toxine contained in a culture fodd, the essential condlition was that the
rescarch animals used should bxhlbr_t the requisite nniformity n their
siseeptibility to the poison. Uniformity is not to be observed in the
renction of the animal hody to all toxines, Fortmnately in the case of
ene important body of this natare, viz., the diphtheria toxine, the con-
ditions aro sueh-that the guinea-pig affords for investigations the degree
of aceuracy necessary in purely chemnieal work.,  For other toxines this
gecuricy in measuring  the toxicity cannot be altained. 1% was
necessary for me to try to Clllmll’r.tf_'. as Far us possible, the varying
tactor of the animal body, and Tdng the tnv mt“,nt,mm ruore nearly inlo
line with the ronditions necessury for experiments of & chemical pature,
Tu the eourse of these endeavours it was ghown thal iv was possible Lo
obtain in a comparatively sinple manner an insight into the theo-
retical considerations necessary to a proper understanding of immu-
nity, hy means of testtube experiments with suspended anjmal
tissues. The relations were simplest In the case of red Llood eor-
puseles,  On them, outside the hody, the action of many blood poisons,
and of their antitoxines, can he most acerately studied, eg., the actions
of riein, celsorum, snake-poison, totaons toxine, Se.  In an experiment
of this kinrd, In which ave employod a scries of test-tibes containing
definite quantities of suspended blood co:r'pm(,lvs, each test-tube repre.
sents as it were & research animal, uniform in WTLy one sertes, and ong
that can be veprodnced st will, By mcans of these test-tube experi-.
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ments, particularly in the case of vicin, T was able, in the firsl place, to
determine that they yielded an exaet quantitative represcitation of the
course of the processes in the living body.  The demonstration of this
fact formed the basis of & more extended application of experiments of
this nature. Tt wag shown that the action of toxine and antitoxine
took place guantitatively as in the animal hody,  Hurther, these
experiments viclded a striking series of facts of importance for the
theovetical valuation of the veaction hetween toxine and antitoxine.
It wag proved in the case of certaln toxines—notably tetanus
action of antitoxines iz asccentuated or dirvinished
undter the influence of the same factors which bring ahout mmilar
modificasions in chemicnl processes—warmth ncvelerates, cold retards
the reaction, and this proceeds more rapidly in concentrated than in
dilute solutions. These facts, first ascortained by means of test-tihe
experimoents, have sinee been confirmed by DBehring and Knorr for
tetanus within the animal body, and by Murtin and Cherry in the
case of snakevemomn.® The knowledge thus gained led easily to the
inference that to render toxine innocucng by means of antitoxine was
a purely chemical proeess, in which bivlogicsl processes had no share.
Yet again insurmountable obstacles scemed to prosent themsclves vo
this conclugdon,

It must be postulated that in chemical processes the hodies sharing in
the action react with one another in dofinite equivalent quantities.
This proposition appeared, however, not to hold in the case of tho
action of antitoxine on diphtheria toxine. When, in the cuase of
d_iphtherm toxines of different stocks, that quantity of toxine bounillon
which is exuetly neutralised by a eertain definite guantity of diphtheria
antitoxing (the official German immunity unit, ag Iaid down for the
eontrol exnmination of sera), was determined, so that every trace of
toxie action was abolished, the figures obtained were not in aceord.
(f one toxine bowillon 0-2 ce., of another 25 c.e., were so neutralised
by one immunity unit. Such arclation need not have given rise to
surprise, because it wns well known that the diphtheris haeillus,
according to outside cireumstances, yields in the bouillon very tllf
ferent quantitics of toxine. It was therefore allowable to infor
that the different guantities of toxine bouwillon, which were saturated
by onc immunity unif, were cxact expressions of the toxicities of the
vyarious houillons, or, to use other words, indifferently whether the
bowilion was strongly or fechly toxie, the same multiple of the minimal
lethal dose would e constantly neuvtralized by one Immunity unit,

* Nofe during revision.—The credit of flrst drawing atlention to these points
belongs to Professor Fraser, who, as far back as 1896, carricd out extracrdinarily
precise experiments ou the conditions of neutralisation in respeet both of time and
of amount of enake-poison snd wobi-venin (Leeture, Royal Tustitution, Mareh 20,
1R96).
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go that in every case the law of cquivalent proportions would held
goodd.

Bat when locked into more closely, the relations showed themselves
to be by no means so simple.  In what manncr could one obtain o
satisfactory estimalion of the sirength of a loxine ' As the constans
factor in such an estimabion, it was only possible to proveed from a
previously determined standard rewclion in the ease of a definite
species of animal, snd so we came o regard ag the © toxic wnie ” thal
gquantity of exic houillon which exactly sufliced to kill, in the comrse of
four days, & guines-pig of 250 prammes weight,

When we employed this standord unit, or *simple lethal dose,” to
cstimale the aronnt of toxic bouwillem nentralised by one * tmmunity
wuit,” the facts which presented thomselves were fur more surprising
than it was possibie to bhave foreseen at the outset.  These results
wers, that of one toxine, perhaps 20, of a sceond, perlaps 30, and of
yot a third, jb might be 130 stmple lethal doses were suturated by ove
Immunity wit.  Since, however, we had previously assumed that the
simnle fethal dose alone afforded a standard on whick reliznce could be
placed in determnining the combining relations of toxing and antiboxine,
it appeared from these results that the neutralisation of tomines by
antitoxines did not follow the law of equivalent proportions, and,
nobwithslanding all earlier work in agreement with such a conception
of the uetion, we were obliged o conclude that between toxine and
sutitexive & pavely chemical affivity did not exist, The seomingly
inesplicable eontradielion hetween the results just stated and previous
worls was very 2oon explained,  When the neanratisation point of toxine
and antitoxine was investigated for one and the same sample of poisow,
the following resulls were obtained.  Immediately on its preparabiou,
fresh From the incubator, it was found that oue immundiy unit nen-
tratised o c.o. of toxic houillon, und this quankily represented B simply
lethal doses. When the same toxic bouillon was examined after & con-
siderable interval, the remuarkable fuct was discovercd that exaedy
a e.e of the texic bonitlon woere again neutralisod by one Immunity neis
bt that these = e.c. now represented only 2 — @ simple levhal doses. It
therefore followed that the toxfe honillon had retained exacily the
sne combining afliniby, bhub possessed feebler toxieity,  Wrom this it
was cvident that the texic action ou animals and the combiniug
apacity with antitoxine represented iwo differeut funellons of the
toxine, and that the former of these had become weakenad, while the
latter had remained constant.

Treated from the chemical standpoint, thiz eiveomsbance wus wost
siply explained by sssuming that the toxine was chavactorised by
the posscssion of two different combining groups: one, which may he
designated hoplophore, conditions the nnion with antitoxine, while the
other group, which mway be designated ferephore, Iz the cause of tho
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toxie action. From the congtancy of the combining capacity, and the
diminution in the toxicity, it was to be inferred that the toxophore group
was very unstable, but the haptophore group more stable, and also that
the deterioration of the toxophore group procecded of necessity guite
independently of any relation to the haptophore group.

[f we now designated a toxine molecule, of which the toxophore
group is destroyed, but its haptophore group retained, us “zoxoid,”
then the above-described process will reprosent the guantilative pro-
gress of the conversion of the toxine moeleenles into toxoid molecules,
Huch a toxoid molecule has the same quantitative combining affinity
for antitoxine s the original toxine molecule, in spite of the dizapponr-
ance of toxicity to the animal body,  In other words, the sifinivy of
the haptophore group for the antitoxine is ahsolutely independent of
the existence of a toxophore group. Also, in the original toxine mole-
eule, hoth groups must bo to such a degrec non-related or 111dcpendmt
of one .monhbr, thal s molusl reaction hetween them does not take
place.  This conception of the constitution of diphtheria toxine, after
more extensive, very cxact, and much varied experimentation, based
on its partial nentralisation 1:} antitoxine, has been confirmed in the com-
pletest manner possible. At this time it would be superfluous for me
to enter into all the details pertaining to these investigutionz, 1t need
ouly be remarked that in prineiple the same rolations have heen
established for tetanolysine by Madsen, for snale-poison h; Meyers,
and for the milk-curdling ferment by Morgonroih.

The separation of the charaeteriséic atom groups of the toxine mote-
eule into » haptophore und & soxophore group, afforded not roerely a
sotisfactory chemical explanation of the process of neutralisation: the
posseasion of the knowledge of the existence of these groups yielded s,
ab the same time, the key to the nature of the toxic property of
toxines, and to the mystery of the origin of the antitoxines them-
solves.  After iv had been established by the already deseribed method,
thaut the toxiue melecule was possessed of o definite haplophore group,
which accounted for its eapacity to enter into combinalion with other
bodias, it was Immediately necessary Lo ingquire into the question
whether, and If g0 to what degree, this group entered into the causa-
tion of the symptoms of illness, That chemical subgtanices are only
abile to cxercise an aclion on the tissuc clements with which they are
able to establish an inlimate chemical relationship is a conception of a
general nature, which has been entertained since the birch of scientifie
medicine. .

It is astonishing, almost astonnding, that this axiom, of which the
theoretical importance has been ¢o long recognised, and which has
gevved indeed as tho first ground for certain therapeutical procedines,
should as o master of fact have played in the building up and furtherance
of sclentific pharmacology a #4le so insignificant in proportion to its great
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importanco.  In glaneing through the madern text-hooks of pharma-
cology, with rare excoptions, as, eo., Stokvis, one finds absolutely no
mention of the disteibntion of drugs in the organism, » matter which
1 of so much moment for arriving st o true eomprehension of the
relations cxisting between pharm: mnlogical action, location in the
organism, and chemical constitution. Az a maiter of fact, the
meiheds for obtaining any knowledge of the exact distribution of
drugs 1o the body are ue yer very imperfect,  Even if we can prove
that certain alkaloids are again recognisable as being, e, present in
the brain, we are bou little forvther advinead in owr knowledge of
the process, because we cannol determing in which cells and which
systom of fihres the allaloid is loealised,

I may aay, iudeed, that as vet the investigation of the luws pertain-
g to the minnte Aistribution of o r‘l"nlmmi substance in the body is
only possible when, as in she case of coloured bodics, these are ab once
recogrisable by the eye. DBus that it is possible at onee to draw con-
(*.[1.1&1_011;:; of Lherapentic lmpm.'t-n.ﬁcc from the laws governing the distri-
bution was shown in the case of methylenc-blue, in which 1 wag ablg,
knowing it digheibntion in the body, Lo anticipate for it cortain anti-
newralgic and antirruthtri:ﬂ properties which were hoth established hy
subseruont investigation. It muy be permitted me to call to mind,
that in malaria mothylene-biue s especislly of scrvice in the ecase
of persons who, en account of susceplibilily, eannot he treated with
fuinine, and that in the hands of Koch it bus shown itsell of eminent
vatie in hermoglobinurie fever, since az opposed to quinine it exorcises
no destruetive action on the erythroeytes.  IE we ave not able to dis-
cover the principles governing the localisation of common chemical
bodies, which can he nsed in suituble quantities in chemical purity,
and which chemival and other reactions render perceptible, it was &
priord very unlikely that efforts directed to locasing the toxines, which
wre potent in the slightest traces, and which are bodics we have no
means of rendering perceptible to our senses, would be anything cise
than absolutely without result.

But that this 1s not so, has heen shown by experiments carried out hy
FProfessor Donitz, In the Steglits Institute, Lo which, on account of their
great importance, I shall refer somewhat extensively,  When a ralbit
receives a suitable dose of diphtheris or tetanus toxine injected directly
inte the cireulution, the animal rematns for many hours well, and
then begins to show symptoms of fllness, which grodually inercase till
they end in death. In order to arrive at an explanation of the inew-
bution period, Dénitz determined the amount of antitoxine which,
injeeted intravenously immedistely after the toxine, absolusely nou-
tralised the latter. This neubl‘d,llslng dose iy able to vender all the
toxine cireulating in the biood innocuous.  When, however, the
newtralising dose so deterinined was twjected not immedintely, but
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seven or éight minutes after the injection of the toxine, death oecurved
from tetanus exactly us if no antitoxine hacl bean given. Dart of the
toxine, equal at least to the minimal lothal dose, must within this time -
have disappeared from the Wlood, in which. it wonld have been new
tralised, snd passed over to the tissues, especially to the brain.  The
exporiments of Dimitz wore afterwards confirmed hy an invostigation
conlucted in quite a differont manner by Heymans, who showed thag
4 research animal from which the Mood had heen removed jmme-
diately after the injection of the minimal lethal dose of tetanus toxine,
and replaced by transfusion of frosh blood, succumbed from typical
tetanug,  In this case, therefore, in that lrief interval of time the
minimal lethal dose of toxne had passed throngh the walls of the
vessels and been taken up by the tissues.

Regarding the nature of the processes here concerned, a satisfactory
explanation was also afforded by the experiments of Dinivz. It ad-
reitted of demonstration that the toxine held in the tssues could still
he withdrawn from them, I nof the simple nentralising dose were
injected but larger quantities of the sume,

The quantity nocessary was greater in proportion as the intcrval
clapsing after the injectlon of tho toxine was longer. However, after
a definite period wus exceeded, all possible doses of antitoxine, ¢ven
the very greatest, wore impotent, notwithstanding thut the animal ab
the time of the injection of the antitoxine had not developed any
symptoms.  Since a very great rmber of other chiemical substances,
nareotics, alkaloicls, and other neurotropic hodies, were not in a posi-
tion. to withdraw the toxine onec deposited in the central nervouns
syatem, and as the property to do so was solely the characveristic of
the specific antitoxine, one wag obliged to-come to the vonclugdon that
the union between the toxine and the tissnes, which could only le
overcome by means of a speeifie chemically-related antagonising agoent,
must itsolf depend on a chemical combination. One was therofore
furced to accept the idea that the coniral nervous sysiem, that is to
say certuin ganglion cells in it, possessed alom groups resembling
those of the antitomne, in having » maximum affinity for tetanus
poigon. The predilection of the nervous system for tetanus toxine,
the rapid mnion of the toxine with the nervous tisswo, the gradual
- onget of the symptoms and their long duration could only be explained
by tho oxistence of such toxophil gronps. The siatement of Dinits
that the tetunophile atom grovps are in the guinea-pig essentially con-
fined to tho eentral nervous system, whereas in the case of other
species, especlally rabbits, those are also prescnt in other organs, is one
of prominent importance. '

The beautiful experiments of Roux on intracerchral injection of
toxine have yilelded abgolnte confirmation of the statement of Dénits,
Reux formd in grinea-pigs that the sume dose of tetanug toxing wag
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lethal, whether given by intracerebral or by snbeutancous injection ;
for rabbits, however, the lethal dose was twenty times greater suhb-
cuta,nenuq]y than it was in intracerebral injection. This can only he
explained in the terms of Dénita’s obscrvation, viz., that in'the case
of direst injection of the togino inte the brain, the toxophile atom
groups there present at once seize on all the toxine, while when the
toxine is administored the ough the blood stresm, the toxophile groups
present in other organs adso bike up the toxine in cquivalent quanti-
ties. In the case of vabbits the absorption of the toxdne in this way
is very considerable: Indeed of twouty parts only e part finds its
¥ Into union with the nervous systom,

We now come to the important question of the significance of the
toxophile groups in organs.  That these wve in function specially
degigned to seize on toxines eannot be for one moment entertained.
It would mot be rveasonable to suppose that there were present in
the organism many hun:breds of avomic gronps Jdestined to unite with
toxires, when the laltor appeared, but in function really playing ne
part in the processes of normal Tife, and only arbitrarily brought into
relation with them by the will of the investigutor. It would indeed
he highly superilnons, for examply, for all our native animals Lo possess
in their tigsues atomie groups deliberately adapted to unite with abrin,
ricin, and erotin, substancos coming from the fur distant tropics,

One may thercfore rightly assume that these toxophile protop]eusmie
groups in reality serve normal funetions in the anmal orgamsm, and
thut they only Tncidentatly wnd by pure chance possess the capueity
to auchor themselves to this or that toxine,

The Grst thought suggested by this assumption was that the atom
gronps referred Lo muse bo concerned in tissue change ; and it may be
well here to sketch ronghly the laws of eell me,.tho]Hm Here we
must in the first place draw u clear lineg of distinetion between those
suhstatces which arve able to enter into the composition of the proto-
plasny, and so are really assimilated, and those which have no such
capacity. o the fisi lass helong a portion of the food-studfs per
raeellenee 5 b0 the seeond slmost all oar pharmacologival agents, alkaloids,
aniipyretics, antiseptics, &

[Tow is it possible o determine whethor any given substunee will
be assimilaved in the body or not?  Theve ean be vo doubt that
assiinilation iz in 2 special sense a4 synthetic process—that is to say,
the molecule of the foodstnll concerned cnters into combination with
the protoplasn by a process of condensation invelving loss of & porton
of its waler.  To take vhe cxample of sugar, in the wnion with proto-
plagm, not sugar itself us sich bul o portion of il comes into play, the
gugar loging in the aniob some park of iy characleristic combining
veactions. The sugar Dbehaves here as it does, eg, In the glueo-
gides, from swhich it can only be obtained through the agency of
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actnal chemical cleavage.  The glucoside itself vields no irace of
sigar when extracted in indifferent solvenis. In u guite analogous
manner the sugar entering into the constitution of albuminous
hodies (glycoproteidsy cannot be obtuined by any method of ex-
traciion ; at least, not until chemical decomposition has previously
taken place. It is thercfore generally casy, by mesns of oxtraction
experituents, 1o decide whether any given combination In which celly
tuke part is or is not a syathetic one. I{ alluloide, aromatie amines,
antipyretics, or aniline dyes be introduced into the animal hody it is
uovery easy mattor, by means of water, aleohol, or acetone, seeording
to the nature of the hody, to remove all these substances quickly and
easily from the tissney. This iy most simply and convineingly domon-
strated in the cuge of the aniline dyes. The nervouns system stained
with methylene blue, gr the granules of cells stained with newtral red,
at once yvield up the dve in the presence of sleohol.  We are therefore
oblizged 10 conclude Lhat none of the foreign bodies just mentioned
enter synthetically into the el oomplex ; but are merely contained in
the cells in thetr frec state. The combinations into which they enter
with the eolls, and notably with the not really living parts of them
{Bupifer’s paraplostic portions), are vory unstable, Lmd correspond
ngnally only to the conditions obtaining in solid solutions, while
in other cuses only u feeble saltdike formation takes place. | myself:
in 1887 placed on = sure footing the fact that the nervons system and
the fatty tissues allow of alkaloids and aniline dyes being mechani-
eally shaken out of them, as in the poison-deteetion process of Stas
and Qtto,

Honeo with regard to the pharmacologically active bodies in gencral,
it was not allowable to assume lhat vhey possessed definite atom
groups, wlhich enered into combination with eorresponding groups
of the protoplusm. This corvesponds, as I may remurk bofovehand,
with the ineapacity of all these substances to produce sntitoxines in
the animal body, We must therefore conclude, that only certain
suhsinnces, food-stuffs guty excetlence, are cndowed with properties
admitiing of their heing, in the previously defined sense, chemi-
cally bound hy the cells of the organism. We may rogard the cell
guite apurt fromy ies tamiline morphologicn] aspects, and contemplate
its constitution from the puvely chenicnd standpoint,  We are obliged
to adopl the view, that the protoplasm is equipped with certain atomic
aroups, whose function especially consists {n fixing to themsolves certain
food-stuils, of importance to the cell-life. \duptmv the nomonclature
of organic chemistry, these groups may De designated side-chains.
Wo may assuine that the protoplasm consists of a gpecinl cxcentive
centre (Loistungs-centruw) in connecbion with which are nntritive
sidechaing, which possess a certain degree of mdcpuldcnm, and which
may differ from ome ancthor according to the tequiremerds of the
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different colle,  And as these side-chaiug have the office of attacling Lo
themselves certadn food-stuffs, we must nlso sussume an avonr-grouping
in these food-stisffs themselves, svery group aniling with » correspond-
g combining group of a side-chain.,  The relationship of the corrve-
spouding groups, t.e., those of the food-stull, and those of the cell, must
be gpecitic.  They must he adapted to one anoiher, us, e.g., male and
fornale serew (Prstenr), or ag lock aud key (B Fisher), WFrom thiy
point of view, we must contemplaie the relation of the toxine to the
cell.

We have already shown that the toxines pogsess lor the antifoxines
an attaching hapbophore group, whick accords eutirely in jts naluwe
with the eonditiong we have aseribed to the relation cxisting botween
the food-stuffs and the cell side-chaing,  And the velulion boetween
toxine and cell ceazes to be shrouded in mystery it we adopt the
view that the haptophore groups of the toxiues are molecular groiyps,
fitted to unite not only with the antitoxines bhut also with the side-
ghains of the cells, and that it is by vheir agency vhat the loxine
hecomes anchored to the cefl.

We do not, however, require Lo suppose that the side-chaing, which
fit with the haptophore groups of the toxines, ie, the side-chaing
which are toxophile, represent something having no fumetion in the
normal cell economy. Ouwn the contrary, there iz sufficiont ovidenve
that the toxophile side-chains are the smue sz those which have Lo do
with the taking up of the food-sinfiz by the protoplasm.  The toxines
are, i opposition to other poisons, of highly complex structure,
standing In their origin and chemical constitution in very close rela-
tionship to the protleids siwd Lheir siearest derivatives. 1t is, therefore,
nok surprising if they possess a haplophore grouy sorresponding to that
of a food-stuff,  Alongside of the binding haptophore group, which
eornclitions theiv union w0 the protuplagm, the toxies are possessed of
& second growp, which, in regard to the cell, ¥ not only nseless but
wetually injurious.  And woe vemembor that In the ewse of the
diphtheria toxine there was veason to belleve that there existed
alongside of the haptophore group another and absolutely indepoendent
toxophore group. '

Now for certain collular elements of the body it can be proved in
the test-tube thab between these tissues und certain Loxines an *unchor-
ing” process takes place exactly similar to that between toxine and
antitoxine.  ‘Wassermann first demonstrated this in the cuse of the
Irain substance. In o mixtwee of tetanis toxine and brokeredown
fresh guinea-pig brain the lattor so bound or *anchored” the toxine
that not only was the surrounding ffuid toxine-free, bai the hrain sub-
stance Taden wish the tetunos toxine had also lost its own toxic action,
and s the mixture when injected into an anlual was borne wishout
any harm,
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The deduction s, that In vhis case, a chemical union between the
brain substance and the tefanus toxine had taken place, and this was
of w6 firm a natnre that on introduction into the body the union was
not broken up and therefore the toxine remained Innocuovns, The brain
of the normal anima! had, in keeping with my theory, acted cxactly
like a real antitoxine. There are present in the brain, 4e, in the
ganglion cells, tetanophile protoplasmic groups, whick unite themselves
with the toxine. The presence of such groups is the ncecssary pre-
liminary and cause of the poisonous action of the tetanns toxine in the
living animal. That the process here was not one of simple absorp-
tion is proved by the faet that, if the group concerned was destroved
by heat, the brain substance hecame ws incapable of removing the
toxine az an emulsion of any other organ of the guinea-pig, :

As has been said, the possession of a toxophile group by the eell is the
vocessary preliminary and cauge of the poisonous action of the toxine.
"This can be most sharply domonstrated in the case of certain blood
poisony, viz, the hemolysines, which exercise a solvent action only
on such ved blood corpuscles ag are able to nnite chomically with
them. The union with the red corpuseles can he proved, and one
has here the great advantage of dealing with living and intaet red
bload cells instead of broken-down colhdar material. Under these
conditions b 18 easy to determine the guantitative relations of the
union, Tf we now vegard the action of the toxines with which o are
congerned In accordance with the views we have just been discussing,
we are obliged to conclude that these arc only in a position to act
pro]ud]{*mllv on the organism if they are able, 1;} mesng of their hapto-
phore groups, to anchor thtmselves to the qide chuings of the cells of
OTgAnS csawtml o life. If the cells of these organs Jack side-chaing
fitted to unite with them, the toxophora group cannot becomo fixed
to the cell, which theérefore sullers no injury, se, the organism Is
nzéurally immmzze. One of the most important forms of natural -
munity is based upon the cirenmstance, that in cortain animals the
oveans essential to life wre lacking in these haptophore gronps which
seize upon definite toxines, I, for example, the ptomaine ceowring in
sausagos, which for man, monkeys, and rabbits s voxic in exoes-
sively minute doses, is for the dog hurmless in quite Jarge quantities,
this 1y hecanse, the binding haptophore greups being wanting, the
ptomaine cannot, in the dog, enter into direet relation with organs
essential to Jife, We see, then, that the haptophore groups act
especially in bringing dofinite areas of the eell within the sphore of
influence of tho toxophore group,  In the behavionr of the haptophore
and toxophore groups there exigts  diflerence ossentiully great, as we
have alroady pointed out when referving to the work of Dinite and
TTeymans.  Tho haptophore group exereises its nctivity immedintsly
after injeetion into the organism, while in all toxines—with the, perhaps,
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solitry vxception of snake-venom-—the toxophorve gromp comes into
activily afler the lapse of a longer or sharter incubation period,
which may, 2.0, in the case of diphtherin foxine, exvend to severa
weeks, 1t s fo the highest dogree interesting that it Iy possible, by
veluntarily influencing eertain of the outside conditions, to exchude
d.hst)].u!,(,ly the action of the tovophore group. Courmont has shown
thut frogs, when kept at a temperaivre lower than 207 G, manifest no
wign of tutanus, even after very large doses of tetunns toxine, but they
snieennd 1o fatal tetanus if they are pl(:u‘d in surronndings of » higher
temperature.  Dr. Morgenroth, working in my Tnetitate, has ~fhl‘ovf I
Iight on this Lebaviow: by proving Lh&t in frogs maintained in eold
surronndings the tetunug ioxine is fixed in their contral nervous
syatewn, aid that the absence of action ut lower tomperatures can only
be cxplained by the toxophore group of tetanmz toxine huving its
actlon restricted within a corlain temperature minimum, while inda-
pendent of this the haptophore group exerdses its aciion on the
nervous system al all temperatures.

The L-heor‘,- shove developed allows of an easy and natural ex-
planation of the origin of anfitoxines. In keeping with what lias
already been said, the first slage in the toxie setion must be regurded
as being the union of the toxine by wmeans of its haptophore group
to eerlpin “picde-chaing ™ of the ecll protoplasm, Vhis union is, as
animal experiments with a great number of toxines show, a firn and
enduring one.  The side-chain involved, so long us the union lasts,
cainot exereise its norimal physiological mugritive funclion——the tuldng
ap of definite foodstudls. It s as it were shut out from partieipat-
ing, in the physiclogical senze, in the life of the cell. We are there-
fore now covcerned with a defoct which, uccording to the principies so
ably worked ont by Professor Carl Weigert, is repaived by regencra-
tion. 'Those principles, in faet, constitute the leading conceplion in
my Lbeory. i, after union has taken place, new quantities of toxine
are administered at switable intervals and i suitable quantities, the
side-chaius, which have boen reproduced by the regenerative procoss,
are taken up anew into union with the ioxine, and so again the process
of regenervation gives rvize to the formation of fresh alde-ch-uns. In
the course of the progress of typical systematic Immanisation, as this 7s
practised In the case of diphtherin and tetanue toxine especially, the
eafls become, #0 o say, edneated or trained to reproduce the necessary
side-chaing in ever-inereasing quantity. As Weigert has confirmed by

many exataples, this, however, does not take place as a simple replace-
ment of the defecy; the compcm&tmn proceeds far beyoud the neees-
sary limit ; indoed, over-compensation is the rule.  Thus the lasting and
ever-inereasing regonerution must finally reach a stage at which such
an exvows of sidechains is produced that, to use » trivial expression,
the side-chaing wre present in too great a quantity for the cell to carry,
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and are, after the manner of a seeretion, handed over as needless
ballast to the blood.

Regarded in accordance with thig conception, the anfilonines represent
nothing move Hhan sideohadns reprodnced in o ereess during vegeneration,
und therafore pushed off from the profoplosm, and sv coming fo exisf in a free
state, With this explanation the phenomena of anfitoxine formation
loge afl thedr strange, one right say miragulous, characters, - 1 have
deemed it advisable to represent by means of some pucely arbitrary
diagrams (Plates 6 and T) the views I have cxprossed regarding the
relations of the cell considered in the manner I have been deseribing.
Needless to say, these diagrams wmust be regarded guite apart from
all morphological considerations, and as bong merely a pictorial
method of prosenting my views on cellular metabolisru, and the
method of toxine action and antitoxine formation during the process
of immunisation.

In the first place our theory affords an explanation of the specifie
nature of the antitoxines, that tetanus antitoxine is only cansed to he
produced by tebanus toxine, and diphtheria antitoxine through diph-
theria toxine. This very specific nature of the affinity between
toxine and cell iz the necessury prelimivary and cause of the
toxicity itself. Further, our theory makes it easy to understand the
long-lasting character of the immunity produced by one or several
administrations of toxine, and also the fact that the organiam
reacts to relatively small quantities of toxine hy the production
of very much greater quantities of antitoxine. DBy the act of immu-
nisation, certain cells of the organism become converted into cells
“geereting ” antitoxine at the same rate as this is exercted. New
guantitics of antlfoxine are comstanily produced, snd so through-
out a long period the antitoxine content of the serum remaing neavly
constant. The secretory nature of the formation of antitoxines has
been very strikingly illustrated by the Geautiful experiments of
Balmongon and Madsen, who have shown that pilosarpine, which.
angments the secrotion of most glands, also occusions in immumized
animals a rapid increase in the antitoxine content of the serum.

"Ihe production of antitoxines must, in keeping with our theory, he
regurded as a function of the baptophore group of the toxine, and it
is thercfore easy to understand why, out of the great number of
alkaloids, none are in & position to canse the production of untitoxines.
Conversely, indeed, I rccognise n this incapucity of the alkaloids, in
oppodition to the foxines, to produce antitoxines, a further and
salient proof of the truth of the deducetion T have previously based on
chemical grounds, thut the allcaloids possess no haptophore group which
anchors them to the cells of organs. To formulate a general statement,
the capacity of a body to cause the production of antitoxine stands in
ingepurable eonbeclion with the presence of u haptophore atomie
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group.  In the formation of antitoxine the toxophore group of the
toxine moleeule is, on the contrary, of absohitely no moment. Bul
the toxoid modificetions of the toxines, in which the hapioplore
gronp of the toxing is retained, while its tozophore group has ceased
to be active, possess the property of producing antitoxines,

Indeed, i sowme cases of extromely susceptible animals, immunity
can only ho attained by meavs of the loxoids, and nov by the too
strongly acting toxives. The toxolds are cerlainly able to cruse the
production of antitoxires. Mo guote an example, it is havdly possible
in an animal, which, like the guines-pig, has all the tetanophile groups
confinedd to the celiz of tho ceniral nervons system, to produce fm-
munity by means of the uvnaltered tetanns . loxine, whereas this is
attained with extracrdinary rapidity and case by means of its toxoids.

The symptoms of illness due to the aetion of the toxophore group,
thercfore, play no part in the production of antitoxine. On the con-
trary, wo may consider that the severe symptows, which Indieate
injury to the celllife, diseurh the regeneralive functions, and thus
hinder or entirely frustrabe the course of the Immmisation process. 1
have from the first adopted this view, and it was gmply a misunder-
stauding when Knorr, who has been all too soon taken from the field
of iz lahoury, atirmed that, according to my theory, sickness of the
cell constituted the necessary condition precedent to the new forma-
tion and pushing-off of side-chains.

Tf T am not albogether deceived, the toxoids, where it is & question
of producing an active immennisation (and this will always he the casc
when the Immunisation eoncerns human belngs), are destined to play
an important 76l in practieal medicine.

In their theovetical relations the toxoids are also of far-reaching
interest, in that they provide a transition to that immuonisavion which
eann he ealled forth by substanees which would ¢ pwdord be considered
ontirely devoid of toxic character, and which are sometimes, like the
auntorhthonous forments {(f.a, those normally present in blood), pro-
duets of normal eell-life, and in some eases food-stuffs proper.  This
Dir. Morgenroth, working in my laboratory, has proved that the rennet
ferment, if introduced in groat gnantities into the organism, behaves
axactly like a real toxine, it that 1t eavmos the production of a typieal
anti-pennet, which up fo s certain limit accumulates in proportionally
greater quantity, the greator the injected doses.  Here, howover, we
have to do with provesses which arve altogether within the region
of the normal, az is most clearly shown in cortain animals, sg., the
horse, in the blood serw of which there is normally present a
quuntity of anti-remnet, eqnal Lo shat attained ju the goat only after a
systematic immunisation earvied on for months.  The rennet ferment
prosent naturally i the body of the horse is the cause of this great
formation of antivennet, - Aceording to Bordet’s oxporiments, if
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injections of milk be given to animals, their serum acquires thereby
the capacity to cause floceulent curdling. This action is seemingly
rigidly specific beewuse {according to Morgenroth's experimenis) the
body produced by the injection of goat’s milk, coagulated goat’s milk,
but not human or cow's milk,

The hehaviour is also similar when different kindy of altaunin,
g, the sera of different animals or the white of egg, are injested.
There appear constantly in the serum of the animal so treated new
substances--spoeific congulines—which act only in & specific manner,

e, precipitate only sthe form of albumin injeeted. Thus there ave
producod, by the injection of common food-stufls, Hypical © Anti-
kiirper,” which unite with the substances used to occusion their prodoc-
tion, and form with them ingoluble combinations,

My investigationg have shown me that in the blood of animals which
have not been subjected to any troatmoent we must accopt tho prescnce
of a nmmber of normal hodies analogous ko the *“ Antikdrper,” having
their origin in the most widely diverse organs, and reprosenting
nothing more than nutritive side-chains, which in the course of the
normal nutritive processos have heen developed in excess and pushed
off into the blood.

From all these considerations I think myself warranted in coneluding
that the formation of antitoxines Incks all the characters of thut
purposetul, intelligently directed, and remarkable process which it ab
first scemed to be, and that it is to be regardod merely as a process
analogous to those cnnstltutmg an essenfial portion of the normal meta-
bolism of the organism. We must admit that the majority of the food-
gbuffs and of the intermediate products of tissue-change mugt be able
to canse the production and throwing-off of nutritive side-chaina, It
may he that the new formation only takes place to a limited extont, and
that ihe replacemoent of any side-chains which have been shut oul from
their physiological funetion is all that is accomplished ; butb the forma-
tion may ocenr in groater proportions, may become excessive, and
“thercfore lead to the presence of “ Antikdrper ” in the blood.

In this way is easily explained the fact of the oceurrence in the
normal blood sernm of antitoxines and of bodies inimical to bactoria,
without the animals having ever been brought into velation with ihe
corresponding toxines or bacteria, Here I need only refer to the
fact that diphtheria antitoxine is not uneommonly present in norma)l
horses and in men who have never suffered from diphthoria.  Parsicu-
larly weighty in this connection ave the observations that have been
mado on horses, booauss, on the onc hand, these animals nover suffer
from diphtheris, and, on the other hand, Cobbott has hrought forward
oxperimental proof that this normally oceurring antiloxine corre-
sponds absolutoly as to its propertics with the antitoxine produced hy
artificiadly immunising. 'The conelusion, therefore, is that in the hody
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of the normal horso certain substances may be present which possess
" gide-chain allinities siwilar to those of the diphtheria toxino, and
which, therefore, uve quite us capable ss the lutter wre of taking poases-
gion of the ecll side-chains, and occasioning the regencration and
pushing off of these irom the cells; in other words, of cauding thoe
presence of an actual diphtheria antitoxine in a normal animal.

Such occurrences dircet attention to the possibilily of producing
immnnity in gome cases by tho administration of definite food-stuffs,
Perhaps we have in some such peculiarily of feeding and tissue-
chunge the explanation of the fact so diflienlt to undersiand, viz.,
that individuals of the same vace and spocies react in such diverse
mannerd to the same infection,  Certainly we are very far removed
from the solution of this important question, which, as yet, has scarcely
agsumed & tangible form. Still it is owr duty to strive with tenacivy
to avercome the difficultics which surround this point, bearing in
wind she words of your Hustrious countryman, Francis Bacon : “ Bunt
eevte ignavi rogionum exploratores, yui, ubi nil nigl celum et poutus
videtur, terras ulira esse prorsus negant,”

1 have now laid before yort the fundamoental facts which up to the
present congtituce our knowledge in the field pertaining Lo immunity,
and which can he most casily and successfully explaiued through the
agency of ““the side-chain theory.” I wish in u few words fo dizpel
some orroncons idoas which have been advanced in opposition to this
theory.

Roux hag shown that very smull quentities of tetanus toxine, if
injeeted directly into the brain, canae the death of the animal. Roux
asstimes that such an occurrence is not compatible with my theory.
Roux iz of opinion thal according to my theory the Inuwin must e
quite immune againgt tetanus toxing, ag the toxophile side-chains of the
brain-cells yust be identical with the antitoxine, and therefore must
exercise an immediate prolective action, Txperiment showing yuite
the reverse, the theory is overthrown,

Roux came to this incorrect conception throngh an erroncous con-
ception of antitoxine. ‘The toxophile side-chains of the brain eells
draw direcily to themselves the toxine molecolos, and, according to
my theory, are thug a neeessavy preliminary condition of the illnoss.
The toxophile gronps are therefore really inducers of the action of the
poison, and not its preventives.

Those toxophile groups which, like the antitoxines present in the
sermun, are able to lay hold of toxine immediately on iis entry into the
blood, and so Lo divert it from organs essential to life, can alone he
regarded as being possessed of any antitoxie action in tho true sense
of the word, I may be allowed to call to mind Weigert's excellent
simile of iron and the lighining condnetor. Tron attracts electrieity,



On Tvvmunaty with Special Reference to Cell Dife. 441

und is thorefore used as a lightning eondaetor. Great masgsos of
fron present in buildings give rise to, or increase, the risk of their
being struck by lightning, and the metal only becomes protective
agrinst ightning when it iIs so employed that the electricity is con-
dneted away outside the hujlding, It would never oecur to anyone to
spoak of greab wasses of iron machinery present in buildings as if they
were lightning condsictors. It is equally unreasonable to speak of
the antitoxic property of the hrain cortex, in which the toxophile
groups are present in great quantity, but also retain their relations
with the nerve-cells. When this really considerable misunderstand-
ing is eliminated from Roux’s results those bocome entirely confirma-
tory of my views, and it is diffieult to vuderstand how, subsequent
to Weigert having placed the matter in so clear a light, the beautiful
esporiments of Roux can be utilised by another eminent authority
us & means of combating my theory.

Much more complex than in the cages hitherto diseussed are the
conditions when, instead of tho relatively simple metabolic products
of microbes, the living micro-organisms themselves come to be con-
sidered, as in immunisation against cholera, typhoid, anthrax, swine
fever, and many other infectious diseases, ‘There then come into
existence alongside of the antitoxines, produced as a result of the
action of tho toxines, manifold other reastion products, This is
because the bacterium is a highly complicated living cell, of which the
solution in the organism yiolds a great number of bodies of differcnt
nature, in consequence of which a multitude of “ Antilérper” are
called intc existence. Thus we see, as a result of the injection of
bacterial culturcs, that there arise alongside of the specific bacterioly-
sines, which dissolve the bacteria, other products, as, for example,
“ goagulines” {Kraus, Bordet}, 4.c., substances which aro able to cause’
the precipitation of certain albuminons hodies contained in tho
culture finid injested ; also the somuch discussed “agglutinines”
{Durham, Gruber, Pleiffer}, the antiferments (von Dungern), and no
doubt many other bodies which we have not yet recognised.

It is by no means nulikely that each of these veaction products
finds its origin in speeial cells of the body; on the other hand, it Is
quite likely that the formation of any single one of these hodies is
not of itself sufficient to confer immnnity. Thue In case of the intro-
duetion: of bacteria into the body we have to do with a many-sided
production of diffcrent forms of * Antikérper,” each of which is
dirceted only against one definite quality or metabolic product of
the hacterial cell. Aeccordingly, in recent times, the practice of using
for the production of immunisation definite toxic bodies Isolated from
the bactesial cells has heen more and more given up, and for this
purpose it is now regarded as important to employ the bacterinl cells
as intact as possible, The beantiful results obtained for plague by



442 Dr. Panl Ehrlich,

Haffkine, and quito receutly by Wright in your own country for
typhoid fever, have been arrived at in this way.

The most interesting and important substances arising during
such an imanunising process are withont donbt the hreteriolysines,
in the investigation of which Pfeiffer has done such yeoman’s serviee,
How really wonderful it is that after the introduction of the cholera-
vibrio into the animal body a substance is formed endowed with the
power of disselving the chelera vilwio, and that vibrie ouly !

I'his soomingly prerposeful and novel phonomoenon scems ab first
sight tohave nobhing to do with those forces which ave normaally ut the
lilSpD‘-ﬁI of the organism. Tt was of the greatest importance to explain
the arigin of these substances from Dhb standpoint of célhidar physi-
ology, The solution offered very considevable difficulties, and was first
attzined when instesd of bactericlysines, hemolysines came ic he
E-mpfowd In experiments. Haemolysines are peeuliar toxie bodies,
which desteoy ved IMood corpuscles by dissolving there.  Hamolysinos
may ozcur in g normal blood when thcy exereise » sobvent action on
the el Blood corpuseles of other specles, or they may he artificially
produeed, in which ease, after an animal has undergone a process of
immunisation sgaingt the Dlood corpuscles of another species, there
appear in the serum hwemolysives which destroy the kind of hlood
corpuseles employed in the prodnetion of the immuonity. In their
exsential charmolers ih{,V are absoluiely comparable with the b meterion
Iysines : bub they possess over them the great adiantnge that thoy
admit of being employed in test-tube experiments, dnd thus allord
opportunity for exact gquantitative work aliogether independent of the
variahility of the animal hody.

Belianti aud Carbone first discoverad the remarkable fact that
horses which have been treuted with the blood corpus sedos of rabhis
conlain in their serum constifuents which are poisonous for tha
rabbit, and for the vabbit only. While the serum of the normal horse,
to the quantity of 60 c.c., conld be fntravenousty injected without
harm to the rabhit, a vory few c.e. of sevum from. hosses previously so
treated with 1abhit’s blood, proved fatal.

Bordet showed shortly thereafter, that in the easo quoted there was
present i the seenm a spoeific haomolysine which dissolvod the Blood
corpuscies of the yubhit, He also proved that these haemolysines—as
bud alyeady been shown by Buchner aud Daremberg in the case of
sirnilarly acting bodies which are present. in normoad Blood-—lost their
solvend pmpm Ly on being maiutained during half an lour at a tem-
perature of 55° ¢ Bordet added, further, the new fact, that the
blood-solvent property of those sera which had been deprived of solvent
power by heat, the solvent action could he restored if eertain normal
sera woro added Lo them.

By this important ohservation an oxact snalogy was established with
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the facts of bacteriolysis as elicited by the work of Pfeiffer, Moetchni-
koff, and Bordet.  In the work on the Pieiffer phenomenon of lacteri-
olysis, it had already heen ascertaincd that tho solution of bacteria
by specific bacteriolysines was bronght about by the cowbined action
of two different bodies: one which was speuhu, arose during the fm-
munisation and was stable; and another, a very unstable body, which
was pregent in normal serum.

In eollaboration with Dr. Morgenroth, I have sought In regard to
this guestion, for which hmmolysis offered prospects favourable to
experimentation, to make clear the mechanizum concerned in the action
of these two components—the stable, which may he dosignated *im-
mune body,” and the wustable, which may be designated ©comple-
mexnt "—which, avting together, cffect the solution of the red blood
corpuscles. TFor this purpose, in the first place, solntions containing
either only the *immmie body™ or only the “complement” were
brought in contact with suitable blood eorpuscles, and after sepa-
ration of the fluld and the corpuscles by centrifugalising, we investi-
gated whether these subutances had been taken up by the red blood
corpuscles or remained behind iv the fluid. The proof of its location
in the one position or in the other was readily forthcoming, since to
reatore to the hamolysine its former activity, it was only neccssury to
add to the ““immuno hody ™ a fresh anpply of * complement,” or to
the ©complemont” w fresh supply of “immune hody,” in order thut
the presence of the hamolysine jn it integrity might be shown by
the cceurrence of solution of the bood-cells.

The bxpcmmcnts proved that, after centrifugalising, the * immune
Lody ™ is quantitatively bound to the red hlood corpuscles, and that the
“gomplement,” on the contrary, remaing entirely behind in the {inid.
The prescnce of the two ecomponcnts in contact with blood ecor-
puseles only occasions the solution of these at higher Lcmpcratmes and
not at 0°C.  And an wctive hwmolytic sorum (with “ immmne hody ”
and “eomplement ¥ both present) having been placed in contact with
red blood corpnscles and maintained for a while at 0° C., it was found
aftor centrifugalising that, under these civenmstances also, the © jrurmune
hody ™ had united with the red blood corpnseles, bus that the © com-
plement” vemained in the serum,  Fhis experiment showed that both
components must, at a temperaturve of §° €., have existed alongside of
one another in s free condition.

Bat when analogous experimonts were undertaken at a highor tem-
perature it was found that hoth components werc retained in she
sediment,

These facta can only be explained by making certain assumptions re-
garding the constitntion of she two componoents, 4., of the “immuone
body ” and the “complement.” Tn the first place, #wo. haptophore
groups must be aseribed to the *“immune body,” oue having a greab
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aftinity for a corresponding haptophore group of the red Mood corpuscles,
and with which at lower temperatures it quickly unites, wrdd another
haptophore gronp of a lesser chemical affinity, which at a hlghcr tem-
perature Dbecomes uvited with the “eomplement” present in the
serum.  Therefore, at the higher temperature, the red blood corpuscles
will deaw to themselves those molecules of the “immune body ™ which
in the fluid have previously become united with the “complement.”
In thix case the “immune hody ” represents in o messurve the cormeet-
ing chain which binds the complement to the red blood corpuscles, and
go brings them under its deleterious influence. Hince under the
influence of the ¢ complement ”-—at loast, in the case of the Lacteria—
appearances are to be observed (for example, in the Pleiffer phe
nomenon} which most be regarded as anslogous to digestion, we shall
not seriously ece if we ascribe 6o this “complement” a ferment-like
charaeter.

It ix obvions that when the normal serum of one animal possesses
hamolytic action on the blood of another, the componens of the hawmo-
lysine which here unites with the red blood ecorpusele and forms the
connesting livdk bebween it and the © complement ™ which s essenvial
to the oceusrence of solution, canuos, in she wheence of any proceding
process of immunisation, be designated “immune body.” In its
characteristies and action, howoever, it only differs from this in oceur-
ring naturally, and may well be designatod *intermediate body ®
{Zwi w'sehenkiirpﬂ*) It may here he stated that the constitution of a
hannolysine is graphically veprescuted in fig. 7, Plaie 7.

Yery importunt for the conelasion that only with the assistance of the
“ intermediate body ” or of the “immune body ” can the “ comple-
mwent,” which leads to the solution, beeome united with the Ilood
eorpuscle, is the following e'xperirmnb The serum of the dog has very
considerable solvent aetion upor guinea-pig’s blood, but loses this pro-
perty if warmed. I dog’s sorum, thus rendered inactive by warming,
is bronghb into contact witk suspended corpuscles of giinea-pig’s hlood
these are not dissolved ; Lk, if Lo such & mixture there be also added
guinea-pig serum, i.e., the serum mormsl to theso red blood corpuseles,
the erylhroeyles are at once dissolved. Tlere the ouly explanation
is that the *intermediate bhody,” which possesses » specific allinily
for gninea-pig erythrocytes, and {s prosent in the inaciive dog's serum,
is able to scize on one of the many “complements ” progent in grinea-
pig’s serum, with the result that the “comploment” which cannot
normally attach itsclf to the corpuscles, comes now to exercise ila
destructive inflnence.

We sce at the same time from this cxperiment that the hwemalysines
seewrring naburally, obey the same laws as those produced through the
procoss of immunising,  In fact, for them also, in a great number of
instances, precisely similar behaviour has heen demonstrated.
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The character of the specific union made it possible to fud solutions
for a number of important questions. In the first place, rcrra,rmng the
roultiplicity of the hemolysines, which oceur normally in serum, it is
well known that nmumerous sera are able to dizsolve blood corpuscles of
different spccics.  Tor example, servin of the dog dissolves blood
corptizcles of the rabbii, guinea-pig, rat, goat, sheep, &c. The complex
nature of these hiemolysines has been alrcady indicated.

Another question arises whether In a scrum that is eapable of such
manifold setion there ig present onc single hamolysine that destroys
different red blood-cells, or whether a whole serics of hmmolysines
come into action, of which one is adapted to guinea-pig blood, another
to rabbil blood, &c. The selution of this question may be approached
in another way, The serum may be rendered inactive by heat, and
then placed in contuet with red blood corpuscles of a given kind.

"Then, supposing, for czamplc, that rabbit blood hag heen employed, it
15 found that if Lhe fluid is freed from the erythrocytes by centrifugal-
Isation and the “complement ” aflerwards added, it is no longer in a
position to dissolve rabbit Dlood, but has not suffered any impairment
of its action on other kinds,

By this method of elective absorption it is proved that the normally
occurring bwmolysines which chain the blood eorpuscles of the rabhit
to themselves, are speeifically adapted to this purpose. I with
suitable adjustment of conditions similar experiments be conducted
with other kinds of blood, resulta are obtained which force us to the
conviction that in such a serum acting on various kinds of blood
there are present absolutely different * intermediate hodies” (ana-
logues of the “imwmune hodies ), of which each one is speeific for
one kind of blood, ie., one is adapted for rabbit’s blood, a second for
ealf’s Dlood, &e. Dr, Mm genroth and I have in some cascs, indeed,
succeeded in proving that the “ gomplements 7 which are adapted to fit
themselves to these “intermoediate bodies,” and ocenr In normal sera,
differ among themselves.  If we reflect that in normal blood, in addi-
tion to these different hemolysines, there are besides & long series of
analogous bodies, agglutinines of very different kinds, bacteriolysines,
enzymed, anti-cnzymes, we are brought move and more to the convie-
tion that the blood serum is the cerrier of substances inauwmerable as yet
little Fnvwn or concetved of.

Having obtained & precise conception of the method of action of
the lysines of the serum—of the hwmolysines, and thereby also of the
bacteriolysines—it becomes possible for us to atbempt to solve the
mystery of the origin of these bodies, I have in the beginning of
this leeture fully developed the “ side-chain theory,” according to which
the antitoxines are merely certain of the protoplagsm * side-chaing,”
which have been produced in cxcess and pushed off into the blood.

The toxines, as secretion products of cells, are in 2ll likelihood still
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relutively uncomplicated hodics; at least, by eomparison with the
primary and complex albuming of which the living cell iz composed,
If o vell of the organism has, with the assistance of an app;'@pri;‘tﬁe
# gide-chain,” fixed to itaclf & giant molecule, as the proteid mole-
cule really is, then, with the fixation of this molecule, there is pro-
vided one of the conditions essential for the cell nourishment. Such
giant molecules cannot at first he utilised by the eells, and are only
made available when, hy means of a ferment-like procoss, they are
split into smallor fragments. This will be very elfectually attained
if, Hgnratively spoaking, the “tentacle” or grappling arm of the proto-
mem possessos a sccond haptophore group adapted to lake to itsolf
foerment-like material out of the blood fluid. Throngh such complex
organization, by which the *tenlacle” acta also as the bearer of a
ferment-functioning gt'oup thig group is brought into close relation
with the proy destined to be digested and assiuilated.

For sach appropriste srrangements, in which the ® tentacular”
apparstus also exercises a digestive function—if it be permissible to
pass from the ahstracl to the concrete --we find analogics in the
different forms of ingectivorous plants,  Thus it has been known sinco
the famous resoarches of Darwin that the teniacles of Drosora secrele
a proteid-digesting fhuid.

1 we now recognisc that the different lysines only arise through
ahsorption of highly complex cell matorial—such as red Dlood cor-
puscles or hactoria—rthen the explanation, In aceordance with what 1
have sald, iz that therc are present im the organism * side-chains”
of a special nature, so constituted that they are endowed not only
with an alomiec group by virtuc of the affinitics of which they are
onabled to pick up material, but also with a sceond atomic group,
which, being formeni-loving in ils nature, brings about the digestion
of the material taken up.  Should the pushirg-off of these *aide-
chaing ” he foreed, as it were, by lmmnnisation, Lhen the *“side-chaing ™
thus set freo must possess hoth gronps, and will therefopre in their
charucteristics ontively correspond to what we have placed heyond
doubl ag regards the “immune-hody ” of the haemolysine.

“In this manner is simply and naturally explained the agtonishingly
gpecialised artangement that, through the introdnction of a definite
bacterium into the body, something i8¢ produced which is endowed
with the power of deastroying by sohrion the bacterinm which was
administered and no other. This contrivance of the organism Is to
he regarded as nothing more thun o vepetition of a process of normal
eoll-Jife, and the outcome of primitive wisdom on the part of the prolo-
plasmm.

In eonclusion, I wigh hastity to touch on only a few points,  Fiest,
to dircet atlention to the fact that the immunising sers produced by the
administration of bacteria are sometimes limited in their operation to
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certain animal species, und are much maore incenstant in their action
than are the antitoxines. Sobernheim, in the Iaboratory of €. Fraenkel,
found that the anthrax sevum obtained by tmmunising Glerman marmots
(Hamster) protected this species, even in amall dozes; but was abao-
lutely withent action for pabbits. Kitt had a precisely similar
experience with symptomatic anthrax. This circumstance is easy to
understand, if the complex nature of the lysines be borne in mind.
T he Iysine, be it bacteriolysine or h(umﬂ}bmc (i.e., “immune body ”
+ (‘omplement ), possesses altogother three haptophore groups, of
which two helong to the “immuncbody ” and one to the * comple-
ment,”  Bach one of these haptophore groups ean be bound by an
appropriate “‘anti-group.”  Three anti-groups arc thus conceivable,
any onc of which, by uniting with one of the haptophore groups of
the lysine, can frusirate the action of the lysine. To my mind, of these
threc pogsible “* Antikérper,” that one which san lay hold of the hapio-
phore group of the “complement,” and so prevent this from uniting
with the “immune body,” is the most important.  Dr. Morgenroth snd
I e experimentally suceceded in producing sueh bodies by processes
of iwmunisation, and in proving thal they unite with the “comple-
ment” (anticomplement).

Dr, Neigser at the Stegliva Instituto sought Lo find an cxplanation of
Sobernheim’s experiments.  He was 'ﬂnle to determine thal anthrax
sorum failed in mice, even if great quantitics of fresh shecp’s scrom
{i.e, coninining excess of complcmcnt ) were at the same time intro-
duced. 'The failure in this case appears to be due, on the one hand, to
the destruetion, in the hody of Lhe mousse, of the *“¢om p]enmnt #
prosent in the sheep’s serum, and, on the othor hand, to the fact thai
the “ fmmune body ” yiclded by the sheep does not find in mouse serum
an appropriate new ¢ complement.”

From this it appesrs, that in the therapentic application of anti-
hacterial sera to man, therapcutical success ix only to be attained if
we s either a bacteriolysine with o “ complement ” which is atable in
wan (¢ anthropostabile complement "), or al least & bactoriolysine, thL
¢ immunc hody 7 of which finds in haman serum an appropriste < com-
plement.”  The latter condition will te the more readily fuifilled the
nearer Lhe species employed in the immunisation process is to man.
Perhaps the non-succoss which as yet has attonded the employment of
typhoid and cholera serum will be converted into the contrary if the
serum be derived from apes and not taken from species so distantly
removed from man as the horae, goai, or daog.  Tlowever this may be,
the question of the provision of the approprizte “complement ” will
come more and more into she foreground, for it really represents the
eentre round which the practical advancement of bacterial immunity
must turn.

A second and at present much-disenssed question is the imrounising
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of the organism against clements standing biologically much higher in
the seale than oryihrocytes and much less foreign to the lody than
those oxeeedingly lowly organisms, the bacteria. T refer here to the
production of * Antikirper 7 againgl cells of the higher animal orgam-
sation, e.g., cilinted epitheliun (v. Dungera), spermacogos (Landsteiner,
Motchnikotf, Moxter), kidnoy cclls, and loucoeytes.  Those “ Anti-
Igiirper ” are also of a complex nature. They obey the already de-
serihed law of elective ahsorption, and their origin ig in keeping with
the “gide-chain ¥ theory, 1t 35 to be boped that sueh immunisations
as Lhese, which are of great theovesieal interest, may also come to be
avuiluble for therapoutic applicarion. The idea has alveady been
maated by v. Dungern, of attacking epithelial new formalions, p&rtwu-
larly eavelnoma, by means of specific * antiepithelial sera,” and
Metehnikof has oxpressed the somewhat hold hope of baing able o
delay old age Ty means of a sermn  directed agaiust phagoeytes
(macrophagos). Dut even if in the immediate fulure no grest praclical
suceoss 18 attained, wo must remembeor that we arc only at the very
heginning of a rational Investigation of properties of cells which
lnthema h*ﬂo been far too llohtlj regarded.

The sifting of the material obtained by obgervation is rendered more
diffienlt by the oceurrence under normdl conditions of a greal nuwber
of quite unlocked for bodics furnished wiih haprophore groups and
wriging from diverse orgaus, and which we may designate collestively
as hoplines. 1t s to be expecled vhav the study of these haptines will
not anly throw light on the more minute details of cellular metabolism,
bt also prove fruitinl in ihe ficlds of pathology and therapeaties. By
the fagh thal wo can cauze tho individual haptines of the cells to pass
out into the blood seran hy a process of specific Immunisation, it
heeomes possible in the Lest-tube o analyse move acevrately the mode
of operaiion of their hinding gronps than iz possible in the case of
the complicated conditiong which present themasclves I the animal
botly.  The importance, for the study of iramunity, of considering the
cireumstances from a purely eslinder standpoint is evident from all that
I have seid.

1 trust, my lords amd gentlemen, that frem what T have said you
rauy have obtained the impression, to allide aguin to my quolation
from Bacon, that we no longer find ourselves losk on 2 houndless sea,
tut that we have already L“uwht a distinct glimpse of the land whwh
we hope, nay, which we expect, will yield rich treasures for biology
and therapouties.

} degire Lo oxpress my indebtedness to Dr. E. T. Bashford, MeCosh
Scholur of the Univorsity of Edinburgh, now working with me in my
Inatitule, for his kindness in lmdormlung the trausl'xtmn of my Iecﬁrul‘
into Hoglsh, a task to which he has dsvoled mueh time and trouble.



