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[From the PROCEEDINGS OF THE ROYAL SocieTy, VoL. 66.]

CrooNIAN LECTURE—"“On Immunity with Special Reference to
Cell Life.” By Professor Dr. PAur EnrricH, Director of the
Royal Prussian Institute of Experimental Therapeutics,
Frankfort-on-the-Maine. Received March 17,—Read March

22, 1900.
[PraTEs 6 A¥D 7.]

(Translation.)

Honoured President, my lords and gentlemen,—It is to me the very
greatest honour that I have been summoned here by your most highly
esteemed Society, which for more than two centuries has represented
and still represents the centre of the scientific life of England, in
order that I may deliver the Croonian Lecture. I consider I am not so
much personally concerned in the honour that you bestow on me, and
that I shall not errif I see in it a recognition of the scientific path
which I, in company with many others, have sought to follow, and
which in your eyes suffices to place the field in which I work on a
footing alongside of exact science. It is an extreme pleasure for me
to have the privilege of addressing so many medical colleagues with
whom for so many years I have been bound in close ties of friendship,
and who have always been the first to welcome and to give recognition
to the results of my work.

Since Jenner made his great discovery of the protective action of
vaceinia against small-pox, a century has passed away. During these
years that terrible scourge of mankind has been almost completely
eradicated from the civilised world. The beneficial consequences of
Jenner’s discovery are so evident to all who have any wish to properly
appreciate them, that one wonders why, during so great a portion of
the long period of 100 years, they were allowed to stand alone, with-
out any endeavour being made to induce an artificial immunity in
the case of other infectious diseases. This is all the more remarkable
because Jenner’s discovery demonstrated in their-entirety those essential
principles which, in later times, have heen established for other infec-
tious diseases.

In the first place, it was shown that by the use of an attenuated
virus, which of itself was non-injurious to the organism, it was
possible to ward off the disease caused by the virulent virns.
Jenner also established—what is most important from the practical
point of view—that by the inoculation of the weakened poison
there was produced not only an immediate, but also an enduring
protection. That Jenner’s discovery remained so isolated was due
essentially to the fact that the theoretical conceptions of the cause
and nature of infectious diseases made no advance during the sub-
sequent decades; indeed, it would be an interesting topic for some
historian of medicine to trace step by step the gradual advance in the
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lethal, whether given by intracerebral or by subecutaneous injection ;
for rabbits, however, the lethal dose was twenty times greater sub-
entaneously than it was in intracerebral injection, This can only be
explained in the terms of Dénitz’s observation, viz., that in the case
of direct injection of the toxine into the brain, the toxophile atom
groups there present at once seize on all the toxine, while when the
toxine is administered through the blood stream, the toxophile groups
present in other organs also take up the toxine in equivalent quanti-
ties. In the case of rabbits the absorption of the toxine in this way
is very considerable: indeed of twenty parts only ene part finds its
way into union with the nervous system.

We now come to the important question of the significance of the
toxophile groups in organs. That these are in function specially
designed to seize on toxines cannot be for one moment entertained.
It would not be reasonable to suppose that there were present in
the organism many hundreds of atomic groups destined to unite with
toxines, when the latter appeared, but in function really playing no
part in the processes of normal life, and only arbitrarily brought into
relation with them by the will of the investigator. It would indeed
- be highly superfluous, for example, for all our native animals to possess
in their tissues atomic groups deliberately adapted to unite with abrin,
ricin, and crotin, substances coming from the far distant tropics.

One may therefore rightly assume that these toxophile protoplasmic
groups in reality serve normal functions in the animal organism, and
that they only incidentally and by pure chance possess the capacity
to anchor themselves to this or that toxine.

The first thought suggested by this assumption was that the atom
groups referred to must be concerned in tissue change ; and it may he
well here to sketech roughly the laws of cell metabolism. Here we
must in the first place draw a clear line of distinction between those
substances which are able to enter into the composition of the proto-
plasm, and so are really assimilated, and those which have no such
capacity. To the first class belong a portion of the food-stuffs par
excellence ; to the second almost all our pharmacological agents, alkaloids,
antipyretics, antiseptics, &e.

How is it possible to determine whether any given substance will
be assimilated in the body or not? There can be no doubt that
assimilation is in a special sense a synthetic process—that is to say,
the molecule of the food-stuff concerned enters into combination with
the protoplasm by a process of condensation involving loss of a portion
of its water. To take the example of sugar, in the union with proto-
plasm, not sugar itself as such but a portion of it comes into play, the
sugar losing in the union some part of its characteristic combining
reactions. The sugar behaves here as it does, .., in the gluco-
sides, from which it can only be obtained through the agency of
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different cells. And as these side-chains have the office of attaching to
themselves certain food-stuffs, we must also assume an atom-grouping
in these food-stuffs themselves, every group uniting with a correspond-
ing combining group of a side-chain. The relationship of the corre-
sponding groups, #.c., those of the food-stuff, and those of the cell, must
be specific. They must be adapted to one another, as, e.g., male and
female serew (Pasteur), or as lock and key (E. Fischer). From this
point of view, we must contemplate the relation of the toxine to the
cell.

We have already shown that the toxines possess for the antitoxines
an attaching haptophore group, which accords entirely in its nature
with the conditions we have ascribed to the relation existing between
the food-stuffs and the cell side-chains. And the relation between
toxine and cell ceases to be shrouded in mystery if we adopt the
view that the haptophore groups of the toxines are molecular groups,
fitted to unite not only with the antitoxines but also with the side-
chains of the cells, and that it is by their agency that the toxine
becomes anchored to the cell. .

We do not, however, require to suppose that the side-chains, which
fit with the haptophore groups of the toxines, i.c, the side-chains
which are toxophile, represent something having no function in the
normal cell economy. On the contrary, there is sufficient evidence
that the toxophile side-chains are the same as those which have to do
with the taking up of the food-stuffs by the protoplasm. The toxines
are, in opposition to other poisons, of highly complex structure,
standing in their origin and chemical constitution in very close rela-
tionship to the proteids and their nearest derivatives. It is, therefore,
not surprising if they possess a haptophore group corresponding to that
of a foodstuff. Alongside of the binding haptophore group, which
conditions their union to the protoplasm, the toxines are possessed of
a second group, which, in regard to the cell, is not only useless but
actually injurious. And we remember that in the case of the
diphtheria toxine there was reason to helieve that there existed
alongside of the haptophore group another and absolutely independent
toxophore group.

Now for certain cellular elements of the body it can be proved in
the test-tube that between these tissues and certain toxines an “anchor-
ing” process takes place exactly similar to that between toxine and
antitoxine. Wassermann first demonstrated this in the case of the
brain substance. In a mixture of tetanus toxine and broken-down
fresh guinea-pig brain the latter so bound or “anchored” the toxine
that not only was the surrounding fluid toxine-free, but the brain sub-
stance laden with the tetanus toxine had also lost its own toxic action,

and so the mixture when injected into an animal was borne without
any harm.
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solitary exception of snake-venom—the toxophore group comes into
activity after the lapse of a longer or shorter ineubation period,
which may, e.g.,, in the case of diphtheria toxine, extend to several
weeks. It is in the highest degree interesting that it is possible, by
voluntarily influencing certain of the outside conditions, to exclude
absolutely the action of the toxophore group. Courmont has shown
that frogs, when kept at a temperature lower than 20° C., manifest no
sign of tetanus, even after very large doses of tetanus toxine, but they
succumb to fatal tetanus if they are placed in surroundings of a higher
temperature. Dr. Morgenroth, working in my Institute, has thrown
light on this behaviour by proving that in frogs maintained in cold
surroundings the tetanus toxine is fixed in their central nervous
system, and that the absenee of action at lower temperatures can only
be explained by the toxophore group of tetanus toxine having its
action restricted within a certain temperature minimum, while inde-
pendent of this the haptophore group exercises its action on the
nervous system at all temperatures.

The theory above developed allows of an easy and natural ex-
planation of the origin of antitoxines. In keeping with what has
already been said, the first stage in the toxic action must be regarded
as being the union of the toxine by means of its haptophore group
to certain *side-chains” of the cell protoplasm. This union is, as
animal experiments with a great number of toxines show, a firm and
enduring one. The side-chain involved, so long as the union lasts,
cannot exercise its normal physiological nutritive function—the taking
up of definite food-stuffs. It is as it were shut out from participat-
ing, in the physiological sense, in the life of the cell. We are there-
fore now concerned with a defect which, according to the principles so
ably worked out by Professor Carl Weigert, is repaired by regenera-
tion. These principles, in fact, constitute the leading conception in
my theory. If, after union has taken place, new quantities of toxine
are administered at suitable intervals and in suitable quantities, the
side-chains, which have been reproduced by the regenerative process,
are taken up anew into union with the toxine, and so again the process
of regeneration gives rise to the formation of fresh side-chains. In
the course of the progress of typical systematic immunisation, as this is
practised in the case of diphtheria and tetanus toxine especially, the
cells become, so to say, educated or trained to reproduce the necessary
side-chains in ever-increasing quantity. As Weigert has confirmed by
many examples, this, however, does not take place as a simple replace-
ment of the defect; the compensation proceeds far beyond the neces-
sary limit ; indeed, over-compensation is the rule. Thus the lasting and
ever-increasing regeneration must finally reach a stage at which such
an excess of side-chains is produced that, to use a trivial expression,
the side-chains are present in too great a quantity for the cell to CAITY,
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of the normal horse certain substances may be present which possess
side-chain affinities similar to those of the diphtheria toxine, and
which, therefore, are quite as capable as the latter are of taking posses-
sion of the cell side-chains, and occasioning the regeneration and
pushing off of these from the cells; in other words, of causing the
presence of an actual diphtheria antitoxine in a normal animal.

Such occurrences direct attention to the possibility of producing
immunity in some cases by the administration of definite food-stuffs.
Perhaps we have in some such peculiarity of feeding and tissue-
change the explanation of the fact so difficult to understand, viz.,
that individuals of the same race and species react in such diverse
manners to the same infection. Certainly we are very far removed
from the solution of this important question, which, as yet, has scarcely
assumed a tangible form. Still it is our duty to strive with tenacity
to overcome the difficulties which surround this point, bearing in
mind the words of your illustrious countryman, Francis Bacon : ©Sunt
certe ignavi regionum exploratores, qui, ubi nil nisi ecelum et pontus
videtur, terras ultra esse prorsus negant.”

I have now laid hefore you the fundamental facts which up to the
present constitute our knowledge in the field pertaining to immunity,
and which can be most easily and successfully explained through the
agency of ‘“the side-chain theory.” I wish in a few words to dispel
some erroneous ideas which have been advanced in opposition to this
theory.

Roux has shown that very small quantities of tetanus toxine, if
injected directly into the brain, cause the death of the animal. Roux
assumes that such an occurrence is nmot compatible with my theory.
Roux is of opinion that according to my theory the brain must be
quite immune against tetanus toxine, as the toxophile side-chains of the
brain-cells must be identical with the antitoxine, and therefore must
exercise an immediate protective action. Experiment showing quite
the reverse, the theory is overthrown.

Roux came to this incorrect conception through an erroneous con-
ception of antitoxine. The toxophile side-chains of the brain cells
draw directly to themselves the toxine molecules, and, according to
my theory, are thus a necessary preliminary condition of the illness.
The toxophile groups are therefore really inducers of the action of the
poison, and not its preventives.

Those toxophile groups which, like the antitoxines present in the
serum, are able to lay hold of toxine immediately on its entry into the
blood, and so to divert it from organs essential to life, can alone be
regarded as being possessed of any antitoxic action in the true sense
of the word. I may be allowed to call to mind Weigert’s excellent
simile of iron and the lightning conductor. Iron attracts electricity,
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relatively uncomplicated bodies; at least, by comparison with the
primary and complex albumins of which the living cell is composed.
If a cell of the organism has, with the assistance of an appropriate
# gide-chain,” fixed to itself a 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 be utilised by the cells, and are only
made available when, by means of a ferment-like process, they are
split into smaller fragments. This will be very effectually attained
if, figuratively speaking, the * tentacle” or grappling arm of the proto-
plasm possesses a second haptophore group adapted to take to itself
ferment-like material out of the blood fluid. Through such complex
organisation, by which the ¢ tentacle” acts also as the bearer of a
ferment-functioning group, this group is brought into close relation
with the prey destined to be digested and assimilated

For such appropriate arrangements, in which the * tentacular”
apparatus also exercises a digestive function—if it be permissible to
pass from the abstract to the concrete—we find analogies in the
different forms of insectivorous plants. Thus it has heen known since
the famous researches of Darwin that the tentaeles of Drosera secrete
a proteid-digesting fluid.

If we now recognise that the different lysines only arise through
absorption of highly complex cell material—such as red blood cor-
puscles or bacteria—then the explanation, in accordance with what I
have said, is that there are present in the organism ‘ side-chains”
of a special nature, so constituted that they are endowed not only
with an atomic group by virtue of the affinities of which they are
enabled to pick up material, but also with a second atomie group,
which, being ferment-loving in its nature, brings about the digestion
of the material taken up. Should the pushing-off of these “side-
chains” be forced, as it were, by immunisation, then the ‘side-chains ”
thus set free must possess both groups, and will therefore in their
characteristics entirely correspond to what we have placed beyond
doubt as regards the * immune-body ” of the hemolysine.

In this manner is simply and naturally explained the astonishingly
specialised arrangement that, through the introduction of a definite
bacterium into the body, something is produced which is endowed
with the power of destroying by solution the hacterium which was
administered and no other. This contrivance of the organism is to
be regarded as nothing more than a repetition of a process of normal
cell-life, and the outcome of primitive wisdom on the part of the proto-
plasm.

In conclusion, I wish hastily to touch on only a few points, First,
to direct attention to the fact that the immunising sera produced by the
administration of bacteria are sometimes limited in their operation to












