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PREFACE

Tue following pages contain an account of re-
searches on Immunity, carried out in the Patho-
logical Department of Glasgow University and
Glasgow Western Infirmary. Practically all the
work has been already published, and I have pleasure
in expressing my thanks to the Council of the Royal
Society and to the Proprietors of the Lancet, British
Medical Journal, Journal of Hygiene, and Journal
of Pathology and Bacteriology, for permission to
reproduce the papers in the present form. The
volume is essentially a record of original work, and
no attempt is made to give a historical review of
the whole subject ; due reference is, however, given
to the results of others, available at the time of first
publication, in connexion with the various subjects
discussed. The papers have been arranged to give
a continuity to the whole, and this arrangement
approximately corresponds with the order of publica-
tion of the several portions, the only important
exception being in the case of the section on ‘the
Filtration of Serum-Complement ’, which was the
last to appear.

A list of the papers incorporated is appended,
and from this the places and times of publication
of the several portions of the book will be readily
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vi PREFACE

ascertained. While it has been my endeavour to
reproduce the papers as nearly as possible in their
original form, certain alterations have been made,
the chief of which are the following :—Paper No. 1
has been largely rewritten and extended so as to
make it more of the nature of an introduction to
the subject. In Paper No. 2 the views formerly
accepted with regard to ‘Anti-complements’ have
had to be reconsidered in the light of more recent
work on the ° Deviation of Complement’; the
changes, however, concern only the interpretation
of results. Paper No. 5, which consists essentially
of two portions, has been divided ; one portion will
be found at page 62, the other at page 100. Certain
new sections entitled * Addenda ’ have been added ;
for the views expressed in these I am aloneresponsible.
In view of the constant repetition of the same
terms in the text, an index has been considered
impracticable ; in its place a full table of contents
has been drawn up.

The greater part of the work has been carried out
with the aid of grants from the Carnegie Trustees,
and for these I have pleasure in recording my
indebtedness. I have also pleasure in thanking
Dr. Carl H. Browning for his valuable help both in
preparing the work for the press and in the correction

of proofs.
ROBERT MUIR.

UNIVERSITY OF GLASGOW
February, 1909,
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PART 1
PROPERTIES OF HAEMOLYTIC SERA
INTRODUCTORY

It is now recognized that in immunity reactions the all-
important phenomenon, so far as the serum is concerned,
is the appearance of anti-substances which possess a specific
combining affinity for the molecules introduced into the
animal used for immunization. Such anti-substances may be
developed by means of substances in solution, toxins, fer-
ments, proteins, &c., or by means of formed elements, such as
tissue cells, bacteria, &c., the specific reaction being brought
about by certain of their constituent molecules. The
result is, however, essentially the same in the two cases.
The molecules which lead to the formation of anti-substances
are known as antigens, and it is now generally accepted
that they are the same molecules as those for which the
anti-substances show the specific affinity, as demonstrated
by test-tube or animal experiments. Ehrlich, in accordance
with his side-chain theory, has applied the term ‘ receptors’
to molecules in the cells which have a combining affinity
for other molecules, and which, no doubt, functionate in
the processes of nutrition. These receptors are the molecules
which act as antigens, when tissue cells or bacteria are
injected into an animal. Similar molecules may, however,
be discharged from the cells and exist free in the body
fluids ; thus, for example, we may speak of serum receptors.

The anti-substances developed in immunity reactions are
now generally recognized as belonging to three main classes.
In the first class, the anti-substance simply combines with

MUIR B



2 PROPERTIES OF HEMOLYTIC SERA

the antigen, filling up as it were its combining affinity,
but without producing any other physical change so far
as is known. The anti-toxins are the typical members
of this class. In the second class, the anti-substance com-
bines with the antigen and also, by a zymotoxic action,
produces some recognizable physical change in it, resulting,
for example, in precipitation, agglutination, &c. In the
third class the anti-substance combines with the antigen
without of itself bringing about any recognizable effect
in it so far as we know, but it leads to the union of the
labile substance in normal serum, generally known as
‘complement ’ or alexine, which often produces some
destructive action. The bacteriolytic and hsemolytic sera
are the typical examples. It was formerly supposed that
anti-substances of the third order of this nature were only
produced when formed elements were used for injection,
but it is now known that they can also be developed by
apparently simple protein substances in solution. From
the biochemical point of view the distinctive action of an
anti-substance of this order is its leading to the combination
of complement.

i In the case of a heemolytic serum we have, therefore, three
kinds of molecules concerned: (1) the receptors (R) of the
red corpuscles which act as antigens: (2) the corresponding
anti-substances developed by immunization and possess-
ing the specific affinity for the antigens, they are usually
known as immune-bodies (IB); and (3) the normal con-
stituent of the serum, complement (C), which unites through
the medium of the immune-body; it does not increase
during the process of immunization. The lysis of the
corpuscles by the hemolytic serum may thus be said to
result from the union of R+IB+C. It follows that given
any two of these substances, we can test for the presence
of the third. This will be abundantly illustrated by the ex-
periments detailed. The relations of the several substances

|
|
i
|
|
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INTRODUCTORY 3

concerned, owing to the visible effect produced on the
corpuscles, can be studied with an exactitude in the case of
hemolysis which is impossible in the case of other sera—
hence the importance of the study. The facts ascertained
can then be tested in the case of anti-bacterial sera.
It may be stated that while numerous striking analogies
have been proved to obtain between these two chief kinds
of sera, important differences are also brought out. The
properties of the three classes of molecules concerned in
h@molysis by an anti-serum will be considered in turn.

MeTHOD OF PRODUCTION OF HAEMOLYTIC SERA AND
EsTiMaTIiON OF DOsSAGE

The development of a hemolytic serum is usually a matter
of comparative simplicity. It is sufficient to inject quantities
of the red corpuscles at suitable intervals. In all cases
the corpuscles ought to be washed several times in salt
solution, in order to free them from the serum ; otherwise
serum anti-substances will be developed and a complication
may be introduced. Rabbits have been chiefly used in
our experiments, and the corpuscles have been injected
intraperitoneally. In the case of ox corpuscles, injections
of 5, 10, and 15 c.c. respectively, with intervals of ten days
between, usnally result in the production of a potent serum.
The hzmolytic action reaches its maximum from seven to
ten days after the last injection. Accordingly, a pre-
liminary test should be made at this time, and if the result
is satisfactory, the animal should be killed by bleeding.
The blood is collected with aseptic precautions; the
serum is allowed to separate, and is conveniently stored in
glass tubes, sealed at the ends. It is advisable to expose
these to a temperature of 55° C. for an hour on three succes-

sive days to ensure sterility. Immune-body is relatively a
B2



1 PROPERTIES OF HAMOLYTIC SERA

stable substance ; it may remain practically unchanged in
amount for several months when kept in a sterile condition
in the dark at ordinary room temperature. The several
immune sera are conveniently designated by placing first
the name of the animal immunized and then the name of
the animal whose corpuscles have been injected; thus a
hemolytic serum stated as rabbit v. ox signifies the serum
of a rabbit immunised against ox’s corpuscles. As von
Dungern showed, in the process of immunization the amount
of complement does not increase, and, accordingly, the heemo-
lytic dose of the fresh serum may not represent the richness in
immune-body, owing to the lack of sufficient complement.
Accordingly, the ordinary procedure is to destroy the comple-
ment by heating, as above described, and then to reactivaie the
immune-body by fresh normal serum, say of a guinea-pig or
rabbit. A preliminary procedure is to test the heemolytic dose
of the immune-body, which, as is shown below (p. 7), varies
with different complements. In the case of the anti-ox serum
this is conveniently done with the aid of rabbit’s comple-
ment (normal serum) as this has no action on the ox’s
corpuscles. In the case of sera which have some natural
lytic action on ox’s corpuscles, e.g. guinea-pig’s serum,
the natural immune-body must of course be removed by
treating the serum with ox’s corpuscles at 0° C., before the
dose of the artificial immune-body can be ascertained. In
some instances, however, it is not possible to remove the
normal hemolytic property from a serum by treating it
with the corresponding corpuscles at 0° C. (vide p. 72).

A seriesof tubes is prepared, each containing the test amount
of suspension of red corpuscles, namely, 5 per cent. in ‘8 per
cent. solution of sodium chloride, the corpuscles having
been carefully washed to free them of serum. To each tube
more than the amount of complement necessary to produce
lysis is added, and then to the tubes in series different
amounts of immune-body, along with sufficient -8 per cent,

"';wmlnr ot e o o
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INTRODUCTORY 5

salt solution to make up to the same bulk in each tube, say
1.-5¢.c. A rough test can thus be made, and then a more
accurate estimation carried out in a similar way. The
dosage of immune-body having been thus obtained, the
minimum hgmolytic dose of any complement (fresh normal
serum) can be estimated by a similar procedure, in this case
an excess of immune-body being added. It is to be noted
that if the minimum dose of immune-body and of comple-
ment be thus obtained by the above method, in most cases
the two minimum doses together will not produce complete
lysis. In other words, the minimum dose of immune-body
will only produce lysis with the optimum amount of com-
plement, which may be several minimum doses, as above
defined. A similar statement applies to the minimum dose
of complement. The optimum amount of complement
and of immune-body, respectively, as compared with the
minimum dose, varies considerably in different sera, and
it must be determined in each particular case. The ex-
planation of this phenomenon, which is still obscure, has
been discussed in a paper by Morgenroth and Sachs.!
After the addition of immune-body and complement to the
red corpuscles, the test-tubes are placed in an incubator at
37° C. for two hours, and are then placed in a cool chamber
till next morning, when a reading is taken. Complete lysis
is shown by the contents of a tube being quite clear and
without any deposit. When subsequent tests or procedures
have to be carried out on the same day, the reading may
be taken when the tubes are removed from the incubator.
As has already been indicated, the lysis of the red cor-
puscles indicates the union of immune-body and comple-
ment with the receptors of the red corpuscles, but the
hemolytic doses, as above explained, do not indicate how
much of these substances may enter into union. On the
contrary, as will be shown below, red corpuscles may take
! Morgenroth and Sachs, Berlin. Klin. Woch., 1902, no. 35.



6 PROPERTIES OF HEMOLYTIC SERA

up multiple doses of immune-body, and thereafter multiple
~doses of complement. The lysis in these cases thus repre-
sents a comparatively early stage in the union of the three
bodies concerned. Accordingly, in estimating the possible
combining amounts, we must make use of the absorption
method, that is, estimate the amount of immune-body
and of complement left free after a combining action has
occurred. This matter is of great importance in connexion
with the experiments detailed below, and supplies one of the
most useful methods in the investigation.

In the action of a hemolytic serum there results some
damage to the envelope of the corpuscle, which allows
a diffusion of h@emoglobin. The corpuscle is, however,
not completely destroyed, as the stromata can still be seen
on microscopic examination after lysis. Even when multiple
doses of immune-body and of complement are used, the total
digestion of the red blood-corpuscle does not take place.
Bordet ! showed that the action of a heemolytic serum differed
from that of ordinary laking agents (water, ether, and the
like), inasmuch as the osmotic properties of the corpuscles
gseemed to be lost in the former case. As is well known,
if red corpuscles are laked with water, and then the solution
be made hypertonic, the stromata become contracted, just
as uninjured corpuscles become crenated, and on diluting
again with water they resume their original size. On the
contrary, after lysis by a hemolytic serum, these phenomena
are not met with, variations in the salt content of the
medium apparently having no effect upon the stromata
of the corpuscles. The action of the serum would thus
appear to be of the nature of a partial solution of the
envelope, leading to the formation of apertures sufficiently
large to prevent the osmotic phenomena. Beyond this
fact we know practically nothing with regard to the haemo-

Iytic effect.
1 Bordet, Annal. de I'Inst. Pasteur, X1V, 1900, p. 270.




INTRODUCTORY 7

Quantitative Relations of Antigen and Anti-substance.
The hemolytic dose of immune-body is sometimes extra-
ordinarily small. In other words, the amount of immune-
body as judged by the proportionate number of molecules
appears to be very great. It is now recognized that
the amount of anti-substance developed may greatly
exceed the combining equivalent of antigen injected.
This fact, which is of great importance in connexion
with the general question as to the production of anti-
substances, is well illustrated in the case of haemolytic
serum. For example, after the injection by the intraperi-
toneal method of the corpusecles of 30 c.c. of ox’s blood, on
several occasions a serum was obtained of which 0005 c.c.
was the hemolytic dose for 1 c.c. of a 5 per cent. suspension
of ox corpuscles; that is, ‘01 c.c. was the dose for 1 c.c.
of undiluted blood, or 1 c.c. heemolytic serum would dissolve
completely 100 c.c. of ox’s blood. Taking the total amount
of the hemolytic serum in the animal as 60 c.c., we find
that the anti-serum would dissolve 6000 c.c. of the ox’s
blood. The red corpuscles in question, however, have the
faculty of combining with several heemolytic doses, although
it is not possible to say exactly how many. Even when this
allowance is made, the anti-serum would satisfy the com-
bining affinities of several hundred cubic centimetres of
ox’s blood. In other words, the antigens of the corpuscles
injected give rise to the production of many times as much
anti-substance (immune-body) as would satisfy the com-
bining affinities of the total amount of antigens used.



SECTION A. ON THE PROPERTIES OF IMMUNE-
EBODIES.

THE SPECIFICITY OF IMMUNE-BODIES

This subject is part of the question regarding specificity
of anti-substances in general, and the results of investi-
gation correspond with the facts established in the case of
precipitins, agglutinins, &c. A hemolytic serum is always
most active towards the corpuscles used in its develop-
ment, but it may also have some action on the blood
of allied species. To give a concrete example: an anti-ox
hemolytic serum with a hsemolytic dose of -0005 c.c. when
reactivated with guinea-pig’s complement, was found to
produce lysis of sheep’s corpuscles in a dose of 0012 c.c.
When a small quantity of this serum, however, was treated
with excess of sheep’s corpuscles, time being allowed for
combination, and then the corpuscles were centrifugalized,
it was found that the serum had lost its heemolytic action
on sheep’s corpusecles, the immune-body having been
removed by the previous contact. It still, however, pos-
sessed marked h@emolytic action on ox corpuscles, the
hemolytic dose being -0012 c.c. ; that is, the immune-body
had been reduced to a little less than half of the original
amount. In this instance it therefore appears that about
half of the immune-body molecules act equally on sheep
and ox corpuscles, whilst the other half act only on ox
corpuscles. Or, in other words, half of the hamolytic
receptors of the ox corpuscles are similar (so far as com-
bining affinities are concerned) to those in the sheep, whilst
the others are different. Ehrlich and Morgenroth ' worked
out this subject very completely in the case of the corpuscles
of the ox and of the goat, the results obtained being similar

! Ehrlich and Morgenroth, Berlin. Kiin. Woch., 1901, nos. 21, 22.



UNION OF IMMUNE-BODY 9

to those just stated. The apparent non-specificity is thus
shown to be really due to the molecules of immune-body
being of more than one kind, corresponding to different
receptors (antigens) which give rise to them. All the results
obtained by absorption methods go to show that when an
anti-serum acts on heterologous corpuscles or bacteria, this
is due to their possessing some receptors similar to those in
the corpuscles or bacteria used for injection. The number
of antigens, as tested by their combining affinities, would
appear to be practically limitless, and each anti-substance
combines only with those similar to the one which has
been used in treating the animal.

Ox THE MopE oF UNioN oF IMMUNE-BODY WITH
REp CORPUSCLES

The union of immune-body with red corpuscles, as
Ehrlich and Morgenroth showed in their first communica-
tion, takes place at 0° C. This can be readily shown by
placing red corpuscles in a mixture of complement and
immune-body at 0°C. and, after a time, centrifugalizing
and pipetting off the fluid. If the separated corpuscles
are then washed in salt solution, and the usual suspension
is made, no lysis occurs when they are incubated at 37° C. ;
whereas lysis occurs at once on the addition of complement.
The presence of complement in the fluid which was pipetted
off can be of course shown by adding it to sensitized cor-
puscles, when lysis occurs. A method is thus given for
separating immune-body from complement when the two are
present in a mixture, and it can be similarly applied in some
cases for freeing a normal serum of a natural immune-body
when it is present (vide infra, p. 28).

The amount of immune-body which may be taken up or
absorbed by red corpuscles is conveniently estimated in the
following manner. Varying multiples of the minimum haemo-
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lytic dose of immune-body are added to a number of tubes
in series : time is allowed for combination, and the tubes
are then centrifugalized: the fluid from each is pipetted off
and added to the corpuscles of 1 c.c. of suspension (the salt
solution having been previously removed by centrifugaliza-
tion). Sufficient complement for lysis is then added to each
tube, and the tubes are incubated at 37° C. for two hours.
The quantity of immune-body left free, up to a complete
hemolytic dose, can thus be determined in the case of each
tube by the degree of lysis which occurs. The amount of
immune-body taken up by the corresponding red corpuscles
varies within very wide limits in different cases. Ehrlich and
Morgenroth found that in the case of one serum no more
than the hemolytic dose entered into combination ; that is,
if two heemolytic doses were added, one remained free in the
fluid, whereas in another case a hundred doses had to be
added before one dose remained free. In the case of rabbit
v. 0oz serum, I have found that the number of doses
estimated in this way varies from six to ten; itis usually
seven or eight (variations seem to depend both upon the
serum in question and upon the corpuscles used in
testing).

It is to be noted that the union of immune-body with the
hzmolytic receptors of the red corpuscles is not like that
of a strong acid and base; that is, there is not a sharp
neutralization point. Even when only two doses of immune-
body are added, an appreciable amount is found to be
left free in the fluid when it is separated, and with more
doses this gradually increases until a h@molytic dose is
free, as has already been indicated; but when this stage is
reached the red corpuscles are not saturated. If X doses
give one free dose, more than X +1 doses must be added
before two free doses are got. This is clearly brought
out in the adjoining table, which shows the amounts of
free immune-body when varying amounts of immune-body
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were added to the standard amount of red cor-

puscles.
1 free dose of IB was obtained when 12 doses of 1B were added
2 free doses of 1B were 3 16 2 -
3 H ] b LE] E{] Er "y
4 L} ] ] L1 ] 23 L] ] LE ]

It is accordingly not possible to state exactly how much
immune-body can be taken up by the red corpuscles, as
the amount entering into combination varies with the total
amount present; the condition being, in this respect at
least, analogous to mass action. In any case, however,
the combining powers may be suitably indicated for com-
parative purposes by stating the minimum number of doses
which will leave one dose free. This, however, is only a
conventional standard.

In the combination of immune-body with red corpuscles
(anti-substance with antigen) we have an exaggerated
example of what is now known as the ‘ Ehrlich Pheno-
menon’. In studying the union of toxin and anti-toxin,
Ehrlich found that if he ascertained the largest amount of
toxin which was just neutralized by a unit of anti-toxin,
this amount had to be increased by much more than one
lethal dose before the mixture became lethal to the test
animal. He explained this result by the complicated con-
stitution of the toxin, and especially by the presence of
toxoids which have a weaker affinity for the anti-toxin
than the true toxin has. He also considered that the union
of toxin and anti-toxin is of firm character; that is, it is not
reversible. In the present case, namely, that of immune-
body and red corpuscles, it can be readily shown, however,
that the union is a comparatively loose one, and that the
immune-body can be dissociated. The phenomenon may
in this case be therefore readily explained by the reversi-

bility of the combination. This will be discussed in the
next section.
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Ox THE DISSOCIATION OF IMMUNE-BODY FROM RED
CORPUSCLES

That the immune-body can be separated from red
corpuscles after combination, was shown independently by
Morgenroth! and myself. The method is to bring red
corpuscles, sensitized with multiple doses of immune-body,
into contact with fresh corpuscles, and then after a suitable
interval of time to add complement and to observe the
degree of lysis which occurs. In the original experiments
I brought the sensitized and the fresh corpuscles into close
contact by means of centrifugalization ; but this is unneces-
sary, although the passage of the immune-body to the
fresh corpuscles takes place more readily than when the
corpuscles are simply suspended. The phenomenon can
readily be demonstrated in the following manner:—I1 c.c.
of 5 per cent. suspension of red corpuscles is treated with
ten hsemolytic doses of immune-body (rabbit ». ox); after
being allowed to remain at the temperature of the room
for an hour, the corpuscles are centrifugalized and the fluid
is pipetted off, and then they are washed several times in
salt solution and resuspended. All the immune-body is
thus in combination with the red corpuscles. Another cubic
centimetre of suspension of untreated corpuscles is then
added, and the contents of the tube are thoroughly shaken
up : the tube is then placed in an incubator at 37° C. for an
hour. A sufficient quantity of complement, say four
hemolytic doses, is then added and the tube is returned to
the incubator. It will be found that lysis occurs in all the
corpuscles, thus demonstrating that immune-body has
passed from the sensitized to the untreated corpuscles.
I have found that in the case of the immune serum, rabbit
v. ox, the corpuscles treated with twelve hamolytic doses

of immune-body will usually give up two hamolytic doses
! Morgenroth, Miinchen. Med. Wochenschr., 1903, no. 2.
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to fresh corpuscles after contact for an hour at 37°C.; that
is, two cubic centimetres of fresh corpuscles added as in the
above experiment will undergo complete hemolysis on the
addition of sufficient complement. Usually one dose of
immune-body can be obtained from red corpuscles con-
taining six hemolytic doses. Dissociation takes place also
at the temperature of the room,” although much more
slowly; while at 0°C. it is practically nil. The separation of
immune-body can also be demonstrated without the actual
presence of fresh corpuscles. Three tubes are taken, each
containing 1 c.c. of suspension of red corpuscles treated with
excess, say twelve doses, of immune-body ; after an hour at
the room temperature the fluid is pipetted off and the cor-
puscles are repeatedly washed as before ; to each tube is added
1 c.c. of '8 per cent. sodium chloride solution. One tube is
placed in an incubator at 37° C.; one is kept at the room
temperature ; and another is kept at 0°C. At the end of an
hour the tubes are centrifugalized and the fluid from each is
added to 1 c.c. of untreated corpuscles ; sufficient comple-
ment is then added to produce lysis. It is found that in the
first tube a considerable amount of lysis results; in the
second a mere trace ; whereas in the third, there is no appre-
ciable lysis. This shows that at 37° C. corpuscles containing
multiple doses of immune-body give off a certain amount
to the surrounding fluid when this is free of immune-body.
In other words, there would appear to be in each case an
equilibrium between the combined and the free immune-
body which is reached after a certain time. This is one of
the most striking, and probably the most easily demon-
strable, examples of the dissociation of an anti-substance
from its antigen after combination.

If in the experiment above, the sensitized corpuscles are
mixed with fresh corpuscles and then complement is added
at once, lysis takes place only in the sensitized corpuscles,
the others remaining almost unaffected. This is due to
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the complement becoming fixed to the sensitized corpuscles
before there has been time for the immune-body to pass to
the fresh corpuscles. The result, of course, also shows that
the combination of complement is a firm one, and that dis-
sociation of it does not take place under the conditions
mentioned. Morgenroth assumed that the complement
locked up the molecules of immune-body in the red cor-
puscles, but did not experimentally prove that this was the
case. The subject will be referred to again below (p. 34).

As the relation of time to the firmness of union of an
anti-substance with its antigen has been considered to be
of importance, I have performed experiments to determine
whether the dissociability of immune-body from red cor-
puscles becomes less marked in course of time. The amounts
of immune-body which can be separated from red corpuscles
after one hour and after twenty-four hours have been
compared. In the latter case the given number of doses
of immune-body are added to the corpuscles and they are
allowed to remain at the room temperature for twenty-four
hours (it may be noted that the total amount of immune-
body capable of combination is taken up in about half an
hour). The tubes are then centrifugalized, and the cor-
puscles are washed in salt solution and re-suspended; the
untreated corpuscles are then added and the experiment
is carried out as above described. The Il-hour tubes are
similarly treated at the same time. The result is that as
much immune-body can be obtained by dissociation from
the 24-hour tubes as from the 1-hour tubes; that is, there
is no evidence of increasing firmness of the union of immune-
body in eourse of time.

The facts with regard to dissociation of immune-body
from the corresponding receptors of red corpuscles are
of interest in connexion with the results obtained by inject-
ing red corpuscles saturated with immune-body. If the
molecules which act as antigens are the same as the receptors
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of the red corpuscles with which the immune-body combines,
then it is evident that when the combining groups of the
receptors are filled with immune-body, such corpuscles
should not give rise to immune-body when injected into
an animal. Von Dungern®, who was the first to perform
experiments of this kind, found that such was the case—
the serum of an animal injected with fully sensitized cor-
puscles did not come to contain immune-body. Sachs? on
repeating these experiments obtained in some cases similar
results, but in others a certain production of immune-body
did occur, though this was small in amount. Neisser and
Lubowski? obtained similar results to these last by injecting
typhoid bacilli saturated with agglutinin, a small amount
of agglutinin being formed in the animal treated. From the
facts detailed above with regard to dissociation of immune-
body from red corpuscles, when they are in a medium free
from immune-body, it is evident that within the living
body the same may occur, and thus some of the receptors
of red corpuscles or bacteria will have their combining
group freed, and thus be able to act as antigens. The fact
that red corpuscles saturated with immune-body may in
some cases give rise to a certain amount of immune-body
in the treated animal is thus explained. We cannot say
why this should occur in some cases and not in others,
though variations in the rapidity of destruction of the cor-
puscles may play a part.

Ox THE CoXDITION OF IMMUNE-BODY AFTER HEMOLYSIS

Supposing that red corpuscles containing several hamo-
lytic doses of immune-body are heemolysed by the minimum
amount of complement, we have to inquire in what state
the surplus molecules of immune-body are. There may be

' Von Dungern, Minchen. Med. Wochenschr., 1900, no. 20,
* SBachs, Centralbl. {. Bakter., xxx, 1901, p. 491.
* Neisser and Lubowski, ibid., 1901, p. 483.
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said to be three possibilities ; (1) the surplus molecules of
immune-body may be destroyed in the process of hemolysis ;
(2) they may become free in the fluid; or (3) they may
remain in union with the receptors of the red corpuscles. It
is easy to show in the first place that they are not destroyed,
as abundant immune-body can be obtained from the red
fluid resulting from the hemolytic action.

Example : 1. Red corpuscles (say one cubic centimetre suspen-
sion) are treated with excess of immune-body, and after suitable
time is allowed for combination they are centrifugalized and washed
several times in salt solution. 2. Sufficient complement is added to
produce complete h@molysis. 3. One cubic centimetre of untreated
corpuscles is then added to the red fluid and the mixture is placed
in the incubator for an hour at 37° C. (No hemolysis occurs because
there is no free complement.) 4. The added corpuscles are then
separated by centrifugalization and washed in salt solution. On the
addition of complement they undergo complete hwemolysis.

As mentioned above, free immune-body unites with red
corpuscles at 0°C. We may accordingly test whether
immune-body is recoverable from the red fluid at this tem-
perature. The steps are the same as in the above experiment,
only after hemolysis has occurred at Stage 2 the tube is
placed in a mixture of ice and water, the fresh corpuscles
are then added, and the mixture is allowed to remain at
0° C. for an hour. Afterwards the tube is centrifugalized
and the corpuscles are washed in cold salt solution. Com-
plement is then added to the corpuscles and the tube is
placed in the incubator. The result is that there is practi-
cally no lysis, though a control with red corpuscles added
to fluid containing a dose of immune-body at 0° C. and then
centrifugalized, gives complete hamolysis on the addition
of complement.

We may therefore conclude that when red corpuscles
containing several doses of immune-body are hemolysed by
the minimum dose of complement, the surplus molecules of

" S
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immune-body do not become free but remain attached to the
receptors of the corpuscles ; a certain amount can, however,
be dissociated at the higher temperatures on the addition of
fresh corpuscles. And it follows as a corollary that in like
conditions when immune-body is obtained by adding red
corpuscles to a fluid or suspension of corpuscles at 0°C.,
the immune-body so obtained has been in the free condition.

On THE CONSTITUTION OF IMMUNE-BODY

Asis well known, there are two chief views on this subject,
namely, that of Ehrlich and that of Bordet. According to
the former, the immune-body has a specific affinity for the
receptor of the cell, and another special, though not specific,
affinity for the complement ; it acts as a link between the
complement and the cell receptor ; that is, is an amboceptor.
According to Bordet, the immune-body produces some
physical or chemical change in certain molecules (the recep-
tors) which brings about a combining affinity for comple-
ment, the molecules of the latter then combining directly
~with the receptors of the cells. The immune-body is a
sensitizer, substance sensibilisatrice. It is a mistake, however,
to suppose that Bordet believes that immune-body inflicts
some damage on the cell which makes it susceptible to the
entrance of complement ; that is sufficiently evident from
his statements with regard to the fixation of complement
by albuminoids and their anti-substances. All that is
meant in speaking of immune-body as a sensitizer is that,
on its combining with the corresponding antigen, comple-
ment enters into union with the latter. Accordingly, unless
it can be proved that complement combines directly with
immune-body, the explanation of the mechanism appears
to involve theoretical questions of similar nature according
to both views—either the immune-body sensitizes the

receptor, leading to the combination of complement, or
MUIR
o
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the cell receptor sensitizes the immune-body with a corre-
sponding result. Sensitizing thus means only the produc-
tion of a combining affinity in a molecule which otherwise
does not possess it ; and the increase of combining affinity
already present in small degree without the presence of an
immune-body, is also a part of sensitizing action.

We have thus to consider the evidence for the direct
union of complement and immune-body. It may be stated
at the outset that this appears to us not to be of conclusive
nature. As was first shown by Ehrlich and Morgenroth,
immune-body may be separated from a mixture containing
complement by adding the homologous red corpuscles at
0° C., the complement not entering into combination at
that temperature. Thus immune-body appears to exist
separately in the mixture. Ehrlich, however, suggested that
the two substances really form a loose union at a higher tem-
perature, say 37°C. Certain recent experiments carried out
by Dr. Browning and myself lend, however, no support to
such a view. It is shown below (p. 90) that on filtering
fresh serum through a Berkefeld filter, complement is in
great part retained ; the first few cubic centimetres which
pass through contain almost no complement. On the other
hand, immune-body passes through the filter practically
unaltered. Now, if complement combines with immune-
body at 37° C., and if complement is retained by the filter,
then on a mixture of the two being filtered at 37° C. the
immune-body in combination with complement should also
be retained by the filter. We have found, however, that
such is not the case in the circumstances mentioned—as
much immune-body passes through when mixed with
complement as when it is filtered alone. These experiments
accordingly lend no support to the view that complement
unites directly with immune-body at 37°C.

The Neisser-Wechsberg phenomenon has also been used
in support of the amboceptor theory. The essence of this
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phenomenon is the fact that when a mixture of immune-
body and complement brings about a bactericidal action,
this may be annulled by increasing the amount of immune-
body. According to the above theory, it is supposed that
in such a case free immune-body has as much affinity for
complement as immune-body combined with bacteria has.
Accordingly, when immune-body is present in excess, many
of the molecules of immune-body taken up by the bacteria
will have no complement attached to them, and thus
bactericidal action will not result; whereas, when the
amount of immune-body corresponds to that of complement,
each molecule of immune-body combining with a bacterium
will bring with it a molecule of complement, and thus a
greater bactericidal effect results. This, however, is only
a theoretical explanation of the phenomenon, and facts
have been brought forward which suggest that it is not
the correct one ; especially the fact observed by Buxton,
namely, that if a particular mixture of complement and excess
of immune-body has no bactericidal effect, such effect may
be produced on diluting the mixture, a result which appears
quite unintelligible according to the above explanation.
Ehrlich ! states in support of his view, that an immune-body
acts best in association with the complement of the animal
from which the immune-body has been obtained. He cites
the interesting result of Wechsberg, that a heated immune-
serum for the v. Metchnikovi when obtained from the rabbit
is activated by rabbit’s complement, and not by pigeon’s ;
whereas a corresponding immune-body got from the pigeon
is activated by pigeon’s but not by rabbit’s complement.
This, however, might well be the case according to the other
theory as to the constitution of immune-body, for if an
immune-body is a sensitizer it is only natural that it should
be adapted to act well in association with the complement

' Ehrlich, Festschrift zum sechzigsten Geburtstage von Robert Koch, 1003,
p. 509.

c2
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from the same animal. Furthermore, in speaking of suita-
bility of complement, a distinction has not been drawn
between combining affinity and toxic effect. As judged
from the minimum hamolytic dose for ox’s corpuscles,
guinea-pig’s complement acts better with the immune-body
from the rabbit than does rabbit’s complement itself.
This is chiefly due to the fact that the guinea-pig’s serum
has a greater number of active molecules than the rabbit’s
has (p. 45), but it really also combines more efficiently as
judged by absorption experiments. Too few examples
have been intimately studied to permit a definite state-
ment to be made on this subject.

Another argument in favour of the amboceptor view is
drawn from the facts established with regard to cobra
venom by Kyes®. The chief points are, that the hemolytic
toxin of this venom in many cases cannot by itself pro-
duce lysis of corpuscles, but requires the addition of a sub-
stance like lecithin, the latter thus apparently acting
like complement. Furthermore, it has been shown that the
lecithin unites directly with the toxin, forming the so-called
cobra lecithid. In this case, accordingly, the venom mole-
cules act like amboceptors. These facts are highly sugges-
tive in themselves, but it would be unjustifiable without
direct evidence to generalize from them with regard to
serum complements, which are of a very different nature
from substances of definitely known chemical constitution
like lecithin. The fact that an anti-immune-body, which
has a comparatively specific action on the immune-bodies
of the species of animal whose serum has been used in its
development, produces its effect by preventing the union
of complement, would appear to indicate that the anti-
immune-body acted by filling up the complementophile
groups of the immune-bodies (amboceptors). There are,
however, difficulties in accepting this comparatively simple

* Kyes, Berlin, Klin. Woch., 1902, nos. 38, 39 ; 1003, nos. 42, 43.
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explanation, to which further reference is made below
(p. 113).

In favour of the view that complement ultimately unites
with the cell receptors is the fact that immune-body can be
dissociated after saturation with complement. The pro-
gressive character of the lysis which may occur when there
is a sub-hemolytic dose of separable immune-body as con-
trasted with what is seen in the case of a sub-h@molytic dose
of fixed complement, points in the same direction. The
matter is fully discussed below (p. 37), but we may here
state that in view of all the results obtained, we believe that
immune-body which has led to the union of complement
can bein part recovered, while the complement cannot, owing
to its having become firmly united to the cell receptors.
Although we have stated that direct union of immune-
body and complement cannot be regarded as having been
demonstrated, we have, on the other hand, direct evidence
that a certain amount of complement combines directly
with receptors, e.g. those of tissue cells, bacteria, and even
with heated red blood-corpuscles (p. 24). According to the
view that the immune-body acts as a sensitizer, this might be
due to its producing in other receptors affinity for comple-
ment, or to its increasing the affinity of the molecules already
possessing it in some degree. The former would appear
to be the more probable, in view of the firmness of the
direct union of complement with tissue cells. It is further
to be noted, that although differences in the combining
groups of complements from the same animal can be made
out, there is certainly nothing like the specific relationships
which obtain in the case of the cytophile group of immune-
bodies. The supposed specific properties of complements of
different animals as judged by their anti-complements has
now been shown to depend in great part at least on the phe-
nomena of deviation of complement described below (p. 133).
We have also found that complements from different animals
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exclude one another in hemolytic combinations, and have
thus apparently a similar haptophore group; in fact, as
we have elsewhere stated, there is a certain community or
general character in the combining relationship of different
complements. We may further point out that some of the
differences observed in complements are of quantitative
rather than of qualitative nature. For example, various
bacteria absorb bactericidal complement as tested on a
particular organism before they take up hemolytic com-
plement, but if a sufficient amount of bacterial emulsion
be used the hemolytic complement will also be absorbed.
This matter of the degree in the combining affinities has
been to a large extent overlooked by workers on the subject.
The sensitizing of a molecule, therefore, does not imply the
creation of a new combining group corresponding to the
supposed special characters of the haptophore group of com-
plement, but merely the production of some change in a
molecule which allows a substance (complement) with very
general combining affinities to enter. It is also shown
below that the nature of the receptor is an important factor
in determining whether or not complement will be taken
up after the union of immune-body. In the case of sensitized
ox’s corpuscles, the maximum absorption of ox’s comple-
ment is almost reached with one dose of immune-body ;
subsequent addition of similar molecules of immune-body,
though these enter into combination with the receptors,
does not lead to increased absorption of complement.
This result must depend upon the receptors. Although the
question as to the constitution and mode of action of im-
mune-body cannot be considered to be completely settled, we
believe, in view of all the facts that complement is brought
into union with the cell receptors as a result of the action
of immune-body. The existence of a special comple-
mentophile group in the latter is not proved, and the use of
the term ‘ amboceptor * does not appear to be justified.



SECTION B. ON THE PROPERTIES OF COMPLEMENT
AND ITS MODIFICATIONS

Ox TaE DmrEct UNioN oF CoMPLEMENT WITH CELLS

In some preliminary observations on the behaviour of
complement, I found that it united directly with various
animal and vegetable cells, a fact which I afterwards found
had been recorded by von Dungern'® a considerable time
previously. Of such cells may be mentioned those of the
various organs of the same animal as that supplying the com-
plement or of animals of different species, various bacteria,
yeasts, &c. Von Dungern supposes that this combination
takes place through the complementophile group of the ambo-
ceptors when they are still in the position of side-chains
in the cells. Whether this is the explanation or not need
not be discussed at present; the important point is that
molecules with direct affinity for the same complement are
very widespread in the animal and vegetable kingdom. It
is generally stated that red corpuscles, unlike other cells,
have no affinity for complement, and it is the case that no
appreciable amount of complement is taken up by the
amount of red corpuscles commonly used in heemolytic
experiments. If, however, the stromata be obtained from
a large amount of blood and tested, it is easy to demon-
strate that a considerable amount of complement enters
into combination. I have obtained the stromata by
shaking the blood with water, then adding sufficient chloride
of sodium to make up to 0-8 per cent., and then centri-
fugalizing and separating the sediment. This process is
repeated several times and the stromata are obtained as
an almost colourless viscous mass. I have used the stromata
both after they have been freshly prepared and after they

' Von Dungern, Miinchener Medicinische Wochenschrift, 1800, No. 20.
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have been kept for some time in the dry condition.
Furthermore, if washed red corpuscles be heated for twenty-
four hours at 55°C. and then their absorptive properties
for complement be tested, it is found that quite an appre-
ciable amount of the latter enters into combination. The
following facts may be stated regarding this direct union of
complement.

1. The combination is a firm one and I have been unable
to recover the complement after it has been taken up. The
test is made by washing in normal salt solution the cells,
&c., which have taken up complement, to rid them of free
complement, and then bringing them into intimate contact
with red corpuscles treated with immune-body, the mixture
being exposed for the usual time at 37° C. No h@molysis
occurs.

2. When the cells, &c., which have taken up complement
are exposed to a temperature sufficient to destroy free
complement—i.e. 55° C.—or rather sufficient to deprive
complement of its characteristic property, the affinity for
complement is not restored. This may be interpreted in
accordance with Ehrlich’s views on the constitution of com-
plement, according to which it possesses a labile zymotoxic
group and a more stable haptophorous group. The action
of heat destroys the zymophorous group though apparently
not the haptophorous (vide section on complementoids).
The result which has been stated as to the effect of heating
on the combined complement shows that the latter, when
presumably it is altered by heat, is not displaced by normal
complement.

3. The direct union of complement with cells, &c., takes
place most rapidly about 37° C., whereas at 0° C. practically
no combination occurs. This can be readily tested by
the usual methods. In this respect the direct union of
complement corresponds with the union through the inter-
vention of immune-body.



UNION OF COMPLEMENT 25

Ox THE NATURE oF THE UN10N OF COMPLEMENT THROUGH
THE MEDIUM OF AN IMMUNE-BODY

Having thus found that complement enters into direct
combination of firm nature with various cells, bacteria, &c.,
we have to consider the nature of the combination of
complement brought about through the medium of an
immune-body. In this connexion there are two chief
subjects to be considered, namely, (a) the degree of firm-
ness of the union, and (b) the amount of complement which
is absorbed in the case of varying amounts of immune-
body. A simple experiment demonstrates at once the
firmness of the union, and the increased amount of comple-
ment fixed, by increasing the amount of immune-body.
We take two tubes, A and B, each containing 1 c.c. of
suspension of red corpuscles; to A we add one dose of
immune-body, and to B seven doses of immune-body ;
to each tube four doses of complement are added. The tubes
are placed in an incubator for two hours at 37° C. ; lysis is
of course complete in both tubes at the end of that time.
1 c.c. of suspension of sensitized corpuscles is added, and
the tubes are once more placed in the incubator. The
result is that the added corpuscles in tube A become com-
pletely lysed, whilst those in tube B are unaffected. This
shows that the larger amount of immune-body in tube B
has led to the combining of all the complement which was
added (four doses). It also shows that the combined
complement is not separated by dissociation in the condi-
tions of the experiment, otherwise some lysis of the added
corpuscles would have occurred. Numerous experiments
of similar character have been made, and though it cannot
be stated absolutely that no dissociation of complement
ever occurs, one can say that even when large amounts
of complement have been taken up, the separation of an
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appreciable amount cannot be satisfactorily demonstrated.
In one experiment twenty doses of complement were added
to 1 c.c. of a 20 per cent. suspension of red corpuscles along
with sufficient immune-body, and after suitable time for com-
bination 1 c.c. of sensitized corpuscles was added. There was
no lysis of the latter to be noticed, although in the conditions
of experiment the separation of one-fifth of a dose of comple-
ment would have been detected. Accordingly, in this example
we can say that there was no dissociation of even 1 per cent
of the complement which had combined. Another oppor-
tunity of judging with regard to this question is given when
there has been a small quantity of complement added in
excess, so that a fraction of the sensitized corpuscles which
are added undergoes lysis. We can place the tubes aside
for twenty-four hours at room temperature, and observe
whether there is any marked increase of lysis, such as might
occur through the dissociation of the combined complement.
In the case of the immune-serum, rabbit v. ox, along with
guinea-pig’s complement, I have not found any distinet
evidence of dissociation of complement by this method.
In other cases, for example in the case of the immune-serum,
rabbit v. guinea-pig along with rabbit’s complement, we do
find that the lysis increases under the conditions mentioned.
This might be due to dissociation of complement, but it
might also be due to the presence of very weakly acting
complements which are present in the serum, the effects
of which are only seen after some time.

It is sufficient to state that in most cases of haemolysis
the combination of complement is a firm one, though the
possibility of dissociation of small quantities in certain
cases is not to be denied. A similar statement applies to
the union of complement and bacteria by means of the
corresponding immune-body. In the case of the absorption
of a complement by a serum and its anti-serum (p. 143)
we sometimes meet with phenomena which suggest dis-
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sociation of complement ; that is, a late lysis occurring in
the test corpuscles after time has been allowed for the
combination of complement with the serum -+ anti-serum.
This is the case with the absorption of guinea-pig’s comple-
ment by guinea-pig’s serum with anti-serum from the rabbit,
and is referred to in our original paper as a ‘ weak combina-
tion of complement with anti-complement’. Here again
the possibility of there being weakly acting complement
molecules, which are not taken up by the serum -+ anti-
serum, cannot be entirely excluded, but the probability
appears to be that there is some dissociation of complement.
Unequivocal proof of the dissociation of complement could
only be supplied if we could recover complement from cells,
bacteria, precipitates, &c., with which it had combined,
after these were repeatedly washed and centrifugalized,
and this we have not yet succeeded in doing. The firmness
of union of complement or the fixation of complement in
most cases is of the greatest importance in serum researches,
and really constitutes the basis of a number of the methods
employed. No absolute statement can be made, however,
and the behaviour of complement must be studied in con-
nexion with any particular combination under consideration.

THE AMOUNT oF COMPLEMENT ABSORBED THROUGH THE
MEeEpioM oF IMMUNE-BODY

We have now to consider the exact amount of comple-
ment which is taken up in proportion to the amount of
immune-body combined with the red corpuscles. For any
given amount of immune-body a series of test-tubes, con-
veniently about nine, is taken ; each tube contains 1 ec.c.
of suspension of red corpuscles along with the stated amount
of immune-body ; to the several tubes we add gradually
increasing amounts of complement. (We can judge by
experience what is the likely amount of complement to be
taken up, and arrange the amounts so that in the first
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tube there is considerably less than this, and in the last
tube considerably more.) The tubes are then placed in the
incubator for two hours at 37° C. At the end of this time
the combination of complement is practically complete.
To each tube is then added a cubic centimetre of sensitized
red corpuscles, and the tubes are once more placed in the
incubator for an hour and a half and allowed to stand in
a cool place till next morning. The results are then read. By
this method we can observe (a) the tube in which the added
corpuscles have undergone the smallest perceptible degree
of lysis, and (b) the tube in which they are completely lysed.
The lysis occurring in the added corpuscles might theoretically
be due either to free complement or to complement which
had become dissociated. As above stated, however, there
is no evidence that with the combination used in the experi-
ments the latter occurs to any appreciable degree, and
accordingly any lysis may be accepted as being due to com-
plement which has been left free. In testing whether or
not any lysis has occurred in the added corpuscles it will
be found a convenient method to pipette off the supernatant
fluid, the non-lysed corpuscles having formed a sediment
at the bottom of the tube ; to each tube can then be added
1 c.c. of distilled water, and the amount of corpuscles can
then be tested by the colorimetric method. The fraction
of surviving corpuscles subtracted from unity will of course
give the amount of lysis which has occurred.

Of a large number of experiments of this kind performed
the following may be cited as examples. The immune-
body used in these was obtained from the rabbit by injecting
with ox’s corpuscles (immune-body, rabbit v. ox). The
complement was normal guinea-pig’s serum, and was
always treated with ox’s corpuscles at 0° C. to remove the
normal immune-body. For convenience, only six tubes
which give the required results are quoted, though as a rule
more were used.
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ExampLe 1, SerIEs (a).—1 c.c. 5 per cent. suspension of corpuscles
and 1.5 doses of immune-body in each tube.

Amount of comple-| 0-08 | 0:09 | 01 0-11 | 012 | 0-13c.c.
ment.

Lysis in corpuscles | none | slight | distinct | marked almost| complete
added after two Com-
hours’ incubation plete

SErIES (b).—1 e.c. suspension of corpuscles and 3 doses of immune-
body in each tube.

Amount of comple- | 0-16 | 0-18 0-2 0-22 | 0-24 | 0-260c.0.

ment
Lysis in corpuscles | none | distinct | marked | com- | com- | com-

added after two plete | plete | plete
hours’ incubation

M.H.D. of complement = 0.0475 c.c.

If we judge of the amount of complement taken up by
the point at which free complement first appears, we find
that 1.5 doses of immune-body take up, approximately,
0-085 c.c. of complement : 3 doses of immune-body take up,
approximately, 0-17 c.c. of complement.

Examrre 2. Details as before.

SErIEs (a).—1 c.c. of 5 per cent. suspension of corpuscles and
1 dose of immune-body in each tube.

Amount of comple- | 0-025 | 0-03 | 0035 | 0-045 | 0-05 | 0:D6c.c,

ment
Lysis in added cor-| none | trace | marked | com- | com- | complete
puscles plete | plete

SERIES (b).—1 c.c. of 5 per cent. suspension of corpuscles and
5 doses of immune-body in each tube.

Amount of comple- [ 0-1 | 012 | 014 | 016 | 018 | 02c.c,
ment

Lysis in added cor- | none | slight | com- | com- | com- | complete
puscles plete | plete | plete

M.H.D. of complement = 0-017 c.c.

Result.—1 dose of immune-body takes up 0.027 c.c. of complement.
5 doses of immune-body take up 0-11 c.c. of complement.
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Examrre 3. Details as before,

SERIES (a).—1 c.c. of 5 per cent. suspension of corpuscles and
1 dose of immune-body.

Amount of comple- | 0-03 | 0-04 | 0:05 006 | 007 | 0-08¢.c.

ment
Lysis in added cor-| none | trace | distinet | marked | com- | complete
puscles plete

SERIES (b).—1 c.c. of suspension of corpuscles and 7 doses
of immune-hody.

Amount of comple- | 0-175| 02 |0-225| 025 |02756| 03cc. |

ment
Lysis in added cor- | none | none | slight | almost | com- | complete
puscles trace | complete | plete .

M.H.D. of complement = 0-017 c.c.

Result.—1 dose of immune-body takes up 0.035 c.c. of complement.
7 doses of immune-body take up 0-21 c.c. of complement.

ExaMpLE 4. Details as before. Here only the results need be given.
2 doseg of I B took up 0-04 c.c. of guinea-pig's complement.
11 o8 b 0-195 c.c. s s
13 1 (1] 022 c.c. " 'y
M.H.D. of complement = 0-015¢.c.

Numerous other experiments have given corresponding
results, and as much as twenty or even more doses of com-
plement may be taken up when high multiples of immune-
body are used.

The general result is that up to a certain point each dose
of immune-body leads to the taking up of additional com-
plement, and if a few, say three or four, doses of immune-
body are present the amount of complement combined
is almost proportionate. With a greater number of doses,
however, the amount is proportionately not quite so great.
We have to bear in mind, however, that all the immune-
body added does not enter into combination, a fraction
remaining free in the fluid, and this naturally will not lead
to the union of complement. With eight doses of immune-
body, for example, nearly one dose remains free (vide supra) ;
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thus the amount of combined complement will be diminished.
Even if this allowance be made, there is a certain falling-off
in the additional amount of complement taken up for each
additional dose of immune-body when higher multiples
are used. In the case of rabbit’s complement the amount
taken up is proportionately less than in the case of guinea-
pig’s complement, especially with the higher multiples of
immune-body.

The facts stated refer to the serum rabbit v. ox. Results
with othe rsera are given incidentally below (pp. 71-83).
The following may be quoted in illustration :(—

Experiment XLII. Immune-body, Rabbit v. Guinea-pig.
2 D (doses) of IB took up 0.08 c.c. guinea-pig’s C.
8 % Sl (EDAB .. %
Experiment LX. Immune-body, Rabbit v. Guinea-pig.
1 D of IB took up 0-2 c.c. rabbit’s C,
3 13 1 0256 ,,
10 4 AR 3
Experiment LXII. Immune-body, Guinea-pig v. Rabbit.
1 D of IB took up 004 c.c. of guinea-pig’s C.
10 1 ] 0-36 23 ”
Experiment LXIII. Immune-body, Guinea-pig v. Rabbit.
1 D of IB took up 0-22 c.c. of rabbit’s C.
10 e A £
Experiment LXXIII. Immune-body, Rabbit v. Ow.
1 D of IB took up 004 c.c. of ox’s C.
4 i A 0-05
8 i 5 0-05 ,, -

This last combination forms an exception to the general
rule, as here almost the maximum amount of combined
complement is obtained with a little more than one dose
of immune-body (p. 83).

As a rule, therefore, multiple hemolytic doses of immune-
body combined with red corpuscles lead to the union of increased
amounts of complement, and in some instances the comple-

1§ ]
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ment taken up is approvimately proportional to the amount
of vmmune-body ; in other cases considerable divergence is
met with. It is thus seen that the dosage of complement
necessary for lysis, just as in the case of immune-body,
gives no indication of the amount which can be taken up ;
complete lysis may represent quite an early stage of the
total combination possible.

TreE EnrrricH PHENOMENON IN THE UNION OF
COMPLEMENT

In the earlier experiments with small multiples of the
hemolytic dose of immune-body it almost appeared that
when complement was added there was an exact neutraliza-
tion point in which the further addition of a dose of comple-
ment gave one dose free, but on using higher multiples,
and especially with certain samples of serum, it was found
that after the appearance of free complement much more
than a lytic dose had to be added before complete lysis
of the added corpuscles was obtained. It may be stated
as the result of a large series of experiments that the Ehrlich
phenomenon is always present, though sometimes, especially
in the case of very active sera, it may be very slight. Ex-
amples of the manner in which the phenomenon appears
are seen in the tables above. It may be stated that the
same features in the mode of combination of complement
are seen in the case both of serum receptors--their anti-
substances and of bacteria-the homologous immune-bodies.
And in the latter case it is noteworthy that we have been
unable to find any dissociation of complement after it has
combined.

In the case of the union of immune-body with receptors
of red corpuscles, the Ehrlich phenomenon has been explained
above as being due to the reversibility of the combination,
but in the case of the union of complement this cannot be
the explanation, as the reversibility is either non-existent or
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it is of trifling degree. As a result of numerous experiments,
we have come to the conclusion that it is due to variations
in the combining affinities of the complement molecules
of the serum, as Ehrlich has maintained with regard to the
composition of diphtheria toxin. Some of the complement
molecules are weaker, both as regards their combining
affinities and their heemolytic action, than others ; that is,
they correspond to the epitoxoids. This weaker moiety
of complement will accordingly be left over in any combining
experiment and will thus account for the prolongation
of the interval between the first appearance of free comple-
ment and the presence of a free hamolytic dose. This
supposition will also explain the great variations of the
degree to which the phenomenon is observed in the case
of different sera; whereas any explanation seems to be
impossible on the supposition that all the complement
molecules are the same. Furthermore, the extreme example
of a complementoid is got when the serum is heated at 55° C.
so as to abolish entirely its hsemolytic action, as will be
shown below (p. 47). One can still demonstrate in such
a heated serum the presence of molecules which retain in
part their characteristic combining properties and prevent
the union of complement. The addition of serum heated
at 55° C. to fresh serum should increase or lengthen out the
phase of incomplete lysis in the added corpuscles, that is,
should make the Ehrlich phenomenon more marked, and this
is found to be the case. While giving the above as the
explanation, we fully recognize that there may be other
factors concerned, as the combination of organic molecules
like those in question may involve principles which are not
yet understood.

MUIR D
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ON THE SEPARATION OF IMMUNE-BODY AFTER
SATURATION WITH COMPLEMENT

1f immune-body forms, as Ehrlich believes, a link between
the receptor of the red corpuscle and complement, then
seeing that complement is not separable after combination,
saturation with complement should lead to the locking-up
of the molecules of immune-body so that they can no
longer be separated. Various experiments have been
carried out in order to test whether this is the case, and
these show that immune-body is still recoverable after the
treatment with complement. To take an example:—
nine doses of immune-body are added to 1 c.c. of suspension
of red corpuscles, and after time is allowed for combination
they are centrifugalized ; the fluid is pipetted off, and they
are washed several times in salt solution. To the sensitized
corpuscles there is added a considerable excess of comple-
ment ; that is, more than will be taken up through the
medium of the immune-body ; the tube is then put in the
incubator for two hours at 37°, and then to the clear fluid
we add 1ec.c. of untreated corpuscles. It is found that
complete lysis of these takes place. In spite, therefore, of
the saturation with complement, sufficient immune-body for
lysis has been obtained by dissociation. We can modify
this experiment as follows :—After the sensitized corpuscles
have been treated for two hours with excess of complement,
we can remove this excess by adding a quantity of bacterial
emulsion (say, of v. Metchnikovi) treated with its corre-
sponding immune-body. This will absorb the complement
left free, and accordingly when fresh corpuscles are then
added no lysis occurs, but if thereafter they be separated
by centrifugalization and washed in salt solution, and
then complement is added, lysis occurs. This result shows,
as before, that they have obtained immune-body by dis-
gociation. (In these experiments the guinea-pig’s serum
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to be used must be completely freed from the natural
immune-body for ox’s corpuscles, which it possesses in
varying amounts. This is of course done by adding
washed ox’s corpuscles to the serum for an hour at 0° C,,
and then centrifugalizing.)

Having thus seen that it is not possible to completely
lock up the molecules of immune-body combined with the
receptors of the corpuscles by means of excess of comple-
ment, we have now to inquire whether the complement
really diminishes the amount of immune-body which can
be separated. In this case we compare the amount of
immune-body which is recoverable, in one instance before
the addition of complement, in the other after the saturation
with complement. We proceed as follows :—Two series
(A and B) of nine tubes, each containing 1 c.c. of the standard
suspension of red corpuscles, are taken and increasing amounts
of immune-body are added to these, say from two doses
in the first tube up to ten doses in the ninth tube ; time is
allowed for combination of the immune-body, the tubes
are centrifugalized and the corpuscles are washed several
times in salt solution. All the immune-body is thus in
combination. We then proceed further :—

Series A. To each tube is added 1 c.c. of suspension
of red blood corpuscles; the tubes are shaken, and are
placed in the incubator for an hour at 37°C.; to each
tube four doses of complement are added, and the tubes
are replaced in the incubator for an hour. The result is
read on the following morning. (Complete lysis of all the
first set of corpuscles of course occurs, and lysis of the second
in proportion to the amount of immune-body which has
been dissociated.)

Series B. 'To each tube is added more complement than
can be taken up through the medium of immune-body
(this amount can be calculated by means of other experi-
ments) ; the tubes are then placed in the incubator for

D 2
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two hours at 37°C., so as to allow fixation of complement ;
to each tube is added 1 c.c. of untreated corpuscles, and the
tubes are replaced in the incubator for another hour. (As
there is free complement present, lysis of the added corpuscles
will again be proportionate to the amount of immune-body
got by dissociation.)

The result of such an experiment is that the amount
of lysis in the two series is practically the same ; in the tubes
containing originally from ten down to six doses complete
lysis of the added corpuscles has taken place; whilst in
the other tubes partial lysis has occurred ; in the five-dose
tube almost complete lysis, in the four-dose tube distinct
lysis, in the three-dose tube very slight lysis, and in the
two-dose tube no appreciable lysis. The procedure has also
been varied by estimating the amount of immune-body which
may be obtained (@) in one case after saturation with com-
plement, (b) in the other case after lysis of the corpuscles
with a single dose of complement. Here again the result
is practically similar. The amount of lysis in the two
series closely corresponds. In further experiments with
other sera, the results were not always identical, in some
cases there being rather more dissociation of immune-body
before the addition of complement than after the saturation.
The differences were, however, in no case great.

These results have an important bearing on the question as
to the amboceptor constitution of immune-body. Mani-
festly, if immune-body forms a link between the molecules
of complement and the receptors of the red corpuscles,
then theoretically it should not be possible to dissociate
immune-body without complement. As we have seen, how-
ever, under the conditions of the experiments, complement
is not dissociated to any appreciable extent, nor is the
combination immune-body -+ complement separable; on the
other hand, immune-body is always obtained after the
addition of complement in excess. There are, however,
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two points to be borne in mind: the one is (which
we had not recognized till after the experiments were
first performed) that immune-body at 37° C. separates to a
certain extent into the surrounding fluid. It is thus possible
that a certain amount of immune-body may have become
free before the combination of complement was complete.
Even, however, on this supposition, we would expect the
amount of immune-body dissociated to be much diminished
by the fixation of complement. Then,again, we do not know
that every molecule of immune-body takes up a molecule
of complement, and theoretically it is possible that immune-
body attached to a receptor A of a corpuscle may not take
up complement, and thus be free to dissociate ; whereas it
may be active in haemolysis (that is, take up complement)
when attached to receptor B in the same or another
corpuscle. Study of this kind shows clearly that we can
regard neither the receptors, nor the molecules of immune-
body, nor the molecules of complement as being identical
in their respective classes—it is not as if we were dealing
with the combination of three definite chemical substances.
We do not maintain that the results completely disprove
the theory that the immune-body acts as an amboceptor ;
but the experiments on the whole are against such a view,
and at least point strongly to the fact that ultimately the
molecule of complement becomes firmly attached to the
receptor of the corpuscle. It is to be noted that even,
however, if immune-body was no longer dissociable after the
union of complement, this in itself would not establish its
amboceptor constitution ; it would simply prove that its
union had become firmer after the union of complement.
Another point bearing on this subject may be referred
to. If it is the case that immune-body can be dissociated
from the receptors of the red corpuscles after having led
to the union of complement, whereas the complement is
firmly fixed, then the following phenomenon should result.
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When a sub-h@molytic dose of immune-body is present
along with excess of complement, lysis should progress to
some extent after the usual time necessary for the union of
complement ; that is, some of the immune-body molecules
which have led to the union of complement should become
dissociated, and attach themselves to other receptors,
increased union of complement and increased lysis thus
resulting. On the other hand, with a sub-hemolytic dose
of complement lysis should have practically reached its
maximum after the time stated, all the complement present
having become fixed. As a matter of fact, this is what
happens in the case studied, namely, immune-body rabbit
v. ox along with guinea-pig’s complement. We take a series
of tubes, each containing the standard amount of cor-
puscles, and add to the several tubes increasing fractions
of immune-body up to a little more than the hzmolytic
dose, along with excess of complement in each tube ; if we
then observe the amount of lysis after one and a half hours’
incubation at 37° C., and again after the tubes have been
kept for eighteen hours longer in a cool chamber at about
12° C., we find that in the latter case lysis has progressed
considerably, complete lysis occurring with about two-thirds
of the amount of immune-body which produced complete lysis
after incubation. On the other hand, if we use comple-
ment in the same way with excess of immune-body, we find
that there is scarcely any difference between the lysis in the
two cases; there is some increase after eighteen hours, but
it is of quite a trifling nature. This result also appears to
distinctly support the view that molecules of immune-body
may dissociate after they have led to the union of com-
plement. There seems to be only one other explanation of
the results obtained, namely, that complement by itself can
act on partially damaged corpuscles, but we have no evidence
in support of such a supposition.



PROPERTIES OF COMPLEMENTS 39

ON THE COMBINING PROPERTIES OF
COMPLEMENTS

The combining properties of serum-complement have been
studied in two chief relationships. In the first place, its
combination with red corpuscles or bacteria, through the
medium of the appropriate immune-body, has been investi-
gated to a certain extent, and facts of considerable impor-
tance have been obtained. Taking the case of hamolytic
sera, we may for the present put aside the question whether
the immune-body acts as a link (amboceptor) between the
molecule of the red corpuscle and complement (Ehrlich’s
view), or whether complement enters into direct combina-
tion with the molecules of the red corpuscles through the
influence of the immune-body. If we represent the combining
molecules or receptors of the red corpuscles by R, and the
immune-body by IB, it is sufficient for our present purpose to
recognize that C (complement) combines with R + IB. In
the second place, the action of a supposed anti-complement on
complement has been studied. It was found that when
the serum of an animal of species A was injected into one
of species B, the serum of the latter acquired the property
of inhibiting the action of the complement of the former,
and Erhlich and Morgenroth! showed that this occurred by
the haptophore group of complement becoming filled up, so
that the complement could no longer combine with the
sensitized corpuscles and produce lysis. According to this
view, then, there was developed an anti-C, which neutralized
C. As the anti-complement action appeared even when the
serum injected had been heated at 55° C., Ehrlich supposed
that only the zymotoxic group of complement was destroyed
by heat, the haptophore group remaining ; in other words,
that complement is converted into complementoid on heat-
ing, and that the latter also has the property of giving rise

' Ehrlich and Morgenroth, Berlin. Kiin. Woch., 1900, No. 31.
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to anti-complement. The action of various anti-comple-
ments obtained in this way was found to be comparatively
specifie—they had always the greatest effect on the comple-
ment of the animal whose serum had been injected, though
sometimes also a slight action could be demonstrated on
the sera of allied species. The work of Moreschi and others,
however, subsequently showed that the anti-complement
action referred to was capable of explanation in another
way. The whole question is fully discussed below (p. 133),
but we give here the fundamental facts. The serum injected
in addition to containing complement also contains certain
molecules or receptors which act as antigens and give rise
to anti-substances. These serum receptors, when com-
bined with their anti-substances, absorb or fix complement
just as the receptors of red corpuscles or bacteria in combina-
tion with their immune-bodies do. If we indicate the serum
receptors by S, then the absorption of complement is indi-
cated by S - anti-S + C. Accordingly, when the serum is
mixed with the anti-serum, complement becomes fixed
according to the scheme given and thus an apparent anti-
complement action results. All the facts known with regard
to anti-complements seem capable of explanation in this
way, and the existence of true anti-complements, that is,
of simple anti-substances which combine directly with com-
plement, has not yet been established. The important
work of Bordet! on anti-complements, with his application
of the results to the toxin-antitoxin question, and wvarious
other researches, must be considered according to the new
interpretation.

In our own investigations on the haptophore or com-
bining group of complement we had before us the following
facts difficult of explanation. Guinea-pig’s and rabbit’s
complement combine equally well with sensitized ox cor-
puscles, and produce lysis—therefore their haptophore

! Bordet, Annal. de ' Inst. Pasteur, vol. xvii, 1903, p. 161.
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groups appear to be the same. On the other hand, ‘ anti-
complement ’ for guinea-pig’s complement has very little
effect on rabbit’s complement—therefore the haptophore
groups of the two complements appear to be different. We
found on investigating the matter that, in the case studied,
the combination of complement with sensitized corpuscles was
much firmer than its combination with ‘ anti-complement ’.
In fact, with the latter there was evidence of some dissocia-
tion of complement after combination. We considered that
this difference in the firmness of union might explain the
difference in the two cases, and said, ‘ It is quite intelligible
that differences shown to exist where the chemical union
is of a loose nature may not be detectable when the com-
bining affinity is strong.” The facts, however, can be readily
explained according to the new views regarding anti-com-
plement action. If the anti-serum obtained by injecting
guinea-pig’s serum is added to fresh guinea-pig’s serum, we
have all the conditions for deviation of complement, seeing
that both the serum receptors and the corresponding anti-
substances are present. If, however, we add the anti-serum
to rabbit’s complement, it is manifest that the specific serum
receptors are practically absent ; therefore the complement
is not absorbed—the anti-complement action is apparently
absent, We can, however, add the serum receptors as
a minute quantity of heated guinea-pig’s serum, and then
we find that rabbit’s complement is fixed, just as guinea-
pig’s is; in other words, the anti-complement becomes
effective on other complements when a small quantity of the
homologous serum is added to the mixture. This is readily
intelligible according to the scheme S 4 anti-S + C. We have
omitted a number of our experiments on this point, as they
have not now the significance which we supposed them to
have. We may, however, refer to one point which we
investigated, namely, as to whether the guinea-pig’s com-
plement combines with the same molecules in the sensitized
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red corpuscles as rabbit’s complement does ; in other words,
as to whether these two complements from different species
of animals possess similar haptophore groups.

As is well known, ox’s corpuscles, treated with immune-
body from the rabbit, are lysed on the addition either of
guinea-pig’s complement or of rabbit’s complement. This
would point to the haptophore groups of the two comple-
ments being the same. Ehrlich and Morgenroth have
supposed in the corresponding case of the immune-body
to rabbit’s corpuscles obtained from the guinea-pig, that
there are really two immune-bodies present, one of which
combines with the rabbit’s complement and one with the
guinea-pig’s, and point out in favour of this view that when
rabbit’s complement is used, the minimum hamolytic
dose of immune-body is about ten times greater than
when guinea-pig’s complement is used. We have accord-
ingly investigated the case of the immune-body obtained
by injecting the rabbit with ox’s corpuscles. As both
rabbit’s and guinea-pig’s complements are taken up by
ox’s corpuscles combined with immune-body, the question
comes to be whether both complements combine with the
same molecules. Does the combination of guinea-pig’s com-
plement prevent the combination of rabbit’s complement
and vice versa? We have conducted a large number of
experiments of this nature, and the result has always been
to give an answer in the affirmative. The experiments are
on the same lines as those already described. Suppose we
wish to test how much guinea-pig’s complement is kept
from combination by the previous combination of a given
amount of rabbit’s complement. To one series (A) of tubes,
each containing the test amount of corpuscles combined with
the same amount of IB (generally 3-4 doses), we add increas-
ing amounts of guinea-pig’s complement and test how much
the treated corpuscles will take up. In another series (B)
of similar tubes, we add a given amount of rabbit’s C, allow
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combination to take place for an hour at 37° C., and then
test as before how much guinea-pig’s C will be taken up.
(It is convenient in such experiments to produce lysis first
in all the tubes, in a case such as the present by guinea-
pig’s C. The amount of C used for initial lysis, of course, is
added to the final result.) The excess in the amount of
guinea-pig’s C taken up in series A over that taken up in
series B gives the amount which has been kept out by the
amount of rabbit’s C used. The following may be cited as
examples :—

1. No. 3. M.H.D. of guinea-pig’s C = 0-05 c.c.; M.H.D. of
rabbit’s C = 0:22 c.c. About 3 D of IB added to each of two series
of tubes, each tube containing 1 c.c. suspension of red corpuscles.

Series A. Guinea-pig’s C alone added. Amount taken up =
0-24 c.c.

Series B. 0-25 c.c. rabbit’s C first, and then guinea-pig’s C.
Amount of guinea-pig’s C taken up = 0-19 c.c.

Therefore, 0-25 c.c. of rabbit’s C has kept from combination about
0-05 c.c. guinea-pig’s C.

2. No. 24, M.H.D. of guinea-pig's C = 0.-04 c.c.; M.H.D. of
rabbit’s C = 0.3 c.c. About 3 D of IB added to each tube as before.

Series A. Rabbit’s C alone added ; amount taken up = 1-35 c.c.

Series B. 0-04 c.c. of guinea-pig’s C first, and then rabbit’s C.
Amount of rabbit’s C taken up = 0.9 c.c.

Therefore, 0-04 c.c. of guinea-pig’s C has kept out 0-45 c.c.
rabbit’s C.

3. No. 31. M.H.D. of guinea-pig’s C = 0.0175 c.c. ; M.H.D. of
rabbit’s C = 0:1 e.c., 4 D of IB added to each tube.

Series A. Guinea-pig’s C alone added. Amount taken up =
0-11 c.c.

Series B. 0-1 c.c. of rabbit’s C first, and then guinea-pig’s C.
Amount of guinea-pig’s C taken up = 0-09 c.c.
Therefore, 0-1 c.c. rabbit’s C has kept out 0-02 c.c. guinea-pig’s C.

In all our experiments, of which the three cited are only
examples, the result has been the same—guinea-pig’s com-
plement keeps out rabbit’s complement and conversely
rabbit’s complement keeps out guinea-pig’s.
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Another method is to determine whether R - IB molecules
saturated, say, for rabbit’s complement are also saturated
for guinea-pig’s complement. To one series (A) of tubes,
each containing the same amount of red corpuscles and the
same amount of IB, complement of rabbit is added in
mcreasing amounts, and the tubes are placed in the incubator
for two hoursat 37° C. The same procedure is carried out in
another series (B), but at the end of the two hoursahamolytic
dose of guinea-pig’s C is added to each tube. The tubes of
both series are placed in the incubator for another hour, and
the presence of free C is tested for in the usual way. It is
evident that the first series will give the point of saturation
with rabbit’s C, and the corresponding tube in the second
series will show whether such a tube can still take up guinea-
pig’s complement. As an example, in one experiment it is
found that in series A the tube with 0-2 c.c. rabbit’s C added
gives a fifth of a heemolytic dose of free C, whilst in series B
the tube containing 0-2 c.c. rabbit’s C gives a full hemolytic
dose of free C. Thus it is shown that the tube saturated
with rabbit’s C took up not more than a fifth of a dose of
guinea-pig’s C. (A separate estimation carried out at the
same time gave 0-14 c.c. as the amount of guinea-pig’s C
taken up by the same amount of red corpuscles treated with
IB.) It will be shown below that a corresponding result is
obtained by saturation with complementoids.

We have, therefore, shown that in the case studied practically
all the molecules of the guinea-pig’s complement combine with
the same R 4 IB molecules (sensitized receptors) of the ox as
the molecules of the rabbit’s complement combine with.

Another interesting point which presents itself is whether
the heemolytic value of a complement corresponds with the
combining value. The hamolytic dose of normal rabbit’s
serum in the case studied is always several times that of
guinea-pig’s complement. This theoretically may be because
there are fewer complement molecules in a given amount of
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rabbit’s serum or because the zymotoxic group of the rabbit’s
complement is less active than that of the guinea-pig’s com-
plement. In the former case a hemolytic dose of rabbit’s
complement will prevent the combination of a haemolytic
dose of guinea-pig’s complement ; in the latter it will prevent
the combination of more. Our experiments are not suffi-
ciently extensive to give a definite statement on this point,
especially in view of the fact that during the progress of an
experiment the hemolytic action of complement may
diminish, and this change in the value does not always occur
in the two complements in the same proportion. We may
say, however, that we have obtained in several instances a
correspondence between the combining and the hemolytic
ratio,i. e. a hemolytic dose of guinea-pig’s complement keeps
out a dose of rabbit’s, and vice versa. We are inclined to
think that this may be the rule in the case before us, and
that probably the divergences in these ratios which we have
also met with are the result of accidental disturbing causes.
We do not consider this point as satisfactorily settled. It is
to be noted that the M.H.D. of the IB is practically the
same with the two complements used, provided that the
natural IB of the guinea-pig’s serum for the ox’s corpuscles
be first removed. The marked difference in the dosage of
the two complements would therefore depend upon there
being more complement molecules in the guinea-pig’s serum
active towards the ox’s corpuscles than in the rabbit’s serum,
rather than upon differences in toxicity of the two comple-
ments. In other cases described below this does not hold :
on the contrary, a great difference in the relative toxicity
of the complements of different animals is brought out
(p. 85).
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ON COMPLEMENTOIDS AND THEIR (OMBINATION

Ehrlich has pointed out the analogy which exists between
complements and toxins of various kinds. Looked at from
the point of view of the red corpuscle or bacterium, the
complement is the toxic agent which leads to its partial or
complete destruction, the auxiliary action of the immune-
body being, however, necessary. From his study of changes
which occur in toxins and their neutralization by anti-toxin,
he came to the conclusion that the toxophore group might
undergo degeneration while the haptophore group survived,
though its combining energy might be weakened. To such
an altered toxin he gave the name toxoid. The results of
hamolytic studies led him to the conclusion that a similar
change might occur in complements, the result being com-
plementoids. The chief evidence for the existence of com-
plementoids is the following :—

In most cases when normal sera are heated to 55° C. for
an hour, the characteristic action (hemolysis, bacteriolysis)
of complement is lost, but such a serum when injected into
an animal of different species has the faculty of leading to
the formation of anti-complement. Hence, apparently the
zymotoxic group of the complement has been destroyed,
while the haptophore remains. (As mentioned above (p. 40)
this argument has now lost its validity, since it has been
shown that receptors in the serum injected give rise to anti-
substances and the combination of these two absorbs or fixes
complement (vide also p. 133).) Again, Ehrlich and Sachs !
showed in the case of the heemolytic action which the dog’s
serum normally possesses towards the guinea-pig’s cor-
puscles, that the combining groups of sensitized corpuscles
might be filled up by complementoid on treating with heated
serum, and thus the action of complement, i. e. hemolysis,
might be prevented. In most instances, however, this is

! Ehrlich and Sachs, Berlin. Klin. Woch., 1902, No. 21.
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not the case, and we must conclude either that comple-
mentoid does not usually combine with R -+ IB, or that if it
does, it can be displaced by complement. So far as we
know, the existence of complementoids in such heated sera
has not been shown by test-tube experiments. We accord-
ingly bring forward the following methods which prove their
existence :—

Is CoMPLEMENTOID PRESENT IN SERUM HEATED AT 556° C. ?

We have demonstrated the existence of complementoids
by two methods, viz. : (1) by showing that they combine
with R + IB molecules after lysis, and thus prevent a certain
amount of C from being taken up ; (2) by showing that they
combine with a serum - its anti-serum (with S 4 anti-S), and
thus diminish the amount of C which can be taken up by
such a combination. And, further, the variations in the
dosage of complement necessary to produce lysis when the
corpuscles are suspended in various heated sera instead of
salt solution seem only explicable on the supposition of the
existence of complementoids. We may state that the com-
plement to be tested has usually been heated for 1} hours at
57° C., and in every case a test was made, to show that it
was devoid of hemolytic power ; we shall represent such
heated serum by Cd (complementoid).

1. Aswas shown by Ehrlich and Morgenroth, the addition
of Cd to red corpuscles treated with IB does not prevent the
combination of C and the occurrence of lysis. We may

represent this as follows, the small circle indicating a red
corpuscle :—

O{{p+Cd  +C Result=Iysis

The vertical dotted line indicates @ period of incubation
for one hour, unless when otherwise stated.
After lysis has occurred, however, Cd can combine with
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the R 4 IB molecules. It has been shown that a large
amount of C can be taken up through the medium of multiple

doses of IB, and that the combination of C is a firm one.
Thus :—.

2 hrs. |
' : Result = no lysis in added

04{1%4“40 e {I_% i corpuscles, because all
Lysis . the C has been taken up.

If, however, we add in the same case 3Cd after lysis by
1C, but before the addition of the other 3C, the result is
different, thus :—

2 hrs.
, : - Result = lysis in
R : ; g :added corpuscles,
04{IB+C§+3Cd§-}—3G; +D{IB§becauae some of
eET : : the C has been kept
IE ‘out by Cd.

In other words, the Cd molecules have united with the
R + IB molecules after lysis, and have prevented the added
C from being taken up ; this is shown by the test corpuscles
undergoing lysis by means of the free C.

To avoid repetition, we may here state that the stages of
all such experiments are the following :—

1. To each of a series of tubes containing the standard amount of
corpuscles, a certain amount of IB is added, usually three to four
hemolytic doses.

2. To each tube is added a little more than the hemolytic dose of
complement, and a certain amount of complementoid (heated
serum). The tubes are placed in the incubator for an hour at 37° C.
Hemolysis, of course, occurs, and time is allowed for the Cd to
combine with the R +IB molecules.

3, To the several tubes in series complement is then added in
increasing amount. Experience shows how much C is likely to be
taken up, and the last tubes should, of course, contain more than
this. The tubes are incubated at 37° C. for two hours.
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4. To each tube is added the standard amount of red corpuscles,
treated previously with 3 D of IB, and the tubes are placed in the
incubator for another hour. Hewemolysis will, of course, take place
in the added corpuscles according to the amount of uncombined C
present in each tube. The tubes are then placed in a cool chamber
till next morning ; the red fluid in each tube is pipetted off, and
the amount of sedimented corpuscles left is estimated as above

described.
In a control set of tubes complement only is added, and we thus

ascertain how much C is taken up when no Cd is present. It is then
seen how much C has been prevented from combining with the
R +1B molecules by means of a given amount of Cd.

2. Complementoid combines with a serum -+ its anti-
serum,' and prevents the union of complement.
If the ordinary action of such a combination is shown thus,

S + anti-S + C + 0O { I_RB . Result = no lysis.

then we may represent the effect of Cd by the following
scheme—

S+antiS+Cd  +C +0 {5 Result = partial lysis.

The following are the details of such an experiment :—

Two series (A and B), of nine tubes, each containing 0-5 c.c.
salt solution.

C of guinea-pig, M.H.D. = 0:03 c.c., Cd = the same serum
heated. Anti-S is the serum (heated at 57° C.) of a rabbit
injected with guinea-pig’s serum.

Series A. Each tube receives 01 c.c. anti-S and
0-1 c.c. Cd.

: .This was stated in the original paper as ‘ complementoid combines with
anti-complement, and prevents the union of the latter with complement’
(vide p. 40).

MUIR E
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Series B. To each tube, 0-1 c.c. anti-S alone is added.

All the tubes are placed in the incubator for an hour at
37516

To the several tubes of both series alike are then added
increasing amounts of C, viz. 0-03, 0-04, 0:05 c.c., &c. Incu-
bation for another hour. To each tube the standard amount
of red corpuscles treated with IB is then added, and the
tubes are incubated for another hour.

The results are shown in the following table :—

1. A [ R 4. 5. 6. 1 8 | 9. | 10.
Amount of C
added in c.c. |0-03|0-04|0-05 0-06 | 0-08 | 0-1 |0-12|0-14[0-16{0-18
Series A—
| Amount of

| lysisinadded . i [
' corpuscles . |0-78|0-88(0-9 |Almost complete| Complete

e
Series B, ditto|0-1 [0-55|0-62|0-7 | 0-77 | 0-80 | 0-88| Almost |Com-

complete |plete

l

The effect of Cd in preventing the combination of C is
thus seen throughout. If we take the first tube, it is seen
that the previous addition of 0:1 c.c. Cd has kept out suffi-
cient C to produce lysis of 0:68 of the added corpuscles, i e.
about 0-02 c.c. C.1

! It is shown below that excess of the homologous serum interferes with
the deviation of complement, and it might be suggested that the result
detailed is not due to complementoid, but to the serum receptors added
in the 0.1c.c. heated serum. It is, however, to be noted that those serum
receptors also exist in the unheated serum, and that there are as many in
tube 9 of series B (016 c.c. of C) as in tube 4 of series A (0-06 c.c. of
C 4 01 c.c. of Cd). The deviation effect should thus be the same in
both. But the actual amount of lysis is the same in both, though 9B
contains 01 ¢.c. more C than 4A. This appears only explicable on the
assumption that the Cd in 4A has prevented the C from combining.

SO TN S PR . L g——
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Ox THE AMOoUNT OF COMPLEMENTOID DERIVED FROM
COMPLEMENT

We have seen that the evidence for the existence of
complementoid is supplied by its preventing complement
from combining with certain molecules (R +IB and S+
anti-S respectively). The amount of complementoid present
may be measured by the amount of complement which is
thus kept out of combination. Accordingly, if each molecule
of complement gives rise to one molecule of complementoid,
then 0-1 c.c. of heated serum (Cd) should prevent the com-
bination of the complement in 0-1c.c. of the same serum
unheated, provided, however, that the complement cannot
displace the complementoid after it has combined. Suppose
we wish to estimate how much complement will be kept out
by a given amount of complementoid, we proceed as follows.
Two series of tubes (A and B) containing 1 c.c. of a suspension
of red corpuscles are taken, and to each tube is added the
same amount of IB (say four doses) ; lysis is produced in all
the tubes by a dose of C. To each tube in series A a given
amount of Cd is added, and one hour at 37° C. is allowed for
combination. We then add increasing amounts of C to the
tubes in each series, and find, by the method described above,
how much C is taken up in the two series. The difference
between the amounts in the two series gives, of course, the
amount of C which has been prevented from combining by
the Cd used. We can in the same way compare the amount
of guinea-pig’s C kept out by a given amount of rabbit’s
C and Cd respectively, and the amount of rabbit’s C kept
out by guinea-pig’s C and Cd. Of course, in every experi-
ment of this kind, the Cd is a heated portion of the same
C as that used for comparison.

A considerable number of experiments of this kind have
been performed both with rabbit’s and guinea-pig’s com-

E 2
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plementoids, and differences are found in the two cases.
In five experiments in which rabbit’s complementoid was
used, it was found that there was kept out of combination
a quantity of complement approximately equal to the amount
of complementoid used. In the case of the guinea-pig’s
complement, on the other hand, the amount of complement
kept out was always distinetly less ; on the average, 0-6 c.c.
of C corresponded to 1c.c. of complementoid. We may
therefore say that a molecule of rabbit’s C gives rise to a
molecule of Cd, which has an affinity for the R 4 IB mole-
cules after lysis, practically equal to that of C; whereas,
with the guinea-pig’s serum, in the process of heating either
some of the C becomes entirely destroyed, or the Cd formed
has a lower combining affinity and some of it can be dis-

placed by C.

Ox THE RELATIVE FirMNEss oF UnNioN oF COMPLEMENT
AND COMPLEMENTOID RESPECTIVELY WITH R 4+ IB
MOLECULES (SENSITIZED RECEPTORS) AFTER LysIs

To determine this, we have compared in the usual way
the amount of unaltered C which can be taken up with the
amount of a mixture of C and Cd in equal parts. If the C
and Cd molecules have the same combining power, it is
evident that the saturation of the R + IB molecules will
occur after the addition of the same amounts in the two
cases. After the saturation point has been reached, how-
ever, twice as much of the C+4 Cd mixture as of the undiluted
C would have to be added before a free dose of C would be
obtained. As a matter of fact, this is pretty much what
happens.

The following may be taken as examples :—
I. Two series of tubes, A and B, three doses (3 D) of IB

added to each tube, and lysis is produced in all by 1 D
of guinea-pig’s C, M H.D. =0:056c.e. C is then added in

increasing amounts.

in
PR sl ald
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1. | 2 i A 4. ] 5. 6. 7.
Amount of C added in c.c. | 0-1 |0:15| 02 | 025 | 0-3 [0:35 | 04
Amount of C left over in
OBOB 5 & os i o0 s nm s vna 0 |0 trace imuch 1D+ 1D+ | 1D+
B.
Amount of C and Cd mixed |
in equal parts ......... 01|0:15| 02 | 025 | 0-3 | 0:35 | 04
Amount of C left over in
L 0 (0 firat | trace more | 1D—|1D—
trace

II. 5D of IB to each tube. M.H.D. of C = 0-03 c.c.
A,

) S 3. 4. 5.

=
i
oo
w

Amount of C
added inc.c. |0.08/0-12! 016 | 02 | 024 | 0-28 [ 0-32 | 0-36 | 04

Amount of C

left over in
doses ..... 0 (0 |065D|1D+ |1D+4|1D+ 1D+ 1D+ [1D+

Amount of
mixture of C
and Cd,equal
parts added [0-08/0-12| 0-16 | 0-2 [ 0-24 | 028 | 0-32 | 036 | —
Amount of C

left over in
dosea ...... 0 0 |017D ﬂ.ﬂﬁD}lD+ 1D+ | 1D+ |1D4+| —

[t appears from these examples that the points at which
free C appears in the two cases ( (2), where pure C is used,
and (b) where a mixture of C and Cd in equal parts is used)
approximately correspond—only a little more of the mixture
of C and Cd has to be added before saturation of the R -+ IB
molecules occurs. It is also seen that, after the saturation
point has been reached, fully twice as much of the mixture
as of pure C has to be added before a free dose of C is
obtained. Of course, if the C molecules had a much greater
affinity for sensitized receptors than the Cd molecules,
the actual amount of C added would be approximately
the same in the two instances. This, however, is very
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far from being the case. In other experiments we have
found, when lysis is produced first, then a small quantity
of Cd added and allowed to combine, and then increasing
amounts of C, that the surplus C appears to come off less
sharply than when C alone has been added. This would
appear to indicate that a certain amount of Cd is displaced
by C ; it must, however, be a small amount.

We may therefore conclude that the C and Cd have
approximately the same combining affinity for the R 4+ IB
molecules after lysis. If there is a difference in favour
of the energy of combination of the former, it is a slight one.

ON THE RELATIVE FIRMNESS oF UNION OF COMPLEMENT AND
COMPLEMENTOID WITH A SERUM - ITS ANTI-SERUM

Here the mode of procedure is of the same nature. A
given amount of anti-S is added to salt solution in two
series of tubes. To the A tubes increasing amounts of pure
( are added ; to the B tubes the same amounts of a mixture
of C and Cd in equal parts. One and a-half hours at 37° C.
are allowed for combination, and then red corpuscles treated
with IB are added to each tube to find how much C is
obtainable. Examples :(—

1.—0-1 c.c. anti-S in each tube.
A.

o [ U T T B S A e R T

Amountof Cadded |
IO 0 s b kel 0-04/0-05/0-06; 0-07 0,08 0-09 0-1 0-12/0-140-16,0-18
Amount of C ob- : |
tainable from the i
mixture in doses firat

(A7) o=, | 0 [0 [0 |iraeel0-12/0-27(0-27/0-4 u-:':sl-:}-szlusaf
B. |

%m&ﬂunt of {C} and e
in equal parts I e
added q . P . . .|0-04/0-05|0-06/ 0-07 [0-08/ 0-09 {0-1 [0-12/0-140-16 0-18
Amount of C ob- { |
tainable in doses T ) R I e 133!
[00) SRS i{} ¢ [0 [0 |0 tracal 16| @ | . R

' This tube was accidentally broken.

ol e b A i i e el b i e

Lol 3 il Ol el
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2.—0-05 c.c. anti-S in each tube.
A,

Amount of C
added in ec.c. .. 0-03 004005 |0-06 0-07 [0-08 1009 0-1 |0-12/0-14

Amount of C ob-

tainable in doses

(1 0:09|0-12| 0-4|0-48 0-65/0-73/09 |10 |14+ (14
Bi

Amount of C and

Cd in equal

parts added .. |0-05 0-06|0-07|0-09 0-1 012 0-14/0-16 |0-18/0-2
Amount of C ob-

tainable in doses | 0-05 | 0-15 0*28“]'-4 0-5 lﬂ-'?3 0-88 1 14 (14

In this case of course, as already explained, the surplus
C comes off much more gradually, and a more accurate result
might be expected. The theoretical consideration of all
the factors, however, is one of much complexity, and we do
not claim to explain it fully. The following points are to
be noted, however :—(1) The amount of C obtainable has
been estimated by the amount of lysis—the two, however,
only approximately correspond—it is not possible to detect
the smallest amount of C, we can only note the first appre-
ciable lysis ; (2) as has been stated, the combining value of C
(fresh serum) usually falls somewhat when converted into
Cd (unfortunately a separate estimation of the exact
value of Cd in the experiments before us was not made) ;
(3) when there is a surplus of C and Cd molecules the former
are taken up by the intact corpuscles treated with IB, the
latter very slightly ; the balance of dissociation may thus
be affected.

Looking, however, at the results in a general way, we see
that C is kept out of combination by Cd, that the points at
which surplus C is obtained are not far distant from each
other in the two series, and that the interval from the point
at which C is first obtainable to that at which a full dose is
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got is much lengthened in series B, though it is not quite
doubled. If we take the tube in series B (mixture of C and
Cd added), which gives a third lysis in the added corpuscles,
we find that the corresponding tube in series A (C alone
added) gives about two-thirds lysis. We may thus conclude
that in this case also the firmness of union of Cd does not
differ greatly from that of C.

Ox THE Un10N oF CoMPLEMENTOID WITH R 4+ IB MoLECULES
BEFORE Lysis

As has been mentioned above, the addition of comple-
mentoid to red corpuscles treated with IB does not prevent
the subsequent action of complement and the production
of lysis. This may be due either (a) to complementoid
failing to combine with the R 4 IB molecules, or (b) to its
being displaced by complement after it has combined ; both
factors may be partly concerned. There are two methods
by which the question may be investigated, and we have
carried out both of them.

In the first place, we may add a given amount of heated
serum (Cd) to red corpuscles treated with IB, allow time for
combination, then remove the fluid by centrifugalization,
and then test the amount of Cd present in the fluid by finding
how much C it will prevent from combining with R 4 IB
molecules after lysis. We shall call the Cd treated in this
way Cdx. A control is made with the same amount of
heated serum (Cd) which has not been in contact with red
corpuscles treated with IB. We have performed a number
of experiments of this kind, and the result has always been
to show that only a fraction of the Cd combines with the
R 4+ IB molecules. In one experiment it was found that
the Cdx of the rabbit kept out two-thirds of the amount of
guinea-pig’s C kept out by rabbit’s Cd, i.e. only one-third
of the Cd molecules had combined with the intact red

H'I'Iﬁ
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corpuscles treated with IB. With guinea-pig’s Cdx, in one
case a similar result was obtained, whilst in another a half
of the Cd molecules had been removed by combination.

Another method is to bring Cd into contact for a given
time with red corpuscles treated with IB (say, 31B), then
to centrifugalize and wash these corpuscles, and then test
how much C they will take up. The control will be red
corpuscles treated with the same amount of IB, but not
with Cd. Similar results emerge from experiments of this
kind. The following may be taken as an example :—

Three sets of tubes containing the standard amount of
red corpuscles, fully 3D of IB added to each tube.

1. Series A.—We estimate how much guinea-pig’s C will
be taken up.

2. Series B.—We estimate how much C will be taken up
after the addition of 0-04 c.c. Cd (lysis having been first
produced by a dose of complement).

3. Series C.—The corpuscles are treated with 0-6 c.c. Cd
for an hour at 37° C., then centrifugalized and washed to
remove the free Cd. We then estimate how much C the
corpuscles will take up.

The result is that in—

Series A........ 0-175 c.c. of C is taken up.
13 B ........ 'D'].lﬁ T 1% ]
e O 0-165 ,, & L

[n other words, after lysis the addition of 0-04 c.c. of Cd
has kept out 0-025 c.c. of C, whereas before lysis the addition
of 0:6 c.c. of Cd (fifteen times the amount) has only kept out
0-015 c.c. of C. It is thus seen that a mere fraction of Cd
entered into combination with the R - IB molecules before
lysis. We may add that the largest amount observed was
in an experiment with rabbit’s Cd, where it came out that
of 0:25 c.c. of Cd added before lysis an amount was taken
up equal to 0-1 c.c. of Cd added after lysis.
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From all these experiments it is shown that before lysis
Cd has aweak affinity for R 4~ IB molecules, and that in any
giwen case only a fraction of the amount added enters inio
combination. This result is of high importance in connexion
with the general question as to the action of these substances,
since it vmplies that the action of one substance—complement
—increases the combining affinity of another substance—
complementord.

ON THE SATURATION OF THE R + IB MOLECULES WITH
COMPLEMENTOIDS, AFTER LYSIS HAS OCCURRED

Seeing that red corpuscles treated with multiple heemolytic
doses of IB take up multiple doses of C, we may produce
lysis by a single dose of C, and then find whether the affinities
of the remaining R - IB molecules can be satisfied with Cd.
The different stages of such experiments are : (a) The addi-
tion of several doses of IB to the corpuscles, time being
allowed for combination ; (b) Lysis by a single dose of C;
(¢) The addition of Cd in excess ; two hours at 37° C. are
allowed for combination; (d) The addition of about one
dose of C; one hour at 37° C. for combination ; (e) The
addition of red corpuscles treated with IB to test for the
presence of free C. (In case the heemolytic value of C should
fall during the experiment, the same amount of C as
that used in (d) should be added to salt solution and
placed in the incubator at the same time for an hour; its
value is then tested by adding red corpuscles treated with
IB.) We can in this way test the saturating power of rabbit’s
or guinea-pig’s Cd with rabbit’s or guinea-pig’s C—four
possible combinations. A considerable number of experi-
ments of this kind have been carried out, but the general
result may be stated that after saturation with Cd not more
than a fraction of a dose of the added C has been taken up.
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Examples 1 and 2.—Saturation with Rabbit's Cd.
Test with Rabbit’s and Guinea-pig’s C.

M.H.D. of IB = 0:002 c.c.
guinea-pig’s C = 0-045 c.c.
“ rabbit’s C = 0-11 c.c.

(0-5 c.c. of suspension of red corpuscles is used, so that the
doses will be half the amount.)

5 D of IB added to four tubes, A, B, C, D.

Liysis in all with 0-07 c.c. rabbit’s C.

0:6 c.c. rabbit’s Cd added to each tube; two hours at
37° C., then add

LR

A, B. C. D.
0-066 c.c. 0:09 c.c. 0:03 c.c. 005 c.c.
— —— ~— —

Rabbit’s C. Guinea-pig’s C.

One hour in incubator.

Add to each 0-5¢.c. of suspension of red corpuscles treated
with IB.
- The result is that complete lysis of all the added corpuscles
occurs. This shows that at most not more than a fifth of
a M.H.D. of rabbit’s C and not more than a third of a M.H.D.

of guinea-pig’s C has been taken up.

3. Saturation with Guinea-pig’s Cd.
Test with Guinea-pig's C.

M.H.D. of guinea-pig’s C = 0:04 c.c. (at beginning of
experiment), 5 D of IB added to 1 c.c. corpuscles, lysis with
C and addition of 0-5 c.c. of Cd, two hours at 37° C. : 0-06 c.c.
of C added, one hour at 37° C. ; red corpuscles treated with
IB added, one hour at 37° C. Result, 0-8 of the corpuscles
underwent lysis, but in a control with 0-06 c.c. of C alone
0-1 remained undissolved. Here, accordingly, not more than
about a tenth of a dose of C subsequently added entered
into combination with the R -+ IB molecules.
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4, Saturation with Guinea-pig’s Cd.
Test with Rabbit's C.

M.H.D. of guinea-pig’s C = 0-07 c.c.
s rabbit’s C = 0-27 c.c.

Three tubes taken containing 1 c.c. suspension of red cor-
puscles, treated with 6 IB.

Lysis with 0-09 c.c. guinea-pig’s C ; one hour in incubator.
Addition of 0-5c.c., 0-75c.c. and 1 c.c. of guinea-pig’s Cd
to the several tubes ; two hours in incubator.

Addition of 0-3 c.c. rabbit’s C ; one hour for combination.

Addition of the test amount of corpuscles treated with
IB. Result in the tube with 0-5 ¢.c. Cd, two-thirds of the
corpuscles underwent lysis ; in the other tubes with 0-75 c.c.
and 1 c.c. Cd, complete lysis took place. Complete satura-
tion had not occurred with 0-5 ec.c. Cd, but with the other
amounts it had, so that at most about a tenth of a dose of
the rabbit’s C was taken up.

It is thus seen that it is possible to practically saturate
with complementoid the surplus R -+ IB molecules after
lysis. Other experiments have indicated that probably
a certain amount of complementoid is displaced by comple-
ment added afterwards. But the above results show that
when an excess of complementoid is used, the amount
displaced is reduced to a trifling amount.

These results also confirm the result already obtained,
namely, that in the case under consideration the haptophore
groups of the rabbit’s and guinea-pig’s complements unite
with the same R - IB molecules (vide supra).

CONCLUSIONS

The following are the chief results obtained from the
experiments described. It is, of course, to be understood



PROPERTIES OF COMPLEMENTOIDS 61

that they are held to apply only to the cases investigated,
viz. the immune-body for ox’s corpuscles obtained from the
rabbit, used along with rabbit’s and guinea-pig’s comple-
ments and complementoids. Further observations will be
necessary to determine whether they obtain generally.

1. The existence of complementoids in heated sera can
be shown in ordinary test-tube experiments, by their pre-
venting (a) the union of complement with a serum - its anti-
serum (formerly styled ‘ anti-complement ’) ; (b) the union
of complement with R 4 IB molecules after lysis.

2. The amount of complementoid derived from comple-
ment, as tested by the combining relationships, varies; in the
case of the rabbit it is approximately equal to the original
amount of complement ; in the case of the guinea-pig it is
considerably less than that amount.

3. The combining affinity of complementoid, both for
a serum - anti-serum and for R 4 IB molecules after lysis,
is not much inferior to that of complement.

4. On the other hand, complementoid has a feeble affinity
for R + IB molecules before lysis, i.e. for intact red cor-
puscles treated with immune-body ; of the complementoid
added only a small quantity enters into combination ;
hence complementoid does not prevent lysis by complement.

5. When red corpuscles united with multiple doses of
immune-body are lysed by a single dose of complement, the
surplus R+4-IB molecules can be saturated with excess of
complementoid, so that almost no complement can subse-
quently be taken up. This result is obtained also with
rabbit’s complementoid and guinea-pig’s complement, and
with guinea-pig’s complementoid and rabbit’s complement.
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ON COMPLEMENTOIDS IN RELATION TO THE

DOSAGE OF COMPLEMENT IN DIFFERENT
MEDIA*

The basis of the following observations was a phenomenon
recorded by Bordet? in connexion with anti-immune-bodies.
He found that the anti-immune-body might be able to pro-
tect corpuscles treated with immune-body against the action
of complement when the corpuscles were suspended in guinea-
pig’s serum heated at 55° C., (i.e. deprived of complement)
whilst the protective action might fail when they were
suspended in salt solution. In other words, the action of
the complement on the corpuscles was greater in the latter
medium. We have made corresponding observations and
can fully confirm Bordet’s results. In explanation of the
phenomenon he considers that the salt solution is a less
suitable medium for the corpuscles than the heated serum
of the guinea-pig, thus the h@moglobin diffuses out more
readily. There is thus only a relative neutralization of
the immune-body—"° la sensibilisation simplement atténuée
produit encore ses effets si les globules sont maintenus dans
un milieu diminuant leur résistance.” He further considers
that the fact referred to is somewhat analogous to the
observations of Roux and Vaillard that a mixture of tetanus
toxin and anti-toxin might be harmless for normal guinea-
pigs and still be dangerous for guinea-pigs previously
debilitated by vaccination against the cholera vibrio. We
have considered the subject of some importance and have
carried out observations with the following results. It
may be pointed out, however, that the further application
of Bordet’s explanation would imply that ox’s serum
heated at 55° C. is a less suitable medium for ox’s corpuscles

1 This section was originally part of the paper * On the Properties of
Anti-Immune-Bodies and on Complementoids,” by R. Muir and C. H.
Browning, Journ. of Hygiene, vol. vi, 1906.

* Bordet, Annales de I'Inst. Pasteur, vol. xviii, p. 593.
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than guinea-pig’s serum heated at 55° C., as the hemolytic
dose of complement is less in the former medium.

It is to be noted at the outset that the corpuscles used
are those of the ox, the immune-body is obtained from the
rabbit by injecting it with ox’s corpuscles, and the comple-
ment is that of the guinea-pig. It seemed to us a some-
what curious circumstance that the heated serum of the
guinea-pig should be a specially suitable medium for suspend-
ing the corpuscles of the ox, and have considered it desirable
to test the heemolytic dose of complement when the corpuscles
are suspended in different media, especially in the heated
sera of different animals. Such heated sera, though bereft
of ecomplement or rather of the toxic action of complement,
contain complementoids according to Ehrlich’s view ; this
matter will be referred to below. So far as we know no
observations of this kind have been made.

[t is scarcely necessary to state that all the experiments
were carried out with the different media of suspension
at the same time and for the same periods of time. The
results may be given in tabular form, and the doses are

most conveniently given in terms of the minimum hsemolytic
dose in salt solution.

Ox’s corpuscles. Immune-body from Rabbit. Guinea-
pig’s complement.

Heoemolytic doses of
complement necessary

Medium of suspension. for complete lysis.
. 1

0-85 per cent. sodium chloride solution
Ox’s serum 55° . 3

L] L] E
Guinea-pig’s serum 55° . ; ! . 5:5
(Guinea-pig’s serum 55° and -85 per cent.
salt solution, equal parts . s i : E 3+
Rabbit's serum 55° : 24

N.B. The relative dosage varies considerably with different samples of
serum, but the figures given may be taken as a fair average.

It appears clearly from this table that the dose of comple-

ment necessary for hemolysis varies greatly according to
the medium in which the corpuscles are suspended, and
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we cannot offer in every case an explanation; no doubt
factors of different kinds are concerned. We will confine
our attention to the case of heemolysis of the ox’s corpuscles
suspended in the heated serum of the guinea-pig. It will
be seen that the dose of complement is in this case about
three times the dose when the corpuscles of the ox are sus-
pended in their own serum. In other words, the guinea-
pig’s serum would seem to protect the ox’s corpuscles
against the toxic action (complement) better than the
ox’s serum, or to be a more suitable medium in Bordet’s
sense. On theoretical grounds it appears that some other
explanation must be looked for. It will also be seen that
the dose of complement necessary even when the corpuscles
are suspended in a mixture of equal parts of salt solution
and guinea-pig’s serum 55° is greater than when the cor-
puscles are in their natural medium.

We have inquired into the method by which the guinea-
pig’s serum 55° retards lysis, that is, demands a higher dose
of complement. Theoretically there are at least two
possibilities, the one being thal the heated serum in guestion
interferes with the combination of complement, the other that
it in some way relards the diffusion of hemoglobin. We
have found that the former is the chief factor in bringing
about the result. If the corpuscles be suspended in heated
serum of the guinea-pig and 3 M.H.D. of complement be
added (M.H.D. being the minimum dose in salt solution)
only slight lysis occurs in the course of two hours at 37° C.
Now if at the end of this time the surviving corpuscles be
removed from the serum, then washed and suspended in
salt solution and placed in the incubator for another period,
the corpuscles do not undergo lysis. Consequently active
complement has not entered into combination with them.
(It is to be noted that of course multiple doses of immune-

body were present to begin with.)
We have also shown that in such a case as that men-

R P
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tioned there is still free complement in the medium of
suspension. We take two series (A and B) of tubes each
containing 0-5 c.c. of suspension of red corpuscles along
with five doses of IB ; the medium in A being salt solution,
in B guinea-pig’s serum heated at 55° C. To the several
tubes in the two series increasing doses of complement are
added. After lysis is complete in the tubes of series A
we test as to the comparative amount of free complement
in the two series. The fluid from each tube of series A is
added to another tube containing 0-5c.c. of guinea-pig’s
serum 55°, the fluid obtained by centrifugalization from
each tube of series B is added to a tube containing 0-5 e.c.
of salt solution (0-85 per cent.). In this way any free com-
plement obtained from the tubes of either series is now
in a mixture of equal parts of heated serum and salt solution.
To each tube we now add the corpuscles of 0-5 c.c. of suspen-
sion treated with immune-body and the tubes are placed
in the incubator. It is found that lysis takes place much
more readily in the tubes containing the fluid from series B,
i.e. there was much more free complement in this series.
Such an experiment is complementary to and confirmatory
of the result recorded above.

Having thus seen that the combination of complement
with corpuscles treated with immune-body is interfered with
when guinea-pig’s serum 55° is the medium of suspension,
we have to inquire how this is brought about,.

Now it is to be noted that the guinea-pig’s complement
(normal serum) is much the most active of the complements
used, and that this serum when heated interferes with
hemolysis more than the others. In a preceding section?!
we have given reasons for believing that there are more
complement molecules in the guinea-pig’s serum than (for
example) in the same quantity of rabbit’s serum. We
have also given methods for demonstrating by test-tube

! Vide p. 45.
MUIR T
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experiments the existence of complementoids in heated sera,
these of course being derived from complements. Let us
suppose that the heemolytic dose of guinea-pig’s complement
for the test 1 c.c. of suspension of corpuscles in salt solution
i8 0-01 c.c. and that each molecule of complement gives rise
to a molecule of complementoid. Then when the same
amount of corpuscles is suspended in heated serum instead
of salt solution and 0-01 c.c. of fresh serum is added, there
will be a hundred molecules of complementoid for each com-
plement-molecule—under this condition complete lysis does
not occur. This is probably an exaggerated statement of
the case, at least we were unable to show by combination
tests that there were as many complementoid molecules
as there were originally complement molecules. For the
sake of illustration let us put the proportion at fifty comple-
mentoid molecules and one complement molecule. We
have further shown that when complementoid is brought
into contact with red corpuscles treated with immune-body
only a small proportion of complementoid combines with
them, so that when the corpuscles are afterwards washed
and complement is added lysis is not interfered with. But
it seems possible that when a large number of molecules
with feebler affinity (complementoid) are actually present
in the mixture, the combination of those with stronger
affinity (complement) may be interfered with. Further-
more, when lysis occurs the combining affinity for comple-
mentoid molecules is much increased; complete lysis may
thus be considerably interfered with by their presence. It
therefore appeared reasonable to inquire what the effect
would be if the complementoid molecules were removed from
the serum. If our supposition is correct, then lysis should oceur
much more readily, i.e. with a smaller dose of complement.
Now the complement action may be removed from a serum
in two ways, viz. (a) by heating at 56° C., and (b) by bringing
the serum into contact with substances for which the com-
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plement has a combining affinity. In the former case the
complement is converted into inactive complementoid ;
in the latter, if the substance with which it is combined
can be separated by centrifugalization, the complement
will be actually removed from the serum. In the former
case, if our theoretical considerations are correct, the serum
when used as a medium of suspension will interfere with
lysis ; in the latter this interfering action should be absent.
Acting on these ideas we have investigated how hamolysis
will progress in a serum from which the complement has
been removed. We can remove the complement from a
fresh serum by bringing it into contact with some cells or
bacteria treated with the corresponding immune-body
and then after time has been allowed for combination
remove the serum by centrifugalization. In this way a
serum practically free from complement as tested by hemo-
lytic experiments is obtained. We have carried this out
by various methods, the most satisfactory of which is the
following. Washed corpuscles of the ox in 0-85 per cent.
salt solution are placed in a sterilizer overnight at 55° C.,
they are then centrifugalized and the brownish fluid is
removed. The hamolytic receptors of such heated cor-
puscles are, however, not destroyed ; they still have the
power of combining with immune-body and thereafter of
taking up complement. To a suspension of heated cor-
puscles a large amount of immune-body is added, and after
time is allowed for combination of the latter the corpuscles
are repeatedly washed in salt solution and centrifugalized ;
finally the fluid of the suspension is removed as completely
as possible, so as to avoid dilution of the serum. To the
corpuscles thus treated the fresh serum of the guinea-pig
is added and the mixture is thoroughly shaken up and placed
in the incubator at 37° C. for two hours; the tubes are
then centrifugalized and the serum is pipetted off. If
sufficient amount of corpuscles and immune-body are used
F 2
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the serum is rendered practically devoid of hemolytic action ;
sometimes there remains a trace of complement which be-
comes evident when relatively large quantities are used, as
is the case when it is employed as the medium of suspension
of corpuscles. To get it entirely free of hemolytic action
we heat it for an hour at 55° C. ; the small amount of com-
plementoid which may thus remain does not interfere with
the test. We shall speak of the serum thus freed of com-
plement as ‘ treated serum °, while serum heated at 55° C.
will be designated ‘ serum 55°°. In addition to the method
described we have also used, to take up the complement from
the serum, red corpuscles combined with immune-body
and freed from fluid. In this case, of course, the corpuscles
when added to the serum undergo lysis, but by adopting
certain procedures the hsemoglobin-stained serum can still
be used as a medium of suspension. In other experiments we
employed an emulsion of kidney cells along with the corres-
ponding immune-body, the cells being afterwards removed
by centrifugalization. All the results obtained have been
of the same nature; but as the first-mentioned method is the
most satisfactory we need give details only with regard toit.

In estimating the hemolytic dose of complement in the
‘ treated serum ’ we used in each tube the corpuscles of
0-5 c.c. suspension, and of course 05 c.c. of serum was added
after the salt solution had been removed by centrifugalization.

Doses of three samples of Guinea-pig’s Complement in different
Media of Suspension for the Corpuscles of 0-5 c.c. Suspension.

0-85 per cent.
sod. chloride. Serum 55°. Treated Serum.
0-005 0:03 (6 D) 0-01 (2 D)
0-0125 0-06 (5 D) 0-02 (1-6 D)

0-004 0-1 (25 D) 0-015 (3-75D)

It thus appears that the dose of complement is very much

smaller when the medium of suspension is treated guinea-

1 This was by far the largest dose observed in any of our experiments
and must be regarded as exceptional

i .



PROPERTIES OF COMPLEMENTOIDS 69

pig’s serum than when it is guinea-pig’s serum 55°. In
other words, the serum 55° exerts a strong inhibitory in-
fluence on lysis, which is not the case when the complement
is removed from the serum instead of being changed into
complementoid. The dose in guinea-pig’s ‘ treated serum ’
is in fact little, if at all, greater than that in ox’s serum 55°.
The high dose of complement necessary when serum G55°
is used as the medium of suspension was supposed by us
to be due to complementoid, and this view is fully confirmed
by the results of using as the medium of suspension the serum
deprived of its complementoid. We are thus justified in
concluding that the presence of a large amount of comple-
mentoid interferes with the action of complement and thus
raises the haeemolytic dose.

These results are of importance in connexion with the
question as to the existence of complementoids and their
combining properties, and constitute an amplification and con-
firmation of what has been stated in the preceding section.
Gay ! in a recent paper criticizes the well-known experiment
of Ehrlich and Sachs ? in which the complementoid of dog’s
serum prevents the action of guinea-pig’s complement on
guinea-pig’s corpuscles sensitized with the natural immune-
body in the dog’s serum, and comes to the conclusion that
the supposed complementoid is merely an attenuated com-
plement—attenuated both as regards its combining affinity
and its toxic action. We would point out, however, that
in our former experiments, as in the present case, the serum
heated at 55° C. is quite devoid of hemolytic action ; in fact,
so far as can be seen from the hsmolytic action, the com-
plement has entirely disappeared. Nevertheless, in such
a serum, a substance (complementoid) is present which

' Gay, Centralbl. f. Bakteriol. u. Parasitenk., 1. Abt., Originale, Bd. xxxix,
8. 172.

* Ehrlich and Sachs, Berlin. klin. Wochenachr., 1902, No. 21. In a recent
paper, Centralbl. {. Bakteriol., 1. Abt., Originale, Bd. xl, S. 125, Sachs has
replied to Gay's objection and confirmed his previous results,
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combines with the same molecules as complement, viz,
with the complex receptors + immune-body. We claim, in
fact, that the existence of complementoids has been demon-
strated by test-tube experiments, and that Ehrlich’s views
regarding these bodies have been completely confirmed.
It would, in fact, be impossible to explain the high dose
of complement necessary when the corpuscles are suspended
in guinea-pig’s serum 55° on the theory that comple-
mentoids are merely attentuated complements, i.e. atten-
uated in combining affinity and toxic action in equal degree.

Summary of results :—

1. The dosage of complement varies greatly according
to the medium in which the red corpuscles are suspended.

2. The most striking variation observed was the very
high dose of guinea-pig’s complement necessary to produce
lysis when ox’s corpuscles are suspended in guinea-pig’s
serum 55°, a dose which is about six times the dose necessary
in salt solution and about three times the dose in ox’s
serum 55°,

3. The high dose of complement necessary is chiefly
due to the complement being prevented from entering
into combination with the corpuscles treated with immune-
body.

4. When the complement in guinea-pig’s serum is
removed by combination instead of being converted into
complementoid by heating at 55° C., the dosage of com-
plement in such a treated serum is much diminished and
becomes approximately the same as in ox’s serum 55°.

5. We conclude that the presence of a large amount
of guinea-pig’s complementoid interferes with the com-
bination of complement, and the dose of the latter necessary
for lysis is thus increased.
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THE COMBINING PROPERTIES OF COMPLEMENTS
IN RELATION TO THEIR TOXIC ACTION

Ehrlich has pointed out the similarity in the constitution
of complements and of various toxins, and our own observa-
tions, as above detailed, strongly support his views. We
may, in the study of hzmolysis, consider the complement
as a toxin, the red corpuscles treated with the appropriate
immune-body as the object on which the toxin is to act,
and the hemolysis as the indication of the toxic action.
Ehrlich regards the complement as consisting of two chief
atom-groups, the haptophore or combining group and the
zymotoxic ; but in speaking of the action of sera he does not
always carry out this distinction completely. For example,
the efficiency of different complements, as tested by their
heemolytic or bacteriolytic effects, is often taken as evidence
of the degree of chemical affinity between the complements
and the immune-body. But it is manifest that theoretically
a complement may combine perfectly through the medium
of the immune-body, and yet produce little haemolysis,
owing to the absence of sensitiveness to the zymotoxic
group—combination or ‘complementing > may occur and
yet hazmolysis be deficient or absent. The question which
we have investigated is accordingly this—Where different
complements differ in their action as shown by the dosage,
both of complement and of immune-body required, does
this depend upon differences in their combining affinities
or upon differences in their toxicity ?

In working out this problem we have made use of three
sera, viz. (a) the serum of the rabbit injected with ox’s
corpuscles, therefore h@molytic towards ox’s corpuscles ;
(b) the serum of the rabbit injected with guinea-pig’s cor-
puscles ; (c) the serum of the guinea-pig injected with
rabbit’s corpuscles. In each case the heemolytic serum
is deprived of its complement by heating at 55° C. and,
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therefore, contains only immune-body ; it is accordingly
inactive until complement (i.e. normal serum) is added.
In the first place, we may give in tabular form the average
dosage of the several complements with the different immune
sera : the test amount of corpuscles being 1 c.c. of a 5 per
cent. suspension in 0-8 per cent. sodium chloride solution.

I'mmune-body Rabbit's | Guinea-pig's 02's
and corpuscles tested. complement. | complement. | complement.
IB rabbit ». ox
Ox's corpuscles } ------- 0-15 e.c. 0-025 c.c. @
IB rabbit v. guinea-pig : : ; -
?ﬁ.ﬁﬂe&-pi‘g’a curpuei;:hea = 015 ,, 03 , 0:03 c.c.
guinea-pig v. rabbit ; _ ;
Rabbit’s corpuscles e 0-5 ,, 0-07 ,, 0-04 ,,

This table shows that in the cases studied the highest
dosage of the complement of an animal occurs when used
against its own corpuscles.

Dosage of Immune-bodies with different Complements.

4 A B rabbit IB guinea-pig
Complement. | IB rabbitv.ox. | ,, gquinea-pig. AT
Rabbit’s .... 0-003 c.c. 0-003 c.c. 015 c.c.
Guinea-pig's . 0-033 ,, 0-03 ,, 0.015 ,,
5 3 a1 [k ST a0 i 002

The most striking facts brought out in this table concern
the relative doses of immune-bodies with rabbit’s and
guinea-pig’s complements respectively. They are : (a)in the
case of an immune-body acting on the corpuscles of another

animal (viz. ox’s corpuscles), its dose with rabbit’s comple-

* The normal serum of the ox has a strong heemolytic action both on
rabbit’s and on guinea-pig’s corpuscles, This is due to the presence of a
natural immune-body, and it is not possible to remove this in the usual
way by placing the serum in contact with the corpuscles at 0° C. We
have, however, made allowance for this circumstance, and the dosage of
complement has been calculated accordingly, and may be taken as sub-
stantially correct.

* Wehavenot succeeded in getting a satisfactory estimation of the dose
of this immune-body with ox’s complement, owing to failure to remove
the natural immune-body for guinea-pig's corpuscles in the ox’s serum.
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ment is practically the same as that with guinea-pig’s
complement ; (b) in the case of the immune-body acting on
guinea-pig’s corpuscles, its dose is ten times greater with
guinea-pig’s complement than with rabbit’s complement ;
and, conversely, in the case of the immune-body acting on
rabbit’s corpuscles, its dose is ten times greater with rabbit’s
complement than with guinea-pig’s complement. It is also
to be noted that the immune-body to ox’s corpuscles does
not bring about complete hzemolysis at all when the ox’s
complement is used.

These tables supply the hamolytic doses of the different
immune-bodies and complements ; they do not, however,
give us the facts with regard to their several combinations.
In illustration of this we may mention that Ehrlich and
Morgenroth,! finding that the dose of the immune-body to
rabbit’s corpuscles obtained from the guinea-pig was ten
times higher (as shown in the table) when rabbit’s comple-
ment was used than when guinea-pig’s complement was
used, supposed that there were really two immune-bodies, one
present in large amount taking up guinea-pig’s complement,
and another present in small quantity taking up rabbit’s
complement. This is manifestly a satisfactory theoretical
explanation, but we have to inquire whether it is supported
by facts; as will be shown below, this is not the case.

We shall accordingly consider the amounts of complement
taken wp through the medium of different doses of immune-
body in the several cases. It will be convenient to take
first the second and third sera, as above arranged. The
method employed for estimating the amount of complement
taken up depends upon the firmness of union of complement,
and has been described above (p. 28). We take the amount
of complement absorbed as indicated by the point at which
free complement is first obtainable when the complement
is added in increasing amounts.

' Ehrlich and Morgenroth, Berlin. klin. Woch., 1900, No. 31.
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I. Immune-body to Guinea-pig’s Corpuscles (obtained by

wnjecting the Rabbit with these corpuscles).

(a) With Guinea-pig’s Complement—

We may first compare the results when guinea-pig’s
complement is used with those when rabbit’s complement
is used. In the former case the dose of complement is very
high ; in fact, more than ten times the amount of guinea-
pig’s complement sufficient to hemolyse ox’s corpuscles is
necessary to he@molyse its own corpuscles. This might be
due to the fact that only a fraction of the complement
molecules suited the immune-body to guinea-pig’s corpuscles,
or it might be due merely to weakness of the toxic action
of the complement. If the former were the case, the
presence of the uncombined complement would be shown
by adding the corpuscles of another animal treated with
the corresponding immune-body. The matter is put to
the test by adding varying amounts of guinea-pig’s com-
plement to guinea-pig’s corpuscles with their corresponding
immune-body, and then after allowing two hours at 37° C.
for combination, to test for the presence of complement by
means of ox’s corpuscles treated with their immune-body.
If we use 1 D of immune-body to indicate the amount
necessary to produce lysis when rabbit’s complement is
used, then 10 D will be the M.H.D. when guinea-pig’s com-
plement is used. The following are the chief results which
we have obtained. It is to be noted that, of course, if less
than 10 D of IB is added complete lysis does not occur with
guinea-pig’s complement, and in such cases the tubes are
centrifugalized and the clear fluid is added to the indicator,
i.e. ox’s corpuscles treated with their immune-body. This
indicator is specially suitable on account of the high sensi-
tiveness of the corpuscles to guinea-pig’s complement.

Such an experiment may be graphically represented thus—

Guinea-pig’s O + n IB +  guinea-pig’sC: 4 0x’s O + IB
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the small circle indicating red corpuscles, the vertical dotted
line a period of incubation at 37° C., n indicating a definite
multiple of IB, and « varying amounts of C.

IB Rabbit ». Guinea-pig. Combination of Guinea-pig’s C.
Experiment XLII.—
2 doses of IB took up 0-08 c.c. guinea-pig's C.
8 5 . 0-288 ,, -
Dose of guinea-pig’s C = about 0-3 c.c.

Experiment XLIII.—
1 dose of IB took up 0-026 c.c. guinea-pig’s C.
6 doses i . 0-114 ,, a5
1| 3 3 0-26¢ ,, i
Dose of C= 025 c.c.

Experiment XLIV.—
1 dose of IB took up 0:014 c.c. guinea-pig’s C.
14 doses ,, & MNER il e
Dose of C=0-35 c.c.

Experiment LXIX —
1 dose of IB took up 0:04 c.c. guinea-pig’s C.
5 doses ,, i s o
10 tE 1 2 0-48 ,, 1"
Dose of C=0-4 c.c.

From these results it is manifest that the large amount
of guinea-pig’s complement necessary to produce lysis
combines completely with the guinea-pig’s corpuscles
treated with the corresponding immune-body, there being,
up to a certain point, no complement left over to act on
the test corpuscles, and the large dose of immune-body
necessary is simply due to this amount being required to
bring the necessary complement into combination with the
corpuscles. The guinea-pig’s complement has, therefore, a
weak toxic action on guinea-pig’s corpuscles, about ten times
weaker than it has, for example, on ox’s corpuscles.
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Note.—The amount of complement taken up is calculated from
the point at which free complement is obtainable after time has
been allowed for combination. It will be noticed that the amount
of complement taken up is approximately, though not strictly, pro-
portional to the amount of immune-body present. The divergence
15 more marked when higher multiples are used, as has been noted
in the case of another combination (p. 32); here also what has
been described as the ‘ Ehrlich phenomenon’, is seen to a slight
extent. As, however, there is very little evidence of dissociation
of complement after it has combined, the phenomenon in this case
is due to some other cause, probably to the presence of comple-
mentoid.

(b) With Rabbit’s Complement—

It will be seen from the tables that (¢) the minimum
haemolytic dose of immune-body in this case is small—about
a tenth of that necessary when guinea-pig’s complement is
used, and (b) that the dose of complement also is compara-
tively small, in fact, practically the same as that necessary
for the heemolysis of ox’s corpuscles. The difference in the
doses of rabbit’s and guinea-pig’s complements for ox’s
and guinea-pig’s corpuscles respectively is thus very note-
worthy. In investigating the amount of rabbit’s comple-
ment taken up by means of multiple doses of immune-
body, interesting and at first very puzzling results emerged.
An experiment of this kind may be graphically represented
as before, thus :—

Guinea-pig’s O + nIB + xrabbit’s C: Guinea-pig’s O -+ 1B.

In performing experiments of this kind we found that five
or even ten doses of immune-body apparently led to the
taking up of scarcely more complement than one dose of
immune-body did ; and, further, that the amount of comple-
ment apparently taken up seemed to become less the
longer the test corpuscles were left in the fluid. Thus, for
example, at the end of two hours, 0-15 c.c. of complement
might appear to be taken up, and next morning only 0-05 c.c.
It appeared, therefore, (@) that multiple doses of immune-
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body did not lead to the taking up of corresponding multiple
doses of complement, and (b) that the complement taken
up appeared to dissociate again in part, though this pheno-
menon might possibly be due to the presence of some com-
plement molecules with very slow action. When, however,
we used as the indicator ox’s corpuscles treated with their
corresponding immune-body, quite different results were
obtained. The scheme is now :—

Guinea-pig’s O + n IB + a rabbit’s C: 4 Ox’s O + IB.
The following results will serve as examples :—

Experiment LX.—
1 dose of IB took up 0-2 c.c. rabbit’s C.
3 doses ,, i KAl o "
|11 - 3 B1G 5

The M.H.D. of C was only 0.1 c.c. before the experiment ; it is
possible that it may have increased subsequently.

Experiment LXVIIL—
2 doses of IB took up 0-28 c.c. rabbit’s C.
5 T ) » 0-58 ,, "
10 39 ¥ tH 074 ,, ”
The M.H.D. of C was 0:06 c.c.

It is thus seen that when ox’s corpuscles suitably treated
are used as the indicator, the amount of complement taken
up increases as the amount of immune-body is increased,
though there is a greater deviation from strict arithmetical
proportion than when guinea-pig’s complement is used.

The difference in the results obtained with the two indi-
cators (guinea-pig’s and ox’s corpuscles respectively), is
manifestly due to the fact that there is in the rabbit’s
serum a complement which acts on guinea-pig’s corpuscles,
and not on ox’s corpuscles, and that this complement
either becomes dissociated from the guinea-pig’s corpuscles
or combines in very small amount. On the other hand,
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the chief complement present acts on both varieties, and
its union is a firm one ; even with this combination, however,
the amount taken up appeared to diminish somewhat over
night.

The fact already stated that, when guinea-pig’s corpuscles were
used as the indicator, additional doses of immune-body did not
appear to lead to the taking-up of additional amounts of comple-
ment, raised the question whether there might not be two immune-
bodies present, one of which acted with rabbit’s complement, and
one with guinea-pig’s complement. Evidence of this was sought
for by leaving the immune-serum in contact with the corpuscles for
a time, then separating by centrifugalization, and thereafter testing
the dose of the uncombined immune-body with rabbit’s and with
guinea-pig’s complement respectively. It is evident that if two
immune-bodies were present, and were taken up by the corpuscles
in different proportions, then the relative doses of the separated
fluid would become changed. Such an investigation is theoretically
of simple nature, but it is difficult to carry it out exactly, owing to
the fact that it is not possible to remove completely the natural
immune-body from the rabbit’s serum, i.e. to make this serum
entirely devoid of hemolytic action. In several experiments, how-
ever, allowance being made for this circumstance, it appeared that
the relative doses with the two complements did alter in the way
that the dose with guinea-pig’s complement became relatively still
higher, i.e. after the contact with the corpuscles there seemed to
be immune-body molecules left, which acted with rabbit’s, but not
with guinea-pig’s complement. This may mean merely that the
molecules of immune-body vary in their combining affinities, and
that those with the weaker affinity act with the more powerful
complement (rabbit’s). The question is one of great complexity, and
we have not attempted a full solution, as it did not appear necessary
for the purposes of the present research. Everything goes to show,
however, that the great majority of the immune-body molecules
act both with rabbit’s and with guinea-pig’s complement; and we
found that the presence of a small amount of guinea-pig’s com-
plement kept out of combination a certain amount of rabbit’s
complement, and vice versa.
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(¢) With Ox’s Complement—

The ox’s complement is not a very suitable one to employ
in this combination, as the natural serum of the ox has a
very powerful hzmolytic action in itself, and it is only
possible to remove a small proportion of the natural immune-
body by contact experiments. Nevertheless, we have found
that the dose of ox’s complement, along with the immune-
body to guinea-pig’s corpuscles, is a small .one, and there
is no doubt that guinea-pig’s corpuscles are very sensitive
to the zymotoxic action of ox’s complement.

When we come to investigate the combining affinities,
we find that multiple doses of immune-body have very
little effect on the amount of ox’s complement taken up,
the amount taken up by means of from four to eight doses,
for example, being very little more than that taken up by
means of one dose. This may be due to a true want of
combining affinity on the part of the complement, or it
may be due to the combination being a very loose one. It
may be noted, however, that there is practically, in the
course of twelve hours, no evidence of dissociation of com-
plement after it has really combined. The following will
serve as an example :—

Experiment LXXIV.—
1 dose of IB took up 0-04 c.c. of ox’s C,
4 doses ,, B 0-042
B 13 13

The indicator was guinea-pig’s corpuscles treated with
immune-body, for which the dose of ox’s complement was
0-02 c.c.

b L

LR ] L1 ¥ t

II. Immune-body to Rabbit’s Corpuscles (oblained by injecting
the Guinea-pig).

(a) With Rabbit’s Complement—
This case is in many ways analogous to that of the immune-
body to guinea-pig’s corpuscles along with guinea-pig’s
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complement. In both cases the heemolytic dose of immune-
body is ten times greater when the complement of the
animal whose corpuscles are being tested is used than when
the complement of the other animal is used. This will be
seen from the table. In this case, also, the dose of rabbit’s
complement is high, just as in the previous case the dose
of guinea-pig’s complement was. How much rabbit’s
complement is taken up when multiple doses of immune-
body are used ? The scheme of experiment is :—
Rabbit’s O +n IB 4z rabbit’s C : 4-0x’s O 4 IB.
The following are some of the results -—
Experiment LXII.—

1 D of IB takes up 0-14 c.c. rabbit’s C.
10 33 1 1-16 ,, #

Experiment LXIII.—
1 D of IB takes up 0-22 c.c. rabbit’s C.
10 19 22 1:12 33 T

Experiment LXVI.—
1 D of IB takes up 0-086 c.c. rabbit’s C.
SRR o < OBE T &)
100 e T TR 4

Dose of rabbit’s C with rabbit’s corpuscles = about 0:6 c.c.
‘1D’ =MH.D. of IB along with guinea-pig’s C. ‘10D’ =
M.H.D. with rabbit’s C (vide tables, p. 72).

It will be seen that there is no lack of combining-power
on the part of rabbit’s complement, and that the amount
increases with the amount of immune-body, though con-
siderable deviations from exact arithmetical proportions are
met with. Sometimes more, proportionately, is taken up
by ten hemolytic doses than by one hemolytic dose, some-
times less ; we have met with the former phenomenon in
soveral other experiments than that quoted, and are not
able to give at present an explanation of it. Another
point is that the hemolytic dose of immune-body (expressed
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as ‘10 D. of IB.’) leads to the taking up of more than a
hemolytic dose of rabbit’s complement. This phenomenon
is, probably, related to the fact brought out by Morgenroth
and Sachs! that the M.H.D. of complement sometimes
varies greatly, according to the amount of immune-body
used, and, conversely, the M.H.D. of immune-body may
vary greatly, according to the amount of complement.
The explanation of this is also outside the scope of the
present paper.

(b) With Guinea-Pig’s Complemeni—
The combination of guinea-pig’s complement may be
exemplified by the following :—
Experiment LXII.—
1 D of IB took up 0-04 c.c. guinea-pig’s C.
10 5 = 0-36 ,, 53
Experiment LXIII.—

1 D of IB took up 0-012 c.c. guinea-pig’s C.
10 T 1 0-27 1 1

The indicator was ox’s corpuscles treated with immune-
body. Here we have variations corresponding to those
noted above.

We have also found that with this immune-body a small
quantity of guinea-pig’s complement keeps out of combina-
tion a certain amount of rabbit’s complement, and that
saturation with rabbit’s complement implies practical
saturation for guinea-pig’s complement also. A similar
statement applies to rabbit’s complement keeping out
guinea-pig’s complement.

(e) With Ox’s Complement—

Owing to the lack of anti-serum, we were unable to
study the combining relationships of ox’s complement
through the medium of this immune-body. This defect,

however, cannot modify the main conclusions arrived at.

! Morgenroth and Sachs, Berlin, klin. Woch., 1902, No. 35.
MUIR G
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1. Immune-body to Ox’s Corpuscles (obtained by injecting
the Rabbit).

It will be seen from the tables above that the dose of
immune-body is practically the same with guinea-pig’s
as with rabbit’s complement. The dose of the latter com-
plement is the higher, and in a previous section (p. 45),
it was shown that this was probably due to a smaller number
of complement molecules in a given volume of serum,
rather than to a weaker action of the zymotoxie group.
The combining relationships of the two complements have
also been fully discussed there, so that it is unnecessary
to repeat the results obtained. It is sufficient to say that
they behave as regards combination in hemolysis pretty
much as if they had the same haptophore groups. We
shall refer merely to the action of ox’s complement along
with the above immune-body.

With this combination it is usually impossible! to produce
more than a fraction of lysis in the corpuscles (usually not
more than a tenth), no matter how large amounts of immune-
body and complement are used ; in only one case did we
get a considerable amount of lysis, about three-fourths.
We never obtained complete lysis, however. In other
words, the ox’s serum does not °complement’. Is this
due to want of combining power of the ox’s complement,
or to the deficiency of toxic action ¥ This question can
be answered by finding the amount of complement taken
up when varying amounts of immune-body are used.

The scheme is :—

Ox’s O +n IB+z ox’s C : guinea-pig’s O + IB.

1 This applies only to cases where the immune-body and the comple-
ment are added at the same time to the corpuscles, as is the usual pro-
cedure. If, however, the immune-body be added to the corpuscles an
hour before the complement, lysis of the corpuscles sometimes results

(vide, p. 87).

oo
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As lysis does not occur in the first stage, the contents
of each tube are centrifugalized, and the fluid is added to
the guinea-pig’s corpuscles. The following results were
obtained :(—

Experiment LXXIIL.—

1 D of IB took up 0-04 c.c. ox’s C.
4 23 2 0-06 ,, ”

B ) kR ] I".l ¥ 3
Dose of ox’s complement for guinea-pig’s corpuscles =
0-03 ec.c.

Experiment LXXIV.—
1 D of IB took up 0-014 c.c. ox’s C.
4 3 - 0-02
B EES b L ¥ 13

Dose of ox’s complement for guinea-pig’s corpuscles =
002 c.c.

13 ]

From these it is evident (1) that a considerable amount
of ox’s complement is taken up by one dose of immune-
body (i.e. by 1 M.H.D. as tested with rabbit’s or guinea-
pig’s complement), but this amount of complement, which
may be more than sufficient to produce complete lysis of
rabbit’s or guinea-pig’s corpuscles, produces almost no lysis
of the ox’s corpuscles; and (2) that the total amount of
complement which can be taken up is almost reached with
one dose of immune-body, additional doses of immune-
body scarcely increasing the amount. There is, of course,
in this case, no possibility of the phenomenon being due
to dissociation of complement after combination, as the
ox’s corpuscles are removed by centrifugalization before
the guinea-pig’s corpuscles are added, and, therefore, any
complement obtainable must have been free in the fluid.
Accordingly, we have here, again, an example of the relative
non-gensitiveness of an animal’s corpuscles to the action
of its own complement when it is brought into union with

G2
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them by an immune-body. But, in addition, there is,
unlike the two previous cases, a deficiency also in the com-
bining power of complement beyond a certain point, or, in
other words, only a small proportion of the molecules of
the red corpuscles combined with immune-body (R 4 IB
molecules) take up ox’s complement.

The fact that in the case just described, only some of
the R -+ IB molecules take up complement is of considerable
theoretical importance. It is to be noted that almost all
the R -} IB molecules capable of taking up complement are
present after the addition of one dose of immune-body,
and that the subsequent addition of the same immune-
body molecules scarcely increases the amount of comple-
ment taken up, though these molecules combine with the
receptors of the red corpuscles. It would therefore appear
that the failure on the part of an R + IB molecule to combine
with complement is due in some way to the receptors and
not to the immune-body. According to Ehrlich’s theory
the amboceptor (immune-body) has practically no affinity
for complement in the free state, but acquires that affinity
when combined with the tissue or bacterial molecule. But
the result above stated would, according to the amboceptor
hypothesis, imply that only some molecules capable of
combining with immune-body give the latter affinity for
complement. According to the view that the immune-
body renders the tissue molecule capable of taking up com-
plement, the explanation would simply be that some of
the molecules of the ox’s corpuscles have no combining-group
for the ox’s complement, though they enter into combina-
tion with immune-body. It is not possible on theoretical
grounds to establish either of these hypotheses by the
exclusion of the other, but whichever may be ultimately
established, the importance of the nature of the tissue
molecule or receptor in determining whether complement
will be taken up or not is brought out with sufficient clearness.
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The chief results may be summarized as follows :—

1. In the action of a complement there are two distinct
factors, viz. (@) power of chemical combination, and () toxic
action, corresponding to the * haptophore ’ and the ‘ zymo-
toxic * groups of Ehrlich ; deficiency in the action of com-
plement (or in ‘complementing’) does not necessarily
imply want of combining affinity, but may be entirely due
to the non-sensitiveness of the tissue-molecule to the zymo-
toxic group.

2. In the case of the three h®molytic sera studied, the
outstanding fact is the large dose both of immune-body
and of complement necessary when we use the complement
of the same species of animal as that whose corpuscles are
being tested.

3. In all three cases there is a relative non-sensitiveness
of the corpuscles of the animal to the zymotoxic group of
its own complement ; hence a large dose of immune-body
is requisite to bring into combination the amount of com-
plement necessary for heemolysis. In one case (that of the
ox) there is also a deficiency in the combining power of the
complement with the receptors of the red corpuscles united
to immune-body ; from the two conditions acting together
complete heemolysis cannot be obtained.

4. Although differences among the molecules of the same
immune-serum may occur, we have found no evidence that
the striking differences in the dosage of the immune-body
with different complements, and also in the dosage of various
complements, are due to the multiplicity of immune-bodies.

No one has yet succeeded in producing an anti-substance
or immune-body by injecting an animal with its own cor-
puscles or cells—such a body as with the aid of complement
would produce destruction of these cells. This is mani-
festly a provision against self-poisoning, and Ehrlich has
applied to it the term autotoxicus horror. The results which
we have brought forward, if they were found to hold
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generally, would go to show that even if some substance
should appear which acted as an immune-hody, there is a
further provision whereby the complement of an animal
should produce comparatively little harmful effect.

ON THE ACTION OF COMPLEMENT AS
AGGLUTININ

In the course of our experiments on hemolytic sera we
have met with the following phenomenon which appears of
some interest. It consists in the agglutination of the
corpuscles of an animal by its own complement through
the medium of the corresponding immune-body derived
from another animal, and was observed first in the case of
ox’s corpuscles, the immune-body used being obtained
from the rabbit. The fundamental fact is that if a certain
amount of immune-body and ox’s complement be added
to ox’s corpuscles, scarcely any lysis of the corpuscles occurs,
but they become agglutinated into large masses which cannot
be dissociated by shaking. The immune-serum from the
rabbit contains some agglutinin, but the degree of agglutina-
tion produced by this is quite trifling compared with that
seen when complement also is added. There is thus no doubt
that the agglutination phenomenon depends on the co-opera-
tion of two substances in a manner comparable to what
obtains in lysis. The following are the chief facts regarding
the conditions of occurrence of the agglutination and the
nature of the agglutinating substance in the ox’s serum.

Firstly as regards dosage, a certain amount both of com-
plement and immune-body is necessary. Taking as the
standard (one hemolytic dose) the amount of immune-body
sufficient to produce complete lysis of 1 c.c. of 5 per cent.
suspension of ox’s corpuscles in 0-8 per cent. sodium chloride
solution along with guinea-pig’s complement, we find that
the maximum agglutination is obtained by 3-4 doses of
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immune-body and 0-2-0-3 c.c. of 0x’s serum (complement).
The addition of larger amounts of immune-body or of
complement has some effect in increasing the agglutination,
but only to a trifling extent. It occurred to us that the
agglutination might be due to the imperfect lytic action of
complement, resulting in the production of an adhesiveness
of the corpuscles, but we have found that the agglutination
by the complement also occurs when the lysis is complete.
If we take some suspension of ox’s corpuscles, add several
doses (say eight) of immune-body and produce complete lysis
by a single dose of guinea-pig’s complement, we get a clear
fluid, in which nothing can be seen by the naked eye, and in
which on microscopic examination the stromata or shadows
are seen to be uniformly distributed. If then to such a fluid
we add 0-2 c.c. of ox’s serum and place the mixture in the
incubator for a short time, flocculi appear which are found to
be composed of agglutinated stromata. Anotherexample may
be given. We have stated (p. 73) that it is not possible to
produce complete lysis of ox’s corpuscles by ox’s comple-
ment acting along with the immune-body mentioned, and
we have found this always to be the case when the immune-
body and the complement are added at the same time.
Since making that statement, however, we have observed
that if the immune-body is added some time—say an hour—
previous to the addition of the complement, then as a rule
complete lysis does occur on the addition of the latter, and
in such a case there is marked agglutination of the stromata.
From these facts it is evident that the agglutination does
not depend upon an imperfect lysis.

Another point worthy of note is that the agglutination
passes off after some time, usually in five or six hours, at
the room temperature. When this occurs the agglutination
can be restored on the addition of more complement, whilst
additional immune-body is practically without effect. As a
rule this second agglutination is not quite so marked as the
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first. The passing-off of the agglutination is seen both in
the case of the unlysed corpuscles and also in the case of
the stromata.

We have also inquired into the temperature at which the
agglutination occurs. It is seen within a few minutes (with
the doses mentioned above) at 37° C. and in a not much longer
time at the room temperature. At 0° C. on the other hand,
even after a period of two hours, there is practically no agglu-
tination visible to the naked eye. It would appear from
this that the agglutinating action of complement was absent
at this temperature, but if we centrifugalize the treated
corpuscles it is found that they adhere in masses so firmly
that they cannot be separated by shaking. It is thus shown
that there is some slight action at 0° C., evidenced by
abnormal stickiness of the corpuscles but not by the spon-
taneous clumping seen at higher temperatures. We therefore
cannot say that the agglutinating substance is entirely
without action at 0° C., though it is much less marked than
at higher temperatures. We may mention another case,
viz. guinea-pig’s corpuscles, immune-body from the rabbit,
and ox’s complement, with which combination there is
marked agglutination by complement at 0° C., though of
course there is no lysis.

When the ox’s serum is heated for an hour at 55° C. its
agglutinating property, like its h@molytic, is lost, such a
serum having no effect when added to ox’s corpuscles treated
with immune-body.

From this short statement it is seen that the agglutinating
body, studied in the normal serum of the ox, resembles
hzemolytic complement both as regards (a) its comparative
lability—it is rapidly destroyed at 55° C., and (b) its acting
only in association with immune-body. These circum-
stances justify the application of ‘ complement ’ to it. It is
not quite clear, however, whether this agglutinating comple-
ment and the ordinary lytic complement are one and the
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same substance. A study of the temperatures at which the
two effects—agglutination and lysis—occur, shows that a
slight difference exists. This may be due to there being
what we may call two complements, or it may simply be due
to one substance exerting the agglutinating effect at the
lower temperature. Further observations will be necessary
on this point. It is also to be noted that the production of
adhesiveness of the corpuscles may be manifested before
agglutination in the ordinary sense appears.

The facts noted show that the phenomenon of agglutina-
tion usually produced by a single body (agglutinin) possessed
of combining and agglutinating groups, can also result from
the co-operation of two substances in a manner completely
analogous to what is seen in bacteriolytic and hemolytic
action. Whether this agglutination of an animal’s cor-
puscles by its own complement may be brought about in
conditions of disease by some substance acting like an
immune-body remains to be seen. If it does, it is manifest
that very grave effects will result.



ON THE FILTRATION OF SERUM
COMPLEMENT

A considerable number of facts have been accumulated
with regard to the effect of passing organic and other solu-

tions through porcelain filters, though the physical processes
underlying such facts are far from being fully understood.

The subject has perhaps been most fully investigated in the case
of enzymes, and the literature on the subject has been collected
by Levy,! to whose paper the reader may be referred for details.
It is sufficient to state that various enzymes are kept back to a
varying extent by filtering through porcelain and other filters.
Levy, for example, found that rennet was completely retained by
a Berkefeld filter, that pepsin was partially retained, and that
ptyalin and taka diastase passed through. Sirotinin? found that
when a peptone solution was passed through a porcelain filter,
a certain amount was retained at first, but that afterwards the
peptone passed through freely. Similar results have also been
obtained with metallic colloidal solutions. Zsigmondy 2, for example,
quotes the finding of Bredig that a certain amount of colloidal gold
is at first retained by a Pukall filter, but that later it passes through
freely for a time. He also makes the important observation, that
when a certain amount of egg-white is added to the gold solution,
the filter becomes permeable, a fact which is of high importance
in relation to some of the results obtained below. Observations
with regard to the constituents of the serum concerned in hemolysis
and bacteriolysis appear to be comparatively few. Ehrlich and
Morgenroth 4, on filtering goat’s serum through a Pukall filter,
found that the complement concerned in the natural lysis of rabbit’s
corpuscles was retained, while that acting on guinea-pig's corpuscles
passed through. They also found that the normal immune-body

' Levy, Journ. Infect. Diseases, 1905, ii, p. 1.
* Sirotinin, Zettschr. f. Hyg., 1888, iv, p. 288.
* Zsigmondy, Zur Erkenntnis der Kolloide, Jena, 1905.
* Ehrlich and Morgenroth, Studies on Immunity, 1906,



ON FILTRATION OF SERUM COMPLEMENT 91

for rabbit’s corpuscles passed through the filter. Vedder!, as
a result of filtering fresh serum through a porcelain filter, found
that some bacteriolytic complements were retained, e.g. those for
the Bacillus coli and Staphylococeus aureus ; whilst others, e.g. that
for the typhoid bacillus, passed through. Muir and Ferguson?
found that when rabbit’s corpuscles were lysed with the minimum
dose of hemolytic serum, the surplus of the receptors of the red
corpuscles were retained by a porcelain filter, whilst in the case of
lysis by water, a very small proportion of the receptors passed
through. They also mentioned in connexion with these experiments
that immune-body passes through a filter practically unchanged,
whilst complement is to a large extent removed from the serum.

The following investigation was undertaken in order to
determine certain factors influencing the filtration of serum
complement. The experiments were performed with small
Berkefeld filters 5.5 em. in length, and all the results stated
below refer to filters of this kind. Some observations were
made with Maassen filters, but these were found to be more
permeable to complement, although the fluid passed through
more slowly than in the case of the Berkefeld filters. Their
use was accordingly discontinued. As pointed out by Levy,
Berkefeld filters have often a distinctly alkaline reaction,
and, accordingly, in all cases before using a filter we have
passed water through it till no trace of alkalinity was given
by the filtrate. The filters were then dried at 57° C. for
twenty-four hours. Fresh serum of normal guinea-pigs was
used in all the experiments, and was diluted with an equal
volume of 0-85 per cent. solution of sodium chloride before
filbration. Comparative experiments were always performed
at the same time, and, as nearly as possible, the rate of
filtration was uniform ; as a rule about 5 c.c. passing through
in about two minutes after the filter was saturated with the
fluid. As we obtained at first very discordant results when
the same filter was used more than once, the explanation

! Vedder, Journ. Med. Research, 1903, vol. ix, p. 475.
* Muir and Ferguson, Journ. Path. and Bacter., 1906, xi, p. 84.
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for which will be given later, the observations recorded,
except where otherwise stated, were always made with fresh
filters. Even under these conditions considerable varia-
bility in the action of filters was found, as will be shown
below. We always employed a heemolytic test for estimating
the amount of complement, namely, 1 c.c. of a 5 per cent.
suspension of ox corpuscles, sensitized with immune-body
from the rabbit. The hemolytic dose was in each case tested
before and after filtration of the serum.

FiutraTiON oF HaEMoryTic COMPLEMENT

As the result of a large number of experiments, we may
state the general conclusion that a small quantity of serum,
say 3 to 4c.c., filtered under the above conditions, loses
haemolytic complement to a great extent, sometimes almost
completely. It will be sufficient if we give the two extreme
cases which we have met with : (a) In one case the dose of
complement before filtration was 0.006 c.c., while after
filiration 0-4 c.c. gave practically no lysis. We calculated
that in this case not more than one seven-hundredth part
of the complement originally present had passed through.
(b) In another case the dose before filtration was 0-003 c.c.,
whilst after filtration it was 0.025 c.c. In this case the
amount of complement had been reduced to a little less than
an eighth of the original amount. It is thus seen that great
variations in the amount of complement retained occur, and
these are also met with when the same serum is filtered
through different filters.

With regard to the mechanism by which the complement
is retained, we can say nothing further at present than that
in all probability it is fixed in some way in the pores of the
filters. It might possibly be destroyed in the process of
filtration, but we know of no other example of destruction
of complement in so short a time. There is, of course, no
question as to the complement molecules being mechanically
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retained on account of their size. This is made sufficiently
evident by the permeability which appears after a time
(vide infra). In speaking of complement being fixed by the
filter, we mean that it apparently combines with its sub-
stance, and is thereafter not recoverable. For example, if
after filtering fresh serum, some salt solution is passed
through the filter, this does not carry the retained comple-
ment with it, and if then the filter be pounded in a
mortar and treated with salt solution, no complement is
obtained in the fluid. We have hitherto failed by any
means to recover complement after it has been removed by
the filter. As various particulate substances have the
property of absorbing complement, we tested the effect of
adding the powdered substance of the filter to fresh serum,
and shaking the mixture thoroughly. Practically no absorp-
tion of complement by the substance of the filter can be
shown in this way. Accordingly the passage of the serum
through the pores of the filter seems essential to the pheno-
menon.

The following experiments show that the property
possessed by a filter of stopping complement is soon lost in
the process of filtration. Such experiments have all been
performed on the same plan. A quantity of serum, usually
about 4 c.c. diluted with an equal quantity of salt solution,
is filtered ; the filter is then washed thoroughly by passing
water through it in the reverse direction; it is then thoroughly
dried at 57° C., and its properties are again tested by filtering

a fresh amount of serum. The following are illustrative
examples :—

ExampPLE 1.—Dose of complement before filtration . 0.005 c.c.
Yt 5 after filtration . 0256
The filter is then washed and its properties are tested, with the
result :—
Dose of complement before filtration . . ., . 0.005 c.c.
2 3 after filtration . ; - . 0:016 ,,
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It is thus seen that very much more complement, about fifteen
times as much, passes through on the second filtration.

ExaMpLE 2.—Dose of complement before filtration . . 0-005 c.c.
» s after filtration, about 0.5 ,,

2nd filtration.—Dose of complement before filtration . 0005 ,,
o o after filtration . . 0.005 ,,

In this case the result is even more striking; the filter having
been rendered practically permeable to complement. We then
tested to what extent the property of retaining complement might
be restored by burning the filter at a dull red heat in a hot-air
chamber. The filter was the one used in the last example, and after
being heated it was tested, with the result :—

Dose of complement before filtration s o0 w0005 c.c.
= i after filtration . : : . 0.04

n

It is thus evident that the property of retaining comple-
ment has, to a certain extent, been restored by heating the
filter.

We have also tested the effect of passing through the
filter serum which has been deprived of complement by
heating at 55° C. The serum used was that of the rabbit.
About 10 c.c. of a mixture of serum diluted with equal parts
of salt solution was passed through, then the effect of filtering
guinea-pig’s complement was tested. The result obtained
was—

Dose of complement before filtration B 11 5 1S
4 ¥ after filtration . ; : . 0:006 ,,

Accordingly, more than half of the complement has passed
through the filter, a result which is never obtained with
a fresh filter. Heated serum, that is, serum deprived of
complement, thus removes, to a certain extent, the property
which a filter has of retaining complement. The effect of
passing egg-white through the filter was very much less
marked. BEgg-white passes through with great difficulty,
requiring to be diluted with about ten volumes of salt
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solution in order to pass through as quickly as serum.
About 10 c.c. of diluted egg-white was passed through, and
then the filter was tested as before. Result—

Dose of complement before filtration 2 ah i 8 g O
5 ' after filtzation . . . . 0156,

Thus only about one-fifteenth part of complement passed
through the treated filter, a quantity which is not greater
than may sometimes be obtained with a fresh filter.

We have also investigated the effect of temperature on the
process of filtration, but have obtained varying results.
The earlier experiments seemed to show that complement
passed the filter in large amount at 0° C., but in further
experiments with fresh filters we found that complement
might be retained as effectively at this temperature as at
37°C. We can at present make no definite statement on
this point.

ErreEcTs oF SALT CONTENT ON FILTRATION

In the progress of our experiments, the question occurred
to us whether there might not be some relation between the
retention of complement by the filter and the combining
activity of complement. As is well known, the latter does
not combine at 0°C. with red corpuscles treated with immune-
body, and experiments were carried out to determine the
effects of filtration at different temperatures. The results
have just been stated. The union of complement with
sensitized corpuscles is also prevented by a certain concen-
tration of salt solution, and we accordingly tested whether
the process of filtration was influenced by the amount of
salt in the fluid. The method used was to add an equal
quantity of 10 per cent. sodium chloride solution to fresh
guinea-pig’s serum, and then to filter the mixture. The
filtrate was then diluted with distilled water so as to restore
the salt concentration to 0-85 per cent. A quantity of
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normal serum with an equal volume of 0.85 per cent. salt
solution added to it was filtered at the same time through
another filter, and the filtrate was diluted with 0-85 per cent.
salt solution, so as to make it of equal bulk to the other.
The haemolytic action of the two fluids was then tested. The
following are examples of such experiments, the hemolytic
dose being expressed in terms of the actual amount of serum
necessary to bring about complete lysis.

ExampLE 1.—Dose of complement before filtration . . 0-005 c.c.
0 7 filtered in usual way

about . - s oieh: s
5 i filtered in 5 per cent.

salt solution . . 0-0085,,

It is thus seen that while only about one-hundredth part of the
complement originally present has passed the filter by the ordinary
method of filtration, more than half the complement has passed
the filter in the presence of b per cent. sodium chloride.

ExampLE 2.—Dose of complement before filtration . . 001 e
» 1 filtered in usual way
about . ; S b R
33 o filtered in 5 per cent.
salt solution . 001 .

In this case practically all the complement in the salted serum
has passed.

ExampLE 3.—Dose of complement before filtration . . 0-006 c.c.
i = filtered in usual way. 02

1 1 filtered in 5 per cent.
salt solution . . 0:018 ,,

In this case, fully a half of the complement in the salted serum
passed the filter.

It is thus evident that the addition of an amount of salt
sufficient to inhibit the hamolytic action of complement
prevents in some way, which we cannot at present explain,
the retention of complement in the pores of the filter.
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Ox THE FrLtrATION OF COMPLEMENT ALONG WITH
IMMUNE-BODY

As already noted (p. 91), we found that immune-body
passes through the filter practically unchanged, and our
results in the present series of experiments are confirmatory.
We accordingly considered it a matter of interest to inquire
how the filtration of immune-body was affected by the
presence of complement, As is well known, complement
and immune-body when they are present in a mixture are
readily separable from each other by absorption methods at
0° C., but Ehrlich has suggested that they probably unite at
a higher temperature, the supposed amboceptor action of the
immune-body coming into play. Now if this were so, we
should expect that the immune-body which had combined
with complement would be retained by the filter along with
the latter, and thus the amount of immune-body in the
filtrate would be diminished, as compared with the amount
when immune-body is filtered alone. In every case, however,
we obtained the result that even when complement is present,
immune-body is practically unaffected by filtration.

In the two first experiments we have as nearly as possible
used corresponding amounts of immune-body and comple-
ment, as shown by their hemolytic doses. In the third
experiment a considerable excess of complement was present,
as we supposed that possibly by this means there might be
retention of immune-body. The complement (fresh serum
of guinea-pig) and the immune-body (serum of a rabbit
treated with ox’s corpuscles, deprived of complement by
heating at 55° C.) were mixed together in the quantities
indicated, and the volume was made up to 8c.c. with
0-85 per cent. sodium chloride solution. The mixture was
then filtered as described.

ExampLE 1.—One hundred doses of complement (hemolytic dose,
MUIR H
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0-005 c.c.) and one hundred doses of immune body (hsmolytic
dose, 0-003 c.c.). Filtration at 37° C.

Dose of complement before filtration v e 2 DB -ce.
2 ,, after filtration . : ; L T

Dose of immune-body before filtration . . . 0.003 ,,
2 4 after filtration : : . 0.003 ,,

ExaMpLE 2.—Four hundred doses of complement and four hundred

doses of immune-body : incubated for one and a half hours at
37° C. and then filtered.

Dose of complement before filtration . . . 001 c.e.
5 o after filtration, about . . 04 “

Dose of immune-body before filtration . . . 0:0008 ,,
2 e after filtration : g . 0-0008 |,

ExAMpPLE 3.—One thousand doses of complement and four hundred
doses of immune-body filtered after being allowed to stand for two
hours at room temperature.

Dose of complement before filtration . - . 0005 c.c.
o 5 after filtration : : . 0125 ..

Dose of immune-body before filtration . : . 0.0025 ,,
% 5 after filtration ; - . 00025 ,,

In all these examples it is seen that the immune-body
passes through the filter unchanged in amount, even when
it is associated with a large quantity of complement. The
complement, on the other hand, undergoes a marked reduc-
tion, just as in the previous experiments. Accordingly, so
far as this method of investigation shows, there is no indica-
tion that immune-body unites with complement at the
temperatures at which complement is known to act, namely,
room temperature and especially at 37°C. It might be
suggested that complement unites with immune-body, but
that the union is of such a loose nature that the two sub-
stances are separated in the process of filtration. This,
however, appears rather an extravagant supposition, and is
one for which we have no evidence.

B e e il s o il i e«
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STtMMARY OF RESULTS

1. In the early stages of filtration of normal serum through
a Berkefeld filter complement is in great part, sometimes
almost completely, removed from the serum, and the com-
plement retained by the filter is not recoverable,

2. In the process of filtration the filter soon becomes
permeable to complement. Permeability can also be pro-
duced by the passage of serum previously deprived of com-
plement by heating.

3. Complement rendered inactive by the addition of
5 per cent. sodium chloride passes through a Berkefeld
filter, the original value of complement being almost com-
pletely regained on making the necessary dilution of the
filtered salted serum.

4. Immune-body passes through the filter practically un-
changed. It passes equally well when it is mixed with
a corresponding quantity of complement at 37°C. and
filtered at this temperature, while the complement is retained.
Such filtration experiments supply no evidence that com-
plement and immune-body unite at this temperature.

H2



SECTION C. ON THE PROPERTIES OF ANTI-
IMMUNE-BODIES

Of papers published within recent years which concern the
properties of immune-sera and bear upon the general theory
of immunity, one of the most important is that of Bordet? on
antisensibilisatrices (anti-immune-bodies, anti-amboceptors).
This observer obtained an anti-immune-body by injecting
the serum of a normal animal (rabbit) into an animal of
another species (guinea-pig), and found that there was
developed an anti-immune-body which had the property of
neutralizing the various immune-bodies which might be
developed by active immunization of the first animal. In
this way a certain community as regards combining pro-
perties was demonstrated among the immune-bodies of a
given species of animal. He studied the properties of the
anti-immune-body, and in particular showed that it did not
combine with the eytophile group of the immune-body, and
therefore did not prevent the usual combination of the cell-
receptor with the immune-body. This fact he held to be
inconsistent with Ehrlich’s views regarding the amboceptor
constitution of immune-body. His observations on the
neutralizing effect of the anti-immune-body were carried out
by means of hemolytic sera. Ehrlich and Sachs® confirmed
the chief results obtained by Bordet, but so far from admit-
ting the establishment of any objection to the amboceptor
theory, claimed that they supplied strong evidence in support
of it. They maintained, in fact, that the anti-immune-body
acted by combining with the complementophile group of the
amboceptor, and thus prevented the union of complement,

' Bordet, Ann. de I'Inst. Pasteur, 1904, Tome xviii, p. 593.
* Ehrlich and Sachs, Berlin, klin. Wochenschr,, 1905, pp. 657, 609.
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stating also that the results showed that the various immune-
bodies from the same species had a similar complementophile
apparatus. The thoretical bearings of the facts established,
will, however, be discussed later.

As the subject appeared to us to be of high importance, we
have repeated the various experiments, and have in addition
studied the combining properties of anti-immune-bodies by
quantitative methods. We have especially inquired whether
the combination of anti-immune-body can thus be demon-
strated even when its action in preventing lysis of red
corpuscles is not apparent, and have found this to be the case.
In this connection we have been forced to consider certain
circumstances which influence the occurrence of lysis, and
have carried out observations on the effect produced by
altering the medium of suspension of the red corpuscles.
The investigation thus consisted of two main parts, viz. (1) a
preliminary part, dealing with the dosage of complement in
different media, which has been recorded above (p. 62), and
(2) a part dealing with the main subject of the investiga-
tion, viz. anti-immune-bodies.

The methods employed are those described in previous
sections and need not be repeated. The test quantity of
corpuscles generally used was half the usual amount, viz.
0-5 c.c. of a 5 per cent. suspension of washed corpuscles in 0-85
per cent. salt solution. The anti-immune-body was obtained
by injecting guinea-pigs with the serum of the normal rabbit,
a guinea-pig of about 500 grams receiving two intraperitoneal
injections of from 4 to 6 c.c. on two occasions, with an interval
of ten days between,and then beingkilled about ten days after
the last injection. Several guinea-pigs were thus treated at
the same time, and the various sera were mixed together and
heated at 55°C. to deprive them of complement. The
immune-body in most cases is that obtained by injecting
rabbits with ox’s corpuscles freed from serum by washing in
salt solution. In some experiments we also used an anti-
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immune-body to the guinea-pig’s immune-bodies, which was
obtained by injecting a rabbit with guinea-pig’s serum. It
is convenient, as Bordet has done, to indicate that a serum
has been deprived of the action of complement by heating,
to place 55° C. after its name, e.g. guinea-pig’s serum 55°
means the serum of a normal guinea-pig, heated for an hour
at 55° C.

DEMONSTRATIONS OF THE ACTION OF ANTI-IMMUNE-BODY

As stated above, the anti-immune-body is obtained by
injecting the guinea-pig with the normal serum of the rabbit.
We shall speak of such a serum obtained from a guinea-pig
as anti-IB; it is, of course, deprived of complement by
heating at 55° C.

The fundamental result obtained by Bordet, showing that
the anti-immune-body unites with red corpuscles sensitized
with immune-body and protects them against the action of
complement, is readily demonstrated. The following may
be taken as an example.

The experiment may be represented thus :—

W W
A. RCs+31IB: +0.3 c.c. anti-IB : +C no lysis!?
B. RCs+3IB: +0-3 c.c. guinea-pig’s serum 55°; +C lysis?

The vertical interrupted line represents a period of incubation at
37° (., for an hour unless the time is stated.

W signifies that the corpuscles are washed and centrifugalized
after incubation.

Two series of tubes (A and B) each containing 0-5 c.c. of
suspension of red corpuscles are prepared, and to each
three heemolytic doses of immune-body are added. After
an hour to allow for combination the corpuscles are centri-
fugalized and washed with salt solution (all the immune-
body present is therefore in combination with the red

' The corpuscles are suspended in guinea-pig's serum 55° C.

e il e i
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corpuscles). To each of the tubes in one series (A) we add
0-3 c.c. of anti-immune-body ; to the tubes in series B, 0-3 c.c.
of normal guinea-pig’s serum heated at 55° C. as a control.
The tubes are placed in the incubator at 37° C. and after
an hour they are centrifugalized and the contents washed
with salt solution. They are again centrifugalized and the
salt solution is pipetted off. To each tube is added 0-5 c.c. of
guinea-pig’s serum heated at 55° C. We have thus two
series of tubes, in one of which the corpuscles are combined
with IB and anti-IB, in the other only with IB. We then
test the effects of complement by adding varying amounts
to the several tubes. It is found that in series A 0-1 c.c. of
complement produces practically no lysis, whilst in series
B the same amount produces complete lysis. In series A
even 0-2 c.c. of complement produces only slight lysis.

Ox THE MoDE oF ACTION OF ANTI-IMMUNE-BODY

Does the anti-immune-body act by preventing the union
of complement with the red corpuscles treated with immune-
body or by in some way inhibiting the toxic action of comple-
ment ¥ The former will be shown to be the case, if we
separate the fluid from a tube in which lysis has been pre-
vented by anti-immune-body and find that it contains
uncombined complement, the test being made in the usual
way by adding red corpuscles treated with immune-body
ana observing whether lysis results. Experiments carried
out on these lines show clearly that in every case where the
anti-immune-body prevents lysis, complement has been kept
out of combination. This is in confirmation of the result
arrived at by Bordet. In our initial experiments the red
corpuscles were suspended in guinea-pig’s serum b55°, in
accordance with Bordet’s method, but we afterwards used salt
solution as the medium of suspension and investigated the
action of the anti-immune-body in general, even where lysis
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is not prevented. The details of method are of similar
nature in the two cases and are given below.

Bordet found that the action of anti-immune-body could
be demonstrated when the corpuscles were suspended in
guinea-pig’s serum 55° C., whereas this result was usually
not obtained when they were suspended in salt solution.
A priore it is unlikely that the action of anti-immune-body
18 not identical in the two conditions, and we have investi-
gated whether this is the case. We find that in salt solution
the effect of anti-IB can be demonstrated in two ways:
(@) by its delaying lysis, and (&) by its keeping out comple-
ment. We proceed as before by adding immune-body and
anti-immune-body to the one series of tubes containing 0-5 c.c.
suspension of red corpuscles, and to the other series immune-
body and normal guinea-pig’s serum heated at 55° C. After
the corpuscles have been washed, complement is added in

varying amounts.

A. Red corpuscles -} 5 doses of IB - 0-25 c.c. anti-IB.
Amounts of guinea-pig’s C 0-01, 0-015, 0-02, 0-025,
0-03, 0-04, 0:05, 0-06 c.c.
Dose of C = 0-005 c.c.
Amount of C taken up in 1} hours at 37° C. =0-012 c.c.
B. Red corpuscles 4 5 doses of IB --0-25c.c. guinea-
pig’s serum 55° C,
Amounts of C added as in A.
Amount of C taken up = 0-023 c.c.

The difference in the amount of complement taken up in
the two series is thus very striking, being 0-011 ¢.c. or more
than two hemolytic doses of C, this amount being kept out
by the action of anti-1B.

The action of the anti-IB was also shown by the compara-
tive rapidity of the initial lysis in the two series. After
twenty-five minutes, lysis in series A was just complete in the
tube containing 0-04 c.c. of complement, whilst at the same

s il v il o e w
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time in series B it was complete in the tube containing -015 c.c.
of complement ; at the end of forty minutes, however, lysis
was complete in all the tubes of both series. The action of
anti-IB can thus be demonstrated quite clearly by the rate
of occurrence of lysis when the corpuscles are suspended in
salt solution, even though lysis is not prevented. The
difference as regards lysis in the two media is due to the
fact that a much larger dose of complement is necessary
when the corpuscles are suspended in guinea-pig’s serum 55°;
that is, complement acts more feebly, and any further
diminution in its action is much more apparent. We there-
fore conclude that whether lysis is prevented or not, the
anti-immune-body in every case keeps a certain amount of
complement out of combination.

AcTioN OF ANTI-IMMUNE-BODY ON MurtirLE IMMUNE-
BODIES DEVELOPED BY ACTIVE IMMUNIZATION

Bordet found that anti-immune-body acted on all the
immune-bodies supplied by the animal whose serum was
injected in order to produce the anti-immune-body. In
addition to the immune-body for ox’s corpuscles we have
also investigated by quantitative methods the action of
anti-immune-body in the case of the immune-body for
guinea-pig’s corpuscles (obtained by injecting a rabbit with
these corpuscles).

Example. Dose of IB for guinea-pig’s corpuscles =
0-006 c.c.t

Two series of tubes, A and B, containing 0-5 c.c. suspension
of red corpuscles and four doses of immune-body, are
prepared as before, those in A also receiving 0-2 c.c. anti-IB—
the details need not be repeated. In series A the amount
of guinea-pig’s complement taken up was 0-015c.c.: in
series B, 0-045¢c.c. Therefore the anti-immune-body (0-2 c.c.)

' i.e. along with rabbit’s complement, On variations in dosage vide

p. 72.
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kept out of combination 0-03 c.c. of C. (The test for uncom-
bined complement was 0x’s corpuscles treated with immune-
body.)

It 1s interesting to note that in & similar experiment made
at the same time with ox’s corpuscles treated with four
doses of immune-body the amount of complement kept out
by 0-2 c.c. of anti-immune-body was the same as in the case
of guinea-pig’s corpuscles, i.e. 0-03 c.c. of complement, as
tested with corpuscles treated with immune-body. In other
words, apparently the same amount of anti-immune-body
had been taken up by the two kinds of corpuscles treated
with their corresponding immune-body.

AcTION OF ANTI-IMMUNE-BODY ON NATURAL IMMUNE-BODIES

We have investigated this in the case of the anti-immune-
body obtained by injecting the rabbit with guinea-pig’s
serum—the anti-immune-body thus neutralizing the immune-
bodies derived from the guinea-pig. The normal serum of
the guinea-pig has a varying degree of heemolytic action on
both rabbit’s and ox’s corpuscles, and this, as was shown by
Ehrlich, is due to the combined action of natural immune-
bodies with complement. By placing the corpuscles
(rabbit’s or ox’s) in contact with the guinea-pig’s serum at
0° C. a certain proportion of immune-body enters into
combination, as is shown by the fact that when the corpuscles
are washed in salt solution and complement is added a certain
amount of lysis takes place. The method of testing the
action of anti-immune-body is thus the following. The
corpuscles are placed in the serum of a normal guinea-pig
for an hour at 0°C. and are then washed free of serum ;
they have thus taken up natural immune-body from guinea-
pig’s serum. They are then divided into two sets, to one
of which is added 0-2 c.c. of anti-immune-body from the
rabbit, and to the other, as a control, 0:2 c.c. of rabbit’s
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serum 55°. After an hour at 37° C. the corpuscles are
washed and the same amount of complement is added to
each. It is found that the resulting lysis is less in the case
of the corpuscles treated with anti-immune-body. The
difference is marked in the case of the ox’s corpuscles ;
slight, though distinct, in the case of the rabbit’s corpuscles.
Anti-immune-body thus apparently acts in the same way
on natural immune-bodies as on those produced by artificial
immunization. This is additional evidence, if such were
needed, that the immune-body naturally present in a serum
has the same constitution as that developed by active
immunization.

(Note. The ‘ complement * used in these experiments was guinea-pig's
serum, which can be practically freed of the natural immune-body for ox’s
corpuscles by contact with the corpuscles at 0°C. In the case of the
immune-body for rabbit's corpuscles, however, so complete a result
is not obtained, though a certain amount of immune-body is taken up.
Thus the serum cannot be completely freed of its natural hemolytic
action. As there is, however, much more complement relatively than

natural immune-body, the action of anti-immune-body can quite well be
demonstrated. ) :

RELATION OF ANTI-IMMUNE-BODY TO THE COMBINATION
oF IMMUNE-BODY WITH RECEPTORS

We have seen that the anti-immune-body acts by prevent-
ing the combination of complement with R 4 IB molecules.
We have, however, considered it advisable to investigate by
quantitative methods whether it has any action in prevent-
ing the union of immune-body with the receptors of the red
corpuscles directly. The principle is to test whether the
same amount of immune-body is taken up by the red cor-
puscles in the presence of anti-immune-body as when it is
absent. This is best done by observing the saturation point
of the red corpuscles with immune-body in the two condi-
tions ; that is, to find how many doses of immune-body must
be added before one dose remains free.
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Two series (A and B) of seven tubes, each containing
-5 c.c. of salt solution, are taken :—

1. To each tube in A 4 doses of IB and 0-2 c.c. anti-IB
(from guinea-pig).

To each tube in B 4 doses of IB and 0-2 c.c. guinea-
pig’s serum 55° (as a control).

They are placed in the incubator for an hour at 37° C.

2. 0-5 c.c. of suspension of red corpuscles is added to each,
and the tubes are again incubated for an hour.

The contents of each tube are then washed and centri-
fugalized. The corpuscles in all the tubes have thus been
treated with the same amount of IB, those in series A being
treated with anti-IB also. We have thus to test how much
IB will be taken up in the two series.

3. To the several tubes in the two series 1, 2, 3, 4, 5, &c.,
doses of IB are added.

4. After an hour the tubes are centrifugalized and the
separated fluid from each is added to red corpuscles along
with a sufficient amount of complement, in order to show
the amount of free IB in each.

The result is that lysis is the same in both series, being
first complete in the fifth tube in each. As originally four
doses of IB were added and then five to this tube, this means
that whether anti-IB is present or not the same amount of
IB is taken up—when nine doses of IB are added, one dose
remains free.

We therefore conclude that the anti-immune-body in
question has no effect in interfering with the combination of
immune-body with the receptors of the red corpuscles. If the
anti-immune-body had prevented the union of immune-body
with the receptors of the red corpuscles, then we should have
found that in the series treated with anti-immune-body more
immune-body would have to be added subsequently before
one dose remained free than was necessary in the series
treated with immune-body alone.
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Ox THE COMBINATION OF NATURAL IMMUNE-BODIES
wWITH ANTI-IMMUNE BoDy

In view of the general law that an anti-substance de-
veloped in an animal combines with the substance introduced,
and in view of the fact that the serum of the normal rabbit
is used for injection, we would expect that bodies in this
serum would unite with the anti-immune-body developed as
the result of the injection. Bordet surmised that the anti-
immune-body developed in the guinea-pig was the result of
the introduction of the natural immune-bodies in the rabbit’s
serum, of which doubtless there is a large number, and
Ehrlich and Sachs are decidedly of the same opinion. The
combining properties of these immune-bodies might theoreti-
cally be demonstrated in two ways, viz. (a) by allowing them
to combine with the anti-immune-body and thus interfering
with its ordinary action, and (b) by allowing them to act on
the anti-immune-body after it has combined with the red
corpuscles treated with immune-body, and removing in part
its inhibitory action. Both methods have been carried out.

(@) The direct combination of the anti-IB from the guinea-
pig with the natural immune-bodies in rabbit’s serum. The
following is the scheme of experiment :—

A. Anti-TB + rabbit’s serum 55° .+ RCs 1 51B. WEatimm how
(natural IBs) . washed m"ﬁgﬁmﬂ then
en up.

B (control). Anti-IB + %uinau.-pig’ﬂ serum + RCs +5IB: Do, do.
55 i washed

Example. In A the amount of C taken up was 0-014 c.c.
II]. B L F] EE) ] 1 LT D'ﬁﬂﬂ C.C.

As half tubes (0-5 c.c. of suspension of red corpuscles) were
used, and the dose of C for half a tube was 0-0037, there is
a difference of fully a dose of C in the two series, i.e. the
natural immune-bodies have united with an amount of anti-
immune-body which would keep out more than a dose of C.



110 PROPERTIES OF HEMOLYTIC SERA

Other experiments in which ox’s serum 55° and simple salt
solution were used in the control instead of guinea-pig’s
serum 55°, gave the same results. When rabbit’s serum
56° is used, the diminished action of anti-immune-body
(owing to its combination with the natural immune-bodies)
is also shown by the much greater rapidity of lysis than is the
case in the control.

We therefore see that of the three heated sera tested the
rabbit’s is the only one which contains molecules capable of
combining directly with anti-immune-body and thus of diminish-
wng its action.

The experiment quoted as an example was the one which
showed most prominently the direct combination of the
natural immune-bodies with anti-immune-body ; in certain
others it was practically imperceptible, though its influence
on the rapidity of lysis was quite apparent. On the whole
the results of the action of the natural immune-bodies in
dissociating the anti-immune-body, now to be recorded, are
more striking. The reason of this will be discussed below.

TaE DISSOCIATION OF ANTI-IMMUNE-BODY BY THE
CORRESPONDING NATURAL IMMUNE-BODIES

Bordet found that the normal rabbit’s serum 55° (containing
natural immune-bodies) had the power of separating anti-
immune-body after it had combined with red corpuscles
treated with immune-body. We have obtained in the case
of our anti-immune-body results similar to those of Bordet
and of striking character. The principle of the method of
demonstration is simply this :—we take two series of tubes
containing the same amounts of red corpuscles, of IB and
of anti-IB ; and after time for combination is allowed the
corpuscles are centrifugalized and washed. To those of one
series normal rabbit’s serum 55° is added ; to those of the
other series, guinea-pig’s serum 55° as a control. After centri-

e ool i e i
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fugalizing and washing the corpuscles we test how much
complement can be taken up by the corpuscles in the two
series. The following is the scheme :—

W 14 Cond i
A | RCs +51IB + anti-IB + 0-3c.c.rabbit saﬁaggmé gl?sdfﬁﬁui?
B (control). RCs + 5IB | + anti-IB -+ 0-3 c.c. guinea-pig’s | Do.  do.

: : gerum 55° :

The average result may be said to be that treatment with
0-3 c.c. rabbit’s serum 55° in A had the effect of displacing
sufficient anti-IB to allow the combination of fully two doses
of complement more than in B.

In the control we have in other experiments replaced the
guinea-pig’s serum 55° by ox’s serum 55° and also by salt
solution. In all the experiments the same result has been
obtained, viz. the treatment with rabbit’s serum 55° increases
the power of taking wp complement, i.e, turns anti-IB (for
rabbit’s IB) out of combination with RCs -+ IB.

The dissociation of anti-immune-body by the natural
immune-bodies is thus amply proved; and, as we stated
above, the result is more striking than that supplied by the
experiment showing the prevention of combination of anti-
immune-body by the natural immune-bodies. We cannot
say definitely why this should be the case ; but a possible
explanation might be offered by supposing that there was an
excess of anti-immune-body in the preventive experiment, so
that a portion of it was free to combine with the red cor-
puscles united with immune-body (RCs 4 IB) and thus its
effect was only slightly diminished. On the other hand, in
the dissociation experiment all the anti-immune-body is in the
first place united with the corpuscles treated with immune-
body, and the bringing of a large amount of immune-bodies
(natural) into relation with it effects the separation of a
considerable quantity. Although we have not tested this
hypothesis by varying the amounts of anti-immune-body,
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the results of the various experiments both on the preven-
tion of union of anti-immune-body and also on its disso-
ciation, are quite in accord in the two series.

Ox THE PoSSIBILITY OF PREVENTING THE COMBINATION OF
ANTI-IMMUNE-BODY BY MEANS OoF COMPLEMENT

This is, of course, the converse to the experiments recorded
above with regard to the keeping out of complement by
means of anti-immune-body. Our experiments were carried
out by heating two equal quantities (A and B) of red cor-
puscles at 55° C. over night as described above, then adding
to both the same amounts of immune-body, whilst to those
in A a large amount of complement is also added. After
time for combination the corpuscles were washed and the
fluid pipetted off. The two sets of corpuscles were then
added to the same amounts of anti-immune-body, and then
the amount of anti-immune-body in the supernatant fluid
was tested for in the usual way. The results of several
experiments all agreed in showing no distinct difference in
the amounts of anti-immune-body taken up. We were thus
unable to show that complement kept out anti-immune-
body—a result which would have been practically conclusive
as to the union of these two substances with the same com-

bining-group.

As stated in the introduction—Bordet considered that the
results which he obtained with regard to anti-immune-bodies,
and which in all important points we have been able to
confirm, were inconsistent with Ehrlich’s side-chain theory,
and especially with his view regarding the amboceptor con-
stitution of immune-bodies. His criticism, however, is based
on the assumption that an anti-immune-body must combine
with the cytophile group of the amboceptor, that is, must
have the same combining-group as the corresponding cell-
receptor. The facts demonstrated of course show that this
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is not the case. The combination of anti-immune-body with
immune-body in no way interferes with the combination of
the latter with the cell-receptor, and, as Bordet himself
showed, the anti-immune-body acts by preventing the union
of complement. As Ehrlich and Sachs state, however, the
objections brought forward by Bordet entirely lose their
force if it is maintained that the anti-immune-body unites
with the complementophile group of immune-body. They
hold that the immune-bodies of a given species have the same
complementophile apparatus, and that it is a matter of
indifference which immune-body is used to produce the anti-
immune-body. The latter will act on all the immune-bodies
with the same complementophile groups. It must be
granted that the facts recorded with regard to anti-immune-
bodies appear in this respect to support Ehrlich’s hypothesis ;
whilst Bordet offers no theoretical explanation of the facts
demonstrated. What is clearly established is that the anti-
immune-body unites with a combining-group of the immune-
body which is not the eytophile group, and that this union
prevents the union of complement with the complex immune-
body -} receptor. From the point of view of the animal
injected with immune-bodies, the development of the anti-
immune-body may be regarded as a mechanism for prevent-
ing the associated action of the immune-bodies and its
complement (though the action of other complements is also
annulled).

This may be due to the anti-immune-body occupying the
complementophile group of the immune-bodies ; but that is
not absolutely proved. When we consider the combining
relationships of the different substances certain difficulties
arise which have not yet received an explanation. Asshown
in a former paper, rabbit’s and guinea-pig’s complements
combine with the same group in lysis by means of an immune-
body from the rabbit, each keeping out the other from

combination. The same holds with regard to an immune-
MUTR I
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body from the guinea-pig. According to the lock and key
analogy, the complementophile groups of the immune-
bodies of the rabbit and the guinea-pig so far as they are
satisfied by the same complements would thus appear to be
the same. As, however, the anti-immune-body to the
rabbit’s immune-body does not act on the guinea-pig’s
immune-bodies, the complementophile groups would appear
to be different. It may also be remarked that a somewhat
similar contradiction apparently existed in the anti-com-
plement to the rabbit’s complement not acting on guinea-
pig’s complement, while both complements showed the same
combining affinities in lysis, i. e. in one instance they had
apparently different combining-groups, while in the other
the groups were similar. In this case, however, the apparent
contradiction has been explained by the facts established
regarding deviation of complement (p. 133). In the case
of anti-immune-bodies the difficulty might possibly be
explained by the different energy of combination in the
two instances, the anti-immune-body having a comparatively
weak affinity for rabbit’s immune-body (as is shown by the
experiments) and no affinity for guinea-pig’s immune-body,
whilst guinea-pig’s and rabbit’s complement, owing to their
strong affinity, will combine with either guinea-pig’s or
rabbit’s immune-body ; that is, qualitative differences come
out in the case of weak combination which are not seen
in the case of combination of a powerful nature. Against
such a view, however, is the fact that we have failed to
find any evidence that complement prevents the combination
of anti-immune-body with immune-body—a result which
would point to the complement and anti-immune-body
uniting with different combining-groups. At present,
however, no definite conclusion can be drawn. All that
we can say is that anti-immune-body annuls the usual
result of the union of immune-body with receptor, that is,
prevents the combination of complement.
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SuMMARY OF RESULTS OBTAINED BY HEMOLYTIC
METHODS

1. The anti-immune-body obtained by injecting the normal
serum of the rabbit has been shown to act on two immune-
bodies produced in the rabbit by active immunization, and
the corresponding anti-immune-body obtained by injecting
guinea-pig’s serum was shown to act on two natural immune-
bodies in the serum of that animal.

2. The anti-immune-body is shown by quantitative
experiments not to interfere in any way with the combination
of immune-body with the receptors of the red corpuscles.

3. The anti-immune-body combines with red corpuscles
treated with immune-body (sensitized corpuscles) and inter-
feres with the combination of complement. Lysis may thus
be prevented by the anti-immune-body ; but where this
is not the case it is shown by quantitative methods that a
certain amount of complement is kept out of combination.

4. The natural immune-bodies of the serum injected
combine directly with the anti-immune-body developed,
and have also the power of dissociating anti-immune-body
after it has combined with immune-body fixed to red
corpuscles. The combination of anti-immune-body is a
comparatively weak one and belongs to the group of rever-
sible actions.

5. We have been unable so far to demonstrate that the
previous combination of complement prevents the union of

anti-immune-body with red corpuscles treated with immune-
body.

12



SECTION D. ON THE HZAEMOLYTIC RECEPTORS
OF THE RED CORPUSCLES

The moleculesin the red corpuscles with which an immune-
body combines are generally known by the name of ‘ recep-
tors ’, applied to them by Ehrlich,—they may be called
hamolytic receptors, to distinguish them from other mole-
cules of the same class. We may also put the matter in
another form, and say that the receptors on injection give
rise to the production of anti-receptors. Further, the com-
bination receptor plus anti-receptor has the power of taking
up complement, hemolysis resulting from this union.
In the following research we have dealt with certain
questions as to the properties of the molecules which act
as receptors in hamolysis and as antigens for immune-
bodies when the red corpuseles of an animal are injected
into another of different species. The question as to what
part of the red corpuscle contains the receptors has been
the subject of a certain number of investigations, of which
a short résumé may be given.

V. Dungern ! (1899) found that after lysis was produced by laking
agents the receptors were detectable neither in the stromata nor in
the hemoglobin-containing fluid, and he concluded that the receptors
were labile bodies, and were destroyed in the process of laking. He
used the corpuscles of the goose, and the injections were made into
rabbits. Lysis was produced by water and ether, and the stromata
were then dissolved in 5 per cent. magnesium sulphate, or in 1 per
cent. hydrochloric acid; the molecules might therefore have under-
gone important chemical changes. Bordet? (1900) found that the
stromata had the power of fixing immune-body and thereafter of
fixing complement, and that the injection of stromata produced

a hmmolytic serum; on the contrary, only negative r&su_.lta were
obtained when the clear fluid, obtained by centrifugalization after

! V. Dungern, Miinchen. med. Woch., 1899, p. 4-_49. :
* Bordet, Annales de ' Inst. Pasteur, 1900, vol. xiv, p. 257.
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lysis, was used. His results, therefore, go to show that the receptors
remain attached to the stromata. He used the corpuscles of the
rabbit and the corresponding immune-body obtained from the
guinea-pig. The latter animal was also employed for testing the
result of the injection of stromata. Nolf1(1900), on the other hand,
arrived at a conclusion quite contrary to that of Bordet. He employed
the corpuscles of the fowl, and the injections were made into the
rabbit. He produced lysis with water, then made up with sodium
chloride, and separated the stromata from the fluid by centri-
fugalization. He found by this means that the injection of the
stromata gave rise to agglutinin but little lysin, whilst the cellular
contents (contenu globulaire), which were dissolved out into the
fluid, had the converse property, giving rise to much lysin but httle
agglutinin. According to his results, most of the heemolytic receptors
are separated from the stromata on lysis with water. G. N. Stewart 2
(1904) arrives at results which to a certain extent resemble those of
Nolf, inasmuch as they point to a closer relation between the agglu-
tinogenic property and the stromata than between the lysinogenic
property and the stromata; he considers, however, that Nolf’s
decided conclusions are not justified. He finds that both the stro-
mata and the heemoglobin-containing fluid obtained after lysis have
the property of giving rise to agglutinins and lysins on injection,
but that the agglutinating property is more marked when the
stromata are injected, the hsemolytic property when the separated
fluid is used. When milder hemolytic agents are used, there is less
separation of the agglutinogenic receptors from the stromata than
when water is used. In most of his experiments he used rabbits’
corpuscles, and the injections were made into guinea-pigs; the
observations are thus comparable with those of Bordet, and the
variance in the results is noteworthy.

From this résumé it will be seen that the results obtained
by the different observers are of conflicting nature, and it
cannot be considered satisfactorily determined whether the
receptors of the red corpuscles pass into the surrounding
fluid or remain attached to the stromata when the corpuscles
are lysed, say with water. All the observers mentioned

' Nolf, Annales de I'Inst. Pasteur, 1900, vol. xiv, p. 297.
" G. N. Stewart, Amer. Journ. Physiol., Boston, 1904, vol. xi, p. 250.
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employed the method of injecting the fluid and stromata
respectively into animals, and observing whether or not
immune-body was developed. Bordet alone obtained con-
firmatory results by test-tube experiments, though he does
not give details as to the exact amounts. It has seemed
to us desirable to investigate the question in this latter
way, as the experiments can be much more rapidly and
exactly carried out. And, further, if the method of animal
injection is to be employed, the blood of the species of animal
injected ought normally to have no hamolytic action on the
corpuscles used. The serum of the guinea-pig produces
a certain amount of lysis of rabbit’s corpuscles, and this
varies much in the case of different animals : there would
accordingly be great liability to error unless the hemolytic
action present after injection of stromata or fluid were of
pronounced character. It has now been demonstrated so
frequently that when a substance injected into the body
of an animal gives rise to the production of an anti-substance
there is a specific combining affinity between the substance
and the anti-substance, that this may be accepted as a general
law. In the case before us the question thus comes to
be, does the immune-body combine with molecules in the
‘stromata’ orin the ‘contained fluid ’ of the red corpuscles ;
or, in other words, when the corpuscles undergo lysis, do the
receptors remain in the stromata or do they pass out into
the surrounding fluid ? It might appear that an answer
to this question could be obtained by adding immune-body
to the stromata and separated fluid respectively, and
observing whether or not it was taken up. As, however,
it has been shown that the combination of immune-body
with receptors is a very loose one (vide p. 12)—in fact,
belongs to the class of ‘reversible actions '—it follows
that even if immune-body did enter into combination, a
certain amount would be obtainable by dissociation, and
thus accurate knowledge as to the combination or non-
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combination of immune-body would not be obtained.
On the other hand, we have demonstrated that the com-
bination of complement with the receptors of the red cor-
puscles through the medium of immune-body is a very
firm one, and thus a test for the presence of receptors is
afforded. To put the matter briefly, we may say that if
the receptors are present in a solution or in a suspension,
and if complement be added along with immune-body,
a certain amount of complement will be taken up in firm
combination, so that fresh red corpuscles treated with
immune-body do not undergo lysis when they are added
to the mixture.! The test, then, for the presence of the
receptors in question consists in adding complement and
immune-body and observing whether or not the former
is diminished in amount. As h@molytic agents we have
chiefly used sterile water and a heemolytic serum, though
some experiments have been also performed with ether.
With regard to heemolytic sera it may be again noted that in
many instances red corpuscles can take up several heemolytic
doses of immune-body, or, in other words, there are many
more receptors than are necessary for complete haemolysis.
Therefore, if we add multiple doses of immune-body and
produce lysis with a single dose of complement, there remain
many receptors combined with immune-body whose affinity
for complement is still unsatisfied. We can test whether
these molecules are in the stromata or free in the fluid. In
all the experiments we have used ox corpuscles, the corre-
sponding immune-body being obtained from rabbits treated
with injections of ox’s corpuscles (washed in salt solution),
while the complement is normal guinea-pig’s serum from
which the natural immune-body for ox’s corpuscles has been
removed by contact with these corpuscles for an hour at 0° C.

' This is merely an example of the deviation of complement by an

antigen plus its anti-substance, a reaction which has come into general
application since the above was written. See also Part II (p. 133).



120 PROPERTIES OF HEMOLYTIC SERA

ErrEcTs OF LARING AGENTS ON THE RECEPTORS

In the case of such a relatively disruptive hemolytic
agent as water it 1s necessary as a preliminary to inquire
whether it has any destructive effect on the receptors of
the red corpuscles. Such an inquiry is carried out by taking
a given amount of red corpuscles, adding water to produce
lysis, and then making up with concentrated sodium
chloride solution so as to obtain a concentration of 0-85 per
cent. We then test whether such a mixture has the property
of taking up complement through the medium of immune-
body to the same extent as a suspension of the same
amount of red corpuscles which have not been lysed. The
following are the details :—

10 c.c. of a 5 per cent. suspension of red corpuscles in 0.85 per
cent. sodium chloride solution are taken and centrifugalized. After
the supernatant flmd has been pipetted off, complete lysis of the
sedimented corpuscles is produced by adding sterile water. The
mixture is left for half an hour, and thereafter 1 c.c. of an 8.5 per
cent. sodium chloride solution is added and the volume is made up
to 10 c.c. by the addition of water. The mixture is then thoroughly
shaken, and 1 c.c. is placed in each of a series of tubes. To form
a control series, we place 1 c.c. of the original suspension of corpuscles
in each of a similar number of tubes.

We have thus two series of tubes, each tube in one
series containing a given amount of red corpuscles, each
tube in the other containing the same amount of corpuscles
lysed with water. To each tube in the two series we add
several hemolytic doses of immune-body, and then to the
tubes in each series increasing amounts of complement. The
tubes are then placed in the incubator for two hours at
37° C., and the presence of complement is tested for by
adding to each 1 c.c. of suspension of red corpuscles treated
with immune-body.

Ezample.—The above procedure is carried out. Eight doses of
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immune-body are added to each tube, and then to the tubes in the
two series 0.075, 0-1, 0-125, 0.15, 0.175, 0.2 and 0-25 c.c. of comple-
ment. The tubes in both series give the same amount of complement
taken up, the tubes with 0-15 c.c. of complement giving a mere
trace of lysis of the added corpuscles. Therefore about 0-145 c.c. of
complement was taken up in each. M.H.D. of complement =

0-015 c.c.

The receptors are accordingly not destroyed by lysis with
water.

Itis evident that various heemolytic agents might be tested
in the same way. The only other one which we have used
is ether.

In this case a sufficient amount of ether to produce complete lysis
is added to the suspension of red corpuscles (say 2 c.c. of ether to
10 c.c. of suspension). After laking, the fluid is placed in the incu-
bator at 37° C. in order to evaporate off the ether. Two series of
tubes are prepared as before, each tube containing 1 c.c.,—in the
one case of the suspension, in the other of the red fluid resulting from
laking.

Ezample.—Two series of tubes, each containing 1 c.c. of suspen-
sion of red corpuscles in 0-85 per cent. sodium chloride solution, are
prepared. In one series laking is produced by ether and the ether
is evaporated off ; in the other series the corpuscles are left untreated.
6 doses of immune-body are then added to each of the tubes and
increasing amounts of complement,—namely, 0-02, 0.05, 0-1, 0.15, 0.2,
0-25 c.c. of complement.

The result is the same as in the case of laking with water,
the tube with 0-15 c.c. of complement giving a small trace
of complement over in both series, i.e. the receptors of the
laked corpuscles take up as much complement through the
medium of immune-body as the receptors of the untreated
corpuscles,

Accordingly neither water nor ether in causing laking of
the corpuscles produces any change in the affinity of the
receptors for immune-body and, through this intermediary,
for complement.
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ErrEcTrs oF HEAT o THE RECEPTORS

We have also carried out in a similar manner experiments
on the effects of exposing the corpuscles to various tempera-
tures, and may give briefly the results of these. The cor-
puscles were laked with water, and sodium chloride was
added to make up to 0-85 per cent. The red fluid was
exposed to various temperatures, the same amount of
corpuscles of course being used in each case. Examples :—

1. Six hwemolytic doses of immune-body added to each tube.
Hemolytic dose of complement = 0-015 e.c.
1 c.c. of unheated suspen-
gsion . . . takesup0.12 c.c. of complement.
,» of suspension heated
for ten minutes at
[ B . : - 0.09 c.c. .
,» of suspension heated
for ten minutes at
o BAR . : - 0.07 c.c. .
,, Of suspension heated
for ten minutes at
BHRl o, - : i 0.05 c.c. T

2. Six hemolytic doses of immune-body, &e., as in 1.
1 c.c. of suspension heated
for sixty minutes at
85°C. . . . takesup0:042c.c.of complement.
,,» of suspension heated
for ten minutes at
100° C. . : . i 0.045 c.c. 2

3. Six hemolytic doses of immune-body. Hmmolytic dose of
complement = 002 e.c.
1 c.c. of unheated suspen-
sion . . . takesup0-17 c.c. of complement.

,, of suspension heated
for ninety minutes
pHI00PCL s R SO 0.0 »
Controls were made without any immune-body ; in these
there was no appreciable absorption of complement.
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These examples show clearly that the receptors vary in
their resistance to heat. While on the one hand it appears
that a small proportion of the receptors are destroyed by
exposure for ten minutes at 65° C., on the other hand a fairly
large proportion show a high degree of resistance, about
a quarter of the original number withstanding a temperature
of 100°C. for over an hour. This latter proportion is
probably rather under the real amount, as when the higher
temperatures are used brownish flocculi are formed, and
therefore both immune-body and complement will have
difficulty in penetrating to the centre of these and thus
saturating the receptors.

ON THE RELATIONS OF THE RECEPTORS TO STROMATA
1. Experiments by Centrifugalization.

Having now a satisfactory test for the presence of re-
ceptors, we can determine, after the corpuscles have been
lysed, whether on centrifugalization the receptors are to be
found in the deposit or are left in the supernatant fluid.
We have carried out such experiments both when the cor-
puscles are laked with water and when lysis is produced by
a minimum dose of he&molytic serum.

(@) Laking with water.—The corpuscles are laked accord-
ing to the description given above, sodium chloride being
afterwards added so as to make up to the original con-
centration of 0-85 per cent. The red fluid is then centri-
fugalized for varying periods, the centrifuge running about
3000 revolutions per minute. The fluid in the tubes is then
divided into two equal parts,—the upper clear fluid, and
the lower portion containing the deposit. The latter is
then thoroughly shaken so as to distribute the stromata
equally, and the two fluids are distributed in two series of
tubes, each containing 1 c.c. A number (seven to ten) of
doses of immune-body are added to each tube, and then
to the tubes in series increasing amounts of complement.
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The amount of complement taken up is reckoned from

the first tube in which complement can be obtained after

incubation for two hours at 37° C.
Ezample.—Centrifugalization of the laked corpuscles is carried on

for an hour. To each tube seven doses of immune-body are added.
The result is—

(a) Upper part of fluid. Amount of complement taken up = 0.09 c.c.

(b) Lower part of fluid with stromata |, P =0.24 |,

M.H.D. of complement . : : ; . =0.016 ,,

In another case centrifugalization was per{nnned for two hours.
Ten doses of immune-body were added to each tube (in this case
only 0.5 c.c. of fluid to be tested was placed in each tube).

Upper part of fluid. Amount of complement taken up = 0.007 e.c.

Lower part, with sediment < ¥ =12y =

M.H.D. of complement ; : . : . =003,

From such and other experiments we have arrived at
the conclusion that it is possible to make a large proportion
of the receptors pass to the bottom of the tube, but that
it is not possible to free the upper part of the fluid entirely
from receptors.

On examining microscopically the upper part of the fluid
obtained by centrifugalization, we have generally found
a few stromata or shadows, though these have seemed in-
sufficient to explain the amount of complement taken up ;
in one case we could not detect any. (They are distin-
guished more easily when some concentrated salt solution
is added to the fluid.) We have tested the effect of cen-
trifugalization with a greater strength of salt solution,
namely, 1-7 per cent.,—double the usual strength. In such
a fluid the stromata become contracted and are deposited
more rapidly. Before the power of taking up complement
is estimated, the percentage of salt is reduced to 0-85 by
adding an equal volume of sterile water. The following
may be taken as an example :—

In (a) centrifugalization was performed in 0.85 per cent. sodium
chloride, in (b) in 1.7 per cent. After centrifugalization equal amounts
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of fluid were used in the two cases; in (a) dilution was made with
0.85 per cent. sodium chloride, in (b) with water. M.H.D. of comple-
ment = 0.015 c.c.

(a) 1 c.c. of upper part of fluid saturated

with immune-body tookup . . 0.06 c.c. of complement.
(b) 1 ec.c. of upper part of fluid saturated
with immune-body tookup . . 0:035 c.c. of complement.

On adding some concentrated salt solution to the fluid in (a), some
stromata were seen on microscopic examination, but none could be
seen in the fluid (b).

Such an experiment therefore shows that the freer the
fluid is from stromata the fewer are the receptors. DBul
we have never been able by centrifugalization to obtain a fluid
in which no receptors could be demonstrated, even although no
stromata could be seen in it on microscopic examination.

(6) Lysis with immune-serum.—In this case we add
several heemolytic doses of immune-body, allow time for
combination, and then produce lysis with the minimum dose
of complement. As has been shown above (p. 16), when
this procedure is carried out, the receptors remain in union
with immune-body, and thus lead to the taking up of
additional complement. We can thus test whether such
receptors are deposited in the process of centrifugalization.

Example.—To 10 c.c. of suspension of red corpuscles are added
eight times the hemolytic dose of immune-body. Time is allowed
for combination, and then complete lysis is produced by the minimum
dose of complement. The fluid is then centrifugalized for two hours,
and it is then distributed as ‘ upper’ and ‘ lower * portions in tubes,

0-5 c.c. being placed in each. The power of taking up complement
is then tested as before, with the result :—

(a) Upper portion of fluid. Amount of complement

taken up . - : ; - = 0.05 e.c.
(b) Lower portion of fluid with deposit. Amount of
complement teken wp . . . .. . =019 ,

Other experiments have given similar results, the general
conclusion being the same as that in the case of corpuscles
laked with water.
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2. Filtration Experiments.

Attempts to produce complele sedimentation of the
receptors having thus failed, it occurred to us that it would
be of interest to test the effect of passing the fluid containing
the laked corpuscles through a porcelain filter. The question
simply is—Are the receptors retained in the filter, or do
they pass through ? The methods of laking with water
and of lysing with heemolytic serum are exactly the same
as those detailed above, so they need not be repeated.

(a) Laking with water—The red fluid, made up to a concentration
of 0-85 per cent. sodium chloride, is slowly passed through a sterile
filter ; 1 c.c. of the filtrate is placed in each of a series of tubes, and
as a control we have a series containing simply 1 c.c. of 0-85 per cent.
salt solution in each. To each tube in the two series is added several
doses of immune-body, and then, as before, increasing amounts of
complement, the amount in the first tube being less than a heemolytic
dose. After two hours’ incubation, the presence of complement is
tested for in the usual way.

The results have varied somewhat. In some cases there
was no evidence that any of the receptors had passed
through ; that is, the filtrate had no power of taking up
complement when immune-body was added to it. In other
cases, receptors could quite easily be demonstrated in the
filtrate, though never in so great quantity as in the clear
fluid obtained by centrifugalization, even with 1-7 per cent.
salt solution. We may say that it is exceptional for 1 c.c.
of the filtrate to take up a hemolytic dose of complement,
excess of immune-body of course being present. We have
endeavoured to ascertain the reason of the variations
observed. As one result, we have found that when a
quantity of the fluid containing the laked corpuscles is
passed through the filter, the portion which passes through
first is almost free from receptors, while that passing through

F A
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later contains a perceptible amount. We have employed
a small Berkefeld filter and a Chamberland, and in both
cases the results are of the same nature, though, as one
would expect, the receptors are more efficiently retained by
the Chamberland filter. The following may be quoted as
a characteristic example :—

The corpuscles of 200 c.c. of 5 per cent. of suspension are lysed
with water, and the fluid is made up to the original volume and a
percentage of 0-85 sodium chloride.

Filtration is then performed by a Chamberland filter, and portions
of the first 30 c.c. and the second 20 c.c. respectively are tested for
the presence of receptors. The fluid is arranged in a series of tubes,
1 c.c. in each, and five doses of immune-body are added. Comple-
ment is then added to the tubes in increasing amounts, and the
tubes are allowed to remain in the incubator for two hours. To each
tube 1 c.c. of suspension of corpuscles treated with immune-body
is added, and the amount of lysis is observed. At the same time
varying amounts of complement alone are tested with treated
corpuscles in the usual way.

It is found that in the case of the first part of the fluid, 1 c.c. treated
with immune-body takes up 0-002 c.c. of complement, while in the
case of the second portion the amount is 0-01 c.c. As the full amount
of complement taken up by all the receptors saturated with immune-
body would have been about 0-2 c.c., this means that in the first
portion about 1 per cent. of the receptors passed the filter, and in
the second about 5 per cent. We are thus probably safe in concluding
that the first few cubic centimetres would be practically free of
receptors.

It occurred to us that the length of time during which
the fluid was allowed to stand after the corpuscles were
laked, might have some influence on the number of receptors
which would pass the filter. We have tested this at varying
periods, the corpuscles being laked, for example, during
a quarter of an hour, twelve hours, and twenty-four hours,
and then filtered. We used the same filter, and found that
the amount of receptors which passed through depended on
the order in which the three fluids were filtered ; that is,
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when the twenty-four hours’ fluid was filtered first the
corresponding filtrate contained the fewest receptors of the
three, and the corresponding condition obtained when the
quarter of an hour fluid was filtered first. We therefore
found no evidence that in course of time a greater number
of receptors passed into the surrounding fluid when the
corpuscles were laked with water.

The explanation of the results stated cannot be con-
sidered as quite clear. Of course, as filtration goes on the
pores of the filter gradually become choked with stromata
and a higher pressure becomes necessary ; in this way more
of the receptors might be forced through. (On the other
hand, it might @ prior: have been considered likely that
more receptors would have passed through when the pores
of the filter were freer.) It is, however, also possible that
the receptors become deposited in some mechanical way
on the filter, and we are at present not justified in con-
cluding that the size of particles alone is the determining
factor. Experiments which we have made on the filtration
of fresh serum show that the amount of complement which
passes through varies greatly : in some cases the comple-
ment falls only slightly in value, in other cases the greater
part is kept back. Immune-body, on the other hand,
appears to pass through practically unchanged. Further
results obtained in a subsequent research are given
above (p. 90). It may be noted that Graham-Smith?
found on filtering serum through a Berkefeld filter that the
amount of precipitable substance in the filtrate first passed
was diminished ; but that it gradually rose to the original
amount after a certain quantity had been passed. In the
case of a Chamberland filter the amount of precipitable
substance diminished rapidly and fairly uniformly as the
filter became choked.

1 Graham-Smith, Journ, of Hygiene, 1903, vol. iii, p. 357.
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The conclusions which can be drawn from these observa-
tions are, that a fluid containing much fewer receptors can be
obtained by filtration than is possible by means of centri-
fugalization—the filtrate in the earlier stages of filtration
being practically free from receptors. On the other hand,
it is shown that an appreciable amount of receptors can pass
the filter when the process of filtration has continued some
time, this amount being greater in the case of the Berkefeld
than of the Chamberland filter.

(b) Laking with hemolytic serum.—We add multiple doses of
immune-body, allow time for combination, then wash and centri-
fugalize the corpuscles to remove the small amount of uncombined
immune-body, and lyse with a minimum dose of complement. The
resulting fluid, which takes up further complement according to the
amount of immune-body present, is then filtered as before.!

The result obtained both with a Berkefeld and a Chamber-
land filter is that no receptors are present in the filtrate ;
that is, to put the matter in another form, the filtrate has
no power of taking up complement when immune-body is
added to it. The problem as to the condition in which the
retained receptors are, is the same as in the previous case.
The difference between the two methods of lysis would
appear to be that the more disruptive action of water has
the effect of enabling a small proportion of receptors to
pass the filter, especially when filtration is continued for
gome time.

Another application of the method of filtration may be
noted. It has been stated above (p. 16), that when multiple
doses of immune-body are united to red corpuscles, the sub-
sequent lysis by a dose of complement does not set free
the surplus molecules of immune-body ; in other words
the combination of immune-body with receptors is not

* The pores of the filters become choked more quickly than when the
corpuscles are laked with water. The later portions of the filtrate are,
however, found to be free from receptors,

MUIR K
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affected by lysis. Accordingly, in such a case, if the recep-
tors are retained by the filter the molecules of immune-body
which readily pass through in the free condition should be
retained also. This is found to be the case. The suspension
of red corpuscles is treated with seven he@molytic doses of
immune-body, and the corpuscles are washed and centri-
fugalized repeatedly to remove the uncombined immune-
body ; they are then lysed with a minimum dose of comple-
ment. Part of the fluid is filtered, and we then test how
much immune-body can be obtained from the unfiltered
and filtered fluid respectively by placing red corpuscles in
it for an hour at 37° and then adding complement. In the
case of the unfiltered fluid a full dose of immune-body can
be obtained ; this is obtained by dissociation from the
combination receptor 4 immune-body; from the filtrate
only a tenth of a dose is obtainable. But why should any
immune-body be obtained, seeing that the receptors do not
pass through the filter, and the immune-body is combined
with them ? The answer is that a certain amount of
immune-body dissociates from the red corpuscles at 37° C.
when they are washed and fresh salt solution is added, and
this small amount of free immune-body passes through the
filter ; in other words, the combination of immune-body
with red corpuscles is not in equilibrium when the fluid
is free from immune-body, and a small fraction of the latter
dissociates. This can easily be proved by taking red
corpuscles combined with several, say eight doses of immune-
body, and washing them repeatedly in salt solution to
remove the uncombined immune-body. The corpuscles are
then divided into two equal portions and fresh salt solution
is added. One portion (a) is put in the incubator at 37° C.,
the other (b) is kept at 0° C. After an hour the two portions
are centrifugalized and the clear fluid from each is separated.
It is found that a small fraction of immune-body is present
in the fluid obtained from (a), this having dissociated at
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the higher temperature, while in the fluid from () no per-
ceptible amount of immune-body is present. This is an
additional illustration of the reversibility of the combination,
receptor -+ immune-body.

(GENERAL SUMMARY

1. By the method employed, which affords a compara-
tively delicate test for the presence of receptors, it has
been shown that the hamolytic receptors of the red cor-
puscles are comparatively stable molecules. So far as is
shown by their combining affinities, they are not destroyed
when the corpuscles are laked by water or by ether ; the
fluid resulting from laking having the power of taking up as
much complement through the medium of the immune-body
as the original suspension had. It is almost unnecessary
to point out that this result brings into special promi-
nence the fact that in the case of such hamolytic sera
we have a chemical interaction between three sets of mole-
cules—receptor, immune-body, and complement—and that
this interaction can be demonstrated as readily when the
corpuscles have been disintegrated by certain laking agents
as when they are in the intact condition. The receptors
also show considerable stability when exposed to higher
temperatures ; while a small proportion are destroyed at
66° C., a considerable number resist exposure to 100° C.
for an hour.

2. When corpuscles are lysed with water or a single dose
of hemolytic serum, it can be shown by centrifugalization
that the greater number of receptors remain attached to
the stromata and become sedimented with them ; the
upper clear fluid also, however, contains a congiderable
number, even although no stromata can be seen on micro-
scopic examination.

3. When red corpuscles are lysed with a single dose of

K 2






PART 11

THE PROPERTIES OF AN ANTI-SERUM TO
A SERUM; DEVIATION OF COMPLE-
MENT AND ITS RELATIONS TO THE
PRECIPITIN TEST

Recent researches on the subject of immunity, and
especially those dealing with hemolytic sera, have thrown
a flood of light on the complicated constitution of serum
and other fluids and have given us the means of attacking
problems which were, and still are, quite inaccessible to
ordinary chemical methods. As has been shown above,
when bacteria or the cells of another species of animal are
injected into an animal, there are developed immune-bodies
which in association with complement or alexine produce
the bactericidal or hemolytic effect. From the point of
view of chemical combination the all-important fact is that
certain molecules or receptors in bacteria, &c., give rise to
anti-substances which lead to the fixation or absorption of
complement. It has also been shown that in a normal serum
in addition to complement there are also present the homo-
logues both of receptors and of immune-bodies. Accordingly
when a serum of one animal is injected into another of
different species there is theoretically the possibility of the
development of three different kinds of anti-substances.
Anti-complements have received most attention hitherto,
as their action was the first to be recognized, but recently
their existence has been called in question, as will presently
be explained. The subject of anti-immune-bodies, pro-
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duced by the injection of a normal serum, has been treated
of above, and their mode of action has been detailed. In
the present section we propose to deal with the anti-sub-
stances developed by the receptors of a normal serum,
these two bodies in conjunction leading to the absorption
or fixation of complement. We shall in the first place
refer to the work which has recently been done on this
subject.

In 1902 Gengou! showed that when an anti-serum was
developed by the injection of various albuminoid substances
into an animal, the mixture of the substance and the anti-
substance might not only give rise to a precipitate, but
might also have the power of absorbing complement or
alexine. This phenomenon he regarded as analogous to
what was known to obtain with regard to hemolytic sera
and bacteriolytic sera, and he spoke of the anti-substances
developed in the treated animals as °sensibilisatrices
(immune-bodies) contres les substances albuminoids’. In
Ehrlich’s terminology we may express this by saying that
the receptors in the albuminoid molecules give rise to
immune-bodies or amboceptors and that the combination of
the two takes up complement. Gengou obtained this result
with milk, egg-white, fibrinogen, and the serum of another
species of animal than that injected. Special attention has
recently been drawn to the subject by a paper by Moreschi*
on the nature of anti-complements. An ‘anti-complement’
obtained by injecting a normal serum acts chiefly, as is well
known, on the serum (‘ complement ’) injected ; but Moreschi
has shown that if a minute quantity of the homologous
serum is added to the anti-serum various complements may
be taken up—that is, antagonized—or, in other words, the
anti-serum behaves as an anti-complement to various com-
plements. He points out that an extremely minute quan-

1 Gengou, Annales de I'Inst. Pasteur, 1902, p. 734.
* Moreschi, Berlin. klin. Wochenschr., 1905, p. 1,181.
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tity (0-000,01 c.c.) of the original normal serum added to the
anti-serum may result in the taking up or deviation of
various complements. From his experiments he has found
reason to doubt whether there is any real anti-complement
in the strict sense, i.e. a substance which unites directly
with a complement and thus prevents its action, the appar-
ently anti-complement action being a deviation phenomenon.
Neisser and Sachs! have applied Moreschi’s results to the
differentiation of the bloods of different species of animals,
and have shown that the deviation of complement is a much
more delicate test than the precipitation test ; that is, a
much smaller amount of the serum (precipitinogen) when
added to the anti-serum (precipitin) will produce a deviation
or fixation of complement than that necessary to cause a
visible precipitate. They consider that the phenomenon is
analogous to the fixation of complement by a cell-receptor
when combined with its corresponding amboceptor. Gay?
regards the precipitate as the all-important factor in the
fixation of complement, and finds that when a precipitate
forms the separated fluid is without effect on complement,
whilst the precipitate fixes or combines with a considerable
quantity. He extends his observations with the purpose of
showing that the phenomenon of deviation in heemolytic and
bactericidal experiments may depend upon fixation by
precipitate. Pfeiffer and Moreschi® have found that the
precipitate, by fixing complement, has an anti-bacteriolytic
action in the animal body. In a second communication on
anti-complements Moreschi! considers the quantitative rela-
tionships between the serum and anti-serum (precipitinogen

! Neisser and Sachs, Berlin. klin. Wochenschr., 1905, No. 44, and 1906,
No. 3.

* Gay, Centralbl. f. Bakteriol., Abtheil I., Originale, 1905, vol. xxxix,
p. 603 ; Annales de I'Inst. Pasteur, 1905, p. 593.

* Pfeiffer and Moreschi, Berlin. klin. Wochenschr., 1906, p. 33.

* Moreschi, ibid., 1906, p. 76.
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and precipitin) in relation to the absorption of complement,
and comes to the conclusion that these unite in variable
proportions. He also emphasizes the parallelism between
the amount of precipitate formed and the amount of com-
plement (alexine) absorbed. Friedberger! gives an account
of his observations on this subject, one of the most important
of which is that, while most of his anti-sera have shown
deviating powers similar to those recorded by others and
observed by ourselves, he has obtained an anti-human
serum which gives a deviation in the extraordinarily minute
amount of 0-000,000,001 c.c. Ewen 0:000,01 e.c. of human
sweat produced a recognizable fixation of complement with
this anti-serum. This is further referred to below. The
subject is critically reviewed by Liefmann? especially in
relation to precipitum-formation on the one hand and
amboceptor-action on the other. He considers that a satis-
factory explanation of the fixation of complement is not
yet possible.

It thus appears that a number of questions, both of
practical and of theoretical importance, are opened up by
these investigations and we shall deal with some of them in
this section.

Methods. The method which we used for preparing the
anti-serum is that usually followed in precipitin work, viz.
the intra-peritoneal injection of a particular serum in
varying doses at suitable intervals of time. The anti-serum
before being used is of course heated at 55° C. to destroy its
complement. We have used three anti-sera obtained from
the rabbit, which act on the serum of man, the ox, and the
guinea-pig, respectively, and one from the guinea-pig acting
on rabbit’s serum. We may conveniently represent the first
of these anti-sera as anti-serum rabbit v. man, and so with

! Friedberger, Deutsche med. Wochenschr., 1906, p. 578.
* Liefmann, Berlin. klin. Wochenschr., 1908, p. 448.
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the others. The method of testing the deviation of comple-
ment is carried out in two stages. (1) To each of a series of
test-tubes a given amount of the anti-serum, usually 0-05 c.c.,
is added along with a given amount of the homologous
serum, and the volume is made up with 0-8 per cent
solution of sodium chloride to 1 c.c. To the several tubes
varying amounts of complement (normal serum of rabbit or
guinea-pig) are added, the smallest amount being about the
minimum haemolytic dose for the amount of red corpuscles
to be afterwards used in the test. It will be seen that in
this stage there is always a mixture of three substances, the
serum, the anti-serum, and the complement whose absorp-
tionis to be observed. The tubes are placed in the incubator
at 37° C. for one and a half to two hours to allow time for
combination. (2) At the end of that time 1 c.c. of a 5 per
cent. suspension of red corpuscles treated with the corre-
sponding immune-body is added to each tube and the tubes
are again placed in the incubator for one and a half hours.
We can thus observe the tube in which there is the first trace
of lysis, and the tube in which lysis is first complete. It is
convenient to prepare several series of tubes with different
amounts of the homologous serum, 0-01, 0-001, 0-000,1 e.c.,
&ec., in each series. In each experiment a control series with
anti-serum along with different amounts of complement alone
is prepared, and the difference between the lysis in this and
the other series is interpreted as being due to the presence
of the homologous serum. We also have in each series a
tube containing corresponding amounts of serum and anti-
serum alone, to show precipitation. It is evident that the
conditions of experiment may be varied by making the
amount of the homologous serum (precipitinogen) fixed,
and varying the amount of anti-serum.

It is thus seen that we have in such experiments two
substances and their anti-substances, viz.serum -+ anti-serum
and red corpuscles + immune-body : opportunity is given to
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the complement to unite with the first combination and then

the presence of free complement is tested for by its heemolytic
effect.

1. PHENOMENA 0OF DEVIATION OF COMPLEMENT

The following may be taken as a typical example of a
deviation experiment :—

Anti-serum, rabbit v. ox, 0-05 c.c. to each tube.

Serum of ox 55° C.,* 0-01 — 0-000,001 c.c. -

Deviation of guinea-pig’s complement.

Test for complement = 1 c.c. suspension of ox corpuscles + immune-
body. Minimum hemolytic dose of complement = 0-01 c.c.

TasrLE 1
Anti- Ozx-serum Amounts of complement
serum  556° C. e

go. © ool 00D 002 0-03 0-04 005 0-060.0.

0-05 0 ip complete complete complete complete complete
005 0-000,001| # almtlﬂt complete complete complete complete E s
complete ‘w0
0-:06 0-000,01 |trace  : just  complete complete complete E§
complete }15' g-"
0:05 0-000,1 0 1 § nearly complete complete [ - 2
complete e
0:05 0001 0 0 0 0 slhight trace | 23
trace q‘g

0-05 001 0 0 0 0 0 0 /

The amount of lysis indicated in this and other tables is
of course due to the amount of complement left free after
contact with the serum and its anti-serum for one and a half
hours at 37° C. The results of this experiment are graphi-
cally represented in the accompanying figure (Fig. 1, p. 139).

It will be seen from the amounts of the resulting lysis
given in the table that without any of the 0x’s serum 0-01 c.c.
of complement gives ¢ Lysis of the added corpuscles, whilst the
addition of 0-000,001 c.c. of ox serum reduces the lysis to 1% ;
that is, this amount of serum in combination with the anti-
serum has deviated about a third of a dose of complement.

' In each case the serum used is heated to 55° C. for an hour at least,
to destroy the complement naturally present.
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With 0-001 c.c. of serum six heemolytic doses of complement
produce only a trace of lysis. It is also to be noted that if
we take the first tube in the series where any lysis is present,
much more than a dose of complement must be added before
lysis is complete : for example, with 0:000,1 c.c. of serum two
doses must be added in order that lysis may be complete.
If we suppose that a new body is formed by the union of a
molecule in the serum with one in the anti-serum, then the
combination of this new body with complement presents
phenomena well recognized to obtain in the case of the
union of toxin and anti-toxin—the so-called ‘ Ehrlich’s
phenomenon ’, and also described above (p. 32) in connexion
with the absorption of complement by sensitized red cor-
puscles.

The table also shows that increasing amounts of serum
lead to the taking up of more complement, though this does
not occur in arithmetical proportion. This point will,
however, be referred to below.

The following table shows the result of a similar experi-
ment with anti-human serum.

Anti-serum rabbit v. man, 0-05 c.c. to each tube, :
Test, for complement = 0-5 c.c. suspension of ox’s corpuscles treated with
immune-body.

TABLE 2
Anti- Human Rabbit' s complement
serum  Serum i e 183,
c.C. C.C. 0-05 01 0.2 0.3 c.c.
0-05 0 practically complete complete complete )
complete o
0-05 0-000,01 very just  complete complete LLymsm
glight complete added
005 0-000,1 none none % complete | corpuscles
0:05 0-001 none none none none
005 001 none none none none /

From the above it will be seen that 0-000,01 c.c. human
serum produces distinct deviation. Precipitin tests were
carried out at the same time with the result that 0-000,1 c.c.



DEVIATION OF COMPLEMENT 141

gave only a very slight, in fact rather doubtful precipitate,
whilst 0:000,01 c.c. gave no trace of precipitate.

Table 3 shows the action of our third serum.

Anti-serum, rabbit v. guinea-pig.

Test for complement = 0-5 ¢.c. suspension of ox’s corpuscles treated with
immune-body.

TABLE 3
Rabbit's complement
Anti-serum  Guinea-pig's o g
0.C. serum c.c. 005 0075 01 0-15 c.c.
0-04 0 0 0 almost complete S
complete Lﬁéidm
0-04 0-000,01 0 0 0 0 1
0-04 0:000,1 0 0 0 0 b

In this case the anti-serum alone has a slight though
distinet effect on the h@molytic action of rabbit’s comple-
ment ; this is probably due to the fact that rabbit’s and
guinea-pig’s sera contain a few common receptors. The
addition of even 0:000,01 c.c. of guinea-pig’s serum 55°,
however, gives a marked deviation phenomenon. This
experiment is of special interest as the anti-serum used gave
practically no precipitate when added to the homologous
serum ; even 0-01 c.c. of the latter produced merely a faint
cloudiness but no real precipitate.

2. Ox THE DEVIATION OF DIFFERENT COMPLEMENTS

It can be readily tested by the above methods whether or
not any given complement is taken up by a particular com-
bination of serum -+ anti-serum. Moreschi found that a
number of different complements may be deviated by the
same combination, or, as he expresses it, an anti-serum
becomes anti-complement to the complements of different
animals on the addition of a small quantity of the homolo-
gous serum. Our observations are confirmatory of this,
but they show also that some complements may not be
deviated. The red corpuscles used in testing for comple-
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ment may be treated with an immune-body artificially
developed for these corpuscles, or we may depend in some
imstances on the natural lysis which may be produced by a
normal serum. (In this latter case there is of course in the
serum a natural immune-body or Zwischenkorper which
acts along with the complement.) The following may be
cited as examples. The anti-serum rabbit ». ox (along
with the homologous serum) deviates (a) guinea-pig’s com-
plement as tested either with ox’s or rabbit’s corpuscles
treated with the corresponding immune-body, and (b)
rabbit’s complement when tested in the same way ; it also
deviates (¢) dog’s complement as tested by the natural lysis
of dog’s serum on rabbit’s corpuscles. The anti-serum
rabbit v. man deviates both (@) rabbit’s and (b) guinea-pig’s
complement when tested with ox’s corpuscles treated with
immune-body, and also (¢) cat’s complement when tested
by the natural lysis of guinea-pig’s corpuscles by cat’s
serum. If we regard the specific substance in the anti-
serum as the homologue of an immune-body, these results
show that many complements are taken up through the
medium of the same immune-body. Analogous results are
obtained in the case of heemolytic immune-bodies.

We have, however, met with the following two exceptions,
though we have made no very extended series of observa-
tions, and probably many others will be found to obtain.
The anti-serum rabbit ». ox (along with the homologous
serum) does not deviate ox’s complement in the natural
lysis of rabbit’s corpuscles by ox’s serum. Again, the anti-
serum rabbit v. guinea-pig does not deviate rabbit’s com-
plement when guinea-pig’s corpuscles treated with immune-

body from the rabbit are used as the testl. It is thus

! Tn this case there is a striking analogy to what has been described
above (p. 77) in the case of hmmolytic immune-bodies, viz. that
increased amounts of immune-body for guinea-pig's corpuscles did not
take up (or deviate) increased amounts of rabbit's complement when
guinea-pig's corpuscles + immune-body were used as the test, whereas
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shown that many, but not all, complements are taken up by the
combination of a serum with its anti-serum.

Another point worthy of note is that we have observed
an apparent variation in the firmness of union of the com-
plement deviated. This is indicated by the manner in
which the lysis progresses when the test corpuscles are
added ; in some cases the lysis comes to an end after an
hour or an hour and a half at 37° C., in others it continues
to increase, as if the complement were being separated from
the combination of serum -} anti-serum molecules. For
example, with the anti-serum rabbit ». ox along with the
homologous serum, the combination of guinea-pig’s com-
plement appeared to be firmer than that of rabbit’s com-
plement, whereas with the anti-serum rabbit v. man the
converse was the case. The results, in short, point to the
possibility in some cases of complement becoming dis-
sociated from the combination serum - anti-serum, or, in
other words, the deviation of complement may exhibit
varying degrees of permanency.

3. DeviaTingG POWER AS COMPARED WITH
HaEzEmovLyTic AcTioN

As already stated, the union of the molecules in the anti-
serum with those in the homologous serum leads to the
taking up of complement. In this we have a close analogy
to what occurs in the case of a heemolytic serum, where by
the union of the receptors of the red corpuscles with immune-
body, complement enters into combination, this combina-
tion, as has been shown, being generally of firm nature.
Apparently then, when a serum is injected into an animal,
there are formed molecules which are the homologues of
immune-bodies. The amount of serum along with its anti-

they did so when ox's corpuscles 4+ immune-body were used. In fact, if
we substitute anti-serum to guinea-pig’s serum for immune-body to
guinea-pig's corpuscles the results coincide in the two cases,
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serum necessary to produce deviation is, however, out of all
proportion smaller than the amount of red corpuscles (treated
with immune-body) necessary to show an appreciable
absorption of complement. There are also differences, to
be mentioned below, when the combination of the molecules
and anti-molecules is used in varying proportions in the
two cases. It has been shown by Morgenroth! that a
hamolytic serum may be developed by the injection of serum,
the latter apparently containing receptors with the same
combining-group as the hzmolytic receptors of the red
corpuscles. The anti-serum to ox’s serum used by us has
hemolytic action, the minimum hsemolytic dose for ox’s
corpuscles being 0-05 c.c. ; asalready stated, it gives devia-
tion of complement with 0-000,001 c.c. of ox’s serum. The
hemolytic serum acting on ox’s corpuscles has a minimum
hseemolytic dose of 0-001, 5 c.c.: it also gives deviation along
with ox’s serum, but not with a smaller dose than 0-001 c.c.
of the latter. The former anti-serum has thus only about a
thirtieth of the heemolytic action of the latter, but has about
a thousand times more deviating power when tested with the
homologous serum. Furthermore, if the anti-serum to ox’s
serum be left for a time in contact with a sufficient amount
of ox’s corpuscles, practically all the heemolytic immune-
body can be removed, but the precipitating and deviating
properties remain in the serum. It is thus evident that
the molecules in the serum which, in association with the anti-
serum, deviate complement in such experiments, are different

from the hemolytic receptors.®

! Morgenroth, Miinchen. med. Wochenschr., No. 25, 1902.

* (ay has suggested that probably many errors have arisen in hemolytic
experiments through non-recognition of the deviation of complement by a
serum -its anti-serum, and has pointed out the difficulty in freeing red
corpuscles completely from the serum by washing. Even, however,
if a small quantity of serum be left, the amount of anti-serum necessary
to produce deviation is relatively great, and as all the hemolytic sera
which I have used have been powerful (0003 c.c. being generally the
hemolytic dose), I am certain that no error of importance can have arisen
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4. RELATION OF THE DEvVIATION OF COMPLEMENT TO
PRECIPITATION

That the union of the two substances concerned in the
fixation of complement is often attended with precipitation
has been recognized by various observers. Moreschi in his
first paper states that the deviation phenomenon appears
only as a sequel to precipitation and stands in closest rela-
tion to it; in his second publication, however, he speaks less
decidedly on this point, though he says that the amount of
complement fixed is always in proportion to the amount of
precipitate. Neisser and Sachs in describing the application
of the deviation test for differentiating the blood of different
species regard the results by the two methods as analogous,
but consider that the essential in the phenomenon of devia-
tion is the union of a substance and its anti-substance
(amboceptor). Gay speaks of the ‘fixation of alexins by
specific serum precipitates’ and finds, as stated above, that
the precipitate separated and washed takes up complement.
We shall first state the facts which we have observed, and
afterwards consider their significance.

In the first place we may consider the relative delicacy
of the two reactions. All observers who have written on
the subject state that the deviation test is more delicate
than the precipitin test, and our results agree with this.
In making the comparison the occurrence of precipitation
is observed by using the same amount of anti-serum
(generally 0-05 c.c.) in each case along with varying amounts
0-01, 0-001, 0-000,1, 0-000,01 e.c., &c., of the homologous
serum, the volume being made up with salt solution to 1 c.c.
The tubes are placed in the incubator for one and a half hours

from this cause in the work which I have published. Our views regarding
anti-complements, however, require revision, in view of the results estab-
lished with regard to deviation of complements.—R.M.

MUIR L
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as in the deviation experiments, and then in the refrigerator
till next morning, when the results are read off. With
0-05 c.c. of our anti-serum rabbit v. ox a distinct precipitate
is got on the addition of 0-001 c.c. of 0x’s serum, a very faint
precipitate with 0:000,1 e.c., this latter being scarcely reliable
for practical purposes. Distinct deviation of rabbit’s and
guinea-pig’s complement is got with 0-000,01c.c. of ox’s
serum and appreciable deviation sometimes even with
0-:000,001 c.c. With the serum rabbit ». man 0-05 c.c. pre-
cipitation is distinet with 0-001 c.c. of human serum, almost
absent with 0-000,1 c.c. ; deviation of complement is always
got with 0-000,01 c.c. We may thus state that in the case
of these two sera the deviation test is between ten and
a hundred times more delicate than the precipitin test.
Neisser and Sachs in the case of an anti-human serum con-
sidered that the deviation test was about forty times more
delicate, and Friedberger found an even greater difference
between the two. The figures which we have stated may
be taken as well within the limits, as we have taken the
smallest amount of serum which gives a distinct deviation.
Furthermore, owing to the nature of the reaction the result
is much more easily appreciated than in the case of pre-
cipitins, especially when there is any natural cloudiness of
the serum.

We have also found that the phenomenon of deviation
may be well marked in the case of an anti-serum which gives
no precipitate. Nuttall states that when the animal used
for injection is of closely allied species to that from which
the serum is taken a precipitin is not usually developed.
We have obtained a result which confirms this in the case
of the anti-serum rabbit ». guinea-pig. This anti-serum
produces no distinet precipitate even when a comparatively
large amount—e.g. 0:01 c.c. of the homologous serum is
added ; at the most there is only some opalescence, and if
the tubes be allowed to stand for twenty-four hours there
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is no distinct deposit. It will be seen from Table 3 that
with this anti-serum, which produces no precipitate on
addition to the homologous serum, the phenomenon of
deviation is produced by exceedingly small amounts of the
latter, viz. 0-000,01 c.c. This shows that the injection of
the guinea-pig’s serum into the rabbit gives rise to anti-
substances, although the latter cannot be demonstrated by
the phenomenon of precipitation. We also found in the
course of immunizing a rabbit against human serum that
the deviating power appeared before any precipitating
action was detectable. We may state, however, that when
a precipitate is formed we have always found that it had
the property of fixing complement—the test of course being
made after the precipitate had been washed and centri-
fugalized several times. In fact the use of a separated
precipitate supplies a very convenient method for freeing
a serum of complement. We have, for example, been able
by this means to deprive guinea-pig’s complement of practi-
cally all heemolytic power for ox’s corpuscles treated with
immune-body, though the haemolytic dose of such a com-
plement for 1 c.c. of suspension of red corpuscles may be
as low as 0-01 c.c. That the precipitate when formed, or
rather molecules in the precipitate, have the power of fixing
complement, there is therefore no doubt. Are there any
molecules with this property in the separated fluid ? To
each of a series of tubes 0-025 ¢.c. anti-serum rabbit v. ox
and 0-001 c.c. of ox’s serum were added, the mixture being
made up to 1 c.c. in each tube with salt solution. Another
similar series was prepared with 0-01 c.c. ox’s serum instead
of 0-001 c.c. The tubes were incubated for two hours and
then placed in the refrigerator till next morning. The
tubes were then centrifugalized and the supernatant fluid
was carefully pipetted off from the precipitate in each tube.
To the fluid thus obtained different doses of guinea-pig’s
complement were added and after incubation deviation was
L 2
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tested for in the usual way. The result in both series was
negative, i.e. the molecules which fix complement were prac-
tically all in the precipitate. In another experiment with
0-01 c.c. ox’s serum and 0:025 c.c. anti-serum, performed in
the same way, we found that the supernatant fluid deviated
about one-twelfth of a hemolytic dose of guinea-pig’s
complement—an exceedingly small amount. So also in the
case of anti-human serum we found that the precipitate
obtained by mixing 0-1 c.c. of human serum with 1 e.c. of
the anti-serum in 5c.c. of salt solution, possessed ex-
clusively the deviating power, the separated fluid being
practically without any effect when tested. These re-
sults are in harmony with those obtained by Gay on this
point.

We may also add that there is no question of complement
being carried down mechanically by the precipitate in
process of formation. The precipitate after it has formed
may be repeatedly washed and still retains the property of
fixing complement.

Observations on the relation between precipitate formed
and the deviating power show that the amounts are not
strictly proportional. For example,using 0-025c¢.c. of anti-ox
gerum along with varying amounts (0-1, 0-01 c.c. &e.) of ox’s
serum, we found that the maximum deviation of comple-
ment was given by 0-001 c.c., whilst distinctly the greatest
amount of precipitate was given by 0-01 c.c. Again, on
using the same quantity of serum, viz. 0-001 c.c. and varying
the amounts of anti-serum, we found that a much greater
amount of precipitate was given by 0-3 c.c. of anti-serum
than by 0-1 c.c., whilst the amount of complement fixed was
practically the same in the two cases. Further details on
this point are given below under Section 6. It is also
interesting to note that Friedberger and Liefmann have
found that it is possible by heating to deprive an anti-
serum of its precipitating”action while its power of fixing
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complement in association with the homologous serum may
be retained.

We therefore conclude that (1) when a precipitate forms,
the deviating property is contained in it, and may be so
exclusively; on the other hand, (2) the deviation pheno-
menon may occur without precipitation, and (3) the amount
of deviation is not always in proportion to the amount of
precipitate. The last-mentioned fact would indicate, as
Moreschi suggests, that the precipitate has not always the
same composition, and possibly the precipitin and the
precipitinogen unite in varying proportions.

5. TaHE DEVIATION OF COMPLEMENT AS REGARDS
SPECIFICITY

The important practical question, with regard to the
deviation of complement, is the same as in the case of
precipitins, and concerns the possibility of distinguishing
different kinds of bloods, or rather sera. We have carried
out a number of observations on this subject, though these
must be regarded as of a preliminary nature, and a much
more extended series will be necessary. Using an anti-
human serum, we have tested the sera of various animals
with it, and observed whether there was any deviation of
rabbit’s complement (0x’s corpuscles treated with immune-
body from the rabbit being used as the indicator). We
have obtained purely negative results with the sera of the
ox, sheep, pig, dog, cat, mouse, guinea-pig, horse, and
pigeon. In each case 0-05 c.c. of the anti-serum was used
along with as much as 001 c.c. of the serum to be tested :
in every case as much complement was found to be free as
when the anti-serum was used alone. In the case of the
primates, however, distinct deviation of complement was
obtained. With the serum of a chimpanzee, for which
we are indebted to Prof. Woodhead, the following are
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the results obtained, the details being as in former
tables :—

Human anti-serum 05 e.c. to each tube.

The indicator was -5 c.c. suspension of red corpuseles of ox treated with
immune-body from rabbit.

TABLE 4
Chimpanzee Complement of rabbit
Anti-serum SErum J A -
c.c. c.C. 005 0.1 02c.c.
0-05 0 just complete complete
complete Lvsis i
005 0:001 none  half lysis complete Fmi - m]
0-05 0-000,1 none complete complete Al
005 0-000,01 just  complete complete | COTPUSCIES
complete

It is thus seen that 0-000,01c.c. gives no perceptible devia-
tion, whilst 0-000,1 c.c. deviates a hemolytic dose. In a
corresponding test made with human serum, it was found
that 0-000,01 c.c. of human serum produced the same devia-
tion as 0-000,1 c.c. of chimpanzee serum. We have also
tested the serum of a monkey, viz. Macacus rhesus, for
several samples of whose blood we are indebted to Mr. Jolly
of the Physiological Department of the University of
Edinburgh, and were rather surprised to find that it had
practically the same deviating power as the chimpanzee
serum. Several tests were made, and on every occasion
with similar result. Neisser and Sachs also obtained
negative results with the bloods of the rat, pig, goat, rabbit,
ox, and horse, when these were tested with an anti-human
serum. With monkey’s serum an interference with hemo-
lysis was however obtained, the amounts of monkey’s
serum being rather more than ten times the amount of
human serum necessary to obtain the same result: the
species of monkey is not stated.

With regard to precipitates, the results of observa-
tions made at the same time are shown in the following
table :—
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Anti-human serum 0:05 e.c. to each tube.

TABLE 5
Amount of Chimpanzee
serum Human serum : Serum Macacus serum
0-000,1 c.e. ? Slight opalescence 0 0
0001 ,, Distinct precipitate Slight but distinet ?Slight opalescence
001 .+ Marked Marked, less than Distinet though slight
with human

These results are much in conformity with what Nuttall
obtained.

Whilst, however, the deviation test places the chimpanzee
and the macacus monkey in practically the same relation
to man, the precipitation test brings out a difference, the
chimpanzee serum giving a more marked reaction with
anti-human serum than the macacus serum does. No doubt
other analogous results will be found to obtain.

We have also tested the anti-ox serum with the sera of
some other animals. Using 0-01 e.c. and 0-001 c.c. of the
serum to be tested, we obtained no deviation with the
serum of the horse, pig, cat, mouse, pigeon and of man.
(Larger amounts of serum than those mentioned were not
used, as complications may arise from the added serum
interfering with lysis.) With the serum of the sheep,
however, a deviation was obtained approximating in degree
to that given by ox’s serum. With 0-05 ¢.c. anti-ox serum,
0-000,01 c.c. sheep’s serum as well as 0-000,01 c.c. 0x’s serum
gave a slight though distinet deviation of guinea-pig’s
complement, but this was more marked in the case of the
ox’s serum. A greater difference was, however, brought
out when we tested the amount of deviation with a larger
amount of the two sera, viz. 0-001 c.c. (the same quantity
of anti-serum, 0-05 c.c., being used). In this test we found
that six hemolytic doses of guinea-pig’s complement in the
case of the ox serum and four heemolytic doses in the case
of the sheep’s serum, had to be added before one free dose

* Nuttall, Blood Immunity and Relationship, Cambridge, 1904, p. 165.
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was obtained. With the precipitin test analogous differences
were obtained—a slight precipitate was given by 0-000,1 c.c.
of both sera, more distinct in the case of the ox’s serum:;
a doubtful trace of precipitate with 0-000,01 c.c. of ox’s
serum, and no precipitate with 0-000,01 c.c. of sheep’s serum.
These results also as regards precipitation are in accordance
with those obtained by Nuttall. In the case, therefore, of
ox’s and sheep’s serum as tested by anti-ox serum there is a
close parallelism between results obtained by the deviation
and the precipitation tests.

It may also be mentioned that of a number of sera tested
with an anti-goat serum, Moreschi found that the only one,
besides the goat’s serum, which gave a deviation result was
0X’s serum.

Although our observations on this subject have been as
yet comparatively restricted in scope, they have been
sufficient to show a harmony in the results brought out by
the two methods. It is quite likely that in a more extended
inquiry, one method might, in certain instances, bring out
differences with regard to blood relationships which the
other fails to do (as for example we found in a comparison
of the serum of the chimpanzee and the serum of the
macacus monkey).

With regard to the application of the deviation test to
forensic purposes, we have practically nothing to add to what
has been stated by Neisser and Sachs. It is an important
adjuvant to the precipitin method, and will undoubtedly be
of great service when there is any cloudiness in the fluid to
be tested ; the non-occurrence of haeemolysis is a phenomenon
so much more easily appreciated than the formation of
a slight precipitate. Undoubtedly also the deviation
method is considerably more delicate, and Friedberger in
the paper above quoted points out that its extreme delicacy,
when a very powerful anti-serum is obtained, may be a
source of fallacy, as he has obtained reactions with human
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sweat. For this reason he advises the use of anti-sera
which give deviation with 0-000,01 c.c. of the homologous
serum as a minimum ; with a serum of this strength there
is no risk of error such as might arise from the material to
be tested being impregnated with sweat.

6. ON THE QUANTITATIVE RELATIONS OF SERUM AND ANTI-
SERUM TO THE DEviaTioN 0F COMPLEMENT

In the tables given above it appears that the amount
of deviation of complement increases, though not in arith-
metical ratio, with the amount of serum, when the amount
of anti-serum is kept constant. If, however, comparatively
large amounts of the homologous serum be used, the amount
of complement taken up again becomes diminished as the
amount of serum increases. We have carried out a number
of observations on this subject, one or two examples of
which will exemplify the phenomenon. The results are
confirmatory of those recently published by Moreschi,
though the details of experiment are somewhat different.

Anti-serum, rabbit v. ox, 0:025¢.c. to each tube, with varying amounts
of ox’s serum 55° C.
_ Test for complement=1 c.c. suspension of ox’s corpuscles treated with
immune-body ; the dose of complement for this is 0-0075 e.c.

TABLE 6
Anti-  Ox-serum Guinea-pig's complement
serum  55°C. = — —_—
C.C. ce. 00075 0015 0.03 0-05 007 c.c.
0025 0-1 v ¥ complete complete complete
sleiug;ﬁt - P ple
0025 0-01 0 . i nearly complete
complete :
0025 0-001 0 v 3 1 3} | Lysisin
slight added
0025 0-000,1 0 1 4 § just | corpuscles
) ] complete
0025 000001 | s just complete complete
! complete J

It is thus seen that with a given quantity of anti-serum,
0:025 c.c. in this case, there is an optimum amount of serum
which gives the maximum deviation, viz. 0-001 ¢.c., whilst
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above as well as below that optimum the amount of devia-
tion diminishes. The maximum precipitate was given by
0-01 c.c. The results of this experiment are graphically

represented in Figure 2.
Amount of guinea-pig's complement

Anti {25 oo, 0 . +04 5
= {Tﬂn-;rﬂm FI:::*:L \n !"'\m = i o

n -+ sérim 01 e.e. -\‘“ —

1 o BETUIM 001 e.c. ;
.-'"'""-—F_

.--"‘""'-f‘

s -+ serum -000,1 e.c. / e
.--""""F_-F

1] 'm.'}l ]

-4 serum .0 > 3 ~

Fig. 2. This figure shows the amount of deviation of complement with
0-025 ¢.c. of anti-serum and varying amounts of homologous serum. The
maximum deviation is given with 0-001 c.c.

curve @ = initial lysis,
b = half lysis,
¢ = complete lysis.

A similar result was obtained with anti-human serum,

as is shown in the following table.

Anti-serum rabbit v. man, -025 c.c. to each tube. Varying amounts of
human serum.

TABLE 7

Human
Anti-  serum Guinea-pig's complement
serum 55°C. -~ : ~
C.C. c.c. 001 0.02 0.03 0-04 0.05 ce.
0025 01 —- —  complete complete complete
0-025 001 — — —  complete complete| Lysisin
0-:025 0-001 —_ — — —  complete - added
0:025 0:000,1 |— —  complete complete complete| corpuscles
0025 0-000,01 | — complete complete complete complete

In this experiment there was some diffusion of hemo-
globin owing to the corpuscles having been kept too long ;
the tubes showing complete lysis are accordingly only given.
The maximum deviation was thus given by 0-001 c.c. of
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serum. On the other hand, 0-01 c.c. gave the maximum
precipitate.

We have shown above that complement may be fixed by
a serum plus its anti-serum even although there be no
precipitate. We have accordingly inquired whether in
this instance the principle of optimum proportions holds,
and have found that this is the case. The following may be
taken in illustration :—

Anti-serum, rabbit v. guinea-pig, 0:025 c.c. to each tube. Varying
amounts of guinea-pig’s serum.

Test for complement = 0-5 c.c. suspension of ox's corpuscles treated
with immune-body.

TABLE 8
Guinea-
pig's
Anti- serum Rabbit’s complement
gerum b55°C o . "
€.0. O.C. 0-05 0-1 0.2 0-3 04 c.c,
0025 0.1 g complete complete complete complete
0-025 0-01 0 complete complete complete _E
0025 0-001 0 0 } just complete «E;E
complete I §
0-025 0-000,1 0 just  complete complete complete -8 2
complete 'E.S
0:025 0-000,01 | almost complete complete complete complete | =
complete )

In this case also it will be seen that the maximum deviation
occurs with 0-001 c.c. serum, whilst above, as well as below,
this amount the deviation of complement diminishes.

It has been recognized by various observers in testing
a precipitin (anti-serum) with a given amount of the homo-
logous serum, that the precipitate may become less when
the amount of serum is increased beyond a certain point,
and after a precipitate has formed this may be dissolved
on adding homologous serum. For example, with 0-001 c.c.
ox’s serum and 0-05 c.c. anti-serum a bulky precipitate is
obtained, but this is dissolved in great part on the addition
of 0-1c.c. ox’s serum. In this respect also thereis an analogy
between the phenomena of precipitation and of deviation of
complement. We cannot, however, agree with Moreschi
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when he says that the amount of complement fixed always
depends upon the amount of precipitate, as the results
above given show that the maxima of the two reactions
may not correspond.

We may vary the conditions of experiment by keeping
the amount of serum fixed and varying the amount of
anti-serum. In this case Moreschi also found, as shown in
his table No. 3, that on increasing the amount of the latter
an optimum point was reached, beyond which additional
increase of anti-serum resulted in diminution in the amount
of complement taken up. We have made a large number
of observations on this point, but with varying results.
In one or two instances we found a slight diminution in the
amount of complement deviated, as the anti-serum was
increased, but this was never very marked ; whilst in the
majority of cases we found no such diminution, even when
as much as 0-3c.c. anti-serum was added. At present we
cannot give any explanation of this discrepancy. Certainly
the phenomena of optimum deviation do not occur in the
same striking manner as when the amount of anti-serum
is kept fixed and the amount of homologous serum is varied.
As stated above, however, we found when we continued to
increase the amount of anti-serum (the homologous serum
being kept fixed) that the amount of precipitate formed
might continue to increase, whilst the deviation of comple-
ment did not do so.

GENERAL CONSIDERATIONS

The deviation of complement by a serum plus its anti-
serum (presumably by a new compound formed) is one of
the most striking of serum reactions, and opens up many
questions of high theoretical importance. The relation of
the phenomenon to precipitation has already been discussed
at some length, and whilst there is a certain parallelism
between them, we cannot say that it is the precipitate which
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fixes complement. The fact that deviation may occur
where there is no precipitation would indicate that when
a serum is injected the all-important result is the develop-
ment of anti-substances, and these in combination with
certain substances in the serum have the property of fixing
complement. The combination of substance - anti-sub-
stance may be, and usually is, attended by precipitation.
Further, the results with regard to the relation of the
amount of complement fixed to the amount of precipitate,
suggest that the latter may wvary in composition. An
analogy can be drawn between the anti-substances in
question and the hsemolytic and bacteriolytic immune-
bodies. A striking difference, however, is presented by the
fact that increase in the amount of serum (receptors) beyond
a certain point leads to a diminution in the amount of
complement taken up—a phenomenon which so far as we
know has not been observed in the case of other anti-sera.
The extraordinarily small amount of the homologous serum
which is sufficient to produce a recognizable deviation of
complement also appears unique in serum reactions.

It has been recognized for a considerable time that when
the serum of an animal is injected into another animal of
different species, the serum of the latter acquires an ‘ anti-
complement’ property. It will be evident, however, from
what has been stated above, that when the anti-serum is
added to the serum, there are present the three essentials
for the deviation phenomenon, viz. () certain molecules
in the serum injected (homologues of receptors), (b) the
anti-substances to these molecules, and (¢) complement.
Complement will thus be fixed and apparently neutralized.
Are there in addition true anti-complements, i.e. anti-
substances which unite directly with the haptophore group
of complement in the same way as anti-toxin unites with
toxin ? The possibility of this cannot be excluded, but
it is now clear that facts established with regard to anti-
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complement action are capable of another explanation,
The question must be left an open one and requires fresh

investigation in the light of the facts established with
regard to deviation (vide also p. 39).

SUMMARY OF RESULTS

1. A mixture of serum and its anti-serum has the property
of fixing or deviating complement and thus interfering
with h@molysis. In this there is a close analogy to the
fixation of complements by cell-receptors in association with
immune-bodies.

2. A large number of different complements may be fixed
by the same combination of serum and anti-serum : some
complements, however, may not be fixed.

3. The amount of homologous serum necessary to produce
a distinct deviation of complement is extremely small—
0:000,01 c.c. and even less: as a rule it is many times less
than the amount necessary to give a visible precipitate with
the anti-serum.

4. When a precipitate forms, the deviating substance is
present in the precipitate and may be so exclusively : pre-
cipitation is, however, not essential, as the deviation pheno-
menon may be given by an anti-serum without the formation
of a precipitate.

5. The precipitin and deviation tests give results which
are in great part in accord as regards specificity.

6. For any given amount of anti-serum there is an
optimum amount of homologous serum which gives maxi-
mum deviation of complement : above, as well as below,
the optimum the deviation diminishes.

7. The deviation phenomenon produces an effect similar
to an ‘ anti-complement ’ action and the views generally
held with regard to anti-complements require revision. It
is, however, still left an open question whether true anti-
complements exist.



PART III

ON THE ANTI-BACTERIAL PROPERTIES
OF SERUM

I. OPSONIC ACTION

(¢) ON THE COMBINING PROPERTIES OF OPSONINS
OF NORMAL SERUM

Since the publication of the original paper by Wright
and Douglas ! on opsonins much important work has been
done on the subject, and many important facts have been
ascertained. The result has been to establish the cardinal
part played by opsonic substances in the phenomena of
phagocytosis, and also to supply a means of estimating
the degree of immunity in one of its aspects. It must be
admitted, however, that much doubt still exists as to the
biochemical position of the substances in question. Is
there, for example, a single type of substance which is
thermolabile like bactericidal complement, and which
increases during the process of immunization, or are there
at least two classes of substances, one of which is thermo-
labile and another thermostable, and if so, what is the
relation of these to each other ? Among the phenomena
of immunity already known, we have, on the one hand,
certain effects produced by what, so far as is known, are
single substances, of which agglutinins may be taken as
the type ; and, on the other hand, effects which are due

' Wright and Douglas, Proc. Roy. Soc., London, vol. 1xxii, p. 357.
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to the co-operation of two substances, namely, immune-
bodies and complements.

Further light is still required before we can say to which
of these two types the opsonic action conforms, or whether,
indeed, it is peculiar to a single class of substances. The
work of Bulloch and Atkin! tends to show that opsonins
are simple substances resembling agglutinins, though differ-
ing from them in being more labile, while the results obtained
by Leishman ? and by Dean ® with regard to immune serums
strongly suggest that more than one substance may be
concerned, one of which resembles an immune-body. So
far, however, as the serums of normal animals are concerned,
practically all observers are agreed that the opsonic sub-
stance is in most cases destroyed to a vanishing point by
heating at a temperature of 55° C. No doubt Dean has
shown by a special method that traces of opsonic substance
can still be demonstrated in a heated normal serum, but
the general fact is that just stated.

In the present research we have endeavoured to obtain
an answer to a single definite question, namely, Are the
opsonins of normal serum capable of being taken up through
the medium of immune-bodies ? The term ‘ complement ’
may be applied to the labile bodies in the serum which are
taken up by the complex receptor + immune-body, without
reference to what may be the toxic result of such a com-
bination. Unlike what is seen in the specific combining
affinity of immune-body, agglutinin, &ec., for the correspond-
ing receptor, the haptophore group of complement shows,
as pointed out above, a certain community in its com-
bining affinities. The most diverse combinations of immune-
bodies with their corresponding receptors will take up the
same complement; also a bacterial receptor - immune-body

! Bulloch and Atkins, ibid, vol. lIxxiv, p. 379.

¥ Leishman, T'rans. Path. Soc., London, 1905.
* Dean, Proc. Roy. Soc., London, vol. Ixxvi, p. 506.
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may take up hemolytic complement, and a hamolytic
receptor 4+ immune-body may take up bactericidal comple-
ment. This statement may be made in a general sense
without implying that there may not be multiple comple-
ments in a serum ; on the contrary, we know that some
complements may not be taken up. So far as the general
laws of chemical combination in immunity are concerned,
the distinguishing property of complement is that it is
absorbed or fixed through the medium of an immune-body ;
whether it produces a bactericidal, hemolytic, &ec., effect
or not, is in a sense accidental, depending on the suscep-
tibility of the cell to the zymotoxic group. It may be of
interest to recall the instance recorded above, in which an
agglutinating effect was produced by ‘ complement ’ in this
sense. Do the thermolabile opsonins of normal serum
belong to the group of complements, or do they conform
to anti-substances with specific combining affinity ? In the
present paper we leave out of consideration the opsonic
substances which can be demonstrated in a heated immune
serum and the small residuum which may be present in
a heated normal serum. We simply determine what effects
on the opsonic power of normal serum are produced by
certain methods of absorption which lead to the fixation of
hemolytic and bacteriolytic complements. To what extent
is the opsonic action of the serum reduced by these absorp-
tive methods, as compared with the effect of heating the
serum at 55° C. ?

In investigating the question as to the absorption of
opsonins we have used the immune-bodies corresponding
to the receptors of (a) red corpuscles, (b) blood serum, and
(c) bacteria. The results are shewn in the three following
sections.

MUIR M
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I. AssorrrioN BY RED CorRPUSCLES TREATED WITH
IMMUNE-BODY (SENSITIZED RED CORPUSCLES)

The method here is to introduce red corpuscles combined
with multiple doses of immune-body into a normal serum,
and then to determine what properties have been removed
from the serum. This is most conveniently done by fixing
the hemoglobin of the red corpuscles by heat, at a tem-
perature which does not destroy the receptors—does not,
that is, interfere with their powers of absorbing immune-
body and thereafter complement. The following are the
details :—

Twenty c.c. of a 5 per cent. suspension of ox’s corpuscles,
washed free of serum, in 0-85 per cent. NaCl solution are
taken, and excess of immune-body from a rabbit treated
with injections of ox’s corpuscles is added. (The corpuscles
in question can take up about ten h@molytic doses of
immune-body, so we add rather more than this amount.)
After an hour is allowed for combination of the immune-
body the corpuscles are centrifugalized and washed in salt
solution. They are then placed overnight in a serum steri-
lizer at 55° C. By such an exposure to this temperature
the mixture has been changed into a turbid brownish
suspension, the corpuscles being clumped in small granular
masses, but the power of absorbing complement is still
retained. The mixture is then centrifugalized and the
altered corpuscles are washed twice in salt solution. After
the last centrifugalization the fluid is removed as com-
pletely as possible, and the deposited corpuscles are used for
testing their absorbing properties.

The deposit obtained in the above manner is added to
1-5 c.c. of guinea-pig’s normal serum, and the mixture is
placed in the incubator at 37° C. for one and & half hours.
The mixture is then centrifugalized and the serum is pipetted
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off : it has become slightly brownish in appearance. We
shall speak of such a serum as treated serum, and we may
compare it as regards hamolytic, bactericidal and opsonic
qualities, with normal guinea-pig’s serum, and with the
same serum heated at 55° C. for an hour.

1. Hemolytic Action of the Three Serums.

This is tested on 1 c.c. suspension of ox’s corpuscles
treated with immune-body. The results are :—

The treated serum is practically without effect, 0-2 c.c.
giving no lysis.

The heated serum, of course, is likewise without effect.

The normal serum produces complete lysis in a dose of
0-015 c.c.

The treated serum has thus lost its heemolytic action, or,
in other words, the complement concerned in haemolysis
has been removed from it.

2. Buactericidal Action

This is tested by the method of Neisser and Wechsberg.
A small quantity, x5 ¢.c., of a one day’s bouillon culture
of the bacterium is added to each of a series of tubes along
with different amounts of the serum (0-05, 0-1, 0-2 c.c.)
and a few drops of bouillon ; the mixtures are made up
to 1 c.c. with salt solution. The tubes are placed in the
incubator for three hours and at the end of that time
0:025 c.c. from each is added to a tube of melted agar and

the agar is then plated. The colonies are counted after
incubation at 37° C.

(@) 55%5 c.c. of a bouillon culture of B. typhosus.

Number of Colonies in Plates.
Amount of Serum.
Treated Serum. | Heated Serum. | Normal Serum.
0-2 c.c. 1,000-2,000 1,000-2,000 0
01 e.c. 2 " 0
0-05 c.c. s 1] About 00

M 2
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(b) sogw c.c. of a bouillon culture of B. dysenteriee
(Kruse).

Number of Colonies in Plates.

Amount of Serum.
Treated Serum. | Heated Serum. | Normal Serum.

02 c.c. Some hundreds | Some hundreds 0
01 c.c. e 0 3
0-05 c.c. s = Hundreds

It is thus seen that while the normal serum has a marked
bactericidal action on both the organisms tested, the treated
and the heated serums alike have been deprived of their
bactericidal properties. (Controls were made at the same
time without serum, and also to test the sterility of the
serums. )

3. Opsonic Action

This was tested, according to the method of Wright
and Douglas, against a suspension of Staphylococcus aureus,
with the following results :

Average number of cocci ingested per leucocyte

Treated Serum. Heated Serum. Normal Serum.
1.1 1.25 98.5

It thus appears that the serum treated in the manner
indicated has practically the same opsonic effect as the
heated serum. In the films prepared with both of these
serums, one met here and there with single leucocytes
containing a considerable number of cocci, but nearly all
were quite empty.

The general result of these experiments is to show that
the receptors of red corpuscles in union with the correspond-
ing immune-body take up not only ‘hemolytic comple-
ment’, but also ‘ bactericidal complement * and ‘opsonin’
of normal serum.
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II. ABSORPTION BY SERUM PRECIPITATE

It has been now well established by the researches of
Moreschi, Gay, and others, including ourselves (vide p. 133)
that a precipitate produced by a precipitin acting on the
homologous serum has the property of fixing various com-
plements. Certain molecules in the serum used for injecting
the animal in order to develop the precipitin give rise to
anti-molecules, and the combination of the two takes up
complement, as is readily shown by hamolytic tests. The
anti-molecules, so far as the fixation of complement is con-
cerned, behave like immune-bodies, though certain differ-
ences obtain, as we have already pointed out (p. 157).
We have inquired whether this combination of serum-
receptors plus immune-bodies also absorbs the opsonins
of normal serum. The experiments are carried out in
a manner analogous to the previous, a serum precipitate
being substituted for red corpuscles treated with immune-
body.

The precipitate is produced by adding 0-05 c.c. of ox’s
serum heated at 55° C. to 1-5 c.c. of precipitin (anti-serum
produced by injecting a rabbit with ox’s serum) in 20¢.c. of
0-85 NaCl solution. The mixture is allowed to stand over-
night, and next day the precipitate is separated and washed
several times in salt solution. After a final centrifugaliza-
tion the fluid is removed as completely as possible and
2 c.c. of guinea-pig’s normal serum is added to the precipi-
tate. The precipitate is well shaken up in the serum, and
the mixture is placed in the incubator for one and a half
hours at 37° C. The mixture is then centrifugalized, and
the clear serum is pipetted off from the precipitate. As
before, the resulting serum will be spoken of as treated
gserum, and its properties will be compared with those of
heated and of normal serums.
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1. Hemolytic action.
The treated serum, like the heated serum, has practically
no haemolytic action.

The normal serum produces lysis of the test corpuscles
in a dose of 0-015 c.c.

2. Bactericidal action, tested on 33y c.c. of a bouillon
culture of B. dysenterice (Kruse).

Number of Colonies in Plates.

Amount of Serum.
Treated Serum. | Heated Serum. | Normal Serum.
02 c.c. Countless Countless 0
01 ¢.c. " T Abhout 20
0:05 c.c. ) - Thousands

The treated serum has thus lost its bactericidal action.

3. Opsonic action, tested on an emulsion of Staphylococcus
aureus.

Average number of cocci ingested per leucocyte

‘ Treated Serum. Heated Serum. Normal Serum.
‘ 0-40 0.48 BT

The opsonic action of the treated serum is therefore as
low as that of the heated serum ; that is, the normal labile
opsonin has been absorbed by the serum precipitate.

I1I. ABSORPTION BY BACTERIA TREATED WITH IMMUNE-
BODY ( ‘ SENSITIZED BACTERIA ’)

The method is the same as in the previous cases. The
bacteria, combined with immune-body, are washed in salt
golution and, after the salt solution is pipetted off as com-
pletely as possible, are added to fresh guinea-pig’s serum.
The mixture is placed in the incubator for one and a half
hours, and then the bacteria are deposited by centrifugaliza-
tion and the serum is pipetted off.
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In this case there is, however, a complication, inasmuch
as the bacteria alone absorb a certain amount of complement.
We accordingly treat another sample of serum with bacteria
only, this being done in exactly the same way, with the
single difference that the bacteria are not previously treated
with immune-body.

The following experiment is an example of the different powers of
absorbing heemolytic complement possessed by treated (sensitized)
and untreated bacteria respectively. A test of this kind was always
-employed before their effect on opsonin was estimated.

Three series of tubes are prepared. Each receives 0-05 c.c. of
emulsion of a culture of B. coli.

To the first series (a) no anti-serum is added.

To the second series (b) 0-001 c.c. anti-serum is added.

To the third series (¢) 0-01 c.c. anti-serum is added.

To the several tubes in series increasing quantities of guinea-pig's
complement are added. The contents are made up to 1 c.c. with
salt solution, and the tubes are placed in the incubator for one and
a half hours to allow combination of complement to occur. To each
tube 1 c.c. of a suspension of ox’s corpuscles (sensitized) is added
to test for free complement. Complete lysis is got in the different
series with the following amounts of added complement :—

Emulsion alone . : . 003 c.c.
Emulsion + 0-001 c.c. anti-serum, 0-075 c.c.
Emulsion +0:01 e.c. a 0-125 c.c. gives § lysis.

The hamolytic dose of untreated complement was 0:015 c.c.

It is thus shown that, while the bacteria alone take up a certain
amount of complement, the addition of immune-body (anti-serum)
leads to the taking up of much more. How is the opsonic effect
influenced ? The following examples show this clearly.

We shall call the serum treated with bacteria + immune-body
Serum A, and the serum treated by bacteria alone Serum B.

Antr-serum to B. coli
Treated Serum A =1 c.c. of guinea-pig’s serum treated with
0-25 c.c. emulsion of B. colt + 0-05 c.c. anti-serum (immune-body).
Treated Serum B =1 c.c. of guinea-pig's serum treated with
0:26 c.c. emulsion of B. colt alone.
The organisms were killed by heat before being used.
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1. Hemolytic Action.

Treated Serum A. | Treated Serum B, Normal Serum. i

Practically without| Hmmolytic dose | Heamolytic dose |
hemolytic effect = 0-075 c.c. = (015 c.c.

2. Opsonic action, tested on emulsion of Staphylococcus
aureus.

Average number of cocci ingested per leucocyte

Treated Serum A. | Treated Serum B. Normal Serum.

0-5 26.2 46.7

It is thus seen that treated serum A is practically without
h@emolytic and opsonic action. Treated serum B occupies
an intermediate position, and its hseemolytic action appears
to be more reduced than its opsonic action. This is prob-
ably, however, due to there being excess of opsonin in the
normal serum, so that a considerable reduction of the
quantity might be produced without there being a marked
effect on the number of cocei ingested.

The following is another example, guinea-pig’s serum
being treated as above with B. coli + its anti-serum, and
with the bacillus alone :—

1. Hemolytic action, shown by the minimum h@molytic
dose.

Treated Serum A. Treated Serum B. Normal Serum.

002

n l3 'D‘UTE

2. Opsonic action.
Average number of cocct ingested per leucocyte—iwo different
suspensions (a) and (b). :

Treated Serum A. J Treated Serum B. Normal Serum.

(a) 2:85 26.6 51-2 !.
(b) 0-6 1.31 806 |
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In this experiment treated serum A has still traces of opsonic and
heemolytic action, but both properties are much more reduced than in
serum B.

The following is another example where the normal guinea-pig’s
serum was treated with Spirillum Metchnikovi + its anti-serum, and
with the spirillum alone : —

1. Hemolytic action.
Minimum Hcemolytic Doses

Normal Serum. |

001 |

Treated Serum B.
005

Treated Serum A.
0-12

2. Opsonic action.
Number of cocci ingested per leucocyte

Treated Serum A. | Treated Serum B. Normal Serum.

2.8 6.1 31

The heemolytic action of Serum A is less reduced than in the previous
examples, and the opsonic action is also relatively more marked.

3. Bactericidal action, tested on gy c.c. of bouillon
culture of B. dysenterice.

Number of Colonies

Amount of Treated Treated Normal
Serum. Serum A, Serum B. Serum.
02 c.c. 1,000-2,000 1,000-2,000 b
0-1 c.c. more more 800
005 c.c. thousands thousands 1,000-2,000

Both of the treated serums have been practically deprived of
their bactericidal power, though there is evidence of a small residuum.
The colonies appeared to be approximately the same in the two
series but were too numerous to estimate accurately.

The marked reduction of bactericidal action resulting
from treatment with a heterologous organism (V. Metchni-

kovi) is in accordance with the results to be recorded later
(p. 201).
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Itis thus brought out that a bacterium combined with the
homologous immune-body absorbs or fixes bactericidal com-
plement, heemolytic complement, and normal opsonin alike.
We have never been able to obtain a diminution of one of
these without the other two being similarly affected, though
further observations will be necessary before a general
statement can be made. It is to be noted that these results
are obtained with powerful complement-absorbers. When
small quantities of bacterial emulsions are used there may
be a much greater diminution in bactericidal than in
hamolytic action (p. 202).

It will be noticed on comparing the results in the above
tables that there is remarkable similarity in the variation
of the hemolytic action and of opsonic actions, produced
by the methods used. Diminution in the opsonic effect
associated with moderate fall in ha@molytic power is best
seen when the opsonic index of the normal serum comes out
low. This is in accordance with what is seen on diluting a
normal serum with high opsonic power, the effects of further
diluting being most marked after the opsonic index has been
reduced somewhat by previous dilutions.

GENERAL RESULTS

We have thus tested the three chief varieties of immune-
bodies (‘ amboceptors’), namely, those obtained by the
injection of (@) red corpuscles, (b) serum, and (c) bacteria,
respectively, and have found that in each case the combina-
tion of receptor 4 immune-body removes the opsonin of
normal serum as tested by an emulsion of Staphylococcus
aureus. We have also shown that a bacterium treated with
immune-body takes up more of the normal opsonin than
the same bacterium untreated, just as it takes up more of
the normal complement as tested by hemolysis. 11 we
define a complement from the chemical point of view as
above explained, it is evident that the thermolabile opsonins
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of normal serum belong to the group of complements
(alexines). As shown above, we found a striking re-
semblance in the diminution of heemolytie, bactericidal and
opsonic action produced by the different methods of ab-
sorption, but at present we pronounce no opinion as to
the identity or non-identity of the substances producing
these effects. Much remains to be done ere the relation
of opsonins to other bodies in serum can be definitely
assigned, but the above results are very definite and of
a striking nature. We shall consider in the next section
whether the comparatively thermostable opsonin which
may be present in an immune serum can be removed by the
methods of absorption employed above. In this way we
hope to gain some light on the question as to whether there
are one or two classes of opsonins, so far as their combining
relationships are concerned.

Note.—It is to be noted that these observations refer only to the
labile substance of the serum, which is destroyed at 60° C. and
without which the opsonic action of a normal serum is practically
nil. They leave out of consideration the question whether a small
quantity of stable substance of the nature of an immune-body is
also concerned. The results obtained have been confirmed by others,
e.g. by Neufeld and Hiine,! by Levaditi® and his co-workers. An
interesting additional confirmation has also recently been published
by Browning? Sachs and Teruuchi had previously shown that if
& normal serum were diluted with five volumes of distilled water
and kept at 37° C. for an hour and a half, then on restoring the
original salt content the hemolytic complement was found to be
destroyed. Browning found that by the same procedure the com-
plement opsonin of normal serum was also destroyed, whereas the
immune opsonin (vide infra) was unaffected.

' Neufeld and Hiine, Arbeit. a. d. Kais. Ges.-Amt, 1907, Bd. 25.
* Levaditi, various papers in Compt. rend. Soc. Biol., 1907.
* Browning, Journ. Med. Research, vol. xix, 1908, p. 201.
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(b)) ON THE COMBINING PROPERTIES OF THE
OPSONIN OF AN IMMUNE SERUM

In the previous section we have studied the combining
properties of the thermolabile opsonins of normal sera, and
have shown that various substances or combinations of
substances which absorb serum complements also absorb
the opsonins in question. Of special interest is the fact
that red corpuscles, and also heated normal sera, which by
themselves have no appreciable effect either on complements
or on opsonins, absorb or fix both of these bodies when
combined with their corresponding anti-substances, immune-
bodies and precipitins respectively. Since these results were
published we have extended our experiments, and have
always obtained the same result—the opsonin is always
fixed when the complement is fixed. Using the term
complement in the bio-chemical sense, we have said
that the normal thermolabile opsonins belong to the group
of complements. And we have also found that just as
complements in their combining affinities do not possess
specific properties, but are absorbed by a great many
different substances, so also these thermolabile opsonins
show a corresponding community in their combining relation-
ships. We, however, expressly left out of consideration (a) the
special opsonins of immune sera, and also (b) the thermo-
stable opsonins of normal sera, of which latter the stable
opsonin of human serum for the diphtheria bacillus may be
taken as an example. In the present communication we
shall consider the thermostable opsonins of immune sera.

It is unnecessary to enter in detail into the literature of
the subject, as this has been already done by Dean.* It is,
however, advisable for the sake of clearness to refer to the
chief facts which have been established and to the chief

! Dean, Roy. Soc. Proc., vol. 1xxvi, p. 515.
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points at issue. It is now a considerable time since Metchni-
koff showed that the establishment of active immunity
towards various bacteria was often accompanied by in-
creased phagocytic action on the part of leucocytes and
other cells, or by the appearance of phagocytic action when
this was absent under natural conditions. Denys and Leclef*
showed in the case of rabbits immunized against streptococci
that the increased phagocytosis was due not to changes
induced in the leucocytes, but to an alteration in the serum,
and pointed out that the leucocytes of the immune animal
when placed in a normal serum showed no greater phagoeytic
activity than normal leucocytes did. Wright and Douglas®
were the first to show that phagocytosis by leucocytes in
the presence of normal serum depended upon certain thermo-
labile substances— opsonins *—in the serum which became
fixed to the bacteria in question and made them a prey to
the leucocytes. Their results were confirmed by Bulloch
and Atkin,® by Hektoen and Ruediger,* and by others, and
may now be accepted as established beyond question. We
have, on the other hand, a large group of observations
which show that in éimmune sera the substance which leads
to the phagocytosis of bacteria, or of red corpuscles, as the
case may be, is thermostable, i. e. resists a temperature of
55° C. for an hour. Among such observations may be men-
tioned those of Savtchenko,® Neufeld and Rimpau,® Dean,’
Leishman® and others. And Wright and Reid? have
shown that in certain cases the serum of patients suffering
from tuberculosis may contain a considerable proportion of

' Denys and Leclef, La Cellule, 1895, p. 177.

* Wright and Douglas, Roy. Soc. Proc., vol. Ixxii, p. 357.

* Bulloch and Atkin, Roy. Soe. Proc., vol. Ixxiv, p. 379.

‘ Hektoen and Ruediger, Journ. of Infectious Diseases, 1905, p. 128.

* Bavtchenko, Annales de U'Inst. Pasteur, 1902, p. 106,

* Neufeld and Rimpau, Deutsch. Med. Wochenaschr., 1904, p. 1458,

" Dean, op. cit. * Leishman, Path. Soc. Trans., London, 1905.
* Wright and Reid, Roy. Soc. Proc., vol. 1xxvii, p. 211.
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heat-resisting opsonin, a circumstance which may aid the
diagnosis. The question therefore arises as to what is the
relationship between the thermolabile and the thermostable
opsonins. Dean thinks that the opsonin is of the nature
of an immune substance, and that in the case of normal
serum it undergoes a large fractional destruction by heat,
whereas in an immune serum the portion which is thermo-
stable is increased. He, however, mentions the possibility
that the opsonic effect of a normal serum may in part be due
to complement. Wright and Reid consider that the opsonin
in a normal and in an immune serum alike is one and the
same, and prefer to call it thermolabile. The question as
to the identity of such substances may be studied in other
ways than that of testing their powers of resistance to heat.
One method is to test whether cell-receptors combined with
their corresponding immune-bodies will take up the opsonins
of immune sera, as we have shown that they take up the
labile opsonins of normal sera and as they take up comple-
ments. Another method is to test the degree of specificity
in their combining affinities—to test, that is, to what extent
one bacterium will absorb the opsonins for other bacteria.
This has been done by Bulloch and Western® to a certain
extent, and also by Hektoen?® in the case of hemopsonins,
and to these experiments further reference will be made
below. But the method has not been carried out fully in a
comparative way as between normal and Immune sera
respectively.

We shall now give an account of experiments performed
by us to elucidate these questions in the case of an immune

! Tn his more recent publications he expresseé definitely the opinion
that this is the case, and considers that the opsonic action of a normal
and immune serum alike resembles hemolytic action in being due to the

co-operation of immune-body (present in traces in normal serum) and of
complement.

* Bulloch and Western, Roy. Soc. Proe., vol. lxxvii, p. 531.
* Hektoen, Journ. of Infectious Diseases, 1906, p. T21.
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serum, giving in each instance for comparison the effects on
normal opsonins under the same conditions of experiment.
We have made use of two samples of anti-staphylococcie
serum. One of these was kindly given to us by Dr. Dean,
for which we have pleasure in recording our indebtedness,
whilst the other was obtained by us from a rabbit by re-
peated intravenous injections of dead ecultures of Staphy-
lococcus aureus. As it was employed at various stages in
the process of immunization, the degree of the opsonic effect
varies considerably in the different experiments. We may
state that heating for several hours at 55° C. appears to
have no appreciable effect on the thermostable immune
opsonin. The serum thus contrasts very markedly with
the normal rabbit’s serum, the opsonic effect of which is
practically destroyed by heating for an hour at 55° C.

I. Tee Erreors oF ABSORBERS OF COMPLEMENT ON
NorMAL AND IMMUNE OPSONINS

We have tested whether or not the three combinations
of receptors 4 immune-body used in the previous experi-
ments (p. 161) absorb the opsonin of the immune serum,

The two following experiments bring out at a glance the
differences in the effects of treating a normal and an immune
serum Iin various ways, each serum being afterwards tested

on an emulsion of the Staphylococcus aureus in the usual
way i —

Normal serum of rabbit— Opsonic count !
Fresh and untreated R A, T R ]
Heated one hour at 55° C. i 2 S o el B R L
Unheated and treated with red corpuscles+immune-

e Y A e S S e 1
Unheated and treated with serum precipitate . . 1.0
Unheated and treated with emulsion of Staphylococeus

aureus . : 07

' This, of course, means the average number of cocci ingested per
polymorphonuclear leucocyte in Wright’s technique. The observations
given in each table were of course carried out at the same time.
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It is thus seen, in accordance with our previous results,
that practically all the normal opsonin is removed by these
various methods of treating the serum. To contrast with
this we give the results in the case of an immune serum.

_ Opsonic count
Anti-staphylococcus serum from rabbit—

Fresh and unheated .. . . . . w4 128
Heated one hour at 55° C. P S F T L
Unheated and treated with red corpuscles +immune-

Doy S . ¢ : : . g . R -5 71 |
Unheated and treated with serum precipitate . 35
Unheated and treated with emulsion of Staphylococcus

LT LT I R e e il s SR T R

It is thus seen that! treating the serum with the sub-
stances which absorb complements has practically the same
effect on the serum as heating has ; there being approxi-
mately the same amount of immune opsonin left, the latter
being unaffected by the complement-absorbers. An emul-
sion of staphylococcus, however, removes the opsonin almost
entirely.

Other confirmatory examples may be given :—

Treatment by Precipitate

Opsonic count
Anti-staphylococcus serum—

Fresh and unheated . . : - 3 : . 182
Heated one hour at 55° C. . 3 2 : h . =G0
Unheated and treated with precipitate . . . 58

In this case there was an enormous excess of precipitate,
the actual bulk of the precipitate being three times that of
the serum ; there would, therefore, probably be some dilu-
tion of the serum. The treated serum has practically the
same opsonic value as the heated ; that is, in spite of the
large amount of absorber (precipitate) the immune opsonin
is unaffected.

' The methods of treating a given serumare the same as those described
by us in the previous section (p. 162).
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Treatment by Precipitate®

Opsonic count
Anti-staphylococcus serum—

Heated at 55°C. . . ; : 2 T

Heated and treated with preclpltat»e R
Normal serum—

Unheated . 2 4 X : : . 24.6

Unheated and trﬁa.ted ; ; . g . . 086

Treatment by Red Corpuscles + Immune-Body

Opsonic count
Anti-staphylococcus serum—

Heated at 55° C. : ; ; : : : . 83

Heated and treated . - . : : : . 94
Normal serum—

Unheated . ; 3 : : : > . 20-8

Unheated and treated : : . ; . . 08

The thermolabile opsonin of the normal serum is absorbed,
whereas the thermostable opsonin of the immune serum
is unaffected.

Treatment by Emulsion of V. Metchnikovi + I'mmune-

body
Opsonic count

Anti-staphylococcus serum—

Heated at 55° C. » J : 3 - - . 17-2

Heated and treated . : : : . : + 17-5
Normal serum—

Unheated : - ; : ) . . 250

Unheated and trﬁated . : : . : i a0

The result is the same as before.

We have also endeavoured to remove the opsonin of the
immune sgerum by treating it twice with a considerable
quantity of serum precipitate, the precipitate being separ-
ated by centrifugalization after each treatment, but no
diminution of the opsonin has resulted. The following is

* In this and the two following experiments the anti-serum was the one
which we obtained from Dr. Dean.

MUIR N
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an example in which the effects on the normal and the
immune serum of the rabbit are once more compared :—

Normal Serum
Opsonic count

Normal serum of rabbit (unheated) e L e A T
" ,»»  treated oncewith staphylococcus emulsion  1-6
L} 2 :-: twice ) " 0-25
o o ,, once with serum precipitate . . 11.3
W - ,y twice vy ¥ 0-3

Immune Serum

Anti-staphylococcus serum (heated at 55°C.) . . . . 23.3
» » treated once with staphylococcus emulsion 23-0
13 13 23 twice LE] L] 2.2
3 s ;s once with precipitate : . 2b0
& 2 ,, twice 5 4 , . 23.0

The result, again, is that the serum precipitate removes
the opsonin from the normal serum, but has no effect on the
stable opsonin of the immune serum.

Summary.—It appears, from the above experiments, that
in the case of a fresh anti-staphylococcus serum the effect
of treating with substances which absorb complement is
practically the same as heating the serum, there being a
considerable residuum of opsonin in both cases. Further,
after the thermolabile opsonin has been destroyed by heat,
the stable opsonin remains practically unaffected by treat-
ment which removes normal complement and normal
opsonin. In other words, substances which we may call
complement-absorbers do not fix or combine with the thermo-
stable opsonin of the immune serum.

II. On THE RELATIVE SPECIFICITY OF NORMAL AND
IMMUNE OPSONINS

An emulsion of dead bacteria is well known to have the
power of absorbing serum complements, as shown, for
example, by heemolytic tests ; it also absorbs the opsonin of
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a normal serum as tested by the Staphylococcus aureus. We
have accordingly tested the effect on the opsonin of our
immune serum. In the following tables the comparative
results are shown :(—

Normal Serum
Opsonic count

Normal serum of rabbit (unheated) . . . . . 380
5 5 treated with Staphylococcus aureus 0-02
tH] 1] Fr Bacillus coli . : S0 e
1 1 i V. Metchnikovt . . 4-11
54 3 i Bacillus tuberculosis . 2:6
L} 33 13 Bacillus pyosyaneus . o4

Immune Serum _
Opsonic count

Anti-staphylococcus serum (heated at 55° C.) R
5 ,, treated with Staphylococcus aureus 0-36
» » - Bagillus col R
» 2 3 V. Metchnikove . . 7D
» s 5 Bacillus tuberculosis . 7-9
» » 2 Bacillus pyocyaneus . 6T

The tables show that emulsions of all the organisms tested
produce a marked diminution of the normal opsonin, whereas
none of them, with the exception of the staphylococcus,
have any appreciable effect on the immune opsonin.

In another experiment we treated the heated immune
serum twice with large quantities of B. coli, B. dysenterice,
Cholera spirillum, B. typhosus, Staphylococcus pyogenes albus.
In the case of the last mentioned there was apparently a
slight diminution of the opsonic power, viz. from 26-7 to 20-3
—a comparatively trifling effect in view of the close relation-
ships of the two organisms; the untreated serum was, how-
ever, practically without opsonic effect on the Staphylococcus
albus. In the case of the other bacteria mentioned, there
was no diminution whatever of the opsonin after treatment
with the organisms.

These experiments, by the method of absorption, bring

N 2
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out a very marked difference as regards specificity between
the opsonins of a normal and of an immune serum. With
the exceplion of the possible slight effect in the case of the
Staphylococcus albus, we have failed to find any organism,
except the Staphylococcus aureus, which absorbs the opsonin
from the heated anti-staphylococcus serum. In the case of
the opsonins of a normal unheated serum, the result is
entirely different, as is shown by the table given above.
Every organism tested has absorbed large quantities of
opsonin when the Staphylococcus aureus is used as the test
for opsonic action.! At the same time, the staphylococcus
appears to remove this opsonin more quickly than any of
the others. We have tested to what extent it is possible
to remove the opsonin of normal serum for Staphylococcus
aureus by treating the serum twice with an emulsion of
another organism, e.g. the B. coli. The results are :—

Normal Serum
Opsonic count

Guinea-pig’s serum (unheated) . . . R
= ,, treated once with Staphylococeus aureus 1.0
f 5 L twice o i 04
i = = once with B, coli . . 5 |
3 o+ is twice = " - S 1

There is, therefore, only a slight difference as regards
absorbing powers in favour of the Staphylococcus aureus.
The immune serum was tested at the same time, and
once more a great difference was brought out.
Immune Serum
Opsonic count

Anti-staphylococcus serum (heated at 55°C.) . . . 267
o treated twice with B. colt . . 2b4

Staphylococcus aureus 1-6

L}

" 1 | w

! These results, so far as the normal opsonins are concerned, are in
harmony with those of Simon, Lamar, and Bispham, whose paper (Journ.
of Exper. Med., December, 1906, p. 651) came into our hands after our
original communication was written.
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These results, as regards the specificity of the normal
opsonins, appear to be at variance with the results obtained
by Bulloch and Western. They found only a slight reduc-
tion of the tubercle opsonin of normal human serum on
treatment with the Staphylococcus aureus, and of the staphy-
lococcus opsonin on treatment with the tubercle bacillus.
As stated above, we found a great reduction of the staphy-
lococcus opsonin on treating the normal rabbit’s serum
with the tubercle bacillus. The difference in the results prob-
ably depends upon the amount of the bacterial emulsion
employed. In every case we used a large amount ; in the
tubes after centrifugalization the volume of the deposit of
bacteria would be about a tenth of the volume of the serum,
sometimes more. This is, no doubt, a large quantity,
but it is to be noted that the same amounts were employed
in the case of the immune serum, and no diminution of the
opsonin was observed. The difference in the two kinds of
serum is, therefore, very remarkable.

We have stated above that the opsonin for a particular
organism appears to be more rapidly removed from a normal
serum by an emulsion of that organism than of any other,
whilst at the same time any bacterial emulsion will absorb
large quantities of that opsonin. At present we are unable
to give the explanation of that fact. We use the term
‘ normal opsonin ’ for the labile substance which is destroyed
by heat, but we do not know whether or not another sub-
stance is present in small amount which acts as an immune-
body. The problem is very much the same as in the case of
bactericidal action. A closely analogous phenomenon was
demonstrated by Bordet! in the case of heemolysis. Normal
guinea-pig’s serum, after treatment with rabbit’s corpuscles,
is deprived of its lytic action for these corpuscles ; it still,
however, produces lysis of pigeon’s corpuscles. If, how-
ever, the serum be treated by a more powerful absorber of

! Bordet, Annales de I'Inst. Pasteur, 1901, p. 317.
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complement, viz. rabbit’s corpuscles treated with immune-
body, it loses also its hemolytic action on pigeon’s cor-
puscles. And it has been shown in the previous section that
an emulsion of a bacterium treated with immune-body
absorbs more opsonin than the untreated emulsion, the
amount of opsonin left being practically the same as
when the serum is heated. The following is an additional
example :—

Opsonic Action of Normal Human Serum on the
Tubercle Bacillus

Opsonic count

Normal serum unheated . - - : ; : . 6.5
= » heated at 55° C. . ; A S R

3 ,, treated with emulsion of V. Metchnikovi +
immimmebediy € U G Sl 0d

III. THE RELATIONS OF THE QPSONIN OF AN IMMUNE SERUM

Our results, as above detailed, show that the opsonin of
the anti-staphylococcus serum corresponds as regards
specificity and combining relationships with true anti-
substances developed in the process of immunization. Does
it correspond with the type of an immune-body or of an
agglutinin ? Does it in combination with its corresponding
receptor lead to the absorption of complement, or does it
not ? In the first place, it is certain that every immune-
body does not produce an opsonic effect. We have an
anti-coli serum, for example, which contains immune-body
in considerable quantity, but it has no opsonic effect.
A given amount of emulsion of the B. coli alone was found
to take up 0-04 c.c. of guinea-pig’s complement, while the
same amount of emulsion treated with the anti-serum took
up 0-12 c.c., the absorption of complement being tested by
the usual h@molytic methods. In the case of the anti-
staphylocoecic serum the amount of immune-body appeared
to be considerably less. The sample with the greatest
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opsonic power gave the following results:—emulsion of
staphylococci alone took up 0-03 c.c. of guinea-pig’s com-
plement, the same quantity treated with immune-body
took up 0-075 c.c. This sample had a very powerful opsonie
action, giving, when heated, an average count of 20 cocci
per leucocyte in the usual test. The anti-staphylococcus
serum which we got from Dr. Dean had a weaker though
still very decided opsonic action, yet it produced a scarcely
perceptible increase in the amount of complement absorbed ;
that is, it contained a mere trace of immune-body.! We
are inclined to think from these results that the opsonin in
an immune serum may not be an immune-body, but has
the constitution of an agglutinin. But this is merely an
expression of opinion, as we know nothing with regard to
the real amounts of these substances. In order to say that
the immune-body did not act as opsonin, we would need to
get an anti-serum with opsonic effect but containing no
immune-body, but this we have not yet obtained.

Note.—1It is to be noted that in speaking of the
opsonin of an immune serum we mean the thermostable
anti-substance which by itself has an opsonic effect ; the
question is as to whether or not this is simply an immune-
body. That an immune-body may increase the opsonic
effect of an wunheated immune serum, by leading to the
absorption of more complement opsonin, follows from what
has been stated above (p. 167). But this is, of course,
another matter (vide p. 188).

If the opsonin has the constitution of an agglutinin, that
is, possesses merely a combining and an active (agglutinating)
group, is the opsonin merely the agglutinin ? To this
question we can give no definite answer. We have tested

' In athird anti-staphylococcus serum which we have recently examined,
a considerable amount of immune-body, as shown by absorption of com-
plement, was present, yet its opsonic effect was not superior to that of the
other two sera.
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three anti-sera, viz. to the Staphylococcus aureus, the B. coli,
and the Vibrio Metchnikovi, and have found that they all
possess agglutinating properties, while the anti-coli serum
alone has no opsonic action. It is quite possible that the
same substances may act at the same time as agglutinin and
as opsonin, and that one of these properties may be wanting
in any given case ; but at present we have no facts to justify
any expression of opinion.

So far as phagocytosis is concerned, the all-important
factor in active immunity would appear to be the develop-
ment of an immune opsonin with comparatively specifie
characters. In testing the opsonic effect of an unheated
immune serum the result will represent the sum of the
actions of the complement-like opsonin and the immune
opsonin. As complements do not appear to increase in
amount during immunization, a rise of opsonic index will
probably depend upon the development of immune opsonin,
and will thus have a certain specific character. Thus
Bulloch and Western found that inoculation of a patient
with tubercle vaccine produced an increase of tubercle
opsonin but not of staphylococcus opsonin, and conversely
inoculation with staphylococcus vaccine caused an increase
of the staphylococcus opsonin but not of the tubercle
opsonin. This appears to be in harmony with the results
which we have obtained. On the other hand, a fall in the
opsonic index might be due to diminution of the comple-
ment-like opsonin, and thus be without specific significance.
Further observations will be made on this point.

GENERAL CONCLUSIONS

1. The thermolabile opsonin of a normal serum and the
thermostable opsonin of an immune serum are two distinct
classes of substances. In addition to differing markedly
as regards their resistance to heat, they differ in their com-
bining relationships.
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2. The thermostable opsonin of the anti-serum investi-
gated is a true anti-substance, and possesses the compara-
tively specific characters of anti-substances in general; it
is left undetermined whether it has the constitution of an
agglutinin or of an immune-body, though certain facts point
in favour of the former.

3. Emulsions of other organisms than the organism used
in immunization (Staphylococcus aureus) do not absorb the
immune opsonin; on the other hand, they absorb large
amounts of the normal complement-like opsonin.

4. Powerful complement-absorbers—red corpuscles or
bacteria treated with immune-body, or serum precipitate—
have no effect on the thermostable immune opsonin, whereas
they remove almost completely the labile opsonin of the
normal and the immune serum alike.

ADDENDUM

Although the more important practical points appear to
us to have been brought out by the investigations above
detailed, some theoretical questions with regard to opsonic
action may be referred to. Attempts have been made to
explain all the opsonic phenomena as conforming with the
scheme of hsemolysis, according to which h@molysis by a
natural serum depends upon a natural immune-body in
association with complement, and hemolysis by an immune
serum depends upon an artificially developed immune-body
in association with complement, the immune-body itself
having no effect. In a corresponding manner the opsonic
action by a normal serum would be due to a natural immune-
body acting along with complement opsonin, and the
opsonic action of an immune serum would be due to an
artificially developed immune-body also acting in association
with complement. Now there are a certain number of facts
which support such a view. There is, in the first place, the
fact that the normal serum may lose a considerable amount
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of opsonic effect for a particular organism when treated with
an emulsion of that organism at 0° C., as was shown by
Bulloch and Atkin, and this might be due to the absorption
of a natural immune-body at the low temperature. Dean in
his first paper also showed that, in the case of the staphy-
lococcus aureus, there remains in human serum after heating
at 55° C. a small quantity of thermostable substance which
has opsonic effect. On the other hand, there is evidence
that normal thermolabile opsonin unites directly with
bacteria. The fact that the normal opsonin for the one
organism can be removed by treatment with emulsions of
other organisms, provided a sufficient quantity be used,
shows this; unless we are to assume that for all these
organisms there are present sufficient normal immune-
bodies to bring the whole of the complement into combina-
tion. For example, an emulsion of B. coli removes the
normal opsonin for staphylococcus aureus. If this depends
on a natural immune-body for bacillus coli the molecules of
this immune-body must at least be in a number to corre-
spond with the whole complement content of the serum,
and ascertained facts as to the manner in which comple-
ment-opsonin is taken up by untreated and by sensitized
bacteria respectively, are against such an assumption
(p. 167); in fact the only conclusion possible seems to be
that there is not sufficient natural immune-body in a
normal serum to correspond with the amount of comple-
ment opsonin, but if we add a sufficient amount of bacteria
the organisms can remove the complement opsonin by direct
combination. This question is discussed further in con-
nexion with bactericidal action (p. 203). If then the normal
complement opsonin combines directly with organisms we
must believe that it has opsonic action. It would be unjustifi-
able to suppose that it is without action unless it is brought
into combination through the medium of an immune-body.
This subject is also referred to in connexion with the
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bactericidal action of normal serum. Thus, while we admit
that in certain cases a substance behaving like a natural
immune-body may be concerned in normal opsonic action,
we hold that an opsonic effect on an organism may be
due to the direct union of labile opsonin as above ex-
plained.

We have next to consider the question of the opsonic
action of an immune serum. Its increased action as com-
pared with normal serum is due, as already shown, to the
combined action of the specially developed anti-substances
acting along with the normal complement-like opsonin,
the latter not increasing during the process of immuniza-
tion.

The question is as to the nature of the co-operation of the
two substances. Now it is to be noted, in the first place,
that the presence of an immune-body of the ordinary type
might lead to increased opsonic effect, as it has been shown
above that such an immune-body leads to increased absorp-
tion of normal complement opsonin; a greatly increased
amount of complement per bacterium is brought into union.
And Browning has shown in one case that increased opsonic
effect is got when organisms are treated first with immune-
body and then with complement, whereas on reversing the
order of treatment no such augmented effect is obtained.
This, however, is not the whole matter, as the anti-
body which we have called ‘ immune opsonin’® produces
the opsonic effect by itself—produces, that is, an effect
similar to that brought about by normal complement.
To this we have no analogy in the case of hamolysis or of
bactericidal action. That the increase in the opsonic
action of fresh immune serum is in part due to this
independent action of immune opsonin there can be no
doubt. There remains, however, a further point, namely,
whether the molecules in the anti-serum which act as
immune opsonins have also the constitution of immune-
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bodies. If this were so, then the increased opsonic action
of a fresh immune serum might be due to the following
factors :—

(a) Immune-body (amboceptor) leading to increased com-
bination of complement opsonin ;

(b) Immune opsonin producing opsonic effect by itself ;

(¢) The same molecules in the anti-serum acting both as
immune-bodies and as immune opsonins.

We consider it proved by what has been stated above
that both of the two first possibilities hold good. With
regard to the third there is still doubt. In a serum
where there is a mixture of anti-substances it is a very
difficult matter to demonstrate that immune opsonins act
at the same time as immune-bodies. If this were so, then
we would have a new type of anti-substance ; one whichhasa
zymotoxic group and one which at the same time leads to
the absorption of complement. Theoretically there is
nothing against such a supposition. In fact it is suggested
by the deviation of complement brought about by a pre-
cipitin and the homologous serum. We are, however, not
justified in saying that all the molecules of immune opsonin
have the constitution of immune-body. The fact above
referred to, namely :—that an immune serum may have
marked opsonic action and contain comparatively little
immune-body, speaks against such a supposition. It is
quite likely that the immune opsonins, in part at least,
have the constitution of agglutinins, possessing a zymotoxic
group, but not leading to the union of complement. In
any case they are bodies of great importance in immunity
as they can act in the absence of complement.

The term ‘ immune opsonin,” as used above, has practi-
cally the same significance as the °bacterio-tropin’ of
Neufeld ; that is, it denotes a specific thermostable anti-
substance which, by itself, promotes phagocytosis. This
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writer, in a recent review! of the subject, restricts the term
“opsonin ’ to cases where the thermolabile complement
opsonin is concerned, and considers such opsonic action
always to proceed according to the scheme of immune-body
(natural or artificial) + complement. It is quite evident
that the term ‘opsonin’ as signifying a body which promotes
phagocytosis cannot be applied to any one substance ; it
can only be used as signifying a property of a substance, not
its constitution. We, however, prefer the term ‘immune
opsonin ’ to ‘ bacterio-tropin,” as it is sufflciently definite
and the term ‘ opsonin ’ is so convenient and now so widely
understood. Neufeld discusses the relation of the bacterio-
tropins (immune opsonins) to immune-bodies, and concludes
that they are distinct substances. He, however, appears
to rely too much on the definition of immune-body. If
this definition includes fwo properties as necessary, namely,
(@) that it leads to the union of complement ; and (b) that
it produces no recognizable effect by itself ; then manifestly
bacterio-tropins are not immune-bodies, as they produce
such an effect. (We agree with him in holding that the
opsonic action of a bacterio-tropin is not due to complement
supplied by leucocytes.) But the important question still
remains, namely, whether the same molecule which pro-
duces an opsonic effect, by means of its zymotoxic group,
has also the property of an immune-body of leading to the
union of complement. With regard to this, all that we can
say is that, though it is quite probable, we do not consider
that it has yet been satisfactorily demonstrated. Proof is
equally wanting that all the molecules of immune opsonin
also have the property of immune-body referred to. The
complexity of the question becomes still more evident when
we consider that immune-bodies do not always lead to the
fixation of complement ; this, as has been shown above,

' Neufeld, * Kolle und Wassermann’s Handbuch der pathogenen Mikro-
organtsmen,” Erginzungsband IT, Heft ii, p. 303.
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depends both upon the receptors to which the immune-body
is attached and also upon the complement.

A further question arises with regard to cases where the
labile complement opsonin is concerned, namely, as to
whether or not the substances producing opsonic effect are
the same as those which bring about bactericidal action or
bacteriolysis. The statement is not infrequently made that,
because a serum may produce opsonic effect and no bacteri-
cidal action, therefore the substances concerned in these two
actions are different. This line of reasoning is quite falla-
cious, as no conclusion can be drawn when the two effects are
tested on two different organisms. The same substance
may quite well produce the bactericidal action on one
organism and no bactericidal action on another organism,
and yet be capable of producing the change in the latter
necessary for opsonic effect. The process of opsonization
necessarily means a much less disruptive effect than the
change leading to death of the organism ; it may mean
nothing more than this, or it may be different in kind. As
a matter of fact, organisms may take up bactericidal com-
plement, and when treated with the homologous immune-
body may take it up in large amount, without any bacteri-
cidal effect following, simply because the organism is not
sufficiently susceptible to the toxic action of the combined
complement. The identity or non-identity of the sub-
stances concerned in bactericidal and in opsonic action when
complement is concerned, must be left an open question for
the present.

Our general conclusions are that in the case of normal
sera the opsonic effect is generally due to the labile non-
specific complement ; it may act with or without a natural
immune-body. (A close parallelism as regards mechanism
may be drawn between this and normal bactericidal action,
and the same principles will probably be found to obtain
(p. 203).) In the case of immune sera the opsonic effect






II

ON THE BACTERICIDAL ACTION OF
NORMAL SERUM

The work which has been carried out with regard to the
bactericidal action of normal serum may be said to fall into
two chief periods. The first starts from the original
demonstration of this property by Nuttall in 1888, a demon-
stration which may be said to constitute the foundation of
the subsequent researches on the serum in relation to
immunity. That bactericidal action was sometimes pos-
sessed by the serum of a naturally immune animal, and
absent in the case of a susceptible animal, whereas in other
instances this did not hold ; that immunity could not be
explained by the presence or absence of this property alone ;

that the bactericidal substance was relatively labile, being
destroyed as a rule at 55° C. ; and that bactericidal action
wn vitro did not always correspond with bactericidal action
in vivo—these were some of the most important facts subse-
quently established. The second period dates from Pfeiffer’s
demonstration of the dual constitution of an anti-bacterial
(bacteriolytic) serum—the presence of the comparatively
stable specific substance, developed during the process of
immunization, and the labile substance present in the
normal animal. It is unnecessary to refer to the subsequent
researches of Metchnikoff, Bordet, Ehrlich and Morgenroth,
v. Dungern, and others, which have supplied the additional
fundamental facts with regard to immune-bodies and com-
plements in the case of bacteriolytic and hemolytic sera
alike, as these are now sufficiently well known. The fact
that in the case of the heemolytic action of a normal serum
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on foreign corpuscles the lysin concerned has also the dual
constitution—normal immune-body -+ complement—as was
first shown by Ehrlich and Morgenroth, naturally raised the
question as to whether normal bactericidal action might not
be of an analogous nature, and many observers speak as if
this were established. At the present time it seems unjustifi-
able to take up this position. No doubt in the case of the
bactericidal action on certain organisms the presence of
a natural immune-body has been demonstrated, e.g. an
immune-body for the anthrax bacillus in the dog’s serum,
which can be re-activated by rabbit’s complement. On the
other hand, various bacteria take up complement directly—
the complement content can be practically exhausted if we
use sufficient bacteria—and one can scarcely imagine that
complement taken up in this way is without effect.

Attempts to obtain further insight into normal bactericidal
action have chiefly been in the direction of testing specific
absorbing properties, that is, treating the serum by one
organism and studying any changes which may result as
regards its action on other organisms.

Wright and Windsor! (1902) found that treating normal human
serum with a small quantity of dead cholera culture removed the
bactericidal action for the cholera and typhoid organisms alike,
and that treatment with dead typhoid bacilli had a like result. On
the other hand, organisms which are not killed by the serum, e.g.
Staphylococcus aureus, did not, unless possibly to a very small extent,
absorb the bactericidal complement. If, however, an animal were
immunized against an organism, e. g. the typhoid bacillus, the increase
of bactericidal action which might occur towards this bacillus did
not obtain in the case of the cholera spirillum, there being apparently
a specially developed immune-body to which the increase of action
on the typhoid bacillus was due. Longcope? (1903), on the other
hand, found evidence of the existence of a specific complement for
the typhoid bacillus which was reduced in cases of the disease. He

" Wright and Windsor, Journ. of Hyg., 1902, vol. ii, p. 385.
* Longcope, ibid, 1903, vol. iii, p. 28.

MUIR 0
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concluded that human serum contained a multiplicity of bacteriolytic
complements. Buxton! (1905) investigated the changes produced
in the serum after it had killed a certain amount of a given bacterium.
His results showed that a serum which had killed the typhoid bacillus
might have lost bactericidal effect on that organism, while it retained
it for the paratyphoid bacillus; the converse also held good. On
the other hand, the killing of cholera organisms removed the bacteri-
cidal power in the case of both the bacilli mentioned. Steinhardt?®
(1905) found that the bactericidal effect both for typhoid and
dysentery bacilli was removed by treatment with dead culture of
either of these organisms, and was partially restored by the addition
of heated serum (natural immune-body). She ascribed the result
to the presence of a common immune-body which was removed by
dead culture of either organism, there being at the same time a non-
specific reduction in complement. Forster® (1905) obtained, as
regards typhoid and cholera organisms, similar results in the case of
goat serum to those of Wright and Windsor in the case of human
serum, He also found that a large amount of typhoid immune serum
produced deviation of complement (* Neisser-Wechsberg phenome-
non ’) for the cholera spirillum as well as for the typhoid bacillus—
a result which is different from that obtained by Buxton (loc. cit.).

The subject is one of great complexity, and involves the
question as to the existence of natural immune-bodies, and
also that as to multiplicity and specificity of complements.
At present it is not possible to bring the results of different
workers into harmony and draw general conclusions. In
our experiments we have used guinea-pig’s serum through-
out, and we may mention at the outset that we have met
with considerable variations in the properties of the serum
of different guinea-pigs. The results given, however, are
those drawn from a large series of experiments.

! Buxton, Journ. Med. Research, 1904-5, vol. xiii, pp. 305, 431, 461.

* Qteinhardt, ibid, 1905-6, vol. xiv, p. 161.
3 Forster, Lancet, 1905, vol. ii, p. 1531.
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MeTHODS

Bactericidal action of the serum was tested by practically the
same method as that used by Neisser and Wechsberg. To each of
a series of small test-tubes varying quantities of fresh serum were
added, usually 0.3, 0.2, 0-1, 0.05 c.c. To each tube there was then
added sufficient 0.8 per cent. sodium chloride solution to make up
to 08 c.c., and 0-1 c.c. bouillon was then added. The amount of
living organism, as is shown in the tables, varied in different cases.
In any case the culture was diluted so that 0.1 c.c. contained the
amount to be tested. This was then added to each of the tubes. It
is thus evident that each tube will contain 1 c.c., in which there is
the same amount of bacteria, but varying amounts of complement.
The tubes are then incubated at 37° C. for three hours. At the end
of that time 0.025 c.c. is taken from each tube and added to a tube
of melted agar. The agar is then plated ; the plates are incubated
for forty-eight hours, and the colonies counted after that time.

In the experiments regarding the modification of the
bactericidal properties produced by an emulsion of one
bacterium as tested on another, living cultures were at first
used ; for example, a minute quantity of living typhoid
culture was added, the mixture was incubated for three
hours, and thereafter a small quantity of V. Metchnikovi
was added. This method was found to be attended with
difficulties, as in order to procure definite results it was
necessary that the first organism should be completely
killed off ; it was accordingly discarded in favour of another,
in which the organism whose absorptive properties were to
be tested was added in the dead condition, the culture
having been killed at a comparatively low temperature,
usually about 65°C. The dead organisms were most
frequently used as a certain quantity of a twenty-four hours’
bouillon culture incubated at 37° C. In testing the absorp-
tive properties two or more series of plates were used. In
each series varying quantities of complement wereadded, and
the result aimed at was to have no colonies with the largest

02
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amount of complement, and alarge number with the smallest.
A period of two hours at 37° C. was allowed in each case for
absorption by the dead organisms ; the tubes of the control
series containing no organisms being placed in the incubator
at the same time. At the end of that time the test amount
of living organisms was added to each tube, and a further
incubation period of three hours at 37° C. was allowed for
bactericidal action to occur.

REMovaL oF BACTERICIDAL AcrioN BY HoMorocous
BACTERIA

In this series of experiments we have endeavoured to find
the smallest amount of dead culture of an organism which
will distinetly reduce the bactericidal action of a given
amount of serum for the same organism. The amount of
living culture has varied, but it has been so adjusted that,
with the highest amounts of normal serum, killing of the
bacteria is complete, or very nearly so. The following are
examples :(—

ExamrrLe 1.—Vibrio Metchnikovi. Inoculation with 0-0005 c.c.
24 -hour bouillon culture of V. Metchnikouvi.

Treated with killed V. Metchnikovi (24-hour

] 2
G Tnteintod. bouillon culture) for two hours at 37°C.

Pig's 0001 c.c. 0.01 c.c.

Number of Colonies. | Number of Colonies. | Number of Colonies.

0.3. c.c. 0 1 7

0.2 ,, 0 1 1200

01 ,, 194 1600 Many thousand.
005 ,, Many thousand. Very many thousand oo

S —

From this experiment it is seen that 0-001 c.c. of dead culturé
distinetly reduces the bactericidal effect on 0-0005 c.c. of living

culture.
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ExampLe 2.—Bacillus dysenterie (Flexner).  Inoculation with
0-0002 e.c. 24-hour boutllon culture of B, dysenterice (Flexner),

Treated with 0001 c.c. of a killed 24-hour
Guinea- Untreated. bowillon culture of B. dysenterice ( Flex-
Pig's ner) for two hours at 37° C.
Serum.
Number of Colonies. © Number of Colonies.
0-2 c.c. 0 0
01 ., 0 0
0-05 ,, 0 750

Here again 0-001 c.c. of dead bouillon culture has a distinct effect.

ExampLe 3.—Bacillus typhosus. Inoculation with 0.00006 e.c.
24-hour bouillon culture of B. typhosus.

Treated with 0-01 c.c. killed 24-howr
Guinea- Untreated. bouillon culture of B. typhosus for two
Pig's hours at 37° C.
Serum.
Number of Colonies. Number of Colonies.
0-3 c.c. a2 35
0'2 EE] TE 121
01 ,, 145 Several thousand.
005 ,, Several thousand. oo

In the case of B. typhosus 0-01 c.c. of dead bouillon culture
produces a distinct effect ; in other experiments we failed
to obtain any distinct reduction with 0-001 ec.e. The table
brings out a peculiarity which we have always found in the
case of B. typhosus with guinea-pig’s serum, namely, a want
of complete killing off by the higher quantities. If we com-
pare, for example, these results with those in the case of
V. Metchnikovi (Example 1), we find in both instances almost
the same number of colonies left with 0-1 c.c. of serum :
0-2 c.c. of serum kills off completely the V. Metchnikovs,
but leaves seventy-three colonies of B. typhosus, and even
0-3 c.c. fails to kill it completely. In the strain of B. typhosus
culture used there are apparently a small proportion of
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organisms comparatively resistant to guinea-pig’s comple-
ment. It seems, in view of many other experiments of
similar nature, that we must suppose the existence of varia-
tions in the resisting power of organisms in the same culture
(typhoid) a circumstance of considerable importance.

ExampLE 4.—Bacillus enteritidis (Gaertner). Inoculation with
0.00005 c.c. 24-hour bouillon culture of B. Gaertneri.

: Treated with 0-01 c.c. killed B. Gaertneri
Guinea- Untreated. (24-hour bowillon culture) for two hours
Pig's at 37° C.
Serum. =
Number of Colonies. Number of Colonies.
0-2 ¢.c. 0 0
01 ,, 0 2
005 ., 0 1500

Here again 0.01 c.c. has a distinet effect ; results with 0.001 c.c.
were negative,

It will thus be seen that in two cases distinct reduction of
bactericidal action was brought about by 0-001 c.c. of dead
bouillon culture, in two others by 0-01 c.c. It may be
noted that there exist great variations in the proportion
between the amount of organisms killed and the amount of
dead culture necessary to affect the result. For example,
with V. Metchnikovi this proportionis 1 to 2. In the case of
B. Gaertneri it is 1 to 200. The results would on the whole
go to show that the more readily an organism is killed the
more easily is the result affected by previous treatment with
homologous culture. This might possibly be due to the pres-
ence of a small amount of natural immune-body necessary
for the process of killing, but readily absorbed by the dead
culture. The subject is one, however, which involves
theoretical considerations of much difficulty, and cannot at
present be profitably discussed.
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REMovAL oF Bacrericipar ActioN BY HETEROLOGOUS
BACTERIA

In this series of experiments the methods are the same as
in the previous, with the single difference that the bacterium
to whose absorbing properties the serum is exposed, is
different from that on which the bactericidal action is subse-
quently tested. The following are examples :—

Examere 1.—TInoculation with 0.0001 e.c. 24-hour bouillon
culture of B. dysenterice (Flexner).

Treated with killed V. choleree (24-hour

Quinea- Tidteated. bouillon culture) for two hours at 37° C.

0-01 c.c. 01 c.c.

| Number of Colonies. | Number of Colonies. | Number of Colonies.

02 e.c. 0 0 0
01 ., 0 0 660
0-05 ,, 0 1 1200

Result.—Distinct reduction of bactericidal action with 0-1 c.c. of
dead bouillon culture ; other experiments with 0.01 c.c. gave nega-
tive results.

ExampLE 2.—Inoculation with 0.00006 c.c. 24-hour bouillon
culture of B. typhosus.

Treated with dead V. cholerce (24-hour

gt W Sy bowillon culture) for two hours at 37°C.

0:01 c.c. 01 c.e.
Number of Colonies, | Number of Colonies. | Number of Colonies.

0-3 c.e. 12 10 16
02 ,, 16 24 190
01 ,, 70 150 1500
005 ,, 450 1500 Several thousand.

Result.—Slight reduction by 0-01 c.c. of heterologous culture,
marked reduction by 0.1 e.c.
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ExAMPLE 3.—TInoculation with 0-0005 c.c. 24-hour bouillon
culture of V. Meichnikovs.

Treated with killed B. typhosus (24-hour

Guinea- Uidrisdin. bouillon culture) for two hours at 37° C.
i 0-01 c.c. 01 c.c.

Number of Colonies. | Number of Colonies. | Number of Colonies.
0-3 c.c. 0 1 4
02 ,, 0 1 23
O 194 146 Many thousand.
0-05 ,, Many thousand. Many thousand. @

Result.—0-01 c.c. gives no reduction, 0.1 c.c. distinet reduetion.

ExamprLe 4.—Inoculation with 0-00006 c.c. 24-hour bouillon
culture of B. Gaertners.

Treated with killed V. cholere (24-hour

' o
TR Dntreated. bouillon culture) for two hours at 37°C.

0-01 ec.c. 01 e.c.
Number of Colonies. | Number of Colonies. | Number of Colonies.

0-3 c.c. 44 . 420 o
02 ., 31 310 @
el 26 1000 o
005 ,, 21 Several thousand. @

Result.—0.01 c.c. gives distinet reduction, 0-1 c.c. great reduction.
It is to be noted that the V. cholere is a very active absorber of
bactericidal complement, a result which Buxton also obtained.

The following table gives the general results of experi-
ments with heterologous organisms ; it shows (a) the dead
organism whose absorbing effect is to be tested, (b) the
smallest amount of culture which gives a distinet reduction
of bactericidal action, and (c¢) the living organism on which
the treated serum was tested :—
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—_

bied 94-ons. Boudlon| L
Number o . killed 24-hour Boui, iving
E.rrpeﬁmmi. R Ay aR Culture which caused Organism.
distinct Absorption.
11 B. typhosus 0-1 c.c. V. Metchnikovi.
29 2 01 i
35 33 =1 =
43 F. Mﬂm 0-1 3% £
20 B. Mw 01 i 1)
13 Staphylococcus 01 ,, "
OGENes aureus
21 . dysenterice 001 ,, o
( Flexner)
43 V. choleree (7] g B. typhosus.
001 e.c. (very slight)
34 V. Metchnikovi 01 c.c. L
13 Staphylococcus 0401 ,, I
ENES AUrEUS ,
21 V. Metchnikovi 0.01,, B. dysenterice
(Flexner).
42 V. cholere ol ,, I
45 " 0.1 w9 ¥
23 ¥ g ﬂ']- L1 Be Gﬂﬁ‘-‘t&fﬂ
42 3 001 1 L1
46 ¥ 0-1 " »w

We have also made a series of tests to determine what,
if any, effect the amounts of dead bouillon culture which
give positive results in the above table have on the hemo-
lytic dose of complement. In these experiments varying
amounts of guinea-pig’s serum were treated for two hours
at 37° C. with 0-1 c.c. of dead bouillon culture of the several
organisms, and the smallest amount of treated serum which
gave complete lysis with the test amount of sensitized
corpuscles was thereafter ascertained in the usual way,
similar quantities of untreated serum being used as a control.
It was found that the amount of dead culture mentioned
was practically without effect on the hemolytic dose of
complement in the case of B. dysenterice, V. choleree, V.
Metchnikovi, and B. typhosus: in the case of B. Gaertnert
there was a distinet increase of the haemolytic dose, but
this organism was not used as an absorbing agent in
the experiments. This test for the reduction of heemolytic
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effect is a relatively more severe one than in the case of the
bactericidal action ; the hemolytic dose was about 0-007 c.c.,
yet the dead culture had practically no effect on this small
amount, whereas in the bactericidal experiments the same
amount of culture would often remove half of the bacteri-
cidal effect of 0-1 c.c. of normal serum.

The general result of these experiments is that, as a rule,
0-1 c.c. of a dead bouillon culture of heterologous organisms
is requisite in order to produce a distinct fall in the baecteri-
cidal action, although in one or two instances 0-01 c.c. is
sufficient. On the whole, the *amount of heterologous
organisms necessary to bring about the result mentioned
is much greater than in the case of homologous organisms ;
in fact, the results generally would appear to show that, as
a rule, it is at least about ten times greater. At first sight
it might appear that the explanation would depend upon
the presence of an immune-body which is absorbed by the
homologous organism ; whereas the heterologous organisms
would act by the absorption of complement (which is present
in excess in relation to the amount of immune-body) and
hence a larger amount of the heterologous emulsion would
be necessary. If we regard, however, the whole complement
content of the serum, this explanation is not sufficient, for
it is quite easy, as has just been shown, to greatly reduce
the bactericidal action by means of a heterologous organism
without appreciably affecting the hamolytic value. The
general results may thus be stated as follows :—

The effect of treating a serum with a given organism in the
dead condition is, as a rule, first to reduce the bactericidal
action for the same organism; on increasing the amount of
dead emulsion the bactericidal action on other organisms 8
impaired ; on still further increasing the amount of d-ead
emulsion the hemolytic value falls, and this may be pracii-
cally exhausted, but in this case a very large amount of dead
organisms must be used. It may be stated. further, that



BACTERICIDAL ACTION OF NORMAL SERUM 203

all these effects take place more readily when the absorb-
ing bacteria are treated with the corresponding immune-
body. The fact that heterologous organisms absorb the
bactericidal complement more readily than the hemolytic
complement, would point to there being a moiety of com-
plement with greater combining affinity for bacteria in
general. In fact it seems impossible, in view of the results,
to escape the conclusion that this is so ; we might call this
moiety * bacteriophilic complement ’.

If we now consider the fact that bactericidal action for
an organism is more readily reduced by the same than by
another organism, it appears that two explanations are
possible. In the first place, this may be due to the existence
of natural immune-bodies. The homologous organisms will
absorb these immune-bodies, as well as a certain amount of
complement ; hence the bactericidal action readily falls.
The treatment with a heterologous organism will lead to
the absorption of complement, but it will leave the immune-
body for the organism on which the bactericidal action is
to be tested ; it will thus reduce the bactericidal action
solely by the removal of complement, but a larger amount
will be necessary to bring this about. On the other hand,
another explanation may hold good ; just as a moiety of
the complement content is specially bacteriophilic, so in this
moiety certain molecules may have a greater affinity for, and
greater toxic action on, one organism as compared with
another; may,for example, have a greater action on V. M etch-
nikovi than on B. typhosus. We have not sufficient facts at
present to enable us to say which explanation is the correct
one, in fact both may be valid in part ; but the fact that
there exist differences in affinity of complement in relation
to bactericidal and hemolytic action respectively, certainly
makes it possible that there may be variations in the affinity
of complement molecules fordifferent bacteria. Although the
existence of natural immune-bodies may have been proved in
certain cases, we are not justified in generalizing from this.
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REACTIVATION OF PARTIALLY EXHAUSTED SERUM

The above results clearly show that a small quantity of
emulsion of a certain bacterium will reduce greatly the
bactericidal action of the serum for another organism
without producing a similar diminution in the hemolytic
value. A serum treated in this way may be spoken of as a
partially exhaustec} serum. It is of course to be noted that
the fall in the bactericidal action in such a serum must
essentially be due to the abstraction of complement, as
‘already explained. A serum treated with B. typhosus will
thus still contain any natural immune-bodies it possessed
for V. Metchnikovi, and it also contains complement (as
shown by h@molysis), yet its bactericidal action for V.
Metchnikov is greatly reduced. The question is—Can the
complement molecules in the partially exhausted serum be
rendered effective as regards bactericidal action by the
addition of an artificial immune-body ? In carrying out
experiments on this point we have used an anti-V. Meichni-
kovi serum obtained from the rabbit, which has been inacti-
vated at 655° C. The presence of an immune-body in this
serum is shown by its greatly increasing the bactericidal
action of normal serum, as well as by the greatly increased
amount of hemolytic complement taken up through its
medium by a given amount of emulsion of V. Metchnikovi
as compared with untreated emulsion. In carrying out
such experiments we have used three organisms, V. Meich-
nikovi, B. typhosus, and Staphylococcus aureus, as absorbing
agents, all of these being previously killed by heat. In
every case reactivation occurs by the addition of the
immune-body for V. Metchnikovi. The experiments are
carried out in three series as follows :(—

In series (a) we use the normal serum in varying amounts.

In series (b) we use the serum in the same amounts along
with a certain amount of a dead emulsion of the organism
whose absorptive power is to be tested.
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And in series (¢) we use the serum treated as in (b), and
after time for absorption add 0-01 c.c. of anti- V. Metchnikovi
serum.

The tubes of all three series are placed in the incubator
for two hours at 37° C., and thereafter the test amount of
living V. Metchnikovi is added, and plates are made after
the usual incubation period, namely, three hours.

The three following tables give typical results of experi-
ments of this nature :—

Examprre 1.—Partial Ezhaustion by the Homologous Organism—

V. Metchnikoun.
Inoculation with 0.0005 c.c. 24-hour bowillon culture of
V. Metchnikovi.
Treated with 0402 c.c. killed V. Metchnikovi
7 S (24-hour bouillon culture) for two hours
Pig's Unireated. a 31° C.
Serum.
+ 0401 c.c. Immune-
+0 body, Rabbit versus
V. Metchnikoui.
Number of Colonies. | Number of Colonies. | Number of Colonies.
03 c.c. 0 33 0
02 0 82 0
o1 1 @ 0
005 ,, 168 oo 0
0.025 ,, | Several thousand. oo 0

In this case the result is what one would expect on the
supposition that a natural immune-body for V. Meichnikovi
is concerned in the bactericidal action of normal serum for
this organism. The previous treatment with the dead
emulsion of V. Melchnikovi would remove the natural
immune-body, hence the great fall in bactericidal effect ;
whereas the addition of an artificially produced immune-
body more than restores the bactericidal action by bringing
complement into union with the organisms. Such an ex-
planation will, however, not hold in the following examples,
where heterologous organisms are used.
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ExampLe 2.—Partial Exhaustion with a Heterologous Organism—
Staphylococcus aureus.

Inoculation with 0-0005 c.c. 24-hour bouillon culture of
V. Metchnikouvr.
Treated with 0-1 c.c. of suspension of dead
Blisnac: Staphylococcus aureus for two hours at 37° C.
Pig's
Bergm Uinsreated. <+ 0.01 c.c. Immune-
+0 body, Rabbit versus
V. Metchnikowi.
Number of Colonies. | Number of Colonies. | Number of Colonies.
0-3 c.c. 0 0 0
02 0 1 0
TR L 0 2 0
005 ,, 0 1350 0
0-025 ,, 270 o 0

The result of this experiment is quite clear, and may be summed
up in these words: The treatment with dead emulsion of Staphylo-
coceus aureus removes much of the bactericidal action, the addition of
vmmune-body for V. Metchnikovi restores i,

ExampLE 3.—Partial Exhaustion with a Heterologous Organism—
B. typhosus.

Inoculation with 0.0005 c.c. 24-hour bouillon culture of
V. Metchnikovi.

Treated with 0.1 e.c. of suspension of dead
B. typhosus for two hours at 37° C.

(Fuinea-
Pig's Unireated.
Sﬁ’ﬁm} f 4+ 0.01 c.c. Immune-|
+ 0 body, Rabbit versus
V. Metchnikovi.

Number of Colonies. | Number of Colonies. [Number of Colonies.

0.3 c.c. 0 3 0
02 0 6 0
01 ,, 0 4 0
005 ,, 0 42 0
0.025 ,, 37 Several thousand. 0

The result exactly corresponds with the previous one, the treat-
ment with B. typhosus removes much of the bactericidal action, the
subsequent addition of immune-body for V. Metehnikovi restores it.
We also obtained a similar result when the serum was partially
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exhausted with B. dysenterie (Flexner); the addition of artificial
immune-body restored the bactericidal action.

These results, which are of considerable importance, are
at first sight somewhat puzzling. In the light of what has
been stated in the previous section regarding the absorption
of bactericidal complement by means of heterologous
organisms, however, they seem capable of ready explana-
tion. It has been shown that a quantity of heterologous
organisms, insufficient to affect hsmolytic complement,
may produce a distinet fall in the bactericidal action, and
this has been explained on the supposition that there is a
certain moiety of complement that has a great affinity for
bacteria in general, and is most actively bactericidal. We
do not mean, however, by this that the bactericidal com-
plement is quite distinet from the hemolytic. As a matter
of fact, if we use a sufficient quantity of dead organisms,
we can absorb the hemolytic complement also. We would
rather suppose that the complement molecules present all
degrees of combining affinity for, and bactericidal action on,
a given bacterium, and that those of greatest activity are
first absorbed by bacteria in general. Thus when a certain
amount of staphylococcus emulsion has acted on a given
quantity of normal serum and reduced its bactericidal
action for the V. Metchnikovi, the serum still contains any
natural immune-bodies originally present for V. Metchnikovi,
and it also contains complement. Bactericidal action, how-
ever, does not occur, the amount of the residual complement
brought into combination with the organisms, directly or in-
directly, being insufficient to kill them. The addition of the
artificial immune-body, however, is the means of bringing
so much weakly acting complement into combination that
death of the organisms results. According to this view
bactericidal action by the normal serum may differ from
the bactericidal action produced by a partially exhausted

serum with the aid of an artificial immune-body. In the
. W
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former case it is due to a few very active complement mole-
cules being brought into combination ; in the latter, to the
action of a larger number of weakly acting molecules, which
combine through the medium of the artificial immune-body.
In this hypothesis it is immaterial whether the normal
bactericidal action takes place by the direct union of
complement or by union through natural immune-bodies.
The existence of complement molecules of different degrees
of activity is the essential point in the explanation.

Although the subject of anti-bacterial sera produced by
active immunization does not fall within the scope of the
present communication, some points of interest may be
referred to. In our work we have used three anti-sera,
namely, anti-V. Metchnikovi, anti-typhoid, and anti-staphy-
lococcus. In the first place, all these sera contain a con-
siderable quantity of specific immune-body, as shown by
the deviation or increased absorption of hamolytic com-
plement. The following table shows this in the case of
anti-staphylococcus serum. In each tube the guinea-pig’s
complement is exposed to the absorbing action of a bouillon
culture of Staphylococcus aureus; in one series alone, in the
other along with the homologous immune-body. The table
shows the amount of lysis which occurs in the test amount
(1c.c.of a 5per cent. suspension) of sensitized ox’s corpuscles,
added after two hours at 37° C. ; the amount of complement
taken up thus becomes manifest.

0-1 e.c. dead 24-hour bouillon culture of
Staphylococcus aureus.
Guinea-Pig’s Serum. - DTS on D
+0 body, Rabbit versus
Staphylococcus aureus.
001 c.c. Complete lysis. 0
0.025 ,, 3 i Trace of lysis.
004 ,, e i Very marked lysis.
0:06 ,, " 5 Complete lysis.

Note.—In a control tube containing 0-01 c.c. guinea-pig’s serum +
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0-025 e.c. immune-body rabbit versus Staphylococcus aureus to which,
after two hours at 37° C., the test amount of red corpuscles + immune-
body was added, complete lysis resulted.

It thus seems that while 0-01 c.c. of complement treated
with Staphylococcus aureus alone is sufficient to produce
complete lysis of the test corpuscles, 006 c.c. is required
when the complement has been treated with the Staphylococct
-+immune-body. Although the serum leads to the taking
up of more complement, no bactericidal effect is brought
about ; in other words, even the increased amount of
complement brought into combination is not lethal to the
organisms. We tested the anti-staphylococcus serum in
varying amounts without any bactericidal action becoming
manifest. We may note that this serum when inactivated
was found to contain a large amount of specific opsonin
for the Staphylococcus aureus.

In the case of the anti-typhoid serum a marked deviation
of heemolytic complement was also produced. For example,
in an experiment in every way similar to the above the
haemolytic dose of guinea-pig’s serum treated with typhoid
bacilli alone was 0-0075 c.c., whilst the dose when the
serum was treated with typhoid bacilli 4 immune-body was
0-075 c.c., i.e. ten times as great. We failed, however, to
produce increased bactericidal action with this serum in-
activated at 55° C. in association either with guinea-pig’s
or rabbit’s normal serum. We found, however, a Neisser-
Wechsberg effect when a large amount of anti-serum (0-1 c.c.)
was used, this being sufficient to practically annul the
bactericidal effect of the normal serum. We also found,
as Buxton did, that the fresh typhoid serum had less bacteri-
cidal effect than fresh normal serum.

In the case of the anti-V. Metchnikovi serum we found,
in addition to the presence of an immune-body as shown
by the absorption of complement, a marked bactericidal

action when reactivated. In testing, however, with varying
MUTE P
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amounts of the anti-serum 0-0001 to 0-1 c.c., we obtained
no Neisser-Wechsberg effect, all these amounts greatly
increasing the bactericidal effect of normal serum. This is
the serum which we have employed in most of the experi-
ments described above. It is not our purpose to discuss
these phenomena at present—we mention them in order to
illustrate how much the properties of an immune-serum
may vary—a fact which is not sufficiently recognized. The
only property which the three sera have in common is that
of leading to increased absorption of complement when used
in combination with the homologous organisms, i.e. the
Bordet-Gengou effect. As we have shown above, by this
method, which is essentially the employment of powerful
complement absorbers, bactericidal complement, hemolytic
complement, and normal labile opsonin are all absorbed.

From what has already been stated it will be evident
that we consider it impossible to suppose that the comple-
ment content is uniform ; that is, is made up of identical
molecules. Ehrlich, as is well known, has maintained the
plurality of complements, and in association with his co-
workers has given examples in proof of this contention.
We ourselves, in a previous section on hemolysis (p. 77),
have cited an example of this, namely, that sensitized guinea-
pig’s corpuscles absorb the complement for sensitized ox’s
corpuscles in much greater proportion than they absorb the
complement for sensitized guinea-pig’s corpuscles. Differ-
ences incomplement molecules asregards combining affinities
and certain physical properties undoubtedly exist. We have,
on the other hand, given examples where the differences
between complements of different animals are much greater
as regards the zymotoxic group than as regards the hapto-
phore group (p. 85). In the present series of observations
the differences in the complement content which come out
are quantitative rather than qualitative.

An emulsion of bacteria may absorb bactericidal comple-
ment more readily than hemolytic complement, but if a
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sufficient amount be used the latter will be taken up also.
Bordet and Gengou showed that sensitized bacteria of
various kinds took up hzmolytic complement, and came to
the conclusion that bactericidal and heemolytic complements
are identical. Though their results are valid, their conclu-
sion is not justified. Because various complements are taken
up by powerful absorbers, it does not follow that they are all
the same, and as a matter of fact weaker absorbers bring out
differences. The results of the present series of experiments
show that differences in combining affinity exist, but these
are quantitative rather than qualitative ; though by other
methodscertain qualitative differences canalso beestablished.

CoNCLUSIONS

1. A distinetion is to be drawn between absorption of
complement by bacteria and the bactericidal effect which
may follow, the latter implying a sensitiveness of the bac-
terium to the combined complement. Organisms may
absorb complement by themselves, and to a greater extent
through the medium of an artificial immune-body, without
being killed.

2. Treatment of a normal serum with increasing amounts
of a dead emulsion of a bacterium usually produces effects
in the following order :—(a) diminution of the bactericidal
action on the same bacterium; (b) diminution of the bacteri-
cidal action for other bacteria ; (¢) diminution of heemolytic
complement.

3. Bactericidal action of normal serum for one organism
can be greatly reduced by treatment with other organisms in
the dead condition, without the hemolytic effect being
appreciably altered. This shows that there is a moiety of
the serum which has a special affinity for bacteria in general,
and is mainly concerned in bactericidal action when such
occurs—it may be called bacteriophilic complement.

4. When the bactericidal action of normal serum for a
particular organism has been greatly reduced by treatment
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of the serum with heterologous organisms, the bactericidal
action can be more than restored to its former value by the
addition of a small quantity of the homologous immune-
body (artificial anti-serum).

5. Normal bactericidal action may in certain cases differ
from bactericidal action through the medium of an artificial
immune-body ; in the former it may be due to the union
(direct or indirect) of a few very active molecules of comple-
ment with the bacterium, in the latter to union of a larger
number of more weakly acting complement molecules.

6. The fact that the bactericidal effect for an organism
is usually most readily reduced by treatment with the same
organism may be due to the existence of natural immune-
bodies ; it may also be due, however, to variations amongst
the molecules of bacteriophilic complement. This question
is left undetermined.

ADDENDUM.—ON COMPLEMENTS IN GENERAL

The complement content of the serum is of prime impor-
tance in immunity,and no doubt also in the normal nutritive
processes of the body. It includes a number of molecules
of different kinds, or probably more correctly the molecules
show an infinite number of gradations in their affinities and
action, and probably also vary from time to time. We
have, of course, no direct chemical method of demonstrating
the existence of complement molecules. This can only be
done by their effect in producing h@molysis, bacteriolysis,
&ec. Complement may, however, enter into combination
with various organic substances without producing any
recognizable effect, the occurrence of the combination being
shown by the absorption or subtraction method, which
has so often been used in the foregoing investigations. This
method must accordingly be employed where questions of
combination are concerned. In the present state of our
knowledge we cannot define complement according to the
action which it produces, as there may be molecules of the
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same class with activities which are not yet known. It is
better to regard complement from the point of view of
chemical or physical combination, and define it to be that
labile substance of normal serum which is taken up by the
combination of an antigen and its anti-substance (immune-
body). The antigen of itself may not take up any appreci-
able amount of complement, e.g. in the case of heemolysis,
or it may take up a small amount as is seen in the direct
absorption of the complement by bacteria and tissue cells.
In this latter case the amount of absorption is, of course,
much increased by the addition of the homologous immune-
body. Various antigens combined with the homologous
immune-bodies are thus powerful complement absorbers,
and in some cases the complement content appears to be
practically exhausted after such treatment. The action of
complement as thus defined varies ; it may be hemolytie,
it may be bactericidal or bacteriolytic, and it may be
opsonic ; in one instance an agglutinative effect has been
described above.

Complement is sometimes spoken of as a ferment-like
substance. There are certainly some similarities in the
physical properties of ferments and complements, but if
we study the mode of action, a wide difference is seen at
once. So far from complement not being used up in pro-
ducing its characteristic effect, we find that it enters in
definite proportion into firm union with the cell on which
it acts, and that in most cases there is no evidence of
subsequent dissociation. The maximum amount of
hemolysis by a given amount of complement thus
soon comes to an end and the process does not progress.
We have also shown that the amount of complement fixed
depends upon the amount of immune-body present, and
that in the case of heemolytic sera many times the amount of
complement necessary for complete lysis may be fixed to the
receptors of the corpuscles. In some cases each additional
dose of immune-body leads to the union of additional com-
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plement, and the complement fixed may be approximately
proportional to the amount of immune-body present. In
other cases, however, additional molecules of immune-body
do not fix additional complement. In the mode of union of
complement there is thus a wide difference from what
obtains in the case of enzyme action.

The studies which we have carried out show that it is
quite impossible to consider the complement of the serum
as being made up of similar molecules. On the contrary,
variations both in the combining affinities and in toxic effects
are met with. In the case of the complements of the same
animal, Ehrlich and Morgenroth showed differences in
certain of their physical properties; for example, resistance
to heat, capacity of passing through a porcelain filter, &e.
We have also demonstrated a striking case where a part of
the complement acts on sensitized guinea-pig’s corpuscles,
but not on sensitized ox’s corpuscles. Perhaps, however, the
most striking example is afforded in the case of absorption
of complement by bacteria, the bactericidal complement as
tested on one bacterium being absorbed by a great many
different bacteria before the hsemolytic moiety is appre-
ciably affected. We have, however, pointed out that so
far as combining affinity is concerned the difference in this
last case is rather one of degree than of quality, as if a
sufficient amount of the bacteria be used the hamolytic
complement is absorbed also. It thus seems to be rather
an instance of preferential absorption, the molecules with
greatest affinity combining first. When powerful com-
plement absorbers are used, on the other hand, the com-
plements of the serum can be almost entirely removed.

Whilst therefore certain differences in the complement
molecules of the same animal undoubtedly exist, these in
many instances merely represent gradations in combining
affinity. The haptophore group of complement does not at
all show the special affinity which exists in the case of
immune-body ; there is a certain community in its com-
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bining relationships. Even the complements of different
animals may combine with the same molecules, the com-
plement of one animal keeping out of combination the
complement of another, and vice versa. It was considered
for a time that the complement of each species had a rela-
tively specific group, as the supposed anti-complement had
always the maximum effect on the complement used in its
production, and only slight effects on the complements of
allied species. As has been shown above, however, this
anti-complement action may be due simply to the deviation
by the serum receptors 4 the anti-substances, and the
existence of true anti-complements is somewhat doubtful.
The result of the work on this subject, in fact, has been to
emphasize the community of the combining affinities of
complements of different animals. Whilst therefore we
consider that the view as to the uniformity of alexine
(complement) molecules of a given species of animal
is not tenable, we think that Ehrlich has pushed
too far the conception of special combining affinities of
complement. Differences in degree of combining affinity
have been almost completely overlooked by writers on the
subject ; and when we use a powerful complement absorber,
say a serum precipitate produced by the action of a precipitin
on the homologous serum, the variety of complements from
different animals which may be absorbed is extraordinary.
Complements of different animals, however, differ widely
in their zymotoxic groups; that is, in their relative toxic
action. Thus it is that in order to bring about a particular
effect, e.g. complete heemolysis, a much greater amount of
the complement of one animal than of another has to be
brought into union, and hence a larger amount of immune-
body comes to be necessary ; and in some instances a rela-
tively large amount of complement may enter into union
with a corpuscle without producing any marked lysis.
This factor of relative toxicity is also seen when we use
the same complement and test it on the corpuscles of
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different animals, the amount which has to be taken up
in order to produce lysis varying in different instances.
The striking difference in the relative toxicity of guinea-
pig’s and rabbit’s complement, when tested both on rabbit’s
and guinea-pig’s corpuscles, is a striking example of this
(p. 74). Even more striking, however, is the relative
toxicity of complement when tested on different bacteria ;
many organisms, as already pointed out, combining with
bactericidal complement, without any bactericidal action
resulting. In the case of an anti-bacterial serum it is accor-
dingly not only essential that the complement be brought
into combination, or, as it is often expressed, that the com-
plement should suit the immune-body, but also that it
should have the power to produce the necessary destructive
effect. We have repeatedly insisted on the importance of
studying the combination of the three elements concerned,
viz. receptors, immune-bodies and complements by the
absorption method. The mere occurrence of hemolysis, for
example, gives no indication of the totalcombining affinities.
Many times the amount both of immune-body and of com-
plement necessary for lysis may be taken up, and, on the
other hand, the non-occurrence of bactericidal effect, or
even of h@molysis, is no indication that complement
has not entered into combination. It is only by study-
ing the alteration in the properties of the fluid in which
the particular reaction has taken place that we can judge of
the substances which have been absorbed, and thus be able
to understand the behaviour of the complement molecules.
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A System of Operative Surgery
Edited by F. F. Burcuarp, M.S., F.R.C.S. This System will be
fully representative of the present state of opinion as to Operative
Surgery in the United Kingdom,

The work will be in four volumes, The first volume has
just been published. Vol. IV is now in the press.
The whole will be complete in the present year.
Price £6 net the set to subscribers; 365, net each volume separately.
Volume I.

: Pages 736 with 341 original Illustrations.

The Principles and Technique of Wound Treatment C. B. Lockwood.

The Methods of Local Analgesia ~ Capt. J. W. H. Houghton, R.AM.C.

Amputations, Operations upon Arteries, Veins, and Lymphatics,

Operations upon Nerves, Operations upon Muscles, Tendons, Tendon
Sheaths and Bursz, Operations for Non-Tuberculous Affections of Bones

and Joints F. F. Burghard.
Plastic Surgery T. P. Legg.
This volume is arranged so that it can be used separately by students pre-
paring for the higher surgical examinations. Price 36s. net,
Volume II.

Operations for Tuberculous affections of Glands, Bonesand Joints H. J. Stiles.
Operations upon the Thyroid James Berry.
Hare Lip and Cleft Palate Edmund Owen.
Operations for Cancer of the Lips G. L. Cheatle, C.B.
Operations upon the Tongue, Tonsils and Pharynx H. T. Butlin.
Operations upon the Jaws C. H. Fagge.
Operations upon the Stomach and Spleen B. G. A. Moynihan.
Operations upon the Intestines ' ' G. H. Makins, C.B.
Operations for Hernia A. E. Barker,
Operations upon the Rectum and Anus F. Swinford Edwards,

Operations upon the Bile Passages and the Pancreas A. W. Mayo Robson,

VYolume II1I.

Operations upon the Skull and Brain Louis B. Rawling,
Operations upon the Spinal Cord William Thorburn.
Operations upon the Thorax and its Contents R. J. Godlee.
Operations upon the Breast H J. Stiles.
Operations upon the Kidney and Ureter David Newman.
Operations for Vesical Calculus and upon the Prostate P. J. Freyer.
Operations upon the Bladder and the Urethra J. W. Thomson Walker.
Operations upon the Male Genital Organs F. F. Burghard.
Volume IV, e
Vaginal Gynaecological Operations John Phillips.
Abdominal Gynaecological Operations J. Bland-Sutton.
Ophthalmic Operations M. S. Mayou.
Aural Operations Hunter Tod,  Nasal Operations St. Clair Thomson,
Operations upon the Larynx and Air Passages W. Douglas Harmer.

This twork can be had on approvtal from any bookseller.
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A System of Diet and Dietetics

A single volume under the Editorship of Dr. G. A. SuTHERLAND,

M.D., F.R.C.P. This book is designed to be a complete account of

dietetics viewed both from the scientific and practical standpoint.

Prospectus on application. Royal 8vo.  Fust Published.  30s. net.
First Review—

‘* At first sight a formidable one to tackle, but it is both readable
and easy to read: readable from its easy style, and easy to read owing
to the clearness of the print; in proportion to its bulk it is unusually
light. . . . We regard the book as being of great practical value,
Once a diagnosis i made, the book can be consulted in the certainty of

finding a concise yet adejquate account of the proper dietetic treat-
ment of the disease in question.”—Dublin Journal of Medical Science.

CONTENTS.

Introduction.—General Principles Sir Lauder Brunton, Bt , F.R.S.

The Diet of Prehistoric Times and the Evolution of the Present-day Diet
Harry Campbell.

The Physiology of Digestion, Absorption and Nutrition, The Results of

Experimental Diets in man and animals E. 1. Spriggs.
Special Diets, Diet Cures, Patent and Proprietary Foods E. Cautley.
Rectal Alimentation F. D. Boyd.
The Role of Alcohol in Health and in Disease Harry Campbell,
Diet in General Diseases :
Fevers Claude Buchanan Ker,
Tuberculosis Noel Bardswell and J. E. Chapman,
Gout, Rheumatism and Rheumatoid Arthritis A. P. Luff,
Diabetes J. Rose Bradford, F.R.S, Obesity  E. Cautley,
Diet in Diseases of Special Organs :
The Stomach and Bowels H. P. Hawkins,
The Liver and Pancreas W. Hale White,
The Lungs G. A. Sutherland.
The Heart and Blood Vessels W. ]. Hadley.
The Kidneys J. Rose Bradford, F.R.S.
The Nervous System James Taylor.
The Integumentary System T. Colcott Fox.
The Blood and Blood-forming Organs John M. Cowan.
Diet in Infancy and Childhood, in Health and Disease G. A. Sutherland,
et 4 : Sir Patrick Manson, F.R.S,
Diet in the Diseases of Hot Climates {C. W Ditiials. ’ S

This book can be had on approval from any bookseller.
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A System of Syphilis

Edited by D’Arcy Power, M.B. (Oxon.), F.R.C.S, and ]. Keocn
Murpuy, M.C. (Cantab.), F.R.C.S. :

This work is designed to be an exhaustive treatise on the subject of this
disease and its various manifestations. Each volume is fully illustrated
with original illustrations, many of them direct colour photographs, and
is complete in itself. Price £2 2s. per vol. net, or to subscribers
£10 10s. net the set complete in six volumes. Vols. I and II now ready.

Volume I.

: Now Ready
Tntroduction - Jonathan Hutchinson, F.R.S,
History Ivan Bloch, M.D.
Microbiology Professor Elie Metchnikoff.
General Pathology F. W. Andrewes, M.D. (Oxon.), F.R.C.P.
Early Manifestations—Male Colonel F. J. Lambkin, R.AM.C,
Early Manifestations—Female A. Shillitoe, F.R.C.S.
Congenital Syphilis G. F. Still, M.D., F.R.CP.

With over 30 Colour Illustrations from direct colour photographs and many
others in balf tone.

Some early Reviews—

“Tn one respect the first volume is the most important medical pub-
lication of recent years. It is, we believe, the first attempt in the
English langnage to preseat in an authoritative and comprehensive

- form the'sum of knowledge of a single disease. We are at once struck
with the fact that the editors have gone in nearly every case to the
acknowledged living authority on the subject.”—St. Bartholomew's

Hospital Gazelte.,

« Cannot fail to excite the interest and arouse the expectations of
the reader. We may say at once that in the first volume such expecta-
tions will be more than fulfilled. The book is one of great merit,”'—
—The Lancet.

i Without doubt the best work on the subject so far issued in Eng-
land."” —American Journal of Dermatology.

This work can be had on approval from ang bookseller.
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Volume II.
Notw Ready
Surgery of Syphilis D’Arcy Power, M.D. (Oxon.), F.R.C.S.
The Treatment of Syphilis Colonel Lambkin, R.A.M.C.
An outbreak of Syphilis in Virgin Soil Colonel Lambkin, R.A.M.C.

Syphilis in connexion with Obstetrics and Gynaecology
W. J. Gow, M.D., F.R.C.P.

“Well susta‘ns the interest of its predecessor,""—St. Bartholomew's
Hospital Gazette.

Volume III.
Visceral Syphilis Professor William Osler, M.D., F.R.S.
Disorders closely allied in Nature (Yaws, etc.) Professor Castellani.

Syphilis in connexion with Life Insurance E.M. Brockbank, M.D., F.R.C.P.
Mental Affections of Syphilis Charles A, Mercier, M.D. (Oxon.), F.R.C.P,
Medico-legal Aspects of Syphilis Stanley B. Atkinson, M.B. (Cantab.),

Volume IV.
Syphilis of the Nervous System F. W. Mott, M.D., F.R.S.

Volume V,

Syphilitic Diseases of the Skin Phineas S. Abraham, M.D., F.R.C.S.1.
Of the Eve Devereux Marshall, F.R.C.S.
Of the Nose and Throat St. Clair Thomson, M.D., F.R.C.P.
Of the Ear C. Ernest West, M.D. (Oxon,), F.R.C.S.

Volume VI.

Syphilis in relation to the Public Services—The Navy : Fleet-Surgeon
E. P. Mourilyan, Surgeon W. P. Yetts, and others.

The Army : Introduction by the Director-General of the Army Medical

Service, Sir Alfred Keogh, K.C.B. Lieut.-ColonelMzlville, R.A.M.C,

Major C. E. Pollock, R.A.M.C. Lieut.-Colonel Leishman, R.AM.C,

This work can be had on approval from any bookseller,
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A System of Meﬂicine

By EminentT AvrHoriTies in the United States, Canada, Great
Britain, and the Continent, edited by WirLiam Oster, M.D., F.R.S.,
Regius Professor of Medicine in the University of Oxford; and
Tromas McCrag, M.D., F.R.C.P. (Lond.), Associate Professor of
Medicine, Johns Hopkins University, Baltimore. In Seven Octavo
volumes of about goo pages each, illustrated. Price to subscribers
for the seven volumes 24s. net each volume; to non-subscribers,
single volumes 30s. net. Five volumes now ready.

A Special Prospectus will be sent on application.

* Edited by one who is at least primus inter pares of the leaders in
English Medicine—the new volumes range worthily alongside the
Great Systems of the Past.”—Edinburgh Medical Journal.

From the Introduction :—

It is designed primarily for the practitioner who wishes to keep
himself informed of the existing state of our knowledge in Clinical
Medicine. ‘Elaborate discussions upon doubtful problems have been
avoided, and, as far as possible, a clear statement 15 given without
unnecessary references to the literature. I hope we have been able to
keep an even balance between the condensation of the text-book and
the elaborate treatment of the monograph.

Of the seven volumes constituting the twwork, the first five

tolumes are already published, and the other two will be pub-
lished at interbals of about six months.

““ We may express our high appreciation of the first volume.""—
British Medical Journal.

‘“ The work thronghout is of the highest merit, and 1f the subsequent
volumes maintain the same standard of excellence as those to which
we have referred, there will be at the service of every practitioner
one of the soundest and most complete reference books on Medicine
ever published.””—The Practitioner.

“ The system is sure to secure the favour of a large public.""—The
Lancet.

“ A credit alike to American Medicine and to the care and judgment
of its distinguished Editor.”—Edinburgh Medical Journal.

“ The work, without question, is going to prove a highly useful and
authoritative record covering the whole field of Medicine.""—The

Hospital.

]HfﬁCtiDUS DiSE&SE‘S—A Practical Textbook

By Craupe Bucnanax Ker, M.D., F.R.C.P., Ed., Medical Superinten-
dent, City Hospital, Edinburgh. Very fully illustrated by charts,
colour plates and direct colour photographs.

A Practical Textbook, not a book of reference or pathological treatise,

In active preparation.

These tworks can be pad on approval from any bookseller.
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Common Disorders and Diseases of NEW AND _

Childhood 55

By G.F. StiLi, M.D., F.R.C.P., Professor of Diseases of Children,
King’s College, Physician to Out-patients, Hospital for Sick Children
Great Ormond Street, etc. Illustrated. 158, net.

In the Press.

Practical Pathology

A Manual for Students and Practitioners.

By G. Sims Woopneap, Professor of Pathology, University of
Cambridge.
Fourth Edition, enlarged and revised.
Demy 8vo. Illustrated by over 240 microscopical drawings in
colour. 305, net.
In the Press.

- - Twn
Prmmples of P atho]ogy NEW
WORKS ON
By J. George Apami, M.D. Cantab., F.R.S., Professor of Pathology, pato.
McGill University, Montreal. In 2 volumes, LOGY
Vol. I. Gexerar PaTHOLOGY Now ready.
Vol, II. Systemic PatnHoLoGY In active preparation,

Volume 1.

Royal 8vo. 948 pp. with 322 lllustrations and 16 Plates.
Price 30s. net.

An early Review—
“ Meets a real need of the day. The future of the work is already

assured. The book as a whole is epoch making and the need which it
fills assures its immediate success.”—Montreal Medical News.

The Collected Papers of Lord Lister

Member of the Order of Merit, Fellow and sometime President of
the Royal Society, Knight Grand Cross of the Danish Order of the
Daneborg, Knight of the Prussian Order pour le Mérité, Associé
Etranger de 'Institut de France, etc., etc. Illustrated. In two

volumes. 42s. net.
Volume I. Volume II.
Introductory Essay. Part III. Antiseptic Surgery.
Part 1. Physiology. Part IV. OSurgery.
Part II. Pathology and Bacterio- Part V. Addresses.
logy. To be published immediately.

These works can be had on approval from any buukseﬂﬂ.
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Diseases of the Heart

By James Mackevzie, M.D.,, M.R.CP. In one volume. Fully

illustrated by 268 Charts and Figures, and § colour Plates. Fust
Published. Crown 4to. 25s. net.

““A New Chapter in Medicine.—It may be said without fear of con-
tradiction that it constitutes the only modern Text Book on Diseases
of the Heart which can be considered to be in accordance with to-day's
physiological teaching.”—British Medical Journal.

IMlustrated Prospectus on application.

The Rectum

[ts Diseases and Develupmentai Defects

By Sir Cnarees Bary, F.R.C.S.I., F.R.C.S. (Hon.), Regius Professor
of Surgery, University of Dublin, etc. Crown 4to. 305. net.

In one volume. Illustrated by over 180 original illustrations and
§ colour plates. Crown 8vo.

“ An important addition to Surgical literature, and makes its appear-
ance opportunely, as there is no authoritative textbook on this branch
of surgery in this country.”—Edinburgh Medical Journal.

“ A book readable from page to page and from cover to cover.
Copiously and remarkably well illustrated.”—The Hospital.

Illustrated Prospectus on application.

Fevers in the Tropics

Their Clinical and Microscopical Differentiation

By Leonarp Rocers, LM.S., F.R.C.S., F.R.C.P. Professor of Patho-
logy, University of Calcutta.

Crown 4to. Illustrated Prospectus on application.
30s. net.

Fully illustrated by a coloured plate, drawings, and over 100 Charts.
Recently Published.

It is a marvel of industry and represents the work of many years.”
—Indian Medical Gazette,

* Contains the results of a mass of original work and personal investi-
gations conducted with untiring energy. . . . It will certainly take
a very important place in the annals of Indian medicine."—DBritish
Medical Journal.

““Major Leonard Rogers has indeed produced a monumental work,
. . . what has previously been non-existent, namc]y,at:omp_lete.sc.tent:ﬁc,
and thoroughly up-to-date monograph of the perplexing fevers of

. India. We have not perused with such pleasure any work on
Medicine,"—Lancet,

These works can be had on approval from any hookseller.
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Rotunda Practical Midwifery
By Ernest Hastings T‘WEED?, F.R.C.P.I. Master of the Rotunda
Hospital (Dublin), President, Section of Obstetrics British Medical
Association, 1go7. And G. T. Wrence, M.D., Late Assistant
Master. 162 original illustrations. Special Prospectus on application,

16s. net,

““ Any one who begins this book because he ought to, will finish it
because he likes it. It is clear, practical, and delightfully written,
and it is a wholly creditable fulfilment of its aim as an exposition of
* Rotunda Practical Midwifery. ' "—Medical Chronicle.

** The wonderful material afforded by the Rotunda Hospital Practice
forms quite a unique basis for work such as this, and when inter-
reted for us by such authorities as the writers of the present volume
it affords a book of exceptional value and striking suggestiveness—full
of sage advice and practical acute observation.”—Edinburgh Medical
Journal.

‘“ The practical side which is struck in the first chapter is main-
tained throughout, and in all instances treatment is given clearly and
minutely described. . . .”—The Hospital.

* We are grateful . . . for an interesting and stimulating original
work.—British Medical Journal,

Rotunda Midwifery for Nurses and
Midwives

By G. T. Wrencu, M.D., late Assistant Master of the Rotunda
Hospital ; with a Preface by the Master of the Rotunda.

PP- 324. 114 original illustrations, 6s. net.
A Special Prospectus on application.

“The aim throughout has been to put before nurses and midwives
the knowledge which they actually need as clearly and practically as
possible. . . . The numerous, well-executed illustrations add greatly
to the usefulness of this book, which we strongly recommend to nurses
and midwives.”"—Nursing Mirror,

" Calculated to fulfil its purpose admirably—written with an evident
enthusiasm.”"—Edinburgh Medical Journal.

““ An admirable little book for its purpose, written in the simplest
language. We can cordially recommend the book to all nurses.”—
Journal of Obstetrics and Gyneecology.

Handbook of Obstetric Nursing

By F. W. N. Havrraw, M.D,, F.R.C.P, (Edin,), and ]. Haic

Fercuson, M.D., F.R.C.P. (Edin). s5th Edition. Revised and

Enlarged. pp. 267. Figures 37. 5s. net,
Formerly published by Young F. Pentland.

“ Full of concise, useful information."”—The Hospital.
“ The excellence of this handbook for Nurses is attested by the fact
that the present is the fifth edition."—The Lancet,

All works of 7s. 6d. and over in price can be had on approval Jrom
any hookseller.
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roR T Functional Nervous Disorders in

TITIONER ChllthDd

SURGICAL

MONO-
GRAPHS

By Leonarp G. Gururie, M.D. (Oxox), F.R.C.P.,, Senior
Physician to Paddington Green Children’s Hospital ; Physician to the
Hospital for Paralysis and Epilepsy, Maida Vale, etc. pp. 300,
I Plate. 7s. 6d. net.

Prospectus on application.

“ Tt is saying much to state that his sense of humour iscommen-
surate with his erndition, and the combination of the two make many
of his chapters delightful reading. We have nothing but commen-
dation for his work, which well deserves the success it will assuredly
attain.”—DBritish Medical Journal.

“We have read no book upon this subject which can compare
with Dr. Guthrie's work for charm of literary style, and comprehen-
siveness of survey. The book is so fascinating that one must needs
choose some time of leisure for its perusal, for, when once opened,
it is not easily laid aside. We think Dr. Guthrie's work is likely
to take its place as a standard work on the subject, and to be one
of the most popular of the Oxford Medical Publications.”’—Practitioner.

Prostatic Enlargement

By Curnsert S. Warrace, M.B., F.R.C.S., Assistant Surgeon to

St. Thomas’s Hospital, etc. pp. 215, with 8o illustrations and I

coloured plate. 12s. 6d. net.
Prospectus on application.

“ The book is all that could be asked for on such a subject; itis
careful, judicious and complete. The printing is perfect and the
illustrations have come out very well.""—Lancet.

“ The invaluable experience of a surgeon who has both seen and
done much on this branch of surgery.”—St. Thomas's Hospital Gazette.

“Mr. Wallace has done a piece of good work, and this book should
enhance his reputation.”’—Edinburgh Medical Journal.

The Surgery of the Skull and Braim

A Surgical Monograph by Louis B. Rawwine, M.B., Cantab.,
F.R.C.S., Assistant Surgeon to St. Bartholomew’s Hospital. Fully

illustrated. In the Press.

These works can be had on approval from any bookseller.



THE Oxrorp MEeDicAL PUBLICATIONS. 17

GENERAL PRACTICE SERIES

Netw Book.

Medical Inspection of Schools roR TH
By A. H. Hocarrs, M.D., Oxon., Medical Officer of Health, Bucks, | " X

Bhe Price 6s. net.

In the Press.

Operations of General Practice

By Eprep M. Corner, M.C. (Cantab.), F.R.C.S., Assistant Surgeon
to St. Thomas’s Hospital ; Senior Assistant Surgeon, Hospital for
Sick Children, Great Ormond Street, etc.; and Hewsry Irvine
Pincurs, MLA.,, M.B. pp. 296. 170 Illustrations. Prospectus sent
post free on application. - Recently Published.

Second Edition. 15s. net.

‘“ Certain of a hearty welcome from every earnest practitioner.”’—
Hospital.

“ There has been a want of a suitable work giving clearinstruc-
tions for the operations which a general practitioner would be inclined
to undertake. This want appears to us to be very well supplied
by this book. It is large without being too big ; it is clearly written,
and gives Just that amount of assistance which is likely to be needed.”—
Lancet.

*“ By carefully following out the directions and studying the illus-
trations here given, the veriest novice ought to be enabled to acquit
himself honourably.’—Medical Chronicle.

Jecond Edition,
“The very favourable impression we formed of the work less than
a year ago has been quickly confirmed.”—Hospital.

“ The excellence and utility of the book has been fully proved.”—
British Medical Journal.

Uniform with the above. In active Preparation.

Fimergencies in General Practice

Both Surgical and Medical.

By Percy SarcenT, M.B., F.R.C.8,, Assistant Surgeon, St. Thomas’s
Hospital, and A. E. Russerr, M.D., F.R.C.P., Assistant Physician
St. Thomas’s Hospital. Fully illustrated.

To be published in the autumn,

Works costing 7s. 6d. or oter can be had on approval Sfrom
any bookseller.
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GENERAL PRACTICE SERIES

axemsi | fe Insurance and General Practice

SERIES. By E. M. Brocksank, M.D., F.R.C.P., Assistant Physician, Man-
chester Royal Infirmary. 8vo, pp. 288.
Prospectus on application.  Recently Published. 7s. 6d. net.

“Is a worthy addition to the excellent series of medical publications
to which it belongs.”—Journal of the Royal Army Medical Corps.

' The majority of medical men have, at one time or another, to
act as medical examiner for insurance purposes, and there are differ-

’ ences between this kind of examination and that carried out for

purposes of diagnosis, which make the advice of an expert of consider-
able value and assistance. It is just this kind of advice which Dr.
Brockbank offers in his work.""—British Medical Journal.

“ After a careful perusal of this volume we can recommend it to our
readers as a useful guide in the medical examination for life insurance
in general practice.”’—Lancet.

Diets in Tuberculosis

Princirres aNp EcoNomics.

By Noer D. Barpswerr, M.D., Medical Superintendent King

Edward VII’s Sanatorium, Midhurst ; and J. E. Cuaramax, M.R.C.S.
pp- 183. Recently Published.  6s. net.

“Concisely written and practical from cover to cover—richly
supplied with full menus and practical instructions for cooking, and
deserves the highest praise.”—British Medical Journal. .

“The most interesting chapter in the book on the comparative
economy of the cheap foodstuffs is full of important practical hints.
We cordially recommend the book."—Scottish Medical and Surgical

Journal.

Glandular Enla.rgements

and other Surgical Diseases of the Lymphatic System

By Artaur Epmunps, M.S., F.R.CS., Assistant Surgeon, Great

Northern Central Hospital, etc. pp. 236. Illustrations 19.
Recent y Published.  7s. 6d. net.

«Mr. Edmunds has given us a book which will be of great use to the
practitioner and which gathers into small space practically the sum of
our knowledge of the subject.”—Glasgow Medical Journal. _

1A most commendable monograph.”—Journal of the American
Medical Association. _

‘“ A very practical volume, taking up many subjects often neglected

in text books."—Detroit Medical Journal.
Tts clear and concise style makes its perusal a pleasure not a

labour."—Medical Review of Reviews,

All works costing 7s.6d. and ober can be had on approbal from
any bookseller.
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GENERAL PRACTICE SERIES

The Law in General Medical Practice,

or Clinical Jurisprudence

By Stanvey Arxinson, M.B, B.L. Secretary of the Medico-legal
Society, etc., etc. Recently Published.  7s. 6d. net.

“ A useful little manual—deals with matters of the greatest impor-
tance to the general practitioner, about which, it is feared, many have
but a limited knowledge: should be carefully read by all young
practitioners. It need not take long to master its contents, an-l it is
highly desirable that every practitioner should be acquanited with the
Law relative to his or her profession.”—British Medical Journal.

' Will prove of service to every general practioner at some time or
other in their career.”—Liverpool Madico-Chirurgical Jouraal.

“Should prove of the utmost value to the young professional man,"
—Bristol Medico-Chir. Journal.

Pathology in General Practice

By Tuomas ]J. Horper, M.D., F.R.C.P., Physician, Great
Northern Central Hospital and Medical Registrar, St. Bartholomew’s
Hospital. A practical work, not of laboratory methods but of the
indications for pathological inquiry in daily practice and of the in-
terpretation of and value to be obtained from such inquiry,

In the Press,

The Blood in Health and Disease

By R. J. M. Bucnanan, M.D., F.R.C.P., Assist. Physician Liver-
pool Royal Infirmary. pp. 296. In the Press. 12s. 6d, net.

Designed to be a short, practical account of the clinical features and
treatment of diseases of the blood with a full account of micro-
scopical features so far as they concern the practitioner—amply
illustrated with 16 original colour Plates by the Author and 30

figures.

Diseases of the Lungs
By R. J. M. Buchaxan, M.D., F.R.C.P.

Designed to follow the same practical lines.
In Prepavation,

These tworks can be had on approval from any bookseller,

FOR THE
PRAC-
TITIONER
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G A Flandbook of The Bt ol il boes

SERIES

By Proressor E, Kermisson, Paris, Translated by J. Keocn Murpuy,
M.C. (Cantab.), F.R.C.S., Senior Assistant Surgeon, Paddington
Green Children’s Hospital, Surgeon to the Miller General Hospital

for South-East London. With additions by the Translator.
In the Press,

Heart Diseases—Graphic Methods

By Jonn Hav, M.D., M.R.C.P., Assist. Physician, Liverpool Royal
Infirmary, etc. pp. 175. In the Press. Price 7s. 6d. net.

A short handbook detailing the most modern methods of clinical
examination as well as their significance. With a preface by Dr.
Mackenzie. Illustrated by 128 figures and tracings.

me - Diseases of the Spinal Cord

TITIONER

it By R. T. Wiztiamson, M.D., F.R.C.P. Assistant Physician, Man-

STUDENT chester Royal Infirmary, etc. 4to. pp. 420. Figs. 183. Prospectus
on Application. Recently Published. Fully Illustrated by 183 original
INlustrations and Diagrams and 7 Plates. 155. net.

‘“* May be regarded as able and authoritative, We offer our hearty
thanks for this admirable volume.”—Glasgow Medical Journal.,

““ Will certainly take a very high place among English text-books
on Neurology. An admirable introduction for the study of spinal

nervous diseases.”—Medical Chronicle. : ;
““ A very able and authoritative text-book.”—Medical Review.
** The book is an excellent one and will be most waluable both

to the student and practitioner.”—The Hospital.

Criminal Responsibility

By Cuarves A. Mercier, M.D. Oxon., F.R.C.P., F.R.C5. 8vo,

cloghi, ppo232, 7s. 6d. net.
This work has been awarded the Swiney Prize for the best work

on Jurisprudence for the past five years.

Sprains and Allied Injuries of Jonts

By R. H. Axcrix WHITELOCKE, F.R.C.S., Surgeon, Radcliffe Infir-
mary, Oxford, etc. pp. 228. Ready Immediately.

A full and practical treatise on the less severe injuries
of the joints. Fully illustrated by 64 original illustrations

and ﬁkiagraphs. Price 7s. 6d. net.

All works costing 7s, 6d, and over can be had on appreval from
any bookseller,
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Diseases of the Skin

By W. Avrax Jamizson, M.D.,F.R.C.P, (Edin.), Consulting Physician

for Diseases of the Skin, Edinburgh Royal Infirmary; Late Lecturer on

Diseses of the Skin in the University of Edinburgh. Fourth Edition,

revised and enlarged. 8vo, cloth, pp. xx., 660, with g Coloured

Illustrations. 2IS. net.
A Manual for Students and Practitioners.

= A GYNAE-
Puerperal Infection CoLOGICAL
By Arvoro W.W. Lea, M.D,,F.R.C.S. I'n preparation. :::gﬂ

A large Monograph. Fully illustrated.

Cancer of the Womb :

Its Symptoms, Diagnosis, Prognosis, and Treatment

By Freperick J. McCann, M.D., F.R.C.5.,, M.R.C.P., Physician to
the Samaritan Hospital for Women. Fully illustrated. pp. 172,
plates 46. Prospectus on application. 20s, net.

“The book is one of very great merit; it will be read with interest
both by the specialist and general practitioner as an authoritative
exposition of the important subject with which it deals.”—Edin-
burgh Medical Journal.

“The outstanding feature of the work is the wealth and beauty
of the illustrations. . . . Dr. McCann has produced a valuable work
which deserves to be widely known.'—Practitioner.

FOR THE

The Principles of Treatment, and their i

5 : ; 2 ey TITIONE
Applications 1n Practical Medicine :

By J. Mrrcuert Bruce, MLA,, LL.D,, M.D,, F.R.C.P., Consulting
Physician to Chariug Cross Hospital and to the Hospital for
Consumption, Brompton. 8vo, Cloth, gilt top. pp. xviii., 614.

Third Impression, Price 15s. net.

“ We have rarely perused a book with more satisfaction. . . ., A
Treatise of the nature was wanted, and practitioners and students
will find it most valuable."—Lancet.

““ This work is not only remarkable in itself, but it is one sorely
needed. . . Every sentence 15 deserving of respect as the deliberate
and well-founded opinion of a competent author.” —British Medical
Journal.

““The book fills a long-felt want, and fills it admirably."—Medical
News.

These works can be had on approbal from any bookseller.
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me” Diseases of the Heart and Aorta

TITIONE

e By G. A. Gmson, M.D,, D.Sc, FRCP.Ed, Physician to the
Royal Infirmary ; Consulting Physician to the Deaconess Hospital ;
Lecturer on Medicine at Minto House, and on Clinical Medicine

at the Royal Infirmary, Edinburgh. 8vo, Cloth, pp. xxiv., 932, with
210 Illustrations. I55. net.

Diseases of the Throat, Nose and Ear

A Clinical Manual for Students and Practitioners
By P. M'Brine, M.D.,, FR.CP.Ed., Late Lecturer on the

Diseases of the Ear and Throat in the University ; Consulting Aural
Surgeon and Laryngologist, Royal Infirmary, Edinburgh. Third
Edition, thoroughly revised and partly re-written. 8vo, Cloth,
pPp. Xxviii., 744, with 48 Coloured Illustrations from Original Draw-

ings. Price 25s.

o SHill the best before the Medical Public." —Lancet,

“As a guide for students and practitioners it may be safely pro-
nounced absolutely reliable.””—British Medical Journal,

mstories The History of Medicine

By Professor Max vow NEeueercer, Professor of Medical History,
University of Vienna. Translated by Erxest Prayrarr, M.D,,
M.R.C.P. In two volumes. Crown 4to.

A large and complete work on the history of Medicine from the
earliest times up to recent years. Vol. I. In the Press.

English Medicine in Anglo-Saxon Times

By J. F. Payng, M.D. Oxon, FRCP. 23 illustrations, Svo,
8s. 6d. net.

The History of the Study of Medicine m
the British Isles

By Norman Moore, M.D. Cantab, F.R.CP., Physician to St.

Bartholomew’s Hospital. pp. 202, 10 Illustrations. 8vo.
10s. 6d. met.

These tworks can be had on approbal from ang bookseller.
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HISTORICAL

Surgical Instruments in Greek and Roman Vi

Tll"ﬂes By J. 8. Mizne, MA,, M.D. pp. 187. 54 Illustrations. 8vo,
14s. net.

“It not only reflects the highest credit on Dr. Milne, but tends to
raise in the public esteem the reputation for learning of the profession
of which he is a member."—British Medical Journal.

The Writings of the Late
Sir William Broadbent, F.R.S.

Collected and edited by Warrer Broapsest, M.D., M.R.C.P.
Demy 8vo. pp. 439. Ilustrated. Recently Published. 185s. net,

“ At once a mass of clinical wisdom and observation, and a fitting
memorial of a teacher whose personality exercised no small influence
upon the medical thought of his generation.”— British Medical Journal.

[n-born Errors of Metabolism NoNe. .

Being the Croonian Lectures of 1908,

By A. E. Garred, M.D., F.R.C.P.
Fust Published. Price 3s. 6d. net.

On Constipation

By A. Hertz, M.D., F.R.C.P., Assistant Physician, Guy’s Hospital,

A Practical Monograph.
In the Press.

Suture of Arteries—A Surgical
Monograph.

By E. Arcrisarp Smira, F.R.C.S. Price 25, 6d. net.
pp- 70, with figures and photomicrographs.

The Arris and Gale Lectures on the
Neurology of Vision

By ]. Herserr Parsons, B.S., D.Sc. (Lond.), F.R.C.S. (Eng.). Two
Coloured Plates and 22 Illustrations. Demy 8vo, paper. 2s. 6d. net,

These tworks can be had on uﬁprub‘af from ang hookseller,
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A Manual of Bacteriology

By Roserr Mumr, M.D., F.R.C.P. (Edin.), Professor of Pathology,
University of Glasgow ; and James Rircure, M.D.,, B.Sc., Superin-
tendent, Research Laboratory, R.C.P., Edinburgh ; formerly Pro-
fessor of Pathology, University of Oxford. Crown 8vo, Cloth,
pp. xxiv., 605, with 171 Illustrations in the Text.

Fourth Edition, thoroughly revised,
105. 6d. net.

e Established for so many years as the chief English Text-book
on Bacteriology for the Medical Student and Practitioner. . . . Itwould
be Ltilfﬁcult to find a work which so completely fulfils its purpose.”
—Lancet.

£ 'I'hc‘ setting of this manual is beyond all praise; the book is of
handy size, beautifully printed on fine paper and neatly bound.”—
Dublin Journal of Medical Science.

A Laboratory Handbook of Bacteriology

By Dr. Ruborr ABerL. Medical Privy Councillor, Berlin. Trans-
lated by Dr. M. H. Gorpoxr, M.A., M.D. (Oxon.), B.Sc.

Tenth (German) Edition. 5S. net.

‘ A book the popularity of which in Germany is such that it has
reached a tenth edition in ten years naturally arouses high expecta-
tions which are not likely to be dispelled by its perusal.

* Justifies the claim advanced in his preface—to be clear and con-
cise and to bring forward only reliable and fully proved methods of
examination which are as simple as possible to undertake and to

put into practice.
“ The book is bound in oilcloth so as to resist the dangers of the
laboratory bench, and it is well printed and practically free from

errors.
i There is no doubt that this volume will be found in all labora-

tories, as it is full of useful and accurate information.”"—Lancet.

“ We can assure the intending purchaser that he will find it thor-
oughly reliable.””—British Medical Journal.

« The success of the book is assured.”—Montreal Medical Journal.

Studies on Immunity

By Roserr Mutr, M.D., F.R.C.P. (Edin.), Professor of Pathology,
University of Glasgow. pp. 216. Fust Ready. Price 7s. 6d. net.
Recent Researches on the problems of Immunity.

All tworks of 7s. 6d. and over in price can be had on approvtal from
any bookseller
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The Pathology of the Eye

By J. HerserT Parsons, B.S., D.Se. (Lond.), F.R.C.S. (Eng.), Assistant
Surgeon, Royal London (Moorfields) Ophthalmic Hospital ; Assistant
Surgeon, University College, London ; Ophthalmic Surgeon, Hospital
for Sick Children, Great Ormond Street. In Four volumes, with
over 700 illustrations. Royal 8vo, cloth. The Fourth and last
volume just published. Separate prospectus on application.

15s. net each volume.

In 4 Volumes. (Awarded the Nettleship Gold Medal
of the Ophthalmological Society.)

“One of the most important contributions to ophthalmological
literature that has hitherto appeared.’’'—Lancet.

“ In every respect the greatest literary contribution that has ever
been made to the Pathology of the Eye.”—Annals of Ophthalmology.

The Fundus Ocu' :

an Ophthalmoscopic Atlas

Illustrating its Physiological and Pathological Con-
ditions.

By W. Apams Frost, F.R.C.S. Consulting Ophthalmic Surgeon,

St. George’s Hospital ; and to the Royal Westminster Ophthalmic

Hospital, London, etc. In one handsome 4to Volume, extra Cloth,

gilt top, with 47 Plates, exhibiting 107 beautifully Coloured Figures

and numerous Engravings in the Text. Price £3 3s. net.

Diseases of the Eye

A Manual of Essential Facts for Students and Practitioners.

By M. Sternexn Mavou, F.R.CS., Assistant-Surgeon Central
London Ophthalmic Hospital. pp. 388, figs. 119. With original

Illustrations and 8 Colour Plates. Price 5s. net.
“ A downright, straightforward attempt to place the essentials of
Ophthalmology before the student and practitioner. "'—~Ophthalmoscope.

“ A very readable and instructive manual.”"—New York Medical
Journal. . )
“One of the very best works of its kind and scope.”—Medical

Record, New York.
““ A readable little book and eminently practical. The chapter on

elementary refraction is particularly clearly expressed and should be
of great assistance to the student who is commencing this branch of
his studies.’’— Journal of the R.A.M.C.

All works of 7s. 6d. and ober in price can be had on approval
from any bookseller.

WOHKS ON
THE EYE
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WORKS ON

THE EVE Ophthalmologlca] Anatﬁmy,

With some Illustrative Cases.

By ]. Herserr Fisuer, M.B., B.S. (Lond.), F.R.C.S. Rﬂ}a] 8vo.
Tllustrated. pp. 188. 7s. 6d. net.

Trachoma

By Dr. ]J. Borpr. Translated by J. Herserr Parsons, F.R.C.S., and
THos. Svowsarr, M.B. Royal 8vo. 7s. 6d. net.

Epidemic Ophthalmia: Its Symptoms,

Diagnosis and Management

By Sypney Steeuexson, F.R.C.S. (Edin.), Ophthalmic Surgeon,
Evelina Hospital and N. E. Hospital for Children, London. 8vo,
cloth, pp. xvi.,, 278. Illustrated with a Coloured Plate and 25
Figures in the text. gs. net.

Manual of Practical Ophthalmology

By ‘Grorce A. Berry, M.B., F.R.C.5.Ed., Consulting Ophthalmic
Surgeon, Edinburgh Royal Infirmary; Surgeon, Edinburgh Eye
Dispensary ; Lecturer on Ophthalmology, University of Edinburgh.
Crown 8vo, Cloth, pp. xx., 570, with 223 Illustrations, mostly from
Original Drawings. Price 10s. 6d. net.

“ Dr. Berry has the knack of telling the practitioner exactly the
kind of thing he wants to know, and often looks for in vain in the
average text-book.—Liverpool Medico-Chirurgical Journal.

The Treatment of Diseases of the Eye

By Dr. Vicror Hawke. Translated by J. Herserr Parsons, B.S,,
D.Sc. (Lond.), F.R.C.S. (Eng.) ; and Georce Coats, M.D., F.R.C.S.
(Eng.). Crown 8vo, cloth. 3s. 6d. net.

. STUDE?
Outlines of Zoology BOOKS
By J. Arraur Taomson, M.A., Regius Professor of Natural History
in the University of Aberdeen. Crown 8vo, Cloth, pp. xx., 856, with
378 Illustrations in the Text, Price 12s. 6d. net.

Fourth Edition, revised and enlarged.
“ All parts of the book are of great merit." —British Medical Journal.

“ Though our author, to use an American term, ‘enthuses’ his
readers, he does not waste words over it."—Nature.

All works costing 7s. 6d. and ober can be had on approval from
any bookseller.

Z0OLOGY
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STUDENTS"

Manual of Practical Anatomy ]

By D. ]J. Cunninguam, M.D,, D.C.L. (Oxon.), F.R.S,, Professor BOOKS
of Anatomy in the University of Edinburgh. Just published.
Fourth Edition, thoroughly revised, with many new and additional
Colour Illustrations. In Two Vols., Crown 8vo, Cloth.

Volume 1.
Upper and Lower Limb, Abdomen.

Volume II.

Thorax, Head and Neck.

Illustrated with 573 Engravings, many in colours, Price 10s. 6d. each net.

* Undoubtedly the best work of its kind in the English language and
thoroughly deserves all the success it has gained.”—Lancet.
“Likely long to remain the favourite text-book of the dissecting

room."'—Australasian Medical Gazette.

““Colours have been freely introduced into the figures, and the
facility of reference to the warious parts has therefore been greatly
increased.” —British Medical Journal.

Text-book of Anatomy

Edited by D. J. Cunnineunam, M.D,, F.R.S., Professor of Anatomy,
University of Edinburgh. Second and theroughly Revised Edition.
The Articles are contributed by—

Professor A. H. Young (Man-
chester)

Professor Arthur Robinson (Bir-
mingham)

Professor Arthur Thomson (Ox-
ford)

Professor D. H. Hepburn (Cardiff)

Harold Stiles, F.R.C.S. (Edinburgh)

In one volume, royal 8vo, cloth, pp. xxxvi.,
from original draw:tngs, many in colours.

Professor A. M. Paterson (Liver-
pool)

Professor
castle)

The late Professor A. Birmingham
(Dublin)

Professor A. F. Dixon (Dublin), and

The Editor

1388, with 936 engravings

Price 31s. 6d. net.

R. Howden (New-

The work is also published in four parts with separate indexes, at the

same price, as follows—

Part I. Embryology, Bones and Joints.

II. Muscles. Nervous System.

IT1. Vascular, Respiratory and Digestive Systems,
Surface and Surgical Anatomy. %s. 6d. net.

IV. Urinogenital System.

6s. net.
Special Sense Organs.
9s. net.

gs. net.

“ We do not know any text-book of anatomy which is better adapted
to meet the needs of students and practitioners of Medicine and Sur-

gery.—British Medical Journal.

*“There is no better Manual on the Subject in any Language.”—

The Times.

T hese works can be had on approtal from any bookseller.



28 THE Oxrorp MEebical PuBLICATIONS.

———

et A Manual of Surgery srt

T
By Avexis Tromson, M.D., F.R.C.S.Ed., Assistant Surgeon, Edin- Bg}

burgh Royal Infirmary ; Surgeon to the Deaconess’ Hospital, Edin-

burgh; and Awvexanper Mires, M.D., F.R.C.S.Ed., Assistant

Surgeon, Edinburgh Royal Infirmary ; Surgeon to Leith Hospital.

Two Volumes, Crown 8vo, Cloth 10s. 6d. each net.
New Edition revised and enlarged of Volume I.

Yolume 1.

Third and New Edition. Fust Ready.
General Surgery, pp. xxiv., 846, with 339 Illustrations in the Text.
Volume II.

Second Edition.
Regional Surgery, pp. xvi., 816, with 203 Illustrations in the Text.
Price 10s. 6d. each net.

“ We think it the most useful surgical text-book for students we
have recently seen.”’—Bristol Med. Chir. Journal.

“ Quite at the head of books of its class. Everything being taken
into consideration itis one of the best, if not the best, of the many
text-books of Surgery for students to read.”—Birmingham Medical
Review.

‘“For all ordinary purposes the best systematic English text-book
on General Surgery.’’—3Scottish Medical Journal.

‘It is one of the most reliable and readable books the student or
general practitioner could possess. We most cordially recommend
the manual to the perusal of every student desirous of finding nicely
expressed everything of importance in connexion with modern general
surgery.”—Dublin Journal of Medical Science.

“ The teaching throughout is in complete accord with the latest

developments of Surgical Work."'—British Medical Journal.
NEW OPERATIVE SURGERY

EDITION Manua] {)f‘ Operative SurgEI'Y

By H. J. Waring, M.S,, B.Sc., F.R.C.S,, Senior Assistant Surgeon,
St. Bartholomew’s Hospital; Consulting Surgeon to the Metro-
politan Hospital, London ; Member of Board of Examiners, Royal
College of Surgeons, England and University of London. Crown
8vo, Cloth, pp. xxxi, 736, with 521 Illustrations in the Text, in-
cluding 3o illustrations in colour.
Third Edition. Fust Published. 12s. 6d. net.
Thoroughly revised, extended and brought up-to-date.
NOTICES OF THE SECOND EDITION.
“ Admirably serves the purpose for which it has been written."—

Liverpool Med. Chir. Journal. :
A well-written, convenient and useful work."— Medical Chronicle.
“In the second edition Mr. Waring has, by careful revision of the

original issue, and by the addition with the help of colleagues of many

new sections, successfully maintained the practical utility of the

work.”—British Medical Journal.
These works can be had on approbal from any bockseller.
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i A Text-Book

of Medicine

By British Teachers
Edited by G. A. Gisson, M.D., D.S¢c., F.R.C.P.Ed.

STUDENTS'
TEXT-
BOOKS

2 Vols., royal

8vo, extra cloth, pp.xxiv., 824, and xx., g1o, with 122 illustrations.

The list of Contributors is as follows :—

J. 0. Affleck, F.R.C.P.

Henry Ashby, F.R.C.P.

A. G. Auld

John Rose Bradford,
M.D., F.R.S.

Alexander Bruce,
F.R.C.P.E.

J. Mitchell Bruce, F.R.C.P.

Sir Lauder Brunton,
M.D., F.R.5.

W. S. Colman, F.R.C.P.

G. A, Gibson, F.R.C.P.E,

A. Lockhardt Gillespie,
F.R.C.P.E.

Sir William Gowers,
M.D., F.R.S.

V. D. Harris, F.R.C.P.

Herbert P. Hawkins,
F.R.C.P,

W. Allan Jamieson,
F.R.C.P.

The late A. A. Kanthack,
F.R.CP,

Claude B Ker, F.R.C.P.E,

T. W. P. Lawrence,
F.R.C.S.

A. P. Luff, F.R.C.P.

Hector Mackenazie,
F.R.C.P.

Sir Patrick Manson,
M.D., F.R.S.

Sidney Martin,
EF.R.S,

Sir John William Moore,
F.R.C.P.L ;

F. W. Mott, M.D., F.R.S.

Thomas Oliver

W. Pasteur, F.R.C.P,

M.D.,

Price 15s. net.

R. W. Philip, F.R.C.P.

5. Risien Russell,
F.R.C.P.

William Russell,
F.R.C.P.E.

Ralph Stockman,
F.R.C.P.E.

Frederick Taylor,
F.R.C.P.

James Taylor, F.R.C.P,

W. Aldren Turner,
F.R.C.P.

W. Hale White, F.R.C.P.

R. T. Williamson,
F.R.C.P.

G. E. Cartwright Wood,
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Professor G. Sims Wood-
head, F.R.C.P.E.

trations in the Text.

The Late Professor Sir Burdon
Sanderson, F.R.S.

Professor Arthur Gamgee, F.R.S.
(Manchester)

Dr. Gaskell, F.R.S5. (Cambridge)
Professor Gotch, F.R.5. (Oxford)
Professor Sherrington, F.R.5. (Liver-
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ow)
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Professor Haycraft, F.R.5.E. (Cardiff)
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College)

psoroar A - Tavt-Book of PhYSlOlUgy

By Britisn Prysiorocists. - Edited by E. A. Scuarer, F.R.S. Pro-
fessor of Physiology in the University of Edinburgh. Two Volumes,
Vol. I, Royal 8vo, Cloth, pp. xx., 1036, with 3 Plates and 93 Illus-
Price 31s. 6d. Vol. IL., pp. xxiv., 1365, with
449 Illustrations in the Text.

The list of Contributors is as follows :—

Price 42s.

Professor J. N. Langley, F.R.S.
(Cambridge)

M. 5. Pembrey, M.D. Oxon. (Guy’s)
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(Cambridge)

Professor Waymouth Reid (Dundee)

B. Moore (Charing Cross)

F. G. Hopkins, F.R.S. (Cambridge)

Protessor Leonard Hill, F.R.S. (Uni-
versity College)

J. 5. Edkins (St. Bartholomew's)

A. A, Gray (Glasgow)

Professor Noel Paton, F.R.S. (Glasgow)
and

The Editor.

These works can be had on approtal from anybookseller,



30

THE Oxrorp MEDICAL PUBLICATIONS.

THERA- ]
mimes 1 ext-Book of Pharmacology and oy
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erapeutics
Edited by W. Hate Waire, M.D., F.R.C.P., Senior Physician and
Lecturer on Medicine, Guy’s Hospital, London. Royal 8vo, pp.
x., 1,040, 215, net.
The list of Contributors is as follows—
John Rose Bradford, F. G. Hopkins, F.R.S. G. H. Savage, F.R.C.P.
M.D., F.R.5. D. J. Leech, M.D. J. V. Shoemaker, M.D,
J. H. Bryant, M.D. Edward W. Lucas. Samuel E. Solly, M.D.
J. T. Cash, M.D,, F.R.S. Hector Mackenzie, Walter George Smith,
A. R, Cushny, M.D. F.R.C.P. M.D.
Walter Dixon, M.D, C. R. Marshall, M.D. Ralph Stockman,
Michael G. Foster, M.D. Sidney Martin, M.D., F.R.S.E.
A. E. Garrod, F.R.C.P. F.R.S. Nestor Tirard, F.R.C P.
J. S. Haldane, M.D,, Thomas Oliver, F.RS.E. ]J. W. Washbourn,
F.R.S. M. S. Pembrey, M.D. F.R.C.P.
Hobart Amory Hare, G. V. Poore, M.D. W. Hale White, F.R.C.P.
M.D. George Rowell, F.R.C.S. R. B. Wild, F.R.C.P.
Leonard Hill, M.D., F.R.S.
PHYSICAL 2 = 2
mavoss Physical Diagnosts

A Guide to Methods of Clinical Investigation.

By G. A. Gisson, M.D.,D.Sc., F.R.C.P. (Edin.), Physician, Edinburgh
Royal Infirmary ; Lecturer on the Principles and Practice of Medicine
in the Edinburgh Medical School; and Wirzniam Russern, M.D.,
F.R.C.P. (Edin.), Physician, Edinburgh Royal Infirmary, Lecturer
on Pathology and Morbid Anatomy, School of Medicine,
Edinburgh. Edited by Francrs D. Bovp, CM.G, M.D,
F.R.C.P.(Edin.), Physician, Royal Infirmary, Edinburgh. Crown
8vo, cloth, pp. xx+ 448, with 144 Illustrations. gs. net.

Third Edition, revised and enlarged.

“ Has always been a popular work with both students and prae-
titioners. . . . This the third edition has been revised and in great part
re-written. . . . we have the greatest confidence in recommending this
work as an embodiment of sound and up-to-date clinical teaching."”—
Glasgow Medical Journal.

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.



Tue Oxrorp MebpicaL PusLicATIONS. 51

Oxfon? Medical Manu;ls |

Edited by ]J. Keoca Murery, M.D.,, M.C. (Cantab.), F.R.C.S.
Crown 8vo. 5s. net each volume. ' Postage 4d. extra.

All these volumes are complete in themselves and profusely illustrated
wherever necessary; and from time to time they will be revised and kept
carefully up to date.

**The main object which they keep in view is to present each sub-
ject in a practical form avoiding theoretical discussions except where
they influence treatment.” —Chicago Medical Recorder.

* The recently published Oxford Medical Manuals are types which
other publishers may take as models. The books which make up
this series are excellently printed, on thick, not over-glazed paper,
and in general the subject-matter of each manual is freshly and in-
terestingly written. The volumes are of a handy size, crown octavo,
attractively bound and well indexed.""—The Hospital.

OXFORD
MEDICAL
MANLUALS

* The publishers of the new series of handbooks are to be congratu- °

lated on their enterprise, which is likely to be received with warm
appreciation by the medical reading public.”—The Practitioner,

NEW OXFORD MANUAL

Infant Feeding

By James Stewart Fowrer, M.D., F.R.C.P.Ed., Physician to the
Royal Hospital for Sick Children, Edinburgh. With 22 illustrations.

Pp- 214
Fust Published.  5s, net.

A Practical account for all those interested in Infants.
SPECIAL SUBJECTS.

Diseases of the Eye

A Manual of Essential Facts for Students and Practitioners.

By M. Stepnen Mavou, F.R.C.S., Assistant-Surgeon Central
London Ophthalmic Hospital. pp. 388, figures 119. With original

illustrations and 8 Colour Plates. 5S, net.
“ A downright straightforward attempt to place the essentials of
Ophthalmology before the student and practitioner.”—Ophthalmoscope.,
“A very readable and instructive manual."—New York Medical
Journal,
*“ One of the very best works of its kind and scope."—Medical Record,
New York.

"t A readable little book and Ei[\ianlly practical. The chapter on
elementary refraction is particularly clearly expressed and should be
of great assistance to the student who is commencing this branch of
his studies.""—Journal of the R. A M.C,

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.
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Eﬁ':gﬂ DISCEISES Dl: the E.al‘ Second Impression.
MANUALS By Hunter Top, M.D. (Cantab.), F.R.C.S., Aural Surgeon to the
London Hospital Pp. 317, 18 full-size Plates, 15 Figures.
Second Impression. Illustrated. §s. net,

“ We consider that this work is one well adapted to supply the
needs of the student and as a handbook of reference for the general
practitioner.””—Lancet.

" Will certainly take its place among the very best and most up-
to-date works on the subject."—Journal of Laryngology.

 Like most of the other volumes in this excellent series, an admir-
able book, both for the practitioner and the student. It is short,
to the pomnt and clear.”—Hospital.

Diseases 0_1: the N 0se Second Impression.

By E. B. Waccerr, M.B. (Cantab.). Surgeon for the Throat and
- Ear Department of the Charing Cross Hospital ; Surgeon, London
Throat Hospital, and Throat and Ear Department, Great Northern
Hospital. pp. 282. Illustrated by 3 Plates, 89 Figures, all of
which are original. Second Impression. §S. net.

% The book is short, concise, and abowve all, readable. The illus-
trations are original and are very good."—5t. Bartholomew's Hospital

Journal.
“ Mr. Waggett has writtenan eminently readable book which is no
mean feat. . . . Will beof genuine value to the busy practitioner and

we cordially recommend it to him,”"—Lancet,

*The illustrations are original, clear, and to the point, the book
is one which can be safely recommended to all those who wish to take
a rapid survey of rhinology."”—Medical Chronicle,

SPECIAL

SUBJECTS Diseases Df the Larynx

By Harorp Barwerr, M.B. (Lond.), F.R.C.S. (Eng.); Surgeon for
Diseases of the Throat, St. George’s Hospital; Laryngologist,
Mount Vernon Hospital for Diseases of the Chest, etc. pp. 266,
12 Plates, 21 Illustrations, all original. 5s. net,

“ Without doubt this volume will prove of more use to the student
and general practitioner than the majority of the more pretentious

works dealing with the same subject.”—Lancet.
‘“ Concise and practical.””—New York Medical Journal.

« It is an admirable book, lucid though concise; it deals in an
eminently practical manner with all those laryngeal affections which
the general practitioner should at least be able to recognize even
though he may refer their treatment to a specialist.”—Liverpool Med.-

Chir. Journal.

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.
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Treatment of Disease
1n Chlldren Second Impression,

By G. A. Suruerraxp, M.D., F.R.C.P.; Physician, Paddington
Green Children’s Hospital, and The Hampstead General Hospital ;
late President for Section on * Diseases of Childran,” British

Medical Association. pp. 311. Second Impression. 5s. net.
“We commend it to those who require a small and trustworthy
work on the management of sick children.””—Lancet.
“The maximum of information in the minimum of space."—
Hospital.

* Much to commend but little to criticise.”—British Medical Journal.
** A valuable record of experience and common sense in the treat-
ment of disease, and may be warmly recommended to the Profession
as a trustworthy guide.”—British Journal of Children's Diseases.

Diseases of the Male Generative Organs

By Eprep M. Corner, M.C. (Cantab.), F.R.C.S., Assistant Surgeon,
St. Thomas’s Hospital ; and Surgeon, Great Ormond Street Hospital,
Pp. 279, Figures 38. Illustrated. 5s. net.

“Mr. Corner has given a succinct, yet clear and thoroughly
sound, summary of such information as may be useful to the student,
and there 1s indeed much to be found in his short chapters which
one will not find in ordinary text-books such as the average student
reads for examination.”"—Hospital.

“ Well worth reading, and will no doubt be duly appreciated both
by surgeons and general practitioners.''—British Medical Journal.

A Mﬂﬂﬂﬂ] Of Venereal DiSEﬂSES
By Officers of the Royal Army Medical Corps

Introduction by Sir Avrrep Keocn, K.C.B., Director-General of the
Army Medical Service. Illustrated. 5s. net,

History. Methods of Prevention, CoronEL MELVILLE,
Bacteriology. Lieur.-Coroxer W. B. Leisaman,
Treatment. Major C. E. Porrock.

* 'We have seldom reviewed a work with more genuine satisfaction. . .
We can most heartily recommend this small work."—Edinburgh
Medical Journal.

“Will be found useful both to the student and practitioner.”"—
St. Bartholomew’s Hospital Journal.

All works costing 7s. 6d. and over can be had on approval from
any bookseller.
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OXFORD

o, (Gunshot Wounds

MANUALS ;
By Major C. G. Seencer, F.R.C.S., R.AM.C., Professor

~ of Military Surgery, Royal Army Medical College. Fully
illustrated.  Practical and up-to-date. 40 figures.

Recently Published. 55, net.

Clinical Lectures and Addresses on
Surgery

By C. B. Lockwoon, F.R.C.S. Surgeon to St. Bartholomew’s
Hospital ; late Hunterian Professor, Royal College of Surgeons,
England ; late Surgeon to the Great Northern Hospital. Pp. z74.
4 Coloured Plates. Second Edition. Illustrated. §s. net.

“ Whatever Mr. Lockwood writes every thinking surgeon is com-
pelled to read.”—British Medical Journal.

“ Tt is a work which every student should read before beginning
his practice in the wards, and we feel that the same student will in
the after years of his own professional work read the book again with
an even deeper appreciation of its real helpfulness.”"—The Medical
Chronicle.

Aseptic Surgery

By Cruaries Barrerr Lockwoon, F.R.C.S., Surgeon St. Bartholo-
mew’s Hospital. Second and New Edition brought up-to-date.

In the Press. 5s. net.

* The most simple yet exact treatise on the subject."—The Lancet.

“ No safer and better guide to the principles and practice of aseptic
surgery can be recommended.”—Edinburgh Medical Journal.

The Radical Cure of Hernia, Hydrocele,

and Varicocele

Second and New Edition. In the Press,  5s. net.
“ Whatever Mr. Lockwood writes every thinking surgeon is comi-
pelled to read.” —British Medical Journal. bosld I
o A clear and practical exposition of the subject.”—Practitioner.
A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application,
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FORTHE

Auscultation and Percussion, with the other S

STUDENT
AND PRAC-

Methods of Physical Examination of the nmos
Chest

By Samvuer Jowes Gee, M.D., F.R.C.P.,, Honorary Physician to
H.R.H. the Prince of Wales, Consulting Physician to St. Bartholo-
mew’s Hospital, etc. Sixth Edition, pp. 327. Prospectus on
application, 5s. net.

“ It will remain at once the Standard Authority in the sphere in
which it deals, and a striking illustration of the methods of a dis-
tinguished teacher of Clinical Medicine.””’—Lancet.

“* Unusunally dogmatic, but its dogmatism may be excused since the
main object of stating facts is so well accomplished.”"—American
Journal of the Medical Sciences,

Medical Lectures and Clinical Aphori;ms

By Samuer Jowes Geg, M.D., F.R.C.P., Honorary Physician to
H.R.H. the Prince of Wales, Consulting Physician to St. Bartholo-
mew’s Hospital, etc. Second Edition, pp. 327. 5s. net,

** We have rarely read a professional work with so much pleasure
—beautiful but all too brief."” —Hospital.

“We believe that many of them will live to be quoted hereafter
by reason of their truth and racy terseness—when most of the set
lectures of the present day shall have sunk into oblivion."—British
Medical Journal.

*“ Comprises an unusual amount of medical wisdom and philosophy,
graphically, succinctly, quaintly expressed.’’— American Journal of
the Medical Sciences.

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.
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OXFORD

MEDICAL Heart DiSEﬂSB,

MANUALS

Including Thoracic Aneurysm

By F. J. Poynton, M.D., F.R.C.P,, Assistant Physician to Uni-
versity College Hospital, and late Sub-Dean to the Medical Faculty
of University College; Physician to Out-Patients, the Hospital for
Sick Children, Great Ormond Street. pp. 310, 17 Plates, 20
IMlustrations. 5s. net.

“ The most noteworthy feature of the book is the large amount
of information which it contains; in fact, a volume with the appear-
ance of a small text-book strikes the reader as almost a treatise.

“From all points of view this volume may be recommended to the
student as a good text-book."”"—Lancet.

“ The book is well written and will take its place as one of the best
text-books on the study of disease of the heart.,"—Practitioner.

““In this admirable and comprehensive text-book Dr. Poynton
gives a summary of the most important forms of heart disease, together
with the chief methods that are employed in their clinical investigation
and treatment. Dr. FPoynton's book may be cordially recommended
to advanced students and to practitioners."—Medical Chronicle.

Skin Affections in Childhood

By H. G. Apamson, M.D., M.R.C.P., Physician for Diseases of the
Skin, St. Bartholomew’s Hospital and Paddington Green Children’s
Hospital. pp. 287, 12 Plates. Illustrated. 5s. net.

“ This volume calls for highest praise. The author has given a
most lucid account of the common skin diseases of childhood, and
excellent illustrations throw light upon the distribution and char-
acteristics of many of the affections described.” —Practitioner.

“ This is an excellent work and the author has made what is to
many an uninteresting branch of medicine a distinctly attractive
subject.””—St. Bartholomew's Hospital Journal.

“ Sound in information and practical in teaching. Here we have
the series at its very best."—Hospital.

¢ The illustrations are excellent, and there is a useful list of formulae
appended.”—Medical Press and Circular.

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.
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Practical Anaesthetics OXFORD

MEDICAL
MANUALS

By H. Epmunp G. Boyre, M.R.C.S., Assistant Anaesthetist to St.
Bartholomew’s Hospital and Demonstrator of Anaesthetics in the
Medical School. pp. 178, 11 Plates, 11 Figures. Illustrated. 5s. net.

“ This little work forms no exception to an excellent series of hand-
books. The production is very good and the matter to the point
and eminently practical."”"—Edinburgh Medical Journal.

‘““ As a rule it is better for the student to avoid the larger books
on Anaesthetics until he has studied the subject practically, but
this book is pre-eminently one that he should buy and read carefully."—
St. Bartholomew's Hospital Journal.

“ We advise all who either have to administer anaesthetics or who
hope to do so, to purchase this little book as it will give them many
useful hints on the subject.”—Medical Press.

“ The teaching is direct and concise ; no words are wasted in im-
parting instruction."”—Folia Therapeutica.

Surgical EH]ETgEHCiES Second Impression.

By Percy Sarcent, M.B. (Cantab.), F.R.C.5. (Eng.); Assistant
Surgeon, St. Thomas’s Hospital ; National Hospital for Paralysis and
Epilepsy, Queen’s Square; and Surgeon, Victoria Hospital for
Children. pp. 256. Second Impression. 5S. net.

“ Deals with the more common of the surgical conditions in which
prompt action is needed. A dogmatic style is employed, which is
best adapted for those who need help suddenly." —Lancet.

“ The terseness and dogmatic style of the work constitutes its
value. . . . It isa book we can heartily recommend to the younger
practitioner who may at any moment be brought face to face with a
serious emergency. Such a man will find here a readily available
help to supplement his inevitably limited personal experience.”—
Medical Chronicle.

‘*A capital book, clear, concise. and suitably dogmatic , . . combine
to make the reading of the book, apart from the excellence of the
reading-matter, a pleasure.’'—Practitioner,

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.
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Tuberculous Disease of the Bones and Joints

By Sir W. Warsox Cueyng, Bt., F.R.S., F.R.C.S., Professor of Surgery,
King’s College, London. 8vo, Cloth, pp. xvi, 374 Illustrated
with numerous Wood Engravings throughout the Text.

I4s. net.

The Treatment of Wounds, Ulcers, and Abscesses

By Sir W. Warson Creyxe, Bt., F.R.S,, F.R.C.S., Professor of Sur-
gery, King’s College, London. Second Edition., Crown 8vo, Cloth,
Pp- XVl 107 3s. 6d. net.

An Atlas of the Diseases of the Skin

By H. Rapcrirre Crocker, M.D., F.R.C.P., Physician to the De-
partment for Diseases of the Skin, University College, Hospital. In
two large handsome Folio Volumes. Half Morocco, gilt tops, con-
taining g6 plates, exhibiting 238 Figures in colours from Original
Drawings, specially prepared for the work, with Descriptive Letter-
press. £18 18s. net.

[llustrations of the Nerve Tracts in the Mid and

Hind Brain and the Cranial Nerves arising therefrom

By Avrexawper Bruce, M.D., F.R.C.P. (Edin.), Lecturer on Medicine
in the School of Medicine ; Physician, Royal Infirmary, Edinburgh.
Illustrated with a series of 27 Coloured Plates from Original Drawings,
with Descriptive Letterpress, and 27 Engravings throughout the
Text. Oblong 4to, Cloth. 505, net.

Text-Book of General Botany

By Dr. W. J. Benrens, Translation from the Second German
Edition. Revised by Patrick Geppes, F.R.S.E., Professor of
Botany in the University of Dundee. 8vo, Cloth, pp. viii.,, 374, with
408 Illustrations, finely engraved on Wood, and 4 Analytical Tables.

New Edition. Price gs, net.

A Full Prospectus of the Oxford Medical Manuals will
be sent post free on application.
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Dental Materia Medica, Therapeutics and WORK 1N

PR Tk e i THE PRESS
PI‘ES{:t’lptan ertmg :
By Eu1 H. Long, M.D. Cloth. pp. 298, with 18 Plates.
I55. net.

““The coloured illustrations are really excellent, and we do not
remember to have seen anything like them in any previous Materia
Medica.”-—The General Practitioner. .

Contributions to Chinical Medicine

By the late Sir Tromas M’Carr Axperson, M.D., Professor of
Medicine in the University of Glasgow ; Physician, Glasgow Western
Infirmary. 8ve, Cloth, pp. xii., 416, with 28 Illustrations,

10s. 6d. net.

Functional and Organic Diseases of the Stomach

By Siowey Martin, M.D., F.R.S., Physician, University College
Hospital; Professor of Pathology, University College Hospital.
8vo, pp. 506. 106s. net,

Diseases of the Liver, Gall Bladder, and Biliary
System

Their Pathology, Diagnosis, and Surgical Treatment.
By H. J. Waring, M.5.,, F.R.C.S,, Senior Assistant Surgeon 5t.
Bartholomew’s Hospital, etc. 12s. 6d. net,

A New Pronouncing Dictionary of Medical Terms
By Joux M. Keating, M.D. New Impression. Large 8vo, Cloth,
pp. 818. 7s. 6d. net.

The Parasites of Man

By Rupborr Lreuckart, late Professor of Zoology and Comparative
Anatomy in the University of Leipsic. Translated by WitLiam E,
Hovre, M.A. (Oxon.), F.R.S.E. Large 8vo, Cloth, pp. xxviii., 772.
Illustrated with 404 Engravings. 31s. 6d. net.

Hygiene and Diseases of Warm Climates

A Series of Articles by Eminent Authorities

Edited by Awprew Davipson, M.D.,, F.R.C.P.Ed. Royal 8vo,
Cloth, pp. xx., 1016. Illustrated with 7 full-page Plates and g7
Engravings throughout the Text. 15S. net,

These works can be had on approbal from any bookseller,
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Hydatid Disease in its Clinical Aspects

By James Granam, M.A., M.D., Medical Superintendent, Prince
Alfred Hospital, Sydney. 8vo, Cloth, gilt top, pp. xii., 204, with 34
full-page Coloured Plates. 16s. net.

The Nervous Affections of the Heart

By Georce ALexanper Gisson, M.D., D.Sc., F.R.C.P.Ed., F.RS.E.,
Physician to the Royal Infirmary, and Lecturer on Medicine and
Clinical Medicine in the Medical School of the Royal Colleges,
Edinburgh ; Examiner in Medicine in the University of Oxford.
Second Edition. 8vo, Cloth, pp. x., 106, with 35 Illustrations.

5s. net.

The Diagnosis and Treatment of Intussusception

By Cuartes P. B. Crusse, MLR.C.5.  8vo, Cloth, pp. xii., 92.
3s. 6d. net.

Practical Guide to the Examination of the Eye
For Students

By Simron Sweri, F.R.C.5.Ed., Ophthalmic Surgeon, Sheffield
General Infirmary. Crown 8vo, Cloth, pp. xvi.,, 177, with 88 Illus-
trations. 5s.

[llustrations of Zoology : Invertebrates and Vertebrates.
By Wirriam Ramsay Smarn, M.B, B.Sc., and J. StEwarRT NoORWELL,
B.Sc. New and Cheaper Edition. Crown 4to, extra Cloth, gilt
top, with 70 Plates, exhibiting over 4oo Figures. Price 7s. 6d.
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