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nearly so dark as that condition, and on the other it differs
from the appearance of chronic fibroid in showing complete
absence of mottling. It will be noted that whereas there is
a certain amount of shadow in the lower part of the right
lung the upper part is perfectly clear.
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I PROPOSE to set forth in this communication a simplified
and improved technique which has a practical application
wherever we desire to add progressive dilutions of a fluid to
another fluid. In ’particular-and this is the point which
interests us here-the method has a useful practical applica-
tion in connexion with the accurate quantitative determina-
tion of the effect exerted upon suspensions of bacteria and
finely divided bacterial particles by agglutinating and bac-
teriolytic sera, and, I may add, salt solutions.

In the technique which is to be described the apparatus
is narrowed down to a blood capsule, used for collecting the
blood, and a single capillary tube,’ a slip of glass, and a
rubber teat used in the actual testing operations. The

operations of progressively diluting the serum (or salt solu-
tion and of mixing the successive dilutions in each case
with the bacterial suspension are completed in uninterrupted
sequence. Further, the effect exerted in the entire series
of dilutions is submitted to the eye at a glance. The
technique of the testing operation, essentially the same in
all cases, may be described by setting forth the actual opera-
tions which would be undertaken in testing the blood of a
tuberculous patient subjected to inoculation with the new
tuberculin with a view to the development of protective
substances in his blood
Method of drawing off a sample of blood and obtaining the

serum.-I have already elsewhere 2 described what I conceive
to be the most convenient form of blood capsule and the most
convenient procedure for collecting blood. This procedure is
briefly as follows. A capsule such as that depicted in Fig. 1

FIG. 1.

Showing method of taking blood from the finger.

is taken in hand. Its straight upper extremity is formed
into a pricker by fusing it in the flame of a match and
drawing it out (after withdrawing it from the flame) into a
very fine spicule. After serving its purposes the sharp end
is broken off in order to provide escape for the air as

the capsule is filled in through the curved limb. The
necessary blood is obtained by making pressure on the

pulp of the finger after winding a bandage round the digit.
1 At the moment of sending this to press I learn that Dr. B. W.

Collingwood had already, in the course of work in South Africa,
modified my original method of serum testing as is here done by the
substitution of a single capillary tube for a series of such tubes.

2 Proceedings of the Royal Society, 1902, Vol. lxxi.

When the finger pulp has been evacuated in this way the
ligature is relaxed and reapplied and pressure is again made.
This manoeuvre is repeated until a sufficient quantum of
blood has been obtained. The straight upper limb of the
capsule is then warmed in the flame and its extremity sealed.
The contained air which has been rarefied by the heating
now contracts and draws the blood back into the body of the
capsule. The extremity of the bent limb thus left free is
now sealed in its turn. The next step is to shake down the
blood into the unoccupied upper end of the capsule. After
a sufficient interval has been allowed for clotting the hand
centrifuge is brought into use, the capsule being suspended
by its bent limb into the tube of the apparatus. When the
serum has been obtained by centrifugalisation the bent limb
is snapped off with a bone forceps and the capsule is placed,
as shown in Fig. 2, upright in a perforated rubber bung.

Fict. 2.

The capsule placed in the bung.

Preparation of the test fluid.-In the case where the
response which has been made by a patient to inoculations
of the new tuberculin is to be elicited the most convenient
test fluid to employ is a suspension of the extremely fine
detritus obtained by grinding down cultures of the tubercle
bacillus. Koch prescribes that this suspension should be
made by triturating the tubercle powder in carbolised

physiological salt solution. He incidentally refers to the
fact that the test fluid becomes "hypersensitive" on
keeping. This is equivalent to stating that with this
fluid fallacies may arise by "spontaneous" agglutination
and deposition. In my personal experience such ’’ spon-
taneous " agglutination and deposition sooner or later occur
in every suspension made in accordance with the directions
of Koch. In some cases it manifests itself already after 24
hours-i.e., in control tubes filled in with a perfectly freshly
prepared suspension.
The train of ideas which I have elsewhere 3 developed in

setting forth a theory with regard to the intimate nature of
agglutination led me to inquire whether the chloride of
sodium in the test fluid was the active agent in calling forth
these "spontaneous" agglutinations. I find that this is so.
When all excess of salt is avoided by making up the
suspension of the tubercle powder with carbolised distilled
water, and by employing to dilute the serum a 1 in 1000
solution of common salt, instead of the 8’5 per 1000 solution
prescribed by Koch, fallacious agglutinations and precipita-
tions are, in my experience, completely avoided.
The following modification of Koch’s procedure furnishes a

trustworthy test fluid. A minute quantity of the tubercle
powder is placed in an agate mortar. Distilled water to-
which 0’ 5 per cent. of carbolic acid has been added is now
poured upon the powder drop by drop. After triturating
for a few minutes the turbid suspension thus obtained is

syphoned into a capsule similar to that figured above in con-
nexion with the collection of blood from the finger. After

sealing the ends the capsule is centrifugalised for a few
minutes in a hand centrifuge and the supernatant milky
fluid is employed for the test.

Procedure for mixing the test fluid with progressive
dilutions of the serum.-A capillary pipette is taken in the
hand, either such a simple pipette as that shown in Fig. 3,
A and B, or, better, such a "throttled pipette" as is ex-

hibited in Fig. 3, C and D. This last is made from the
simple form of pipette by drawing out in the flame of a
peep-light the capillary stem at the point where it comes
off from the neck ; breaking it across here ; coating with
sealing-wax the outside of the capillary stem near its
throttled extremity ; and then passing the capillary stem
down through the truncated and heated butt end, originally
the expanded portion of the simple pipette. A completely
air-tight joint is formed in the neck of the tube by the
solidification of the melted sealing-wax. By the throttling

3 THE LANCET, May 9th, 1903, p. 1299.
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of the pipette we obtain a more effective control over the
movements of the fluid in the tube and we avoid the free
evaporation which in the case of the simple form of pipette
occurs through the patent neck. When we bring the

FIG. 3.

A, Simple pipette. B, Simple pipette containing: at 2, one
volume of serum mixed with one volume of test fluid ; at s,
one volume of serum; at d, one volume of diluting fluid.
o, Throttled pipette in section, D, Throttled pipette filled
in with progressive serum dilution mixed in each case with
an equal volume of test fluid. F and G, Showing method
of economising in mixing diluted serum (DS) in each case
with ;an equal volume of test fluid. H, Shows portion of
the stem of pipette inverted in order to bring into view
the character of the deposit.

pipette into use we aspirate into the stem of the pipette
one volume of the undiluted serum, a bubble of air to serve
as an index, and one volume of the test fluid. We expel
these and mix as indicated in Fig. 4 on the lower and left-
hand corner of an ordinary microscopic slide. Of the mixture
thus obtained we re-aspirate exactly one volume into the
stem of our pipette.
Having divided off- with a suitable bubble of air we now

introduce into the stem of our pipette one volume of serum
and one volume of the inert diluent (a 1 in 1000 dilution
of chloride of sodium). The contents of the pipette
are at this stage as shown in Fig. 3 B. We again
- expel the two last mentioned volumes, mixing on the

upper left-hand corner of the slide as indicated in
Fig. 4. The quantum of diluted serum thus obtained will
provide our second test mixture and will in addition, if we
consent to practise the little economies to which attention
is directed in Fig. 3, F and G, furnish mateiial for our

successive dilutions. It will be seen that in F there has
been filled into the stem cf the pipette in lieu of a complete
volume of diluted serum an incomplete volume eked out by a
considerable bubble of air. In G there has been added a

FiG. 4.

Progressive dilutions or serum (upper row of drops) and
, mixture of these progressive dilutions in each case with an

equal volume of bacterial test fluid (lower row of drops).

quantum of test fluid which-as will be recognised on con-
sidering that it is completed to one volume by the identical
bubble of air-is exactly equal to the quantum of diluted
serum which now occupies the portion of the tube above the
fiduciary line. Having mixed on the slide in the situation
indicated in the figure for this particular mixture we re-

aspirate into the pipette as in the case of the former and all
subsequent mixtures exactly one volume of the mixed fluids.
We now make our next serum dilution, employing for this
purpose a full volume of the twofold dilution of serum and,
of course, a full volume of the inert diluent.

Proceeding upon these principles we fill in in succession
into the stem of our pipette a series, ordinarily a series of
seven or eight graduated dilutions of serum mixed in each
case with a precisely equivalent volume of the bacterial

suspension. We complete the series by introducing into
the pipette a mixture of equal volumes of the inert diluent
and test fluid to serve as a control. Finally we seal

up the upper orifice of the capillary stem in the flame,
inscribe the patient’s name on the wide end of the tube, and
place the pipette upright upon its base in a test-tube rack.
We then leave it to stand in the incubator or, as the case

may be, on the laboratory bench.
Phenomena mhieh come into view in the successive test

na7tures and the significance of these hcnomenc.-Before
considering in detail the phenomena which come into view
in a capillary pipette filled in with successive mixtures of
the test fluid and serum of a patient who has responded with
a production of tuberculotropic substances to inoculations of
the new tuberculin it will be well to clear away a series of
pre-suppositions in connexion with agglutination tests which
are gradually incrusting themselves round our minds.

1. It is currently laid down that an agglutination reaction
may be accepted only in the case where the serum has been
subjected to a considerable dilution. This statement holds
good only if the running together of a few bacteria to form
small clumps invisible except under the microscope is to
rank as an agglutination reaction. What it really comes
to is that if we accept as adequate an agglutination alto-
gether inconspicuous to the naked eye and if we allow a
considerable interval for its appearance we must exact
a high degree of serum dilution. But reflection will
make it clear that we can maintain exactly the same

strictness in our standard if we relax in the matter of our
dilutions and become correspondingly more exacting in other
respects. Our exactions may, for instance, take the form of
demanding that the agglutination effect shall manifest itself
instantaneously, that the agglutination effect shall make
its appearance in a dense bacterial suspension and that it
shall be so pronounced as to discover itself to the naked eye.
The advantages of the policy of working under conditions
which involve a minimum dilution of the serum-and this is
the policy followed out in the procedure described above-
are very considerable. We dispense with all necessity for a
microscope and we obtain our result with an absolute
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minimum of delay-in the case of an ordinary typhoid serum
practically instantaneously. 4

2. It is currently assumed that the effect which comes
under observation when serum is mixed in vitro with a
bacterial suspension is a pure agglutination effect. It is
possible that little else comes under observation when the
serum is highly diluted. But in low dilutions (certainly in
the case where serum is mixed with a typhoid culture and,
so far as I can judge, also in the case where serum is mixed
with the tubercle test fluid) there is superadded to the
agglutination effect also a macroscopically visible bacterio-
lytic effect. It follows that we cannot correctly interpret the
phenomena which come into view in a mixture of serum and
culture unless we bear in mind that bacteriolysis may be
going on in each case hand in hand with agglutination. In

particular we must bear in mind that an agglutination effect
occurring in lower dilutions of serum is often after a certain
interval completely masked by the dissolution of the clumps
of agglutinated bacteria which were formed on first mixture.
We must bear in mind also that a falling away of the

bacteriolytic power such as occurs during the "negative
phase " which succeeds upon a bacterial inoculation or upon
a multiplicaticn of bacteria in the infected organism, would
tend to bring the agglutination reaction more into evidence. 

’

These preliminary matters disposed of we may turn to the
consideration of the phenomena which would manifest them-
selves in our capillary pipette in the case of a patient in
whose blood tuberculotropic substances have been developed.
After an interval of some 12 hours flocculation and deposi-
tion associated with a corresponding clarification of the

supernatant fluid would be observable in a certain number of
the test mixtures. In Fig. 3, c, complete sedimentation is

represented as having occurred in the two-, four-, and
eight-fold dilutions of the serum. 5 In the 16- and 32-
fold dilutions a partial sedimentation has occurred. In
the case of the higher dilutions of the serum and in the
control the fluid is here shown as having remained evenly
milky. A more minute study of the appearances brings
out certain further points. The precipitate in the two-fold
dilution of the serum is in most cases-presumably as a
consequence of bacteriolysis-markedly less in bulk than
the precipitate in the next following dilution. Be it
remembered in this connexion that the pipette has been
filled in with exactly equal quantities of each successive
mixture. Again, after standing, in particular after long
standing, a deposit makes its appearance also in the higher
dilutions of the serum and in the control. This settling down
can be distinguished from that which is causally connected
with agglutination by two characteristics. In the first place
it, is associated with a clarification of these test mixtures
which is in each case progressive from above down-
wards. (This point is not clearly brought out in the figure.)
In the second place the deposit which is due to simple
gravitation differs in character from that which is the result
of agglutination. While the deposit in the latter case
consists of conglomerated masses of bacterial particles
irregularly piled one upon the other in such a way as to
furnish an irregular surface outline (shown in Fig. 3, c,
in connexion with the four- and eight-fold dilutions
of the serum) the deposit in the former case consists of
isolated bacterial particles forming a perfectly flat layer.
Where, as illustrated in the figure in connexion with the 16-
and 32-fold dilutions of the serum, attention to these
characters does not entirely dispel doubt, a very simple
device will reveal the character of the deposit. It is onlv

necessary to invert the pipette for a few minutes and to bear
in mind that a deposit composed of isolated bacterial particles
will diffuse itself evenly through the fluid, while a deposit
consisting of conglomerated bacterial particles will fall down
in the form of separate pellets.

In a future communication I propose to draw attention to

4 I may note that such an instantaneous and macroscopically visible
agglutination obtained in a mixture of equal parts of undiluted serum
and typhoid culture is in my experience quite as conclusive of the
diagnosis as an agglutination visible under the microscope after a
quarter of an hour in a 1 in 50 dilution of the serum.

5 I have elsewhere shown that the bacteriolytic effect exerted on the
typhoid bacillus can be quantitatively determined by adding to the
serum an enumerated culture of the typhoid bacillus and recounting it
after digestion with the serum, conducting the enumeration in each
case under the microscope by the method described by me in THE
LANCET of July 5th, 1902. Normal human serum dissolves in a quarter
of an hour at blood heat over 1.000,000,000 of the typhoid bacilli with
which my experiments were carried out.

5 These changes-possibly as a result of the falling away of the
bacteriolytic effect in the higher dilutions-manifest themselves first
in the third or fourth test mixture.

the importance of carrying out the method of blood examina-
tion in connexion with the inoculation of the new tuberculin.
Lower Seymour-street, W.
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EVILS RESULTING FROM INEFFICIENT MASTICATION.

Too much food is eaten.-Inefficient mastication conduces’
to excessive eating. Now it is obvious that soft foods, and
these constitute the bulk of our modern dietary, pass much
more readily into the stomach than coarse, hard foods which
compel a certain amount of preliminary mastication, and for
this reason the former predispose to excessive eating : hence
a danger at all periods of life, not only in grown-ups but in
children, even infants ; brought up as the latter are mainly
on liquid and pappy foods, many of them consume not only
far more than is needful, but far more than is healthful, their
stomachs being literally deluged with nutriment.
When the food is of a kind necessitating abundant masti-

cation it is much less likely to be taken in excess, for the
longer the time spent in mastication the less will the indi-
vidual be tempted to consume ; even in the case of soft
food less will probably be eaten if it be thoroughly masti-
cated and insalivated than if it be bolted. Thorough
mastication, however, not only tends to diminish the amount
of food consumed on account of the time and labour which
it entails ; it actually reduces the amount needful to con-
stitute a sufficiency, for the more perfectly the food is chewed
the more perfectly is it digested and the more economically is
it disposed of in the system ; the less, moreover, is the ten-
dency to that morbid craving for food which is so frequent
an accompaniment of defective digestion. It is certain that

appetite and the needs of the system are sooner satisfied
when food is well masticated and digested than when it is
swallowed whole.
A mass of unmasticated food may lodge in the throat and

cause fatal suffocation.-This may seem to be a veryexcep-
tional kind of evil, but 1 am informed by one whose experi-
ence makes him an authority on the ways of the British soldier
that it is by no means uncommon for soldiers in barracks to
die from this cause. Usually it is when they are under the
influence of alcohol that fatal results occur, post-mortem
examination disclosing large undigested masses of food in
the stomach. A like experience is also frequently met with
in the case of men killed by accident.

The presence of mas.,es of imperfectly masticated food in
the stomach may cause dilturbance either mechanically or by
reason of their impe1’viOtbsness to the gastric juices.-We
have already seen that the digestibility of a food is largely
determined by its consistence and that many articles of
diet, such as cheese, hard-boiled egg, cocoa-nut, lobster,
and new bread, which have the reputation of being very
indigestible can if finely comminuted by chewing or other-
wise be rendered quite digestible. Such articles are

indigestible essentially by reason of their compactness ; the
compact lumps, but little pervious to the gastric juice, tend
to undergo abnormal chemical change in the stomach and
may in this way cause violent local irritation even to the
extent of setting up acute gastritis ; or they may paralyse the
nerves of the stomach and check gastric secretion and move-
ment and thus remain in loco wholly undigested for hours or
even days ; or, again, more distant nervous effects may be
produced such as frontal headache, which may be felt almost
immediately after ingestion of the peccant substance, being
of reflex rather than toxic origin and presumably in some
cases at least due to the mere mechanical irritation of the
stomach. The passage of imperfectly digested food into the
bowel may still further aggravate matters. It does not seem
improbable that the habitual bolting of food, by the prolonged
local irritation to which it gives rise, may predispose to
cancer of the stomach : Napoleon was a notorious fast eater
and it is well known that be died from this disease.

1 Nos. I. and II. were published in THE LANCET of July 11th (p. 84)
and 18th (p. 150), 1903, respectively.


