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PREFACE,

These observations on the serum reaction of
Abderhalden detailed in the following report were made
in 1913-14. They were interrupted on the outbreak
of war in August 1914. Although incomplete in
certain poiﬁts, the material has bheen presehted in'this
form ag an opportunity for further extension of the‘
work will probably not arige againe and also, since
the observations of others, published in the interval,
confirn the definite conclusion which was arrived at,
that the reactiom although probably occurring nore
frequehtly in pregnancy than in any other condition is
by no means pecullar t0 pregnancy or a specific

indication of its‘presence.

April 1920.
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The Sero-Disgnosic of Pregnancy.

The Defengive Reactions of the Blood Serum.

ism

The invasion of the tissues of the living orge

by bacteris or certain other foreign substances is

provocative of a series of defensive reactions, vary-

55’)

ing greatly in charescter, yet closely related tc one
another. As a rule the tissues. are called upon Lo
deal only'with.bach eria and their tox xing, but‘they are
also capable, by alteration of their metabolic processes,
of reacting to foreign protein gubstances which enter
the tigsues by other than the normal channels. Accord-
ing to the views of Abderhalden the reacting mechanism
is not limited to this, fhe cellular elenents of the
aningl's own tissues may hecome dissociated and, in a
new locus prove foreign to the parent structure. The
stirmlus of such antagonistic substancesg ig responded
to by the abpearance in the blood siream of anti-hocdies
which resolve the forelgn matter into simpler elements.
The processes involved may be Testricted merely o
the néutralisation of the invading bodies as in the cage
of toxins. But when s0lid protein substances invade
the tissues directly, more than neutralisation is
required. Bacteria are inhibited and destroyed, the
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union of anti-~hody and antigen in this case not teing
reversible.

The various irwvmmity reactions are therefore
evidence of the reactive povers of the tigsues towards
antagonistic substanceg, The agglutinins-and precip-
itine inhibit or irwmobilise bacteria. The Opsonins
render the invading orgenism susceptible to the bact-
eriolytic action of the phagocyte. ot only toxins
and bacteria are thus dealt with by the tissues, but
foreign substances guch as the snake veninsg and the
vegetable poisons, vicin and abrin, c¢an be neutraliged

L

by anti-bodies liberated into the blood serum by the
tissueé.

With protein natter derived from tissues, the
action of the anti-body varies considerably. The
reactions observed alfter red-hlood corpuscles have bheen
injected into an aninal(Hacmolysis, complement fixation)
cannot be so easily denonstrated when +tissue proteins
are employed as antvigen, The latter substances have
provéd in some cages Lo he incapable of producing anti-
bodieg to any marked degree, and whén employed in a
purified condition,‘are étated by Wells and other ob-
servers to pogsess practically mo antigenic power at

all. The rechanisr posgessed by the animal organisn

in/



in respect of szuch constituents has therefore to bhe
investigated from another point of view.

Other Defengive Systens.

When the poisons mentioned above, viz.,’toxins,
venoms and vegetable poisons, are passed into the
gastro-intestinal tract, and not injected directly
into the animal tissues, the animal may occasionally
become immunised to then.

But this is not the usual COurse for proteid
substances in the gastro-intestinal tract. By the
action of the various Terments they are reduaed to a
less complex state in Which'they pass from the gut to
the blood strean. The tissues therefore are not call-
»ed upon under ordinary ciroumstances to deal with the
grosser protein substances as-the intestinal ferments,
the lymph and the blood systems intervene, Harmonious
gubstances only are supplied to them for the nutrition
and reconstruction of the organism, the products of
digestion reaching the tissues by the blood.

The parenteral introduction of proteins creates
new conditions for the tiscues, which rmust then deal
directly with the unchanged substances., The results
of the investigations so far indicate that, under such

-circumstances, the tissues do not respond so energetic-
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by the liberation of anti-bodies into the blood strean

as when bacteria and their toxins are used.

The Work of Abderhalden.

Proteolytic and other Ferments of the Serum.

Abderhalden was led to investigate the behaviour
of the tisgsues towards antagonistic nroteins from con-
siderations of the proecsses of digestiom occurring in
the intestinal tract. ’_He conceived it possible that
the tissue cells were possessed of ferments capable of
splitting up protein and other substances into simpler
and more harmonious elements.

For the investigation of the protedlytic properties
of the blood serum, Abderhalden employed the optical
and thé dialysation nethod. For the former the protein
substrate was hydrolised with strong sulphuric acid,'
and a éclution of peptone obtained. The proteolytic
gserum and the peptone solution were nixed together and
placed in the tube of the polariscope. ATter a period
of incubatiqn ~ &87+C, for 16-36 hours - a progressive
deviation of the angle of rotation could be observed.

In the dialysation method, the »rotein substance and

the serum were mixed directly without previous hydrolysis
of the substrate. The mixture was placed in the dialy-
sation tube, and the products of the reaction diffused

into/
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into distilled water. The réaotion was accelerated by
vincubating the mixture as in the polariscopic niethod.

The presence of protein derivatives could bhe denonstrated
in the dialysate, when the fermentation process had heen
in progress several hours.

The serun of normal animals was tested in the first
instance. In the earlier experiments with dogs and
rabbits, egg-white and horse serun were used as antigen.
It was found that the sera of these aninals had no action
upon the antigen when the two substances were brought into
contact with orie another. There was no‘evidence that
the egg~white or the horse serum was reduced in any way
by the normal serum. Guinea nlg serum proved to he ex~
‘oeptional, however, as in the normal state it is possessed
*‘of proteolytic powers. When, however, the dog or rabbit
Wés injected with egg-white, either subcutaneously or
intravenougly, the serum of the animal was found later
to develop a ferment capable of reducing the egg-albunin,
Experiments with peptones, gelétine;, and casein yiélded
similar results. The blood of the'animal"injectea in
each case wag found to contain ferment-like properties
when the serum and the corresponding antigen were allowed
to act upon one another.

The substfate was broken down and the decomposition

products/
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products appeared in the dialysate, vhen the dialysation
method was used. When fats and.carbohydrates were ermpl-
oyed as substrates no reaction took place. The selective-
ness of the proteolytic properties of the abnormal serum
was shown to be even more delicate still.  The serum of

an aninmal which had been injected with amino acids was
found to have no action upon protcins. It was capable
only of decomposing aninc acidse. But with the serum of
the animal which had been injeeted with proteins, not

only proteins but thelr derivatives could be broken down.

The Relationship of the Reaction to Fermentation.

The parallel tésts Made with yeast juice showed that
the reaction corresponded very closely with the ferment-~
ation reactions.. The nitrbgenous contents of the dialy-
sates from the tests of normal and abnormal sera were

an=-
examined. An increase in the amount of gmonia nitrogen
was observed in the dialysate of the abnormal serum.

The reaction is inhibited when the abnérmal gerun
ie exposed for a time to a temperature of GO.C. Ilo

alteration of the substrate takes place when it is exposed

to the heated abnormal serun.

Controls.

A systen of controls was adopted for all the tests,

In/



In both the dialysation and optical methods, serum and
subsgtrate were employed separately as coﬁtrolo The
heatgd or inactivated serum was also used. With these
controls no fermentative reaction could occur between
serum and substrate. Any diffusible bodies, for
instance, appearing in the dialysate during the dialysat-
ion test from these controls could not be considered to
arise fronm férmentation. They were looked upon as an
iﬁdicatioh that the serum 0 the substrate had not heen
properly prepared. Tn. the case of the former, a reaction
in the dialysate of the.fresh.serum; suggested that the
serum wag elther too old and that autolytic prosesses had
get in, or that the formed elements of the blood had not
.been properly femoved. -With the inactivated serum, if it
had been properly heated, the diffusible bodies were the
‘result of autolytic decomposition of the serunm proteins,
and not of the substrate. The presence of diffusible
bodies in thé dialysing fluid when the sgubstrate was employ-
ed alone indicated that the suhstrate had not been pro-
perly prepared., - The crystalloid protein derivétives had
not been completely removed in the preparation by washing
and boiling. As a further control, parallél tésts were

always made with the optical and dialysation methods.

Reaction/
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Reaction to Carbohydrate /ntigzcens.

(9]

The resnonge of the aniral organisi o6 injections of

cane-sugar is more difficult to study as the sugar docs

m

not remain so long in the blood as the proteins. But it
was observed by rolariscopic methods that the serunm of an
aniral which had been treated with cane sugar, was capable
of reduoing & cane sugar gubsirate.

Injections of soluble gtarch and of nilk produced
ferments in the blood which not only reduced thege bodies,
but also reduced cane-sugar. For raffinose, however, no
ferment could be induced in the animal's serun, and with
iodised albuminous substances a sinilar result was observed,
The pbwers of resnonse of the tissues of the animal
organism to the invasion of antagonistic sﬁbstances ise
tie refore limited.

The work of Abderhalden with the carbohydrate Lfermente
of the blood serum was stated to he independent of that of
Weinland although of a later date. Weinland was also succ—
esgful in produoing*defénsive fernents in the éerum of
animals by the parenteral injection of cane-gugare

Reaction to Fatty Antigens.

The methodg employed in the. study of the protein
fermente were not applicable to the fat-eplitting ferments
of the serum. The alterations in the surface tension

occurring/



occurring during the decomposition of fats afforded a
means of investigating the activities of l1lipase in the
blcode. Where fats form a large proportion of an animal's
food they appear freely in the blood soon after the cal.
The rat ferment cén then be sghown to be present in the
serum. During fasting it is very active, and after
injections of foreign fat into the animal it 1s more active
still.

As the absorption of fat at the site of injection
is very slow this method was not very successful and the
0ld method of gorging an aniral to produce lipaeria was
adopted in the subsequent investigations of the fat
ferpments of the serum. The actual increagse of the fat-
splitting powérs of the serum was demonstrdted, the re-
action having the same specific characters as those of the
protein or carbohydfafe ferments, The serunm fron the
fat-engorged animal had no action upon proteins or car-
bohydrates and reduced only the falty antigens in feeding

the animal.

The Application of the Reactions to the Diagnosis of

Pregnancy and Disease,

. As all these reactions present well marked specific
characters, it was thought by Abderhalden that they might
be employed as a diagnostic means in the detection of

disease./
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-disease. -In many pathological conditions, tissue
elements and debris are éet free in the blood and hecone
antagonistic to the cells in other parts of the body.
The cells respond by the discharge of defensive ferments
into the blcod stiream and the antagonistic bhodies are
pernitting of their abeerption by the tissues or
reduced to a condition/of their discharge by the normal
channels of execcretion.

For such diseases as cancer, gyphilis and phthisis,
and the diseases affeotiné the glandular’organs, the
method appeared to bhe eminently suitable. In pregnancy
the problem presented another aspect. The work of
Schmorl and Veit showed that in pregnancy the chorionic
villi were shed from the placenta and anpeared free in
the blood. As bodies antagoﬁisiic to the tissues of the
mother their présence in the blood stream would stimulate
the production of defensive ferments by the maternal cells.
If Abderhalden were correct in this deduction, the serun
from a pregnant patient should act on a placental substrate,
and the diffusible bodies demonstrated in a dialysate could
be oonsidered as evidence of a state of pregnancy in the
mother. In pregnancy the reaction could always be con-
firmed by fhe-reSult of the clinical-condition. Such an
opportunity was not afforded so readily in diseased condit-
ions, but the value of the nethod could bevciearly estab/

lished by/



by the results of the reaction in pregnancy. The

success of the considerable work of Abderhalden and his
colleagues is advanced by him ag evidence of the reliabil-
ity of the reaction as a diagnostic means in pregnancy

and diseage.

Investigations of the Scrun-Diagnostic Reaction of

Abderhalden.,

| The investigations, detaileda in the following report,
were undertaken, to ascertain the value of the serum
reaction of Abderhalden as a diagnostic means in pregnancy
énd in diseased conditions,. sn o attempt was also nade

to determine the relationship of the reaction to the

other imunity reactions., The dialysation method was
enployed. The substrates, sera, and dialysation tubes
were all prepared and tested as described by Abderhalden.
Any departure made from the methods practised by him had
the object of effecting improvements in techmique with a
view t0 securing greater accuracy in results and greater

facility in manipulation.
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The Sero-Diagnosis of Pregnancy.

Preparation of Substrate.

The substrates used in the experiments were prepared
from Placental tissue, Ox-~blood corpsgles, and from the
mugscle and liver of the rabbit. Fresh tissue was invar-
iably employed.

Placental Substrate:-

The placentas chosen were thickrand firm in texture,
and not unduly swollen nor oedomatous. The thin, small
placentas, frequently met with, were usually verybfibrotic.
Some of them exhibited a gritty substance in thelr
structure. Although they were casily washed free fron
blood, and the resulting substrate was apparently quite
good they were not used, as it was considered that the
content of fibrous tissue mnight be too high. It was found
advantageous to select a fairly large specimen, as there was
a considerable loss of material in the course of preparation.
Placentas from syphilitic, eclamptic and haemorrhagic cases
were rejected. Attention was als¢ paid to the umbilical
veins; large well developed veins facilitated the direct
transfusion of the organ. The small tortuous veins bhurst
very readily when the pressure was increased suddenly.

The placentas were obtained immediately on their

’
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expulsion from the vterus. lio substrate was prepared fron
old or decomposing tiscue, Many specimens, althouzh
obtained within a short time of parturition, showed signs
of decomposition, and were discarded.

Transpusion of the rPlacentas~

All Dblood~clot and superfluous membranes were removed,
Onelof the umbilical vessels was then secured to the tap,
and the placenta placed in a porcelain 5asin. As the wall
of the vessel very readily gave way, on the slightest
inorease'of prescure, the water was turned on gradually
80 a8 tc slowly dislodge the clot from the vessels. In
twenty to thirty minutes time the bulk of the blood was
driven out of the c¢rgan which agsumed a much lighter colour.
The veins and the remaining mevbranes were themn cut away
aﬁd the placenta divided into small pieces.

- Washing:-
The‘chopped placenta was put up in small sacks,
made from linen or cotton, and firmly kneaded in copious
quantities of normal saline solution, the water being
changed from time tc time as it became stained with the
blood-debris. As the operaticn advanced, the tissue
appeared whiter in colour, the water became less stained
and greater force had to be exercised to express the blood,
The washing was greatly hindered by the frequent bursting
of the sack, and a good deal of material was lost thereby,.

Linen/



- 14 -

Linen or cotton, as mentioned above, proved the nost
gulitable fabric o this purpose. Later the placenta was
mere finely minced, and the washing continued in a greatly
reduced volume ¢f water. The whole process therefore
required several h.urs before the watér remained clear
after a thorough kneading of the tissue.

Boiling:-

The substrate, retained in the sack, was bolled in an
ample quantity of water, for about 30 ninutes, and then
transferred to cold water again, and the kneading resumed,
With this the .discolofiration of the water reappeared. The
double process of boiling and washing had to be cantinued
for several hours before the water was obtained absolute-~
ly clear. To carry the proeesg still further, the sack
was dispenséd with, during the boiling. The substrate
had consequently to be filtered after beiling to permit of
further wasninge. In addition the quantity of water was
reduced to a mininun. By this means; it was possible to
guage very accurately the disappearanoe of the staining
from the residual water.

'Placenfal tisgue, when boiled in a glass beaker,
gives rise to considerable "bumping" and rmch of the tissue
is lost by the frequent spur@ing cf the liquid and boiling
over, It has therefore to be carefully watched, and

boiled/
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boiled rather sl wly. The use of an enamelled pot
obviates these mishaps, and allovs the operation to he
carried out more rapidly.

To expedite the washing process, and to rendef it
less laborious, a rotary churn was obtaiﬁed, which A
driven by electric power, Large quantitieg of subsirate
could thus he easily manipulated , and the volume of wash-
water accurately graduated. An appreclable decrease in
the loss of tissue during the washing was now observable,
This method was not very effective, however, when the
placenta was toc finely divided as the resuliing nixture
slowed ddﬁn the churn considerably, and strained the rotor.
The best results were obtained when the tissue was merely
chopped into small fragnents.

By this nmethod, the total time required in the
preparation of an extract, was reduced to a few hours.
The original nanual method,»ocoupying as it did in come
.instanceg several days, was not cleanly, Also with such
an unstable substance as placental tissue, the reduction
in fhe duration and the amount of manipulaﬁion vas all
important, as decomposition changes supervened on scveral

4

occasions, and the substrate in preparation had to he dis=
carded,
An inspection of the extract was made beforethe final

tests/
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tests with the llinhydrin wvere applied, The tiscue was
spread ocut on a clean cloth and carefully scrutinised for
any fragments c¢f blood-clot or thrombosed vescsels which
nay have escaped reduvtion during the washing. At this
stage, it was generally found that very little clot had
survived the washing,. The substrate was now of a light
gfey'colour. In no caée wvas a "snow-white" substrate

obtained from.placenta. The ideal substrate asg detailed
by Abderhalden, was never realised. Right specimens of
placental substrate were prepared, of which two were mnixed
speciﬁens.

The Ninhydrin Teste

A sample of tﬁe substrate was boiled in a minirumnm
gquantity of water for 5 minutes. The nmixture was then
filtered, and to 5cecs of the filtrate, Icc, of a 1% solution
of Ninhydrin was added, After bciling for a minute, the
test was allowed to stand for half-an-hour, Woth the
successfully prepared substrate, the wafer remained clear,
but in most cases, a violet coloration occurred in the
initial tests, and the washing had to be resuned. Some
specimensg of placenta were encountered which persistently
gave a positive feaction with Ninhydrin‘no natter how
thoroughly they were washed. In other cases, where a
negative reaction was successfully obtained, the positive
reactibn reappeared, after the substrate had been allowed to

stand/
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stand for a tinme. it is this latter characteristic which
ig regponsible for much of the time expended in the prepar-
ation of placental exbracts.

Whenever it was necessary to interrupt the washing-
nrocess for a time, the extract was placed in a bezker, and
covered with boiled water and a thick layer of toluol. A
piece of gauze ﬁas placed over the nouth ¢f the heaker which
wasﬁhen placed in the ice chest.

St orage of Substrates.

'

The storage of the substrate in bulk under toluol,
was considered unsatisfactory, as there always oxisted the
risk of contamination when small quantities were frequently
removed during the course (f the experiment. Such a dis-
advantage was obviated by weighing the extract in equal
ampunts - 1l0grme.- into test~tubes, and sealing them in the
blow-pipe. After sterilisation in the "Koch" the tubes
were stored in the ice-chest,

| Specimens s¢C pregerved were tested 9 months after, and |

provedlto be satisfactory. Occasionally a batch of tubes
were ﬁet which gave a faint coloraticn with Ninhydrin.
After.thorOugh boiling however the reaction was dissipated

and the negative condition restored,
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Mugele suvbstratee

The 1lirb nuscleg of the rabbit were used, the sheaths
and tendons being dissecdted off, befcre the tissue was
riinced, Washing and boiling occupied a very short time,
the blood being socon elininated. A negative Ninhydrin
reaction was therefore easily ¢btained. Muscle extract
was perhaps the easiest and nost satisfactory to prepare,
and when preserved in cépsules rermained negative throughout
t0 the Ninhydrin test for a period of six months,

Liver extract,.

At first éome difficulty was experienced in preparing
this extract.,” The fresh rabbit liver, when finely ninced,
was reduced practically to a juice in the churh. When
éut into large pézces, it could not be washed satisfactorily
free from hlood, An intermediate stage Of division had
therefore to be arrived at. As the material was naturally
small in amount, the washing had to be carried out care-
fully. The preduction of an extract from liver, reacting
negatively to MNinhydrin proved as difficult a task as that
of placental extract. When once prepared, howevér, it re=
mained very reliable,

Albumen, -

The albumen used in the testing of the dialysers,
and as a substrate in certain experiments, was prepared
from fresh egg-white. All polid-gubstancesyconsisting

usually/



usually of Ifragrents of neliicle and I
renoved, The fluid was then diluted to the jercentoze
reguired.

Ox~blood Corpuscle Subsgtrate.

This substrate was made as required and wasg not
preserved, The rresh ox-hlood wasg mixed ﬁith norral saline
and cembrifuged repeatedly. The operation was always a
prolonged one hefore the negative reaction to Ninhydrin
wag oObtained.

Stromatae

The oxz-corpuscles were treated as above until a
satisfactory negative reactlon wag oblained. They ~iere
then treated in a serun oven at 55-57°C, for intervals
of 16 hours, with the result thatbthe nogitive reagction
réapgeared. Centrifugel washing and the oven trestinent
were carried out alternately and eventually a subgtrate
was produced which resncnded satisfactorily to all tesis.
When stored for some time in capsules in the ice-~chest,
thisvSubstrate would give a faint violet coloration
with Ninhydrin., It was always washed therefore before

being used in any test.
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Preparation of Sera.

As pregnant sera were controlled with normal scra in
'the tests, it was cften a difficult matter to obtain and
prepare them within the time prescribed by Abderhalden.
Hon-pregnant cageg were seldon to be found in the Maternity
Hospital,. The controls had therefore to be obtained in
other hospitals. UsUally the éera wvere ready for the

tests within ten hours &fter the blood had been withdrawn
from the veins, The clinical conditicn of the patient

vas always noted, whether pregnant or otherwise, Generally
it was arranged that the blood was drawn.off before a neal
and rarely after. About l6ees. were tckenrtag a rule. A
gterilised all-glass syfing was used, the needle being
relatively large in the bore. For the transport of the
blood, thick walled test-tubes with well fitting rubber
stoppers were employed. Before use they were washed out
with galine or citrate solution. The skin surface over

the cubital veing was brepared either with Todine or Carbolic
lotion.

The serum was allowed to separate from the corp%gﬁes
at room temperature, and was then drawn off into sterile
tubes and centrifuged - at least twice — until no further
gediment of corpgﬁles was obtained. When haeroglobin
staining occurred, the serum was either rejected or the
fact noted,

The/
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The preservation of the sera Tor lbng periods was
effected by refrigeration, the sera being sealed in small
glass phials.

Controls. Inactivated serun.

In addition to the other contréls employed in the
experiments, inactivated serun was used. A Tirst some
difficulty was experienced in preparing this cdontrol, due
chiefly to an insufficient exnosure in the water-bath, but
later the serum cculd be treated very effectively. A
tubeful of the centrifuged serum was plaCed in a water bath
and the temperature raised to 60C, A temperature lower
than this was found to be ineffectitve, At 56C-53C, a
-positive result could he depended upon to occur, As regards
time aB exposure less than 20 minutes was useless, and in
fpractice a period of 30 rinutes was allowed. In no case
was the serum exposed to a temperature exceeding GOC, |

The omset of autolytie processes waried in mnany sera.
Blood obtained from eclamptic cases and from the foetal
circulation, appéared to undergo spontaneoug decomposition
very readily. In some cera haemoglobin staining Qroved a
troublesome factor. Doubtless the wibration, and the
var;ations in témperature occurring in transport hastened
decomposition in many instandes. It can be gafely said

however that the sera employed in the investigations were

of /



of the standard laid down by Abderhalden as regards age,
and freedom from decimposition and haemoglobinm products,

since they were prepared within ten hours after their with-

drawal from the patient,
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The Sero-Diagnosis of Pregnancy.

The Hinhydrin.

Preparation of the Solution.

For the detection of the diffusible products of
the placental and protein degradation occurring ia the
dialysate, a one per cent sclution of Ninhydrin or Triketo-~
hydrinfrene—hydrate was used. Tt i8 soluble in water
when boiled, and dces not readily decompose. Digtilled
waﬁer was always ﬁsed in its preparation. In order to
avoid trouble from contamination 10ccs. only were prepared
at one time. A sterile flask of coloured glass was employ-
ed for storing the solution. v

When peptone solution(&ccey 6 per oen@)is tested
with.2cc of a one per cent solution of Hinhydrin, the
mixture being beiled in a test~tube over the open flanme,
the reaction usually requires one minute, but should the
tube of .solution be placed in a water bath and boiled, the
violet coloration takes 4 to 56 ninutes to appear. Through-
out the investigations tue lilnhydrin test was carried out
in a water~bath, 80 that a series of dialysates could be
tested with Ninhydrin at the one time, under perfectly
uniform conditions as to duration and degree of heating,
Before placing tle tubes in the bath the water was brought

to/
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to boiling point, and the duration of the boiling wvas
accurately controlled. The bath was fitted with a
nerforated 1id to accomodate the tubes properly. he
even distribution of the heat was secured by é.oouple of
Bunsen burners. On the completion of the reaction in
the bath, the tubes were alloved to stand in a rack for
50 minutes, before the results were noted, By this
method of boiling, no soluticn was lost at any time
though boiiing—over, an accident which readily occurs
when the direct flame is used, as recormended by Abder-
halden. A further point is that, in nmy experience, it
is iwmpossible to heat any tube unifornly over an open
flame.

To arrive at an idea of the limite of the
reaction, a series of tests were made, where the peptone
and the Ninhydrin solutions were varied in stirength; the
effect of dialysation on the time of the reaction was

also studied.

TEST I.

At the outset, in order t0 compare the effect of the
various methods of conduc¢ting the tegt on the reaction-
time, solutions of Witte's peptone in distilled water of
different strengths were tested with one per cent ninhydrin

solution/
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solution -

(a) after dialysation,

(b) without dialysation.

In (a) and (b) the water-bath was usede.
(¢) without dialysation, the direct
flame being used,
In (b) and (c¢) 1lOcecs. distilled water were added to

compensate for the extra anmount of fluid enployed in
(a) as dialysing fluid. The time for the develop-
ment of the maxirmun tint of the solution by the three
riethods is shown in Table I3 in (a) the dialysation was
carried out at 87.C. for 16 hours., Practically the
result ig therefore to be expressed as 1l0e4.l. The
degree of permeability to peptone of the dialysers, the
volume of the dialysing fluid, and the duration of
dialysation, are all factors of importance in the case
of (é). The dialysers were chosen from standardised
specimeng whose rate of permeability was known,
(q(Sbandardiéation of Dialysers). The time of dialy-
sation is that adopted by Abderhalden in the test for the

sero-diagnosis of pregnancy, viz: 16 hours.

TEST 2/



TEST 2,

The influence of dialysation was tested with
solutiong of peptone of veryling concentration, The
reactions were tested in the bath.

Table 2, the peptone varying from & per cent -

6 per cent ,dialysed 16 hours.

Table S, tle peptone varying fromsl per cent -

<6 per cent not dialysed.

When the solution of peptone ig placed in the dial-
yser, nothing below+5 per cent peptone is likely to give
gufficient in the dialysaié for a positive reactiion.
Without the dialyser the effective 1lirit is about -5 per
cent., A 1 per cent solution, without the dialyser
gives an "XXX" reaction; with the dialyser the colour

is reduced to "XX", i.e. after 16 hours dialysation.

TEST 3. Table .

The effect of vafiations in the concentration of
liinhydrin was tested with a 6 per cent peptone solution,
From «0bcc to lce of the 1 per cent ninhydrin solution
was émployed; the water was decreased from «95ce., to Oce,
in#ersely with the ninkydrin in order to yield a constant
volume. « TheiaQOunt of peptone solution used was 1lOccs,
The mixtures were not dialysed, but boliled direct in the
bath.

With/ ;
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With fZOO. ninhydrin, the "XXX" (very narked)
reaction apreared in 10 ninutes, and with lecc. it appeared
in 4 ninutes. With e4cc, the result was practically the
same as with .Z2cc. but reached the maximum tint in 7
minutes. With e(Qb5cc, the result was very faint after
15 minutes hoiling,. In an ordinary tesgt this result
would be considered nil, and with the dialyser such a

concentration would have no effect,

TEST 4.
Water from the tap, and also a specimen of distilled
water were tested with ninhydrin with negative result, (see

table §).

e




The Colour of the Reaction.

An attempt was made t0 consiruct a colorimeiric

gcale for the reaction, but owing to the variations of

: c

the dialysing tubes this was Tfound 10 be scarcely practihle.
In the tests enumerated above, (Tables 1 to 5), Witte's

peptone was used, Later a sllk peptone was employed

for the standardisation of the dialysers. ("Seiden-pcptone,
Efchst). Solutions of the latter peptone gave a more
distinctly violet coloration than the Witte's peptone,
with which the reaction varied sormewvhat. Generally it
produced a reddish-~violet tinge; at otle r tines the
reaction was distinctly blue,

During the invegtigation of sera from pregnant
cagses with ninhydrin, the usual result obtained at full
time approached closely to that given by Hecs, of *5 per
cent peptone solution, and e2cc, of 1 per cent ninhydrin,
The 1atter-reaction wag therefore used as a standard and is
denoted as "XX" or "M", ecual to "Marked"™ in the tablese
The faint reaction of weaker dilutions, eg.e3 per cent
peptoné, is denoted by "X". Frequently during the tests
of pregnant cases, the coloration was much more pronounced,
(VM. or XXX.).

Qccagionally variationg in the colour of the
reaction were noticed, but they were never very pronounced,

They were usually a faint red and occurred for the nost

part/



part in the fresh serun controls, usually where the scrum
was nore than ten hours old. They are recorded in the
text by small letters, "x.,xx.,xxx," which indicate the

degree of the reaction. ‘

TABLE I

Solution of Witte's Peptone, in distilled water, 5ccs.

Solution of Ninhydrin, 1 per cent., :-2cc,

Water, 1l0ccs. - in series (a) used as dialysing fluid.
in series (b) and (c) added direct to
peptone solution to compensate that
used in (a)e.

Incubation for 16 hours at 37.C (series (a)).

V) T (o)

| Peptone Per- Water-bath. T DiTeot Flame.
. ocentage, | Dialysed. "7 Tot Dialysed. ~Tiot Dialysed.

|
i- i
; i

i

i
|

g e e e

& per cent. 10 minutes.f 4 minutes. 1 minute,
| |
- 1«5 per cent. do. i 4e b doe 1 do.
5 per centa. ! do. ? 6 do. do.

Tn the three series the- colour reaction on the
completion of the test was as follows:-

With 3 per cent peptone, "XXX" or "Well Marked",
With le5 per cent peptone, "XXX" or "Well Marked",
With 5 per cent peptone, "XX" or "Marked".
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TABLE 2, Anount of Dislysate tested.z S5 &ld.

Solution of Witte's Peptone, I*bccse linhydrin 1 per
cent *2cc. -~ 7,

Water, as Dialysing ©fluid, 10 ccs.

Dialysed 16 hours at 37Ce Taluol Used.

! v | Progress;of lilnhyddin in Bathl Totale
i a T ! T ! ; i s
Tube lo. | Peplone | i | Tine of
percentage. Lo | XX. XXX. {Reaction.
I. B percent. 3 | 5. | 10, 10.
| @ minutes. minutes, |minutes.
2. 3 mooom 3. 5. 10, 10.
s L " 5. 7. | 14 14,
} 4, Le5" " &, 9. | 14, 14,
| ' ! 5 o
o B.Ltomo 50 7. L o10. 10.
| |
' 6. °5 " " ; 6- ‘ 10. X 10.
i 7. 5" " g, 1l. 11,
| _ | \ ) T
TABLE 3. Test without Dialysers.

Peptone, 5c¢cs.,percentage varied, ot dialysed.
Ninhydrin.,2ce., 1 per cent solution.
Boiled 10 minutes in bath.

I — e e ,.’,,,, S i < e e e ",,, SRS : . - - ‘f SR
| S |
i-

Peptone, :
e !

"ol percent, {-2 per cent;}z percent ye4 per cent. 5 per G per
| l cent. - cent,

Very faintéﬁ’ Xe XX, § XX, ; XXX

B T

!
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TABLE 4,

liinhydrin, - 1 per cent solution.

Peptone, (Witte!s) 5 per cent,
Solutions not dialysed.

Peptone percentage, constant,

(Ninhydrih‘ grecentage Varying.

Total % ‘constant.
(Water anount varyinge

B ) 3. S e R
Peptone, 10ces. 10ces. . 1lOccs. 1l0ces., | 1lOces., l0ces.
Water. ~95cc, *9cc.  *Boo. -6ce. ‘ «3ce. [ 0ece,

= |
Ninhydrin.  *05cc. elcc, = . °2CC, *4cc, ~ e7cC. ' l.cCe

Exposure in Water Bath.

Time and Development of Reaction,

s a2 Ninhyd}jin £ . SO ”/i{, o ee amm a4 e s —7454. - » ‘E- - v
____ percentage. X. . X XXX, | Total Time,
«05 per cent, 15 minutes. f - i - . 15 minutes.

-1 dé. 2  do. 3 minutes. |15 winutes. ' 15  do. |
.2 d0. & do. .4 do. |10  do. 10 do.
————— 4,_ e i i
o4 do, [ - - 4 do, 7 do. 7 do.
______ S ST DO SR
1 do. ‘ - - - - 4 do. 4 doe




TABLE 5, Tegted against water,(a) distilled water,
—2de 2 ‘ }
\

linhydrin, varying from, “05¢c - 5,
@ 1 per cent solution.

Boiled in water~bath from 4.30 pm. to 4.45 prn,

Control ~.5 per cent peptone, 5ccs,

’I poobes . S R e }l R W"—M?W"Mmf Y lPept.Une_
! 5ces, 5cCee. 5&Csoe 5ccs, | bBees. | beese. . .bces,
. ! ‘ ! :

. P U SO U AS NU s S
I i v . H
E f, , : j
i !
|
|
r

do. . ar i

do. . do. de. . do, | do. | do,

i
t
1
I

‘5
!'DBcc. ‘elcc, *2CCq *3CC, ‘'edcc, - . |e5CC, i °5CC,
! ‘ . : i
T e ’ e ] é ‘; . %
Lo L - - - |- Po- . XXX,
| | | L ;
Az




The Sero~Diagnosis of Pregnancy.

The Dialysing Tubes,

The tubes used in the first instance, the
11045794 of Iliessrs. Schleicher and Schull of Duren,
neasured 50 X 16mm, They were not standardised when
obtained from the manufacturer; and proved generally to
be very hard, and by no means permeabhle Lo peptone;
A large number had to be tested before a suitable serieg
could be arranged. In the later experiments, the
standardised tubes made by Rudolf Schops, of Halle, were
employed. They were certalnly ruch softer and more per-
meable to peptone, but varied as rmch in their permeabil-
ity for peptone, as those oreginally obtained from
Schleicher and Schull. They were therefore gtandardised

in the laboratory before use,

Standardisation of the Dialyserse

The tubes were gtandardised as regards:
(a) Impermeability to albumen:
(b) Permeability to peptone:
(e) Eate of diffusion of peptone,
A careful preliminary examination of all the tubes
was made for minute perforations.

one/



- 34 -~

One tube out of 48 tubes tested was rejected on
this account,

Imperneability to Albumen,

Four gets of tubes, 48 in all, were tesgted, the
firgt three with serun, the fourth with egg-white
albumen,

Standardisation ocemnse,

The sera for testg A, B & C were obtained from mormal
femalesg. The blood was approximately 10 hours old in
each casge, The gerum was allowed to separate in the
ice~chegt, and was centrifuged twice in a sterile tube,
B and C were haemoglobin freej; A was haemoglobin
stained. ' /

The egg-white albumen was freshly prepared, and
was diluted down 1020 per cent with water.

Procedure.

Inétead off Erlenmeyer flasks as employed by Abder-
halden, glass jars with well fitting stoppers were
gubstituted. The watch~glass cover used with the
Erlenmeyer was thus Qispensed with and the rigk of ‘
infection of the contents of the flask reduced., The ‘
jar and stopper were sterilised by boiling. The jars
‘were numbered serially, and a mark was made corresponding
to 20cc contentjin order to facilitate filling with the
dialysing fluide |

The/
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The dialysing tubes were steriliséd Tor each test
by boiling in water for one zinute, Vnen stored they
were irmmersed completely in boiled water in a jar and
a thick layer of toluol was superimposed.

For the albunin test the sterile dialysing tube wae
charged witl: YIce, serum, or ledcc, albumin solution and
then thoroughly washed externally with a stream of
distilled water to remove any trace of serum which might
have accidently contaminated tl» outside in the process
of filling.

The wall of the tube was then compressed with a
forceps about leme from its orifice and the inner edges
of the mouth were ringed carefully witiy water. The,
tube was then lowered into the(stoppered)jar, Contain-
ing 16008. of distilled sterile watér. As an antiseptic

, j #o, walor
seal, a thick layer of toluol was run on to the surface,
and also into the tube. wbout 2cms. of the tube pro-~
jected above the surface of the water. The manipulation
of the dialySefs was facilitated by the use of forceps,
the point of which was bent obtusely on the 1imBs to an

) -}
angle of about 35°.

Incubatione.

The geries of twelve tubes, when thus prepared, were

incubated @ 37 C, for two consecutive periocds of 16 hours

eache/



~ 36 =~

each. At the end of each period, 5ces. of the adlalysate
wvere drawn off with a pipette, and tested for the presence
or absence of albumen by the biuret teste.

To the biuret test all the units in sets "A" and "C"
were negative,

In set "B" tube "9" gave a positive reaction to the
biuret in both tests.

Tn set "D" tubes 8 and 11 were twice positive.

The ﬁubes giving the positive reactlions were rejected

~

and replaced by others which were tested and found to bhe
impermeable 10 albumen, '

For the biuret test, Hccsas of the dialysate were mixed
with 2e5cecs, 0of caustic soda solutioﬁ (33 per cent). To
thig lcc., of copper sulphate solution (1e500) was added.
0f the forty eight tubes tested the dialysates of three of
then were obgerved to give the violet coloration of the

reaction, They were rejected therefore, being permeable

1o albumene.

Permeability to Peptone,

| For the permeability test, a 5 per cent solution of
Witte's peptone vas used in series A and B, and for series
¢ and D silkepeptone was employed. The latter series ha@ |
alreadyvbéen atandardised by the manufacturer before |
being issued.
Procedure.,

The f/
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Frocedure, contd.

The jars were sterilised by boiling, after which
fhey'wefe filled wit# 10ccs. of distilled water, as dial-
"ysing fluid. The dialysing tubes were in the first
instance waghed freely under the tap, and theﬁ boiled
for one wminute in a‘beaker, each tube Dbeing boiled
separately. The tubes were then charged with b5ccs. of
peptone solution, and, after their external surfaces had
been washed with distilled water, they were placed in the
jars. The dialysing fluid and the contents of the tubes
were covered witli a layer oi toluol. The incubation of
the tubes at &7°C lasted 16 hours.

The Hinhydrin Test.

For the ninhydrin test, 5ccs. of the dialysate were
mixed with *2cc. of the 1 per cent ninhydrin in a test-
fube and the mixture boiled in the water-Dbath. As soon
ag the colour of the solution attained a degree equal 1o
that of the control (described laver) ic. equal to XX,
the test-tube was removed from the bathe. The time and
the progress of the reaction were noted. The test-tubes
were boiled in pairs, soO that they could be observed more
casily. The control employed was made as follows - 5Heces,
of the 5 per ceﬁt peptone solution were added to 1l0ccs.

distilled water and thoroughly shaken, To 5¢cs, of this

mixture/
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mixture *R2c¢c, of the ninhydrin solution vere added.

Tne solution was boiled in the water=bath for 10 minutes,
when it assuned the violet colour already described.
Before the final reéding of the tests was rade the tubesg

wvere allowed t0 stand in a rack for 30 rminutes.

Analysig of tlie Tesise

Series Al

These tubes were not standardised and in the nin-
hydrin test occupied an average of 9«25 minutes per tube,
beforé the reaction was completed.

3 tubes required 9 minutes each.

- - 10 - -

v

2 - - 11 - -

4 :
Average for 7 tubes —,ng'minutes each,.

0

tubes required 6 minutes.

— — -8 -

0

Average for 4 tubes ~ 7 minutes,

e . A £t S Y o P S b P Bt B et

A standard reaction~time of 10 minutes wag aimed at,
ard dialysers which produced a dialysate requiring boil_
ing for more than 1l minutes or less than 9 minutesl
were accordingly rejected. In series A tubes No. 3,4,7,
9,10, had to be replaced by others which approached the
gtandard more closely.

Seriegs BS
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Serieg B. Hot Standardised.

This test proved the most unsatisfactory; pract-
ically only three of the tubes were gufficiently perreable
to pertone.

(a) Tube lio.l was almost impermeable to peptone,

(b) The remaining eleven tubes averaged lle9 rinutes. .
0f thesge Tubes No.8,10,12,‘averaging 11 minutes, alonme
were unsatisfactory. - The others were not ﬁséd,
Series C. | |

These were standardised tubes and were nuch softer

than those in serries A and B.

(a) Average for 12 tubes 906 minutes.

() 6 tubes averaged 10 minutes

or (c¢) 9 tubes averaged 9¢8 minutes.

All thege tubes were used except Nos.8,10 & 12, which
were either too soft or to00 harde

Seérieg De

Thege were also standardised and proved the mogt

satisfactory of all the tubes tesgted,.
(a) Average for 12 tubes 90 minutes,
All these tubes were used.

A retest of these tubes was made after they had been

employed for 10 tests. For sterilisation purposes, they

hed not been boiled, at the utmost, for nore than a totel

of /
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of 16 minutes, during all the testa.
The average for -the 12 tubes was raised thereby
to 109 minutes. Four tubes (Nos.4;5,8,1l)'hadvincreased

their average to 1275 minutes and had to be replaced.




The Sero-Diagnisis of Pregnancy,.

To test the diagnostic walue of the serum-
reaction in pregnancy, a series of investigations were
made in which 109 sera in all were examined, Of these,
76 sera were obhtained frov.pregnan@ cases, before or
after parturition. As controls, 13 sera from healthy 7
normal individuals and a similar nunber from gynaéblog—
ical cases were enmployed. The renaining seven sera were

from the foetal circulation. A1l the sera were prepared

0

as described in the preVious section relating to sera.
The b»lood was dravn under aseptic conditioms and the
oorpgﬁles removed by coagulation and subsequent centri-
fuging. The occurrence of haemoglobin staining in
geveral of the sera is noted in the appended tables.,
The bulk of the sera were less than 10 hours old when
tesgted, In soﬁe instances, however, it was not found
possible to prepare the sera for the tests in such a-
short time as often great difficulty was experiencedvin.
obtaining satisfaotory'sera from non~pregnant Cases as
controls, " With a few of the sera more than twenty~four
hours'eiapsed before they could be used. ‘This however

wag of rare occurrence. Reference to the exceptional

caceg ie made in the text,

Pregnant/



Pregnant Cases.

411 the sera from cases at the ninth month of
gestation (ninéteen in number) were procured within
twenty~four hours before the delivery of the patient
occurred, Those from cases in the 1aiér months of
pregnancy (twelve) were obtained from hospital in-
patients awaiting opevative or ether treatnent, Out -~
door and dispensary paﬁients, who were Trom two to five
months pregnant furnished the other sera.ftwenty-two).
Cafe was taken to select only those cases whicqowé;gifrnm
complications such as mephritis and e¢linically obvious
Ssyphilis,

Eclampsiae. (Six cases).

The blood was collected when the patient was under-
going venegsection, prior to saline-~transfusion, As it
wag found that the blood from thece patients lysed
spontaneously much more rapidly than that from cases of
nornal pregnancy, the serurl was separated in as short a
time as possible and often the test was proceeded with,
in the absence of control-serum, from a nom-pregnant
~ patient.

Abortion. (Eight cases.)

Without exception, in all the cases the uterus had

not/ ,
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not heen explored or the products of concepiion evacuated
beffre the blood was drawn off. Two cases had suffered
severely fwrom haerorrhage hefore their admission to
hOSpital. Generallyvthe pregnancy had lasted from
seventy @o-eigh$y~f0ur daysd before the interruption
occurred,

Puerperium. (iline cases).

The blood was obtained from:-
2 cases on the fourth day after delivery;
6 cases on the seventh day,;
1 cage on the tenth daye.

Foetal Circulation. (Seven cases).

For this series the blood was collected from the
placental segment of the cord immediately upon the sever-
ance of the umbilical vessels after the foetus had been
expelled firom the mother, All the sera were from

full time pregnancieg.

The bulk of the above mentioned cases were patients

of the Maternity and Sanaritan Hospitals, Glasgow.

Gynaecological Cases. (Thirteen).

Pregnancy was excluded in all these cases by careful .

clinical examnination.

*  The blood from the eight cases of new-growth was

drawn off several days before the patient was operated on.

The /
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The clinical diagnosis was confirmed by the patholigical
examination of the specimens after tle operation. The
four endometritic cases were examined in the wards prior
to bperative treatment or in the @épensary in the case of
put-door patients. A bacteriological exarniination of the
gonorrnoeal case was not made, the diagnosis being merely
clinical.

Sera from normal females (eight) were obtained from dis-
pensary patients who were free from septic processes or
from turours. Usually they attended for the ad justment
of a pessary for a uterine displacemnent.

Four of the sera from adult males were procured from medical

officers or attendants of the above mentioned institutions.

One serum wag drawn from a patient suffering from locomotor-

ataxia.

4
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Procedure,

Prelininary:-

The laboratory in which the investigations were
conducted was reserved for the work alone and no bacter-
iological or other work was performed in it. An incubator
was also set apart for the tests. Contamination there-
fore from bacteriological and other sources was to a great
extent excluded, as Abderhalden stipulates should be the
Case. All apparatus employed, such as jars, test-tubes,
pipettes, forceps, was sterilised in boiling water, while
the dialysing tubes were hoiled for one ninute in distill-
ed water irmediately beBore use. Only proved tubes were
used (cf. Standardisation of Dialysing tubesg). They
were regtandardised after every ten tests for impermeab-
ility to albumen and perneability to peptone, and those
showing rmech alteration in their permeability were rejected,
As a dialysing fluid, sterile distilled water was used in
all the tests. | _

The serum from pregnant cases was tested in conjunct-.
ion with that from.non-pregnan@ cases, generally three of
the former were grouped With one of the latter. Occasion- -
ally a non-pregnant case was not available, and the other‘

sera were then tested alonee.

Methodd
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Method,

A routine method for the preparation of the substrate,
se?umAand dialysers, and for the performance of the
experiment, was adopted in erder to reduce to a minimum,thé
rmanipulation of the specimens, and the time required in
their preparation,

(a) All the apparatus having been sterilised, the jars were
Tilled with 20cocs. distilled water as dialysing fluid, and
tﬁen nurbered,

(bv) The placental substrate was rermoved from the capsules
and dried between a couple of sheets of filter paper.

To 10 grns. of the substrate 20.ccs8. of distilled water
wag added and the mixture boiled for 10 ninutes in a
beaker. After filtering it was dried and divided into
*5gri.e quantitiese. The filtrate was preserved and tested
with ninhydrin for the presence of diffusible protein
Products, To 5ceg. of the filtrate <bcc. of the 1 per
cent ninhydrin solution was added and the mixture boiled
for 10 minutes in the water-bath.  Where the violet
coloration indicative of positive reaction occurred, the
placental tissue was boiled again until a negative reaction
vas obtained. A pbsitive reaction to ninh?drin was often
observed at this stage of the procedure when the water from
the subsgtrate was tested. But it was rarely observed after

the/
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the firgt boiling, and was at all times got rid of before
the substrate was used in the tests, On a few occasions
this proved impossible and the sgpecimen was rejected,

In the earlier experiments eb5grm. of substrate was
used in the tubes, but later the quantity was increased to
lgrm, Larger anounts were frequently used (3 to 5 grm.),
where placental tissue was used as a control, without
Seruma. The substrate was introduced Into the dialysing

ubes by means of a pair of forceps and was never touched
directly with the hand.

(¢) The serun prepared as already described, was divided
into two equal portioneg, one half being heated in the
water-bath at 60eC for 80 minutes in order ito inactivate
tle ferments. The serum:was pipetted into the dialysers
with sterilé pipettes. lebces. being placed in each tube,
(d) The exterior of every tube and algo the inner edges of
its orifice were carefylly washed under a strean of dis-
tilled water after the tube had received the serum or
placenta or both. This precaution was necegsary to pre-
vent contamination of the dialysing fluid from serum or
placental tissue which night have soiled the exterior of

the tube during the filling process. The tubesg when filleéd
were irmersed in the dialysing fluid in the jars.  Toluol
was then noured over the surface of the water and into the

tubes,

(e)/ | |
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() When a series had been completed as above aesceribed,
the tubes were placed in the incubator and kept at 37+C
for 16 hours.

Order of Test,

The tubes were arranged according to the scheme
detailed below,

Unitnown Serun for Diagnosis.

Tube 1o (I) (Placental Tissue:- e5grm. -
(Serum (fresh) le5ces,

(2) (Placental Tissue:~ e5gri,
(Serum, inactivated:- lebccs,

(8) (Serun (fresh) le5cCa,
(4) (Serum, inactivated:- lebccs,
(6) (Placental Tissue:i- *5grm.

(Control)
Known Serum from Non-pregnant Case.

(6) (Placental Tissoue = o5grm.
(Serum (fresh):- le5ccs,

(7) (Placental Tissue:- «5grm,
(Serun, inactivated:- ledces,

(8) (Serun (fresh):~  1le5ccCe.
(9) (Serum,inactivated:- 1°5c¢cs.

As autolytic processes were liable to occur in the
biood within a very short time after it was withdrawn from
t¥e patient, usually within twenty hours, but seldom less
than ten hourg - the serum had to'be separated from the

corpgﬂies in as short a time as possible, and introduced
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into the dialysers without delay. It was not possible to
difrertiate by the ninhydrin reaction the diffusible ro--
cucts resulting fron the autolytic decomposition of the

serum albuning from thoge derived from placental tissue

—

by the interaction of the serun and placenta. To avoid

tlhiis complication fresh serum was always used, Seldonm

=

g
@D

il than ten hours elapsed after it was withdrawn from the
patient before it was placed in the dialysers.

@ix}sera were exarmined to determine the time of onset
of spontaneous decomposition. The detalls of this investiws-

fation are given later.

Controlsas

As the test depends upon the demonstration of ninhy-
drin reacting bodies in the dialysate, after the interaction
of serum frow the pregnant individual and of placental
tissue, turee types of control are possible;

(a) A serum from a non-pregnant individual which,
being presumably devoid of the proteolytic fermentg, will
havevno digesiive action upon placental tissue. o diffus-
ible protein producte Should occur in the dialysate when‘
suclh a serum is brought into contact with placental sub-
stréte and incubated. A

(b) The proteolytic ferments in the serum of a pregnant

2 s e to a temperature
person are rendered inactive by exposur , i

of / )
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of 60°C. Such a serun can have no action upon placental
iscue and(if incubated Wlth it in the dialysing tube) the
dialysate of the control ought not to contain ninhydrin
reacting bodieg,
(¢) The gerum, fresh 4r inactivated, and the placental
: not”
substrate when placed in the dialyser separately oughitysto
miroduce ninhydrin reacting bodies in the dialysate.
Should a positive reaction occur, it is due (1) in the
case of the serum to diffusible protein products res ult—
ing frou the autolytic decomposition of the serum proteins,
(2) in the case of the substrate to decomposed protein,

efe hlood, the substrate not having been properly prepared,

The Hinhydrin Test of the Dialysate.
On the cormpletion of the incubation, 1l0ccs. of the
dialvsate were removed with a sterile pipette from each

jar, care being taken to leave the toluol. The contents

of the pipettes were placed in sterile test~tubes which had
been carcfully selected, so that they were all uwniform as

regards size, bore and the thickness of the glass. To

each “uba ;gcc. of a one per cent solution of ninhydrin

wag added. The tubes .wel'a.e then placed in the water ahd

boiled for ten minutes after which they were removed and

allowed to stand in a rack for thirty minutes. During
this seriod it Was'usually noticed that where the reaction

OGCurred/
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occurred the violet tint of the golution became more pron-
ounced, Né note of the result of thé test was made until
the half hour had elaﬁsed. In cages where the result was
doubtful a further 10ccs., of the dialysate were drawn off

and boiled with ninhydrin.

hxplangtionsg of Symbolg Occurring in the Following Tables.

Dislyser Contents.

St~ Serum.

S? i~ Serum, inactivated.

P:— Placenta.

SP:~ Serum ana Placenta.

Stpi- Serum,inactiVaied, and Placenta.

Hinhydrin Tesgt of Dialysate.

X:- Faintly Marked, Reaction,
XX:= Marked Reaction,

XXX:= Very Marked Reaétion.
O0:= Ilo Reactione.

Anomalous Reactions:- the colour reaction.im
such cases departed frOm.fhe usual violet coloration
and was either reddish or pinkish blue.

xs~ Faintly Mérked.
xx:~ Marked.
XXXs~ Well Markedes
lickeg as to'haemoglobin staining and the age of the sera

are to be found in the columm headed "Remarks".
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The Sero-Diagnésis of Pregnancy.

-Synopeis of Cages Examined.

ToBLE Ge

R B R L L. B (e T Résuiﬁ w-'-o;:fr Test s ; -
Source of Total Cases
| Serume Examnined, Negatulve, Positive.
f Pregnanecye. 53 14, ; 39,
% Eclarmpsiae Go é Re ? | 4a
" Foetal- » ‘
i Circulation. 7e e Se
~ Puerperium. | = 9. 4. 50
: Abortione 8. | 20‘ . 60
ileml L |
g FelﬂaleS. _8. 5. W i 3.
z : - ‘
§ Endometritis. 4, 35 l.
Ovarian Cyst. le : le ' Oo
Uterine .
Fibro:ﬁd. l 3.' 20 ' l'o
Carcinona . ‘ ~
Uterie 4, S » 1.
Gonorrhoeal ' 1 o o
Vaginitis, 1. 1. : .
| Malese . 5e 3. S,
{ o j
: : |
! § |
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TABLE 78

Cage | Source of T
o, SeUlhe SePe

i

S'ePe Se - St, P. | Remarks.

P ETRRT S EOTTEN R N

1., | X ara. | XX. 0. Ow 0o ¢ 0. 11 hours old.
‘(iline Xonths)| j .

B
N\

o, |1 A8 | XX,

, X | 0, Xe | 0. do..
(liine Months). i

5. 1 ara. - XXe Oe 5 O | 0. | O . do.
(lline Months); | | E

4, | Hale. - o 0 0s 0. | 0. “do.

' '!
""""" R T |
5. X ara. - XXX. X | 0. | X< | 0, =9 hours old.
(lline lionths) g ! ' ;

(liine Momths)
S| . | { ,‘
" Te E X ara. L XX. Oo i O. f Oe | O do.
(Bight : ' . '

Months)

.6. i X arc . : XX. : '0. E ‘Oo Z ‘O. ‘ O. dOO

jEndOmetritiS-é O % 0. 0. Oe O 18 hours old.

9. Abortion, XX, E‘ ). . SO Xe Xe : Placental
(Three Months : : e ~ substrate
- P , ‘ . negative to
10, X ara. Xe | Oe | 0O« = 0. | Xo | ninhydrin
- (Six Months) : ; . before test
’ ' : was nade.

Nt

ll., : 1l arae Xe Oe ‘ ,X. Oe Xe
 (Five Months) = : S

12. = Normal . 0. 0. | 0. 0 | X
‘ Fermalee . P g |




Case
lio.

15,
16,

17.

18,

19,

TABLE 7. (Conmtd.)

Source of
Selume

1l ara.
(Nine Months)

X arae
(Three HMonths)

Male,

1 arae
(Eight lMonths)

Abortion.
Eclampsia.
‘Gonorrhoeal

Vaginitis.

X ara.
(liine lMonths)

Puerperium.
Abortione
1 ara.

Ma le -

1 - i P
SePe | S'ePe = Se | S' P. . Remarks. -
i ,,,,,, ke -
XX. | 0. 0 | 0. 0. ' Twelve hours
o old. :
!
Os | O. Oe Oe Oe doe
| - ‘
X%, | 0. | Ou Oa 0e  doo
i ; ,
XXe | o= e, - ~ . 19 hours old,.
i .
i i
X | - - - X. | Haemoglobin
5 ' Stainede.
XX. r Xe - X. X . Placental
? substrate
i negative
Qe : = - - X. when tested
‘with ninhydrin.
XX. - bl = Xo
. XXe é - - -~ - ; Fourth Day.
XX o : Oe . i O Ooe On '
Cox. 0. 0. | 0. Oe




TABLZ 7. (Contd). f
J
o ; ! L e
Case Source of ; ; ; f . :
Ilo. Serurie ; SePe : S'.Psa | Se - S'. Pe. Remarks.
25@ : X arae % Xo . Xo ]‘ 0. O. Oo k
“(Six lionths) ! ‘ : ‘
Z6.  MNormal Female O. : Oe E O. 0.  0Ou Haeﬁbglobin
' : ; . Stained.

7. X arae . XXe = X« 0. X« 0.
(BEight Months) ~ ;

28; f X arae . Oe : O. ; Oe O. O.
~ (Wine ilonths) ? :

29, Endometritis. = XXo. : %X, 0. 0. ' 0, Sizteen
‘ : i y © hours old,

50 Ovarian Cyste. ( O« Qe a 0o 0. , 0o Sixteen
‘ ' ; o hours olds

5. X ara. 0. 0 | 0o - 0. 0. do.
- (Four IHonths) : cL . - ‘

T 82, J X arae é Qe Oa : O. ’ 0. Oe f doe
- (Two Months) : ‘ s : : .

“53. Abortion, E - Xe O« ,ﬁ 0. ' 0O« i 0.  Haemoglobin
i 7 o » - Stained.

34- Normal % xo _ ) X. f Qo 5 X. : 00
: Female, v : : ? | :

350 Endometriris. : Oo ? Oe % Da é 0. : Oe
i i i i

56; X 27 e 1 ::}{Xo - ‘ X.‘ : Xo j X. ! O.
© (Six Months) : % ‘ - .




TABLE 7. (Contd.)

Case Source of ) ' f ! |

lio,. Seruite :SePs | S'.Pe . S, . 8'. : P. | Remarks.
. S . . e :
-

87. 1 arae | XXQ ; Xe Oe A Oo’
(Eight lionths) : ;

58 X arae . 0u | Xe | = _ = ' <« THaenoglobin
- (liine Ifonths) ! ; ! g Staineds

59¢ 1 2¥0a ) Xa
(Three lonths)

40, Abortione O | - .- i
: !

41, X ara. .o SN - - = 17 hours old,

(liine Months)

42 X ara. | O.i - e - - 17 hours old,]
Three lionths) ' "« | - : i '
43 . Abortione | Os - f ~ - — 1% hours old,
(Three Months) f @ ‘ i _
4,  Male 0. = - - = | 9 hours old,
* (Loco~not or ; o 5 '
Ataxia) !

45. X ava. . Xe - = | xe = = 12 nours old.
. (Five Months) ' : : :
| j | o

46, - %Eclampsia° O - o= = 512 hours old,
" 0. ? "Ou '3 06’5 i do.

b f !

47, |Uterine . 0ei Oa.
Fibromae : %

i

i
1 , | |
: { H SR O o : i
48,  lNormal Female : XX - X = = doa




TABLE 7. (Contd,)

}
Case Source of i
0. Seruie ‘

n
.
av}
L]
0
[ ]
av)
)
n
[ ]

49, 1 ara.
(Iline Months)

ERS S — i
R o
1

50, Eelampsia..  Xe ; - . xX.

51. Hor:ial 0. 0. 0.
Fermale. ’ : ?

524 Endonetritis. | Qe L - , - ;

5354 1 arae Xe Xo Xe s - i
(Three Months) , ' S
| |

54, Puerperiume ; O C - - =~ | = | Tenth Daye '

55, Eclampsiae XX. b - . = = . =  Haeroglobin |
; : ; ‘ i ; vj Stained..

{ . ' i . ;
b |
: i

(Four Months) i } j 5
570 EclarllpSia. v Oo ‘ - ‘ - ; had ! X.;

58@ 1:".‘8;3_4840 ) . ;
(Tlmee Iu’TOn'bhs). Qe . Xe R - a X

590 Abortion. : X. Oe , Oe . Co Oo

O0e O,

60,  Abortiome ' Xe | Oe - Oe




- 58 - s

TiDLE 7. (Contd,) ' |
. e e .. q‘ . o ,: ' . ' . ‘ —- . ; ) ’ - .,.»_1
Cage Source of ‘ E v : i
li0e Serurle ; SePe | S14Pa | Se { Sf. f P. Remarks.
. ; _7; i . SUR— ","m__,_w.WN,"_j.f;f
6la Puerperiuii. . Qe Oe } 0. | 0. " 0. | Seventh Dayo"x
| : |
02. Foetal . :XX. O. f‘ OO ’ O. Oo / o
Circulation, _ o | i
63,  liormal Xe  Oe | Oe | 0QOe& O Haerioglobin
Female. o ; Stained,

644 X arde XXX, Xe De Oe Oe
(liine Months) :

654 X arce x O0e | O0e  0Oa Oe Oe
(Eight lionths) o

66, Uterine X X X. ' X+ = '25 hours old,
Fibroma, : o ' g
‘.

67, liale. 0w ¢ 0. 0. ' O 0e ' 9 hours olds

- 68, Eclampsiza. . XX , - é - - .7 do.
:-~ e e e ,5_ - o : ‘
. 69 1 ara. Xe | -~ | = = =  Haemoglobin
(Three Monthe) - § ; i ; ~ Stained,
‘ : i i ; ? , .
S T0. 1 ara. ' 0, | - - A ‘Haemoglobin
- (Nine Months) - 3 . Staineds
| SR R R
'; : |




TAPLE 7. (Contd,)

Case
l10.

71a

754
766
774

78,

79.

80,

sSource ol 7 |

Serun. %

X ara. ‘
(Five lonths)
Puerperium.
X arae . .

(Five lonths)
Normal
Female,
X arae

(lline Months)
Puerneriulls |
1 arae

(Five Months)
Foetal
Circulaiion.i
1 arae

(liine Honths)

X aras
(Wine Months)

- 59 -

- Se

S'. ! P,

Rer’ﬂ&l‘kﬁ- o

X. ( Eadl — — —
X. - -1
i
|
0o O | 0O, 0. .
I
|
I ;
| ,
Oe ~ E - -
OQ - { ‘ X.l -
1. B o _
XXXe o= o= =




TABLE %7 .

(Contc,)

Case

T
110 o

8l,

83e

84.

85,
86.
87,

88,

89,

90,

 Three tonths)

Source of [
Seriurie !

Foetal
Circulation,

Foeta
Circulation,

Puerperiun.

X arae :
(Eight Months) .

Carcinoma
TUterie.

Puerperiun.
X arae. @
(Eight lMonths) ;|

ara.
(Three Months)

X arsa.

Foetal
Circulatione

0.

Xe

0.

X.

X.

Oe

— 00 =

S'ePe  S. | S'. P.| Remarks.
S S S R —
f ! ‘ -
L= L= -~ -  Haemoglobin
§ | Stained.
- ; - - - . Haenoglobin
} i  Stained.
- 9. 0. 0. O.g Seventh Day,"f
oo ? L o
i | |
i ‘ 5
0. © O0a | 0Ou | 0u ;
| f 1
- fo- - -~ . Seventh Day.{?
Qe 0. O. O.f Haemoglobin f
%X, | X ' X. | 0. Haemoglobim
' 5 SR Stainede -
e T
i ] ;
0. 0Oe | Oe | 0o
. L
| i
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TABLE 7. (Contd.)

Cape Source of

oo Serurle SePo St.P. C Se f, St P. Remarks.

h
)
S

91' ; 1 alce X. 1] : — L - ‘ - . 11 hours 01d°
- (Three Months) :

92, 1 aree . XXo - Coee - ~ 11 hours old,
(Five Momths) L :

95.  Foetal Xe . = | X. =~ | = _ 25 hours olde.
Circulation. : ; ?

94, X arae X. ) - - - ¢t 11 hours old,.
(Four Months) ‘ S . . 5

954 Puerperiune XXe A ; - we X,f Seventh Daye.

' A
1

96, Normal QOa : - - L X. :
Female, : u ; |

|
97 alde X. - : - ! - o= i. Xo E )
(Five Months) . i ; L ' o

98 X arae. L XX, ; X. f._ | .
(Three lomths) : |

99, Uterine . Os d ~é Xe o o
' Fibroma. : ‘ R » | ‘ . | {

iblOO. Carcinona . 0. é O %/ 0o QQ.(. Oe |

Uteri. ! ’
"
— S — o ~— ,JL-. S SO :




104.

105,
106,
107,
- 108,

" 109,

Source of . !
Serurie

X arae

(liine lonths)

X arae
(Six Months)

Carcinoma
Uteri..

Puerperium.

1 ara.
(lline lonths)

Foetal
Circulatione

X arae
(Three Monthg)

Carcinona
Uteri.

X arae
(Six Months)

O.

XX.

Oe

XXo

- Qe

- 62 =

S'ePo

Oo

.
3 Oe

0.

Oe
; Xo
5 Q.
; Oe

Se ' S',
0. 0.
0. 0.
0. 0.
0. 0.
Oe 0.
X. O.

X. XD

" 0e - O

Po

Qe

0.

0.

Oe

0.

Oe

Oe

Oe

Qe

Remarks, -

Seveﬁth Day »

.Haemoglobin
+ Stained,

gHaemoglobin %
Stained,
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The Sero-Diagnogis of Pregnsncy.

T/ABLE 8
Pregnancy. Totel fifty-three casges.
Fourteen sera reacted negatively ie, when the fresh

serur anc placental extract were allowed 10 interact no

diffusible hodieg which reacted with ninhydrin appeared
in the dialysates In the later monthg of pregnancy the

reaction was nore marked than in ths

{
<D

arlier months,
Twenty=four sera from cases from the sixth vo the ninﬁh
month gave a positive reaction. In eighteen of these the
reaction wes Mmarkad" or "well marked". Of the twenty-
two cases. betwecen the second and fifth months, seven gave
a negative reaction, itwelve reacted faintly and in three
only was the reaction "marked". The case from the second
month of pregnancy was not secured gt a later date fér
further exanination. o cases were obtained at a period
of gestalion éarlier then the second month pregnancy.

The dialysates of the serui-contiols of six of the
caseg reacted positi&ely vith;ninhydrin,'althqugh in one
of these cases the serunm produced no diffusible bodies in

the dislysate when it was exposed to placental extract.



T;’;BLE 8 o (C O]’l"u d. ) -

:  Duration of
; Pregnancye.

JNine Months.

Eight Months.

Six Months.
Five lonths,

J o

G

Four Iionths.

;Three Months.

Two Months.

- G4 -

-

/nalysis of Results of Pregnant Cascpg Exanined,
Number of Cases IExamined ~ bHd.

Grade of Reactione

Oe

Reo

L,

1o

\5,

19'

Xe

l.

Lo

6a

O.

le
1.

0.

Qe

XXX,

i

! 4o
0.
1.
0.

:

0,

Oe

[

Totale
19.
7o

Se

70

1le

1.
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.

AB et e

Q

Bclampsias total six

c?

The dialysates of three 0f4 he sera reacted markedly
7ith ninhydrin and one faintly, Of the serum-controls, two
produced & reaction. In one (18) the controls of inactiv-
ated serun reacted and in the other (50) the reaction

was produced by the fresh serun control.

Abortion: total eight cases.

Six cases were positive but two only were "marked,
In one case the serun controls produced a reactiom with
ninhydrin when all three controls as well as the placental

control reacteda

Blood from Foetal Circulation: Seven cases.

Two cases were negative. Three sera were haemoglobin
stained, The fresh serun control reacted in ilo.(I06).

n cagse 0.93, where it also reacted the serum was twenty-

I—-—l

H

iv

@

hours old.

Cages in Puerperium: Nine Cages.

Five cases gave a positive reaction. In none of the
controls was a dialysate'observed to react with ninhydrine.
The sepum Fro: the case at the tenth day of the

puerperiun, and three of those fron the seventh day were

negative in reaction.

,qynaecological/
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C—ynaec Oloﬁl cal Cases,.

Encometritis: TFour caseg,

One cage (R9) was positive., The serum was sixteen
hours old and in the "Inactivated serum and placenta.

control the dialysate reacted positively with ninhydrin.

Crowthg: Six Cages.

[ Y]
oy
@
>

Two of the sera reacted positively, In two of the
cases the serunm controls reacted, viz! lose 66 and 99.
In the former casge the serum was twenty-five hours old,

all the serun controls yielding diffusible bodies in

the dialysates.

Horrmal Ferales: Eight Cases.

Five cages gave a negative reaction. Of the three
pogitive cases, the "inactivated" serum;controllin one
(34) and the "fresh" serum~control in another (48)
produced a dialysate which reacted with ninhydrine

The latter gerum wags twelve hours olda

Adult Males: Five Cagceg.

Two out of five casges were positive. 10.15 had
heen tested on two occasions previously with similar
result before it was included in the series. As it

oresented a narked degree of lipaemia, another serum

was/



wags selected (lo.44) which also showed sone lipaenia.
The latter serunt however produced no diffusible bhodies
when exposed to placental substrate. Ilone of the gerun-

controls 1n these cages reacted with ninhydrin,

Serurm Contirolse.

The dialysates of the serun-~controls in twenty-
eight cases reacted with ninhydrin as follows:=—

in all three controls -

(&3]

in the "inactivated serum" controls - 12

in the fresh serun~controls - o 10

A reaction with ninhydrin occurred in the dialysate
of the placental-extract control on four occasions
involving thirteen seraa

Age of Sera.

Two sera ﬁefe twenty-five hOufs 0ld when tested
and gave a positive reaction in the gerum~controls,
Three sera seventeen hours and one nineteenm hours old
préduced no reaction in the dialysates of the serum—
controlg.

Reactions occurred in the controls of sera which
were nine, eleven, twelve, and sixteen hours old
regpectively.

Haemoglobin /
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Haemoglobin Staining.

Fourteen sera were exanined which were stained
with haemoglobin., Im nine cases the reaction was
positive, and in three cases the serum controls reacted

.

positively.
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H.

The Sero-Diagnosis. of Pregnancy.

Factors Regarding the Seru’», Substrate and Dialysation

influencing the ibderhalden Serum Reaction.

Age of the Seruwm and Temperature of Inactivation.

The age of the serur, or the period at which it .
ig exanined after it is withdrawn from the patient,
and the temperature employed to render it inactive,

influence to a great extent the reaction of the dialy-

sates of the serum~controls towards ninhydrin.

The influence of the factors discussed above was

investigated by a series of tests which were made at |
varying intervals after the blood vas withdrawn_fme
the patient. "Inactivation" was studied by varying the
tenperature of the Watef~bath from 50-60 degrees
Cantigrade, and the period of exposure from 15 to 60

ninutes.a

The behaviour of the sera already investigated
suggested that these factors varied somewhat with sera
from different sources. The sera from normal caseg were

apparently more stable or less liable to autolytic

decomrosition than those from pregnant and other patients.
ar

In/
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In eclampsia and in the case of blood fron the foetal
circulation the serum proved to be less stable than that
froﬁ,patients with uncomplicated pregnaney.

Abderhalden stipulates that‘thé serun for the
-inactivated serum controls should be heated at 60.C,
but he does not indicéte how long it should be exposed

to that temperature.

Freezing of the Sera.

The effect of freezing temperatures on the sera was
investigated in order that sera night be properly stored
for further examination. UTight sera were stored ahd
exanined at intervals of thfee, five and éeven months.
In addition ©¢ the above inQestigations,'a gquantitative
examiﬁation of the relationship df serum and a placental
extract was nade, and also of the progreéé of the re-

action during prolonged periods of dialysation

Age of the Serum. TABLE 9.

| Seven seprun were kept at room temperature for vary-
ing intervals of time, after which they Wererexamined by
the dialysation method. The blood was withdrawn fromvthe
patient under aseptic conditions, and stored in stefile
tegt~tubes which were éealed with cotton wool. Three

L

~a were ohtained from pregnant patients, two from
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cases of eclampsia, one from the foetal circulation,
and one from a normal ferale.

The seré from cases 1-5 were separated immediately
from the clot by centrifuging aftef théy were withdrawn
from the patient. The blood from cases 6—7 wés
divided into two parts, one of vhich was centrifuged
and the Serﬁm separated; with the other, the serum
was allowed to remain in contact with the clot for a time
vizf 10 to 25 hours. The sera Were tested with placental
extract at intervals of'ten,vfifteén and twenty-five |
hours, by the dialysation method. Controls of fresh
and inactivated serum were employed.

In all the sere, little effect on the ninhydrin
reaction was noticeable, vhen the test was made within
- fifteen hours after the blood was withdrawn from,ﬁhé' \
ratient. The serun from the eclamﬁtic case‘(No.S)
produced a reactioﬁ in the dialysates of the serum
controls after it had stood fifteen hours before being
testeds When however ah‘interval of twenty-five hours
elapsed before the serumfwas examined, aAreactioﬁ to
ninhydrin occurred within the dialysates of the serum
controls in practically all the cases.

Tn cases (6) and (7) where the portions (b) of the

blood were not irmediately centrifuged and the serun

was/




wag allowed 10 remain in contact with the clot for ten
and twenty~five hourg regpectively, a reaction occurred
with all the dialysates after a period of ten hours.

These portions of serum were haemoglobin stained.




Source of
Serum

X arae

X ara.

Eclampsia.

15
43}

- 7% -

The Age of Serun.

Degree 6f llinhydrin Reaction.

hours old. XXa

doe
do.

f

hours o
do.

do.

1d. XX.

hours o©

dOe

do.

do.

do.

1d. Xe

10 hours old. | XX.

i
1

H
'4;—“""‘"‘7"“"‘"‘*"“ et o

0.
0.

O.
X.

At S A s orim ¢ o o 4 e = oo it e ¢ e

Q.

O.

i

SePe | S'.P.! S. } s'.
|

0. 0. 0.

XX. 0. 0. O
XXX, : 0. XX. O.
0. , 0. oO.

X. 0. 0.1 O
XX. XX. | XX, | XX.

0.,
0.

X.
Q.
"O-

O?

0.
O.

SO

Remarks.ff

0.
Oe

0. |

O.

O.

0.

O.
O.




T.BLE 9,

(Contd.)

Source of

Serull.

Eclampsiae.
10 hours old.

15 do.

25 do.
Foetal Circulation.
(2) 10 hours old.

25 do.

(b) 10. do.

25 doe

Normal Female,.
{a) 10 hours old.
- 25 do.
(b) 10 hours old.
25 do.

|

~ 74 -

Degree of Ninhydrin Reaction. . :
; I R e TR
S.P. S'.P., S. . S'.  P.| Remarke.
| f | - |
XX.  X%. | 0. | 0. i oO.
Eo
YL)(. XX- | IVXO ‘ X.‘ ;‘ .O.
g <
XX‘ }(Xo XX. X- ! O. If
N . e .
| i(e?
. | e
XX. | 0. Xe 0. | 0. {For 10-25
: L. b hours res-
XX. @ XX, XX. . XX, | 0. pectively).
. ' : { !
tll
X. XX, XX. XX. | O.f&Retained in
: ; ! contact witk
XX. . XX. XX. | XX. ©  0.: clot,’ '
: : : Haemoglobin
| ‘ é . stained). .
0. 0. 0w ' 0. | 0.
0. 0. X. . O. 0. |
XX. 0. | XX. @ O 0. (b)Retained
| ; in contact
XX. : XX. XX. ' ‘XX. O. “Uith ClO‘tS
: ; for 10 & 25
| ! ‘hours respec-
1 | itively. -
: ; ‘Haemoglobin
; | gtained.
N 0 R S S— S
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Inactivated Sera.

Four sera from pregnant @%?%;were examined.
(a), (b) and (¢) were fresh sera less than ten

hours old: (d) was twenty-five hours old before it was
used. All were divided into four portions (a), (b) and (d),
were each héated in the water-bath at 500, 550, 57°, 600C
for thirty minutes. With (c), the water~bath was main-
tained at a temperature of 60°C andvhe portions of serun
werevexpoéed‘at this tenperature for varying intervals of
time, viz: 156, 20, 50, 60 minutes. 1-5cce of the heated
serum were placed in the dlalys.lnb tube with lwwm. of
placental extract. As a control le5ccs. serum were dial-
ysed in a tube alone without the plaoental extract.

Twenty ccs. of distilled water weré used as dlaly ing fluid.

Toluol was uged as in the pwovs_ow~ experlments. The sera
were incubated for 16 hours at 87C. With the ffirst three
sera (a,b,d,) only those portions of serum heated at 60°C
for sixty rinutes were completely inhibited, so that no
reaction occar“ed hetween the dlaljuaLEQ and ninhydrin.
With those heated at 57°C, diffusible bodies reacting Wlth
ninhydrin occurred in the dialysates, but to a less extent
than when the sera had been heated at 509C. In (d) h0wever,
the reaction was present in all the dialysates heated from

50~60C. Serum C gave reactions in the dialysates of the

portions/



portions heated at 60°C for 15 and 20 minutes regspectively.
No reaction occurred when the serum was heated for 30

and 60 minutes.




Y

TABLE 10. The Inaciivation of Sera.

. Sera (a), (b), (d) exposed in water~bath

for thirty minutes] temperature varied.

Degree of Reactione.

e t v St e i e i

‘Temperature of
Inactivation.

N - e e e w e = — ,n_v...u..i» - _.._1‘,.7 - ‘
50°C. _ XXo 0 = XXo| 0.
55" C. . & Os XX, 0.
57°C. C o 0.  X. O.
: i
60°C. 0. 0. 0. 0.
o
| | ’ f
‘ U SRR ISRURPR z
Serum (c¢) exposed in water-bath at 600C.
Time of exposure varied.
| : Duration ‘ Degree
‘ of % of
‘ Exposure., - Reaction.

lebcea. ] 15 minutes. : XX,

serun |
at 20 do. | XX

30 dO. i . O‘

60 do. | Oe.

?4935?.".5 * i S rf(?;gftn E g'?-sd_ﬁ"
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Refrigeration of Sera.

L]
)]

ilghl sera were lected and stored in glass phials in

the refrigerator for periods of three, six and seven months.

[T

Twvo of the sera (7 & B) were seventeen and twenty-five hours
old re ctAvely, before they were placed in the refrigerator.
The others were fresh sera, that is, they were less than ten
hours old. éErun 110.8 was haenoglobin stained. Before‘the
sera were placed in the refrigerator, portions‘of each were
tested by the dialysation method, and the reaction of the
resulting dialysates towards ninhydrin recorded. When re-~
moved frow the refrigerator they appeared to have undergone
1ittle change as regards colour and transparency. The sera
were carefully thawed, and afterwards their action upon
placental extract was exaplaed by incubating in dlaljsing
tubes, When the ninhydrin reaction of the dialysates was
compared with that of the unpefrlgeﬁaued pO“thnS pfeviously
tested, little chénge was noted except that the reaction in
Nog.7 & 8 was nore pronounced than in the first test. Some
discrepancy was also noted in the reaction of the serum.controlé,
The sepa selected were from pr regnant cases. In all of v

them, except in the cage of the abortion, the pregnancy was

unconplicated.
Pregnancy, 5.‘
Abortion, 1.
Puerperiun, ' I.

Foetal Circulation, 1.




Cage
M0a

1.

Source of
Serum.

i aTae (a)

(b)

X ara. (a)

(b)

X ara. (a)

(b)

XX.

XX.

S'P.

0. |
O

0.

Oe

Q.
X,

Foetal Cir~
culationa

(a)
(b)

X.

Abortione
(a)

(b)

X.
X.

5 XXe

i

XX.

|

| :
{

Xe |

i

0.
O

Se

0. |

Xo

Oe
0.

Oe
0.

Oa

O T

. 'S'.

Oe
0.

Oe

O.

O.
X.

O.

P.

Oe
0.

0o
Ou

Oe
Oe

O.
0.

 Remarks.

- Fresh Serum.

In refriger-
ator six
nont hS y

Fresh Serum.
In refriger--
ator six.
rnonths.

. Fresh Serum.

In refriger-
ator seven

- months.

i Fresh. Refr-

igerator six
months,

' .O_o

i
0.
i
i
!
0 . :
|

O

O.

0.

Qe

I
:

PR

Fresh. Refr;»
igerated
three monthaf
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T, BLE 12 (contd,.)

g e ;  Source of - , , , ' R
fo. Serum. . Se.P. S'.P. S. S'. | P. | Remarks.

1 : -~

. - Puerperium. (b) @ . X. Oe ‘ 0. ' 0O0e 0. | Refrigerat-
: : | i - ed 3 months

%

Fresh.Refr~
. : ‘ ‘ ‘ o : igerated
(b) | XXX, X. XX. X+ . Oe {3 months,

f |
! |

Oe | Fresh. Re=
frigerated.

.1 ara. (2) | X. 0. . 0. | X

: (b) 7 XX; o X—. E Oov : Oa ; Oe 7 lnonths.‘
f o s , { o ; ,
B 3 o
o ) f | I
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The Relationchip of Serwn and Subsgirate in the Reaction.

At

The relatipnship ol serurm and substrate in the
reaction was studied by a series of quantitative tests,
serum and placenta being varied in amount.

(1) Fresh serum and placental extract were placed in
separate dialysing tubes, R2+bcCs. serum, and 2<5grms. _
placental éxtraot being used, The tubeg were lmmersed

in dialysing fluid in the gsae jar. Toluol was added as
before and incubation was carried out at 37.C for 20 hours.
Three control tests were conducted simultaneously.

(a)FPesh Serum 2-5ccs. )Dialysed in separate i
Placental Bxtract 2°5gzrms.) tubes in same jar. -

(b)Fresh Serum 2e5ccCs. *)Dialysed in the same
Placental extract Z-5grms.) tube,

~

(¢)Fresh Serum 2.5ccs.
(d)Placental extract 2+5grms.
At the completion of the period of incubation, 5ccs,
of fhe dialysate from each of theitesis were removed and

tegted with 2cce of a one per cent solution of ninhydrin,

the four tubes béing retained in the water-bath for ten

pinutes. With tubes (a), (¢) and (d) no coloration

appeareds In (b) the dialysate reacted positively.

Jez3Y,




(I1). In this series three tests were made in which the
placental substrate and sefum froﬁ a pregmant case, were
enmployed in varying amounts. Piacehtdl extract in each
series was kept constant in amount, viz: -1, +5H, RH grms.
regpectively. The serum was varied in decreasing doses
from 2.5009; to «lcce A8 contrcl tests 2e5ccs. of Tregh
serum and 2.5grm placental extract were dialysed in
separate tubes. Incubation lasted sixteen hours at 37;0.
Five ccsa. of the dialysate were tested with =2ce of the
one per cent solution of ninhydrin,

Tn geries (1) with ebgrm. placental extract a
reaction occurred with the serumn varying in dose from
2ebcCge 10 «BcCc, In test (2), the reaction was limited
to, between R2ebccs. and icc. Serun. Tn test (3) a reaction
occurred with 2.5008. gserum alone. In noné of.the tests
did a reaction take place with «25cc, or *lcc of serum,
The ninirunm limit therefore of serum and placenta With.f
wvhich a reactiom can occur is -5CC serum and -5grme

placental ext ract_; -




T.BLE 11,
Relzeion of Serun and Subgirate in the Reaction.
Test R
Series l,
‘ ! | '
[ : :
! Substrate. . i
;(Pdacental)« *58rine | *5grm. *bgrm. | *5grm. «5zrn. ST
| Serum. _ 2ebces, ; lebces. | lcc. *5cc. | *2bce, : tluoc,
o . \ A z . LTI i
| Reaction of § , : {
_____ NJhm?}Ydi in) | L 3 AR
Series 2. -
- — e I
i J
Substrate 5 " |
(Placental) ; 2e5grm. : 2+5grm. |R2e5grm. | 2+5grm. | 2*5zrm.
: | ‘ i
o | Serumse | Re5ccs. | 1e5ccB, lce, «5ce. | -25ce,
DR e ! Mt S at AN NS SN R el
| PReaction of | §
. Dialysate. : XXo XX. Xe | O | 0. 1
Seﬂles Se
g AL N
é | l f
Substrate. | i :
(Placental) «lgrm. slgrna § «lgrm. elgrm. @ slgrm, | elrom
| , : 3
; : {
Serun. . ge5ccs. "6ocs. | loo. «6cc. | *R5cc. @ *lzc,
- e [ e e U (RN S T
: 4 | ] ?
Reaction of | | ? ;
_Dialysate. | X 0w | O 0o | 0. | 5.
Incubation at 37°C for 16 hours in eacdh case,
Controls.
In the three series the following controls were
-employed, and dialysed separately.
-_/C LA (f'no h) 2.50(430
Placental Substirate 2°56grm.
The reaction wasg negative in each case.

o conitrols

of inactivated serumnh were used,
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Influence of the Duration of Dialvsation on +“he Reaction.

The Tollowing tests wers made to deternine the influ~
ence of the duration of dialysation on the-productionlof
ninhydrin reaqting bodies in the dialysate, when the serun
of a pregnant patient is allowed to react on placental
subgtrate. In each case the serum.used.was from a full -
time pregnanf patient.

TEST 1.

Three gris. of placental extract and three écs.\of
serun were placed in a dialysing tube énd dialysed in Z20cos.
of distilled water for five days. At the end of each period
of twenty-four hours, five ccs. of the dialysate were remov-
ed and tested with one per cent ninhydrin solution., The
reaction of the Tirst two tests was "well narked". On the
third day noc reaction was obtained, but a further five CCBa
of the dialysate tested on this-ocoasion yiéldedva reaction
with ninhydrin. The volume of dialysing fluid was restored
by the addition of twenty ccs. of distilled water and the
incubation continued. On the two succeeding days the dialy-
sate produced né coloration when boiled vith ninhydrin. ‘The
renaining ten ccs. were also tested on the £ifth day with
1ilke result. he same experiment was repeated on two occas-

ions~1a£er, hut no difference was noted in the bhehaviour of

the dialysate towards ninhydring the results agreed with

those given above.



Factors Regarding Serum &o.

Surmary of Experiments on:-

(1) Age of the Serun.

a
)

Serun tested

s

fifteen hours after the blood is
withdrawn Tron the patient, gave little evidence of
reaction in the dialysates of the serun~controls, pro- _
vided the serun had been separated from the clot shortly
after withdrawal of the blood. When the serum was
twenty~-Tive hours old when the test was begun practically
all the dialysates of the controls reacted to ninhydrin.
If left in contact with the clot, the scruia produced a

reaction in the controls when ten hours old.

(2) Inactivation.

- )
The action of the serum in virtue of which it pro-

duced ninhydrin reacting dialysates when in contact with
placental substrate, was inhibited by heating in the water-

bath at not less than 60 degrees centigrade and for not

'

‘less than thirty minutes.

-

{3) Refrigsration.
Freezing of the sera did not affect the reactiom
when the sera were placed in the refrigerator in a fresh

condition. No autolytic decomposition of the serun

S

+1e refore appedred to take place at that {euperature,

) /
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(4) Ilo reaction occurred vhen less than +5grm. placental
extract and *b5cc, 0of pregnant serum were dialysed together,
A reaction occurred.when -lgrn. substrate and 2<5ccs,

-

serun vere used.

(5) Duration of Reaction. : -
The inveraction of serum and placental extract ceases
to liberate ninhydrin reacting bodies into the dialysing

fluid after about three days dialysation.
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The Pelatlonship of ihe .hderhalden Reaction

to other Tivwnity Reactions.

The suggestion has frequentily been made that

}
o
jan
¢

phonomena associated with the Abderhalden reaction

- -

vere related to the other anti-body reactions. The

folloving investigations were undertaken to examine the
relationship and although incomplete, for reasons
already stated, were advanced sufficiently far to
denonstrate the fact that no constant relationship can
be said %0 exist between the Abderhalden reaction and
other izzmunity reactions.

Subsirates.

The substrates employed were employed as already
described (cf.Part B: Preparation of Substrates).:

The egg-albunen was employed fresh. All solid material
and pellicle were removed and the nixture diluted to
twentj per cent with sterile distilled water,

The red corpuscles from ox-blood were fresh and
were washed with salt solution in order to get rid of
the serum. They were aléo erployed in the heated condit-
ion/

NoeBe- A swmary of my observations on this question
has been aiready published by Prof.C.H.Browning in

. . "
his book on "Applied Bacteriology’.
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condition, being alternstaly waohed and treated in the
serur oven at 55°C - 57+C for periods of sixteen hours
until they no longer reacted with ninhydrin.
The substirates prepared from,ihe'musole and livér
of the rabbit were prepared previously and were stored
in oap;ules in the ice ohest. The last mentioned

ubstrates were dialysed with the sera of animals

[#9)]

icvunised with other antigehs to test the specifioify
~of the reaction. Five ccs. of the substrate were
boiled with five ccs, of distilled water for thirty
rminutes, alfter which the nmixture was filterede To the
filtrate *2cec. of a one pér cent ninhydrin solution was
added, The golution was hoiled in the water-bath for
ten minutes. Where a violet coloration indicated the
presence of reacting bodies, the substrate was washed
again until the fluid reacted negatively. In no case
was the substrate used until it reacted negatively with
ninhydrin.

The‘albmmen substrate was tested by adding the
ninhydrin direct to five ccs. of the albumeﬁ without
nrevious boiling of the latter. The.mixture wag then

o4

treated in the water-bath as described above. Rarely

<

was a positive reaction observed.

Rabbits./
RALE1EACE 1A
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Rabhits.

5ix rabbits were employed. - 70 of them were
females and were not pregnant. All were healthy, and
free from apparent disease‘ The blood was withdrawn under.
eseptic precautiong, and the serun was usually separated
within three to five hours later, Ilo specimen of
gerun wag hasmoglobin stained. In each case the gerun
of the normal aninal was tested with a substrate by the
:dialysation rethod hefore any injection was performed.

Dialysation.

Dialysation was carried out at 37+C for three
periods of twenty-four hours cach. At the end of each
period Five ccp. OF the dialysate were removed and
tested with ninhydrin,
00n£rols.

The controls erployed were similar to those usged

previously for the reaction in pregnancy.

H

nactivated Seruma

Generally the serum was inactivated at 60-C for
thirty minuteé, but in %70 cases (Serum from rabbit
C and E) the serum was inactivated by heating'at.57°c
fa- dne hour. Fresh serum and substratr were also dialy-
gsed separat2ly as conirols,

Reaction/



0.

N

velfore gnd aiter Irrwunisation. (unuiévn, ey

Peactilion 5
Alburmen 20%)

Pahbits A, B, C, and F, were injected intravenously
with liwunising doses of egg white albumen, edch dose-

consisting of Hccs of g nt sclution in

faal
=
=
D
=3
ok
&g
et}
(D
=3
Q
4]

watere

Rahhits A and B veceived each 2 doses.

Rabbit C received 1 dose |

Rabbit F reéeived B‘dos 5.
‘m interval of twenty~four hours elapsed hetween each
doge, llo attempt was made to have the rabbits in a
Tapting oondition, before the blood was drawn off.

Rabbit 4. liormal Serum. (Tables 1R and 13.)

mhe Serum wan tested “efore the aniiel was injected.

i~
i

It produced no niﬁh*drin ~eacting bodies when 2e5cces.
sepun were dialysed with lce of 20 per cent albumen for
tront y-four hours. At the end of forty-eight hours
dialysation, the dialysate gave a Taint reddish cplor~
ation with ninhydrin which was nov -p“onOunced after
dialysation had been continued for seventy—uwo hours.
The “est with 1*5ccs serum yielded no reaction until

=2V

after geventv—two hours dialysation.

(_L
~
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e —————————
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Tro days alter the above test was nade the anirel
received an intravonous injection of Tive ces of e3g.

vhite (207). A second imjection was ziven twenty~four

0‘\2

hours laters. The animal was bled on the following day.
AMier twenty-four dislysation reactions occurred where -
2ebcecg and le-5ceg of the serum respectively were allowed
to interact with albuwien., The reactions of the two
subsequent days were more proncunced but faint. Vhen
lce of serun was usced with albumen no reaction wag
observed until the end of <he third day.

With rabbit wuséle, the reaction observed with the

normuial serumn was ve

(1

ry Taint after seventy-two hours
d¢ilalysation and with the serum obtained after injection
the reaction, although it appeared on the gecond day was
algo faint.

Rabblt B. Tables 18~15.) received tvwo ihjections of’
egg~vhite (207 solution) of 5ces each at twemty-four
nours interval. The normel serun when dialysed wwith bee
of egg~white solution. proauced a faint reaction vhen Za5ccs
of serum were used, the rceaction appearing after forty-
eight hours dialysation. With 1le5ce of the serum no
reaction occurred at the end of the third day of diely-
sation,.

 The,/



The serum fron the iswnised ani =l obsoined Luenty~-

Tour héurs afver the gecond injecﬁion and -algo seven tc
tin days later, reacted with thé albunen substirate after
.75 Incubstion, bﬁt only when 2e5ccs wer: used,
o reaction ocourred with lec of serum. |

When pﬁsole substrate was used the serum of the -
normél animal showed only a faint renction after the
third daj. fMter the injection no reaction occurred
Rabbit C. (Tables 16-14) reccived one injection inira-
venously of bHeeg: of 20 per cent egg-albumeﬁ. The normal

erun produced a reaction with egg~vhite substrate with

w

2e5cc and lcc serum respectively when dialysation ke d been
in progress for forty-eight hoﬁrs. The rezction was
faintly marked.

One hour after the animal was injected 5ces of the
ﬁlood were removed and tested with egg-~white but no
reactionvocCur“ad even after three days incubation,

The gerus obtained twenty~four hours after the animal
hed been injecﬁed vas exanined. Whon 2e5ceg of gerunm
and 5ceg of albumen were incubated together the dialysate
reaoted‘positivély to ninhydrin in twenty-Iour hours,.
Forty—eight‘hours later the reaction wag norked, With

muscle a reaction was not obgervec until aiter

L}

rabbit

two daye incubation. The control test in which the

r_mSC],e/
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rugele substrate wag dialysed with serum inactivated at

. 67+C produced a dialysate after +three days invubation

Rabbit Fe (Tables 14-15,) received three injectiong of"
ZO per cemt egg~vwhitc of 5Hees each at intervals of -
twenty-Tour hours, Tihe serun of the irrmnisged animal
was fested,wiﬁh egg~ white as substrate on the second,
fifth and tenth days after the third injection., A
reaotion occurred between gerur and substrate when
2ebcecg of perurm were used but no reaction occurred when
lce waé useds With the Torner quantity the reaction
was Obgerved after twenty~four hours diatysation., On
the following day.th dialysate gave a gimilar regult.
Wit rabbit liver subptrate the gerun ha@ no effect until
the gecond day of incubatiom, vhen a Laint reaction
ogcurred,

The gerum of the normal animal produced no ninhydrin

cting bodies in the dialy saue vhen lecc of seru Was #

o

incubated with albumene.

Regetion with Red blood Corpuscles ag /Antigen.

Two rabbits, D and E were injected with washed ox-

blood corpuscles. D received one dose of corpuscles of

5coﬂ/ b
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I J
<l
&)
.
w

bDeoecge = received thiree doges of aoca each at inte

formal Serums. (Tables 16, 17,‘18)

The serun from the normal animals wés tested with
the waghed corpuscles asg substrale.

The 3mownts of serun used were Rébccs, lebeewm,
*R6cc. One cc of the gubstirate was used dialysed with
the serum, With gerum D a reaction with ninhydrin was
noticed after the second days dialysation, when 2e«5cco,
>+ le5ccse serum were used, o reaction took place with
»25ce, of serui. The gerum of rabhit E wés more active
28 the dialysate (Rebcés.scrum) tested at the end of
the first day reacted faintly and on the following
Gay som levhat more pronounced., With lebcc, the result
wags only fainly merked on the second day; A negative
result was observed in the dlml rsate when °25cc, of
serurl was incubated with red—oorpﬁscleé. The rabbit
liver substrate and leo of the normal serun from L

yielded a dialysate -in twenty—fou hours which reacted

p081ﬁ*vely with nlnhydrln.

Serum/

T TR e

Sl S

LR T



Serur fron Trvwunised /ninals.
The regult of the injections in botlh animals wads

to intensify the reaction so that when the blood was
withcramm twenty-Tour hourg after an injection, the

sere and red blood'corguscles produced ninaydrin re—
acting hodies in the dialysates after twenty-Lfour hours/
interaction, This rerult was observed wi{h sera from
both aninals when 2e5¢0 and 1+5cceas were employed,

Wahere rabhit liver subgirate was used the reaction was

the sane as w"'h the normal gerun in the caecs of rabbit E.

iy

ted five and ten days later hut no

. e - S
The tegt vas

difference was observed,

Feaction after Haenmclysise

ThrOughout'all the tests an effort lms to ﬁe made
%0 avoid the occurrences of hacroglobin staining in
the sgera, as sbderhalden has repeatedly stated
Giffusible hodies reacting with ninhydrin appear in the

dislysatve when such gera are used. In the haemolytie

[2RY]

(D

!.J

regotions it might be expected that the reaction of the
dialysates might oorrespoﬁd with these reactions, The
investigations detailed in Tables 19 and R0 were made
to ascertain if, during the lysis of sensitised ox-
bloéd corpuscles by Ifresh guinea~pig's complement,

products/
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products of t& reaction were dirffusible and appearing

in the wialysate would react with ninhydrin,

The. ulnea~y1"s serun was‘fresh.and.wés used four
hours after tle blood was obtained frOm'thé animal. It
was haemoglobin fied, ;It wap 2unployed in increasing -
doseg, viz: 256¢c, *6cca, l*5ccs., with e5ce, QX red
corpuscles, and *b5cc of a powerful ilixmme body from the

rebbite In addition to the

O

ontrols usually made in

teste, controls of inactivated serum were

=
0
W
8
le]
e
Q-—i
la
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Q
<
P}

used, the guineca pig's oo;plement‘being heated at 60°C
for onme nour. After the complencent had heen in contact
it iheﬂﬁed;oorpu901esi- with o wvdthiout. 1Zrwune body -
for one AOuT, at 87*C the contents of the test tﬁbes wer
transferred to the dialysing tubes and dialysed in die-—
tilled water fox 91tteen hourse It is to e noted that
in all the tubes containing both iirvmune body and fregh
guines pig's serun along with the red cells complete
heemolysis had occurred: in the other tubes there was
no haemolysis. The dialysates were'tested by boiling
with ninhydrin, ®2cc Qf‘one per cent ninhydrin being
added to beeg of the dialysate, A posiﬁive weacitiun

occurred only where 1l*bccs. of complement were dialysed



with 5o, ed hlood corpuscles, irrespective of wiether

lysisg occurred 0 note 10 reaction was observed where

the serun employed was inactivated,

e

T4ABLE 19,

Thé test was repeated using only le5cc, of comple~
nent. The dialysates reacted as in the previous test, -
rt}a'niﬁhydrin reaction bearing no relation to the lysis

of the red bHlood corpuscles.

Surtary of Qhservationg.

Peactiong with Albunen as /ntigene

FPour rabbits were treated with egg~white albumen,
injected intfavenenously.' The gera of the normal anirwl
rad little aﬁtion upon albumen substrate untii dialysation .
had been in progress for forty- eight hours. Quantities
of serum anounting to Ze5ccs and le5ces, had to be
cployed. After iirwnisation with albﬁmen had occurred,
tne sera (2*5ccs 1-506s.) reacted with albumen afvexr
twenty~fovur hours dialysation, except in the case of tlhe
gserun of aninal B, Iio reaction was observed with the serun
of the latter until the serum had been in conmtact with the

suhstrate for two days.

Reactiong with Red Corpusclés as /Antigen.

Twvo rabhits were injected with 6ccs. of washed ox-

blood/
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ox-blood corpuscles. JThe norzl serus of one was less

active upon the ox~blood substrate than that of the other,
which produced a ninhydrin reacting dialysate after twenty-
four hours incubatiom. In both caseg the reaction was
rendered more pronounced by the i:vmnisation of the
anial with' x~blocd, and was observed on testing the .
dialysate after ome days dialysation.

The action on rabbhit muscle gubstrate and on ox

stfométa by nornal and irymme sora was very slight,
With rabhiﬁ liver substrate a more marked reaction
occurred. The reaction in all cases with rabbit sera
vas Taint when compared with that occurring inm the
exgnination of‘human sera in pregnancy and other
conditions. Dialysation was therefore continued for.
longer periods, two th three days incubation being re=-
quired in nost cases before a dialysate wag obtained

which reacted with ninhydrin,

Reaction after Ha 21101y8ica

The lysis of washed red-corpuscles from 0x~blood
under the influence of specific irrmne body of the rabbit
along with fresh guinéa pig's serun (complement).was not
succeeded by the production of a nimhydrin reacting
dlalysate until twelve doses o guinea pig's complement
were'empioyed. The quantity of serum used rather than

thne/f
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the occurrence of lysis determining the result, since
similarly reacting dlalysates were obtained when the lmmune

body was omitted,
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The Relationshin of the Abderhalden Reaction
' L0 ovher Tmrmunity Reactlons,.

TABLE 12 lormal Rabhits: A and 3. .
perurt tepted Tour hours alter withdrawal,
haenoglobin frec,

Ninhydrin Reaction

Tube Contents of Dialysation after
1Mo, ' Tubes. Dialysation,
Hours.
‘. 24. 48. 72.
C. Rabbit A ‘
1. Adbupmen lce: Serum 2e5cc, ‘ 0o Xeo "X.’
2e doe 1lcc: Serum leb5ccse Oe O Xo

Rabbit Be

Se Albumen lcc: Serum 2e5ccg. X Xe Xo
4. do. loc: do. le50ose 0. o 0.
B.  Serum Fresh (i) lcc. 04 0. Oe
6o Serurn (A) (60°C) lcc. 0. 0e  Oe
7 o 'Serum Fresh (B) 1lcce b» Oa Oe O
8o Serum (B) (60°C) lcc. © Qe 0. Oe -
9e Albumen  loca | 0. Oe O
11, "Rabbit Muscle lgrm. |

Serum (A) R+bcce 0. Oe Xa
12e Rabbit Muscle lgrme

Serunt (B) 2.5OOIA o Oe Ow X,
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Serum obtained R4 hours after last imjectiion,
Sexuu Lae wglobin free, DWDLOJGU whien 4 hours old,

.....

Tube

/ o

i

1.

Se

Se

6o

7

8.

H
i

. inactivated at 60°C for 60 Minut 2o e

it fie ¢ndbu ved uwice with bces. egg-albumen (207 colution)

Hinhydrin Reaction

Contents of Dialysation after
Tubesg. ‘ Dialysation.
. L - Hours, .
g4, 48, 2.,
~ Alburen lcc. X. Xe X.
i Serurt 2+5¢c,
: Albumen lcc, ) X X. X,
Serum le5cce
Albumen lce. |
Serum lcce - , Oe Oe X,
- Albumen lcc.
_ Normal Rabbit Serum (C)2e5ccs, Oe Xe . X.
;Albumenllcoq
. Hormal Rabbit Serum(C)lcc. Oe - Xe O
énlbumen 1cc. o
' serun: (60°C) 2+5ce. O Oe Oe-
' Albumen lcc. o : i
. Normal Rabbit Serum(C) (60 C) ‘ Oo Oe Oo.
Oe Oe

FAlbumén icc. ' : S O
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Rabbit C injected with egg-albumen (5ecs, of 20 7 Solution)

Serun two hours old; haemoglobin fres, (Obtained 24 hours
after injection),

Zerun inactivated at H7YC for 60 minutes,

Ninhydrin Reaction

Tube Contents of Dialysation after
Moo Tubes. Dialysation.
: ' Hours.

24, 48, T2

'10 Albumen lce: Serum 2+5CC8. Xe Xe Xﬁ.
2o . doe lce: do. lce, Qe Lo Xe
3o doo lcc: do. *250C, - 0e 0 Oe
4, do. lce: doe (B70)R°+5 Qe Oe Oe
5. Serun (Fresh) lcc, Oe Oe O. -
6o do. 57°C  1lcc. ' O. O . 0Oe.
7 Albumen 2c¢CSa Os - O. O;
8. Alb.lcc:Normal Rabbit Serum . |

lcce (F) _ 0.  0s . O

10. Rabbit Muscle lgrm ’

Serum loc. (C) (57%¢) 0.  X. £
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Rabbit B reccived two injections of Egg Albunen(bccs. £0
Rehbit F received three injections Tge slbumen(5ces. 20%
Interval belween injeetions, 24 hours. ‘

Be Blood witidrawn on 1lst, 7th, and 10th days after last injestion
Fo Blood ”lthd?aﬁn 2nc, u:d lOtu aays afueJ 1ast 1ndvvtlon.

Ninhydrin Reaotion

Tube Contents of Dialysation after
M0e Tubes, Dialysation.
' Hours.
, e ]
24, 48,
Rabbit 3.
1o Albumen 1lcc.
Serum 2°5¢Cse Qa- Xe
Po Albumen lcc.
Serum 1lcCe ' 0. Oe
3. Albumen lcCcCe ‘
Serun 2eb5ccse (600C) Qe De
4, Serum (600C) lcec. ‘ ’ O Qe
5e ' gSerum'(Fresh) lcc. 7 0. ‘ Qe
6. Albumen lcc, . \ ‘Oe Os

Rabbit Fe

7 Albumen lec. .
' Serum 2¢5CC8e. v Xe Xe
8o Albumeh lce. ,
Serumr 1ccC. v : Oe Oe
9. ﬂl‘bux en lGC. ]
serum (60°C) lcc, . 0e , O
10 Rabbit Liver 1lgrm. | 0. X
lle " d0e do. 1grile

Serum (6098) lcc. o O Os
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Normal Rabbits D and E.
Serur two hours old: haumoblobln free
Serui: inactivated at 609C for 60 n1nutes.

ihe Contents of Dialysation
loa Tubes,

Rabhbit De.

le Red Blood Corpuscles lcce
: Serum (Fresh) R2°5ccg,
Ze Red Blood Corpugcles lcc.
Serum (Fresh) 1l+5ccs,
Se Red Blood Corpuscles lcc,
Serunm (Fresh) e2bcc,
4o Fed Blood Corpuscles lcc,
Serum (600C) lebce,
5. Serum (Fresh) ledcCSe
6o do. (60°C) 1l=5cce.
7e Red Blood Corpuscles 1lcc.

Rabbit Ee

3. Red Blood Corpuscles loc.
Serum Fresh 2°bccs,.
e Red Blood Corpuscles lcC.
Serun Fresh l-bccCa ‘
10. Fed Blood Corpuscles 1lcc.
' Serum Fresh s256cc,
11. ,Rabbiu Liver lgrm
ae* m Fresk lcc.
12. ned Blood Corpuscles lec,

serum (60°C) 1lcce

Ninhydrin Reaction

after
Dialysation.
 Hours,
24, 438,
Oe Xe
O. Xe
Oe Qo
O Oe
Qe Oe
O Os
0e O
x. X.
Oe Xe
Oe Oe,
Xe Xe
Oe Oe
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T:BLE 17 °
Pabbit De injected with Red 3lood Corpuscles (Washed).
Serun Five Hours old Haenoglobin Free, ‘
Serun inactivated at 609C for 30 ninutes,
amiral bled on lst, 5th & 10th days after last injzction.

: Minhydrin Reaction
Tube Contents of Dialysation after

0. Tubes. Dialysation.
S i Bours.-
24. 48,
1o Red Blood Corpuscles l1lcc.
Serum Frech 2+5ccs, Xe Xo
2o ied Blood Corpuscles .lcc.
' Serum Fresh 1l-bdccs, . Xo X.
Se Red Blood Corpuscles lcc,
Serun (60°C) l-5cc, Oe O.
4, Red Blood Corpuscles l1lcc. 0. O.
5. Sem (FI’eSh) lcco . O. : >OO
6.  Serum (609C) lco. ' 0. 0.
7o Rabbit Liver igrm.
Serum (Fresh) lebcc, A Qe X,
8. Rgbbit Liver larm. ’
' serum (60°C) 1le5ces. Oo 0%
9¢ Heated Corpuscles lcc.
' Serum Fresh lcc, N P 0o
10. = Heated Corpuscles lcc. ' - Qe O

Serum (60°C)..
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wiice wvith Re2d 3loow Corpuscles,
raved thres a0uTs afver withdrarysl.

vlen injections, S5 dayse
Serum inactivated at 579C Tor 6 —inutos.
Ininmats:bled on lst, 5th and 10th Q&JS after 1n3ectlon.

PR W
U Sl

Ninhydrin Reaction

Tube Contents of Dialysation after
Moo Tubes. Dizlysation.
i o . Hours.
o 48.

1. .‘ Red Blood Corpuscles lcc.

Serum Fresh Z2+bcc, Xe X,
e . Red Blood Corpusecles lcc, .

Serurt Fresh 1-5ccCs,. - Xe X.
B Red Blood Corpuscles lcc,

Serum (57°C) le5ccs, O. Oe
4,  Red Blood Corpuscles lcc,. Oe Oe
5. | Serum Fresh lcc,. O Oe
6e Serum (5700) lec. ' 0. 0o
7 Rabbit Liver lgrn.

Serum Fresh lgrm. \ Xe &
8e Rabbit Liver lgrn. .

Serum (5700) lcc. Oe C.
9, Heated Corpuscles lcc.

Serum Fresh 1cc. Oe Xe

10, ©  Heated Corpuscles lcc,
, serun (57°C) lcce o 0, 0e
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TABLE 19.

s Serun, 4 hours old (Haemoglobin Iree).

ot
. [
cd vith raphed ox R.C.s and I.,B., *HCCe 0 1 hour &b
o .

1iinhydrin Reacticn
Tube Contents of Dialysation - alter
Ho. Tubes. Dialysation.

Hours.

24. 484
1. R.Cfs, e6cc: IB. °lbcc:
GePoCe <2bcCcC, Co Oo
2 - RC's, ebcc: iB «1l5cc: GPC +6ec, - Ce Oe
3o RC -5ce: IB -1bcc: GPC le5ccs.  Coe Xe
4, ° RC's °*bcc: IB°1l5cc: GPC le5cces.
_ A (60°¢C) Oe Oo
5; RC'g,«5cc: GPC,1l*5ces, Oe X
6o | RC's *5cc: GPC,le5ces(60°C) Oe Oe
7o RC, +5CCa Oe Oe
Be RC's,*5¢cc: IB,s1l5cc (unlaked) 0. O
9e Na Cle*5cc: IB,*15¢cc: GPC,le5cc, 0. O’

‘- cmpw'mh?%; .
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Guinea Pig's Serunr 4 hours old, Haenoglobin free,

108,

Guines Pig Serunm treated with RC's,*52¢ and IB,*1lbcec, for
1 hour before dialysation.

Tube

110,

l.

Contents of Dialysation
Tubes,

RC's,eb5cc: IB,s1ldcc:
GpC,1*5¢cces.
RCtfg,sbcc: IB,*Ibce:

RCt'g,+5cc: IB,+ISce:
GPC,le5cca(60°C)

RC's,<bcc: GPC,1l-5ccs. (60°C)

RC's,-5cc: GPC,i-Sccs.

Hinhydrin

Reaction.

Xe
O.

O’o
Oo
Xo
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THE NATURE OF THE ABERHALDEN REACTION.

The following represents the attempts which have been
made by Aberhalden to explain the pregnancy reaction. The work
of Schmori and Veit directed attention to the conditions obtain-
ing in pregnancy where tissue elements gained access to thegblood
stream at the placental site, from the chorionic villi. Although
these elements do occasionally occur in the free condition in the
blood and must then be regarded as foreign elements in the plasma,
.1t must be remembered that this prebably takes place only under exwe
ceptional circumstances and cannot be considered therefore as‘ﬁ
general explanation of the presence of defensive ferments in the
serum of the pregnant animal.‘ Aberhalden himself stated that the
serum of the mare was capable of reducing placental extract although
in the mare the chorion was not related to the placental site as in
other mammals; thus the villi cannot escape into the maternal cir-
culation. From the placental site therefore products of protein
decomposition must be supposed to enter the circulation of the mot~
her and were considered as the cause of the phenomena associated with
- the reaction.

It is difficult to understand howevgr, from the above
reasoning why defensive flerments against placenta should necess~
arily arise in pregnancy when a whole organisﬁ is being developed

with the assistance of the pilacenta which must supply the ac-

tively /
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TEE NATURE OF THE ABSRHALDEN REACTION.

actively growing foetus with building stones provided by the
maternal tissues rather than pour into the maternal circulation
antigenic products of the disintegration of embryonic tissue.

The direction of the metabelic tide is towards the
placenta, and the escape of the formed elements of the chorionic
villi or of the products of protein decomposition into the maternal
circulation might be expeéted to play little if any part in the
maternal organism in the sense of stimulating’iﬁ to produce it
antisubstances. The whole question of the synthesis of the mani-
fold specific tissues of the foetus is practically untouched
eithsr by Abderhalden or other workers and even Miescher's ob-
servations do not greatly illuminate the problem.

According to F. Miescher immediately prior to the period
of sexuél ;ctivity in the salmon a decomposition of the muscle pro—“
teins occurs Histones developed from the muscle albumens are ob=-
gerved in the testes where later they are transformed into protam—
ines. Is the developement from the tissues of the muscles therefore
made possible by a mechanism which converts antagonistic proteins
into bddies which are not antagonistic to the blood serum. The
observations of Miescher are adduced by Abderhalden as evidence of
the power of the tissues to control the admission of foreign
substances to the blood streame But should defensive ferments

exist /.
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THE NATURE OF THE ABDERHALDEN REACTION.

exist in the serum of the salmon, where no foreign materials
are allowé&d to enter it during the maturation of the testes?

= The work of the biologists is further confirmed by the
work of Van Slyke, VinograéggVillchur, and Losee. By ;nvesti-
gating the Amino—Nitrogen after.the interaction of placenta and
serum, they found that the amount of Aminb—Nitrogen resulting
from the reaction could not be accounted for merely by the di--
gestion of the substréte. Furthar the variations of normal and
pregnant sera overlap so considerably that the reaction has little
diagnostic value whatever.;ﬁﬁ -

The serum reaction of Abderhalden is demonstxatgd more
frequently in pregnancy than in other conditions. It has also
been demonstrated with the serum from normal individuals. Two
factors have an important bearing on the reaction, viz:- the
amount of serum and of substrate used, and the time at which the
gerum is examined after it is withdrawn from the hoste.

When serum and substrate are employed below a certain
minimum quantity no reaction takes place, In enzyme action, quan+
tity has little effect upon the reaction, as the smallest amount
vof enzyme acts as well as the largest amount, and the reaction
does not cease until the substrate has been completeiy-reduced
or a position of equilibrium established.

The prysical cha{?:ters of the substrate rather than the

chemical /

E Z?m;io/ 6 T 12
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THE NATURE OF THE ABDERHALDEN REACTION.

chemical or morphological characters appear to determine the .
occurrence of the Abderhalden reaction. Placental substrate,
albumen and liver substrate produce a reaction morerreadily

than muscle substrate. None of these substrates are reduéed

by the serum of an immunised animal if too suall a dose of

serum is employed. Charcoal, kaolin, and glass wool have been
employed as substrates, and when serum is incubated with then,
the dialysate reacts with ninhydrin as when organised substrates:
are usede. Leitch ,and Plaut observed that these substances re—
acted with some sera and not with otherazgéﬁ::

When the serum is dialysed alone, diffusible bodies
occur in the dialysate if the se rum ie incubated long enough.
The presence of the substrate appears onlv to hasten the reaction.
Between pregnant serum and normal serum the difference is appar-
ently only one of time, the substrate inhibiting for a time the
reaction with the normal serum, probably by the simple absorption
of something from the serum. The end result therefore is the
occurrence of some change in the éerum and not in the swbstrate
during the course of dialysation and incubation. As a result of
his work on the Abderhalden reaction De Waele arrived at a similar
 conclusion. ~ The existence of defensivevproteolytic férments in

the blood serum in pregnancy and in other conditions is still a

n

debateable-/
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THE NATURE OF THE ABDERHALDEN REACTION.
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debateable point and so far the evidence points to the con-—

trary. A

 GOBCLUSIONS.

(1) The reaction occurs more frequently in pregnancy than in
other conditions. It is more marked in the later monthe
of pregnancy than in the earlier months.

(2)e Serum from normal individuals and from those suffering
from pathological conditions may react with placental
substrate. |

(3)s The reaction occurs readily in eclampsia and with the
blood from the foetal circulation. |

(40. The reaction is dependent on the amount of serum and of
substrate used.

(5)e It is inhibited by heating the serum at 60.C for at

least thirty minutes.

(6). The serum of normal rabbits reacts with such substrates
as egg-white, rabbit muscle and iiver, and with the
washed corpuscles from ox-blood.

(7). The immunisation of rabbits with these substrates in-

creases the reaction but little.

(8). Heated /

/Jzﬁﬁgﬁ; -EZ:;nrn<=2¢;// ;gf;g,mg oy,
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THE NARURE OF THE ABDERHALDEN REACTION.

CONCLUSIONS.

(8). Heated serum from ncrmal and immunised rabbits f&iis
tb give the reaction.

(9). The lysis of sensitised oxblood corpuscles with guinea
pig'a complement does not release diffusible bodieé
from the corpuscles to any extent, and so does not
produce a ninhydrin reacting dialysate after dialysat-
ion. ‘

(100« The reaction is apparently dependent on the physical
characters of the substrate rather than on the
morphological characters, the serum undergoing change

‘ and not the substrate.

(11). The claim of a mpecific character for the reaction has

net béen establisﬁed. The reaction has no diagnostic

value in pregnancy or in disease.
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The Nature of the abderhalden Reaction.
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