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PREFACE.

These observations on the serum reaction of 
Abderhalclen detailed in the following report were made 
in 1916-14. They were interrupted on the outbreak 
of war in August 1914. Although incomplete in 
certain points, the material has been presented in this 
form as an opportunity for further extension of the 
work will probably not arise again, and also, since 
the observations of others, published in the interval, 
confirm the definite conclusion which was arrived at, ' 
that the reaction although probably occurring more 
frequently in pregnancy than in any other condition is 
by no means peculiar to pregnancy or a specific 
indication of its presence.

April 1920.



The Sero-PiagnoBiD of pregnancy.
The Defensive Reactions of the Blood Serum.

The invasion of the tissues of the living organism 
by bacteria or certain other foreign substances is 
provocative of a series of defensive reactions, vary­
ing greatly in character, yet closely related to one 
another. As a rule the tissues, are called upon to 
deal only with bacteria and their toxins, but they are 
also capable, by alteration of their metabolic processes, 
of reacting to foreign protein substances which enter 
the tissues by other than the nonual channels. Accord­
ing to the views of Abderhalden the reacting mechanism 
is not limited to this, the cellular elements of the 
animal's own tissues may become dissociated and, in a 
new locus prove foreign to the parent structure. The 
stimulus of such antagonistic substances is responded 
to by the appearance in the blood stream of anti-bodies 
which resolve the foreign matter into simpler elements.

The processes involved may be restricted merely to 
the neutralisation of the invading bodies as in the case 
of toxins. But when solid protein substances invade 
the tissues directly, more than neutralisation is 
required. Bacteria are inhibited and destroyed, the 
union/
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union of anti-body and antigen in tliis case not being 
reversible.

The various irmiunity reactions are therefore 
evidence of the reactive powers of the tissues towards
antagonistic substances. The agglutinins'and precip- 
itins inhibit or immobilise bacteria. The Opsonins 
render the invading organism susceptible to the bact­
eriolytic action of the phagocyte. îlot only toxins 
and bacteria are thus dealt with by the tissues, but 
foreign substances such as the snake venins and the 
vegetable poisons, ricin and abrin, can be neutralised 
by anti-bodies liberated into the blood serum by the 
tissues.

With protein matter derived from tissues, the 
action of the anti-body varies considerably. The 
reactions observed after red-blood corpuscles have been 
injected into an animal(Haemolysis, complement fixation) 
cannot be so easily demonstrated when tissue proteins 
are employed as antigen. The latter substances have 
proved in some cases to be incapable of producing anti­
bodies to any marked degree, and when employed in a 
purified condition, are stated by Wells and other ob­
servers to possess practically no antigenic power at 
all. The mechanism possessed by the animal organism 

in/



in respect of such constituents has therefore to be 
investigated from another point of view.
Other Defensive Systems.

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 them.

But this is not the usual course for proteid 
substances in the gastro-lntestinal tract. By the 
action of the various ferments they are reduced to a 
less complex state in which they pass from the gut to 
the blood stream. The tissues therefore are not call­
ed upon under ordinary circumstances to deal with the 
grosser protein substances as the intestinal ferments, 
the lymph and the blood systems intervene. Harmonious 
substances 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 tissues, which must 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
ally by/
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by the liberation of anti-bodies into the blood stream 
as vdien 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 tissues' towards antagonistic proteins from con­
siderations of the processes of digestion 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 proteolytic properties 
of the blood serum, Abderhalden employed the optical 
and the dialysation method. For the former the protein 
substrate was hydrolised with strong sulphuric acid, 
and a solution of peptone obtained. The proteolytic 
serum and the peptone solution were mixed together and 
placed in the tube of the polariscope. After a period 
of incubation - o7*C. for 16-56 hours - a progressive 
deviation of the angle of rotation could be observed.
In the dialysation method, the protein substance and 
the serum were mixed directly vrithout 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 reaction was accelerated by 
incubating the mixture as in the polariscopic method.
The presence of protein derivatives could be demonstrated 
in the dialysate, when the fermentation process had been 
in progress several hours.

The serum of normal animals was tested in the first 
instance. In the earlier experiments with dogs and 
rabbits, egg-white and horse serum were used as antigen.
It was found that the sera of these animals had no action 
upon the antigen when the two substances were brought into 
contact with one another. There was no evidence that 
the egg-white or the horse serum was reduced in any way 
by the normal serum. Guinea pig serum proved to be ex­
ceptional, however, as in the normal state it is possessed 
*of proteolytic powers. When, however, the dog or rabbit 
was injected with egg-white, either subcutaneously or 
intravenously, the serum of the animal was found later 
to develop a ferment capable of reducing the egg-albuinin. 
Experiments with peptones, gelatinsi, and casein yièlded 
similar results. The blood of the animal injeûted in 
each case was found to contain ferment-like properties 
when the serum and the corresponding antigen were allowed 
to act upon one another.

The substrate was broken down and the decomposition 
products/
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products appeared in the dialysate, when the dialysation 
method was used. VHien fats and. carbohydrates were empl­
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 animal which had been Injected with amino acids was 
found to have no action upon proteins. It was capable 
only of decomposing amino acids. But with the serum of 
the animal which had been injected with proteins, not 
only proteins but their derivatives could be broken dovm.

The Relationship of the Reaction to Fermentation.
The parallel tests %ade with yeast juice showed that 

the reaction corresponded very closely with the ferment­
ation reactions. The nitrogenous contents of the dialy- 
sates from the tests of normal and abnormal sera were 
examined. An increase in the amount of $6ionia nitrogen 
was observed in the dialysate of the abnormal serum.

The reaction is inhibited when the abnormal serum 
is exposed for a time to a temperature of 60*C. lîo 
alteration of the substrate takes place when it is exposed 
to the heated abnormal serum.

Controls.
A system of controls was adopted for all the tests.

In/
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In both the dialysation and optical methods, serum and
substrate were employed separately as control. The
heated or inactivated serum was also used. With-these %
controls no fermentative reaction could occur between 
serum and substrate. /\ny diffusible bodies, for 
instance, appearing in the dialysate during the dialysat­
ion test from these controls could not be considered to 
arise from fermentation. They were looked upon as an 
indication that the serum or the substrate had not been 
properly prepared. In the* case of the former, a reaction 
in the dialysate of the fresh serum, suggested that the 
serum was either too old and that autolytic processes had 
set in, or that the formed elements of the blood had not 
been properly removed. -With the inactivated serum, if it 
had been properly heated, the diffusible bodies were the 
result of autolytic decomposition of the serum proteins, 
and not of the substrate. The presence of diffusible 
bodies in the dialysing fluid when the substrate was employ­
ed alone indicated that the substrate had not been pro­
perly prepared. The crystalloid protein derivatives had 
not been completely removed in the preparation by washing 
and boiling. As a further control, parallel tests were 
always made with the optical and dialysation methods.

Reaction/
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Reaction to Carbohydrate Antigens.
The response of the animal organism to injections of 

cane-sugar is more difficult to study as the sugar does 
not remain so long in the blood as the proteins. But it 
was observed by polariscopic methods that the serum of an 
animal which had been treated with cane sugar, was capable 
of reducing a cane sugar substrate.

Injections of soluble starch and of milk produced 
ferments in the blood which not only reduced these bodies, 
but also reduced cane-sugar. For raffinose, however, no 
ferment could be induced in the animal's serum, and with 
iodised albuminous substances a similar result, was observed 
The powers of response of the tissues of the animal 
organism to the invasion of antagonistic substances is 
tlE: ref ore limited.

The work of Abderhalden with the carbohydrate ferments 
of the blood serum was stated to be independent of that of 
Weinland although of a later date. Weinland was also succ­
essful in producing defensive ferments in the serum of 
animals by the parenteral injection of cane-sugar.
Reaction to Fatty Ahtigens.

The methods employed in the- study of the protein 
ferments were not applicable to the fat-splitting ferments 
of the serum. The alterations in the surface tension 
occurring/



occurring during the decomposition of fats afforded a 
means of invest 1gating the activities of lipase in the 
blood. Where fats form a large proportion of an animal's 
food they appear freely in the blood soon after the meal. 
The fat ferment can then be shown to be present in the 
serum. During fasting it is very active, and after 
injections of foreign fat into the animal it is more active 
still.

As the absorption of fat at the site of injection 
is very slow this method was not very successful and the 
old method of gorging an animal to produce lipaemia was 
adopted in the subsequent investigations of the fat 
ferments of the serum. The actual increase of the fat- 
splitting powers of the serum was demonstrated, the re­
action having the same specific characters as those of the 
protein or carbohydrate ferments. The serum from the 
fat-engorged animal had no action upon proteins or car­
bohydrates and reduced only the fatty antigens in feeding 
the aniDial.

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 set free in the blood and become
antagonistic to the cells in other parts of the body.
The cells respond by the discharge of defensive ferments
into the blood stream and the antagonistic bodies are

permitting of their abeerption by the tissues or
reduced to a condition/of their discharge by the normal
channels of exacret ion.

For such diseases as cancer, syphilis and phthisis, 
and the diseases affecting the glandular organs, the 
method appeared to be 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 appeared free in 
the blood. As bodies antagonistic to the tissues of the 
mother their presence in the blood stream would stimulate 
the production of defensive ferments by the maternal cells. 
If Abderhalden were correct in this deduction, the serum 
from a pregnant patient should act on a placental substrate, 
and the diffusible bodies demonstrated in a dialysate could 
be considered as evidence of a state of pregnancy in the 
mother. In pregnancy the reaction could alv/ays be con­
firmed by the result of the clinical-condition. Such an 
opportunity was not afforded so readily in diseased condit­
ions, but the value of the method could be clearly estab/ 
lished by/
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by the results of the reaction in pregnancy. The 
success of the considerable work of Abderhalden and his 
colleagues is advanced by him as evidence of the reliabil­
ity of the reaction as a diagnostic means in pregnancy 
and disease.

Investigations of the Serum-Piagnostic Reaction of 
Abderhalden.

The investigations, detailed in the following report, 
were undertaken, to ascertain the value of the serum 
reaction of Abderhalden as a diagnostic means in pregnancy 
and in diseased conditions. /n attempt was also made 
to determine the relationship of the reaction to the 
other immunity reactions.. The dialysation method was - 
employed. 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 technique with a 
view to securing greater accuracy in results and greater 
facility in manipulation.

■ oOo-
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&
The Sero-Dlagnosis of Pregnancy.

Preparation of Substrate.

The substrates used in the experiments were prepared
c

from Placental tissue, Ox-blood corp&ales, and from the 
muscle and liver of the rabbit. Fresh tissue was invar­
iably employed.
Placental Substrate

The placentas chosen were thick: and firm in texture, 
and not unduly swollen nor oedomatous. The thin, small 
placentas, frequently met with, were usually very fibrotic. 
Some of them exhibited a gritty substance in their 
structure. Although they were easily washed free from 
blood, and the resulting substrate was apparently quite 
good they were not used, as it was considered that the 
content of fibrous tissue might 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 v/as also paid to the umbilical 
veins; large well developed veins facilitated the direct 
transfusion of the organ. The small tortuous veins burst 
very readily when the pressure was increased suddenly.

The placentas were obtained immediately on their 
expulsion/
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expulsion from the uterus. No substrate was prepared from 
old or decomposing tissue. Many specimens, although 
obtained within a short time of parturition, showed signs 
of decomposition, and were discarded.
Transpusion of the Placent a

All blood-clot and superfluous membranes were removed. 
One of the umbilical vessels was then secured to the tap, 
and the placenta placed in a porcelain basin. As the wall 
of the vessel very readily gave way, on the slightest 
increase of pressure, the water was turned on gradually 
so as to slowly dislodge the clot from the vessels. In
twenty to thirty minutes time the bulk of the blood was 
driven out of the organ which assumed a much lighter colour. 
The veins and the remaining membranes were then cut away 
and 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 to time as it became stained v/ith the 
blood-debris. As the operation 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/
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Linen or cotton, as mentioned above, proved the most 
Suitable fabric for this purpose. Later the placenta was 
mere finely minced, and the washing continued in a greatly 
reduced volume of water. The wlio 1 e process therefore 
required several h.iirs before the water remained clear 
after a thorough kneading of the tissue.
Boiling

The substrate, retained in the sack, was boiled in an 
ample quantity of water, for about 30 minutes, and then 
transferred to cold water again, and the kneading resumed. 
With this the discolouration of the water reappeared. The 
double process of boiling and washing had to be continued 
for several hours before the water was obtained absolute­
ly clear. To carry the process still further, the sack 
was dispensed with, during the boiling. The substrate 
had consequently to be filtered after boiling to permit of 
further washing. In addition the quantity of water 'was 
reduced to a minimum. By this means, it was possible to 
guage very accurately the disappearance of the staining 
from the residual water.

Placental tissue, when boiled in a glass beaker, 
gives rise to considerable "bumping" and much of the'tissue 
is lost by the frequent spurting of the liquid and boiling 
over. It has therefore to be carefully watched, and 
boiled/
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boiled rather el. wly. The use of an enamelled pot 
obviates these mishaps, and allows the operation to be 
carried out more rapidly.

To expedite the washing process, and to render it 
less laborious, a rotary churn was obtained, which was 
driven by electric pawer. Large quantities of substrate 
could thus be easily manipulated , and the volume of wash- 
water accurately graduated. An appreciable decrease in 
the loss of tissue during the washing was now observable. 
This method was not very effective, however, when the 
placenta was too finely divided as the resulting mixture 
slowed down the churn considerably, and strained the motor, 
The best results were obtained when the tissue was merely 
chopped into small fragments.

By' this method, the total time required in the 
preparation of an extract, was reduced to a few hours.
The original manual method, occupying as it did in some 
.instances several days, was not cleanly. Also with such 
an unstable substance as placental tissue, the reduction 
in the duration and the amount of manipulation was all 
important, as decomposition changes supervened on several 
occasions, and the substrate in preparation liad to be dls^ 
carded.

An inspection of the extract was made befocethe final 
tests/



-  16 -

tests with the ïlinhydrin were applied. The tissue was
spread out on a clean cloth and carefully scrutinised for
any fragments of blood-clot or thrombosed vessels which
may have escaped reduction 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
grey colour. In no case was a "snow-white" substrate . 
obtained from placenta. The ideal substrate as detailed 
by Abderhalden, was never realised. Eight specimens of 
placental substrate were prepared, of which two were nixed 
specimens.
The Ninhydrin Test.

A sample of the substrate was boiled in a minimum 
quant it y of water for 5 minutes. The mixture was then 
filtered, and to Sees of the filtrate, Icc. of a solution 
of Ninhydrin was added. After boiling for a minute, the 
test was allowed to stand for half-an-hour. W$th the 
successfully prepared substrate, the water remained clear, 
but in most cases, a violet coloration occurred in the 
initial tests, and the washing had to be resumed. Some 
specimens of placenta were encountered, which persistently 
gave a positive reaction with Ninhydrin no matter how 
thoroughly they were washed. In other cases, where a 
negative reaction was successfully obtained, the positive 
reaction reappeared, after the substrate had been allowed to 
stand/
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stand for a time. It is this latter characteristic which 
is responsible for much of the time expended in the prepar­
ation of placental extracts.

Whenever it was necessary to interrupt the washing- 
process for a time, the extract was placed in a beaker, and 
covered with boiled water and a thick layer of toluol. A 
piece of gauze was placed over the mouth of the beaker which 
wasjthen placed in the ice chest.
Storage of Substrates.

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

Specimens so preserved were tested 9 months after, and 
proved to be satisfactory. Occasionally a batch of tubes 
were met which gave a faint coloration with Ninhydrin.
After thorough boiling however the reaction was dissipated 
and the negative condition restored.
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Mus cle substrate*
The limb muscles of the rabbit v;ere used, the sheaths 

and tendons being dissedted off, before the tissue was 
minced. Washing and boiling occupied a very short time, 
the blood being soon eliminated. A negative Ninhydrin 
reaction was therefore easily obtained. Muscle extract
was perhaps the easiest and most satisfactory to prepare, 
and when preserved in capsules remained negative throughout 
to the Ninhydrin test for a period of six months.
Liver extract.

At first some difficulty was experienced in preparing 
this extract." The fresh rabbit liver, -when finely minced, 
was reduced practically to a juice in the chum. When 
cut into large peaces, it could not be washed satisfactorily 
free from blood. An intermediate stage of division had 
therefore to be arrived at. As the material v/as naturally 
small in amount, the washing had to be carried out care­
fully. The production of an extract from liver, reacting 
negatively to Ninhydrin proved as difficult a task as that 
of placental extract. When once prepared, however, 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 solid^SubstanCes+bconsisting 
usually/
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usually of fragments of pellicle and flaky material were 
removed. The fluid was then diluted to the percentage 

required*
Ox-blood Corpuscle Substrate.

This substrate was made as required and was not 
preserved. The fresh ox-blood was mixed with normal saline 
and centrifuged repeatedly. The operation was always a 
prolonged one before the negative reaction to Ninhydrin 
was obtained.
Stromata.

The ox-corpuscles were treated as above until a 
satisfactory negative reaction vras obtained. They wore 
then treated in a serum oven at 55-57^0, for intervals 
of 16 hours, with the result that the positive reaction 
reappeared. Centrifugal washing and the oven treatment 
were carried out alternately and eventually a substrate 
was produced which responded satisfactorily to all tests. 
When stored for some time in capsules in the ice-chest, 
this substrate 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 sera in 

the tests, it was often a difficult matter to obtain and 
prepare them within the time prescribed by Abderhalden. 
Non-pregnant cases were seldom to be found in the Maternity 
Hospital. The controls had therefore to be obtained in 
other hospitals. UsUally the sera were ready for the 
tests within ten hours âîfter the blood had been withdrawn 
from the veins. The clinical condition of the patient 
was always noted, whether pregnant or otherwise. Generally 
it was arranged that the blood was drawn off before a meal 
and rarely after. About 16ccs. were takenrasea rule. A 
sterilised all-glass syringe was used, the needle being : Jr. 
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 saline or citrate solution. The skin surface over 
the cubital veins was prepared either with Iodine or Carbolic 
lotion.

The serum was allowed to separate from the corphies 
at room temperature, and was then drawn off into sterile 
tubes and centrifuged - at least twice - until no further 
sediment of corp^'les was obtained. When haemoglobin 
staining occurred, the serum was either rejected ot* the 
fact noted.

The/
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The preservation of the sera for long periods was 
effected by refrigeration, the sera being sealed in small 
glass phials.
Controls. Inactivated serum.

In addition to the other controls employed in the 
experiments, inactivated serum was used. Af first some 
difficulty was experienced in preparing this control, due 
chiefly to an insufficient exposure in the water-bath, but 
later the serum could be treated very effectively, A 
tubeful of the centrifuged serum was placed in a water bath 
and the temperature raised to GOC. A temperature lovrer 
than this was found to be Ineffective. At 56C-53C, a 
positive result could be depended upon to occur. As regards
time a# exposure less than 20 minutes v/as useless, and in
practice a period of 30 minutes was allowed. In no case 
was the serum exposed to a temperature exceeding GOC.

The onset of autolj’tie processes varied in many sera. 
Blood obtained from eclamptic cases and from the foetal 
circulation, appeared to undergo spontaneous decomposition 
very readily. In some sera haemoglobin staining proved a 
troublesome factor. Doubtless the vibration, and the 
variations in temperature occurring in transport hastened 
decomposition in many instances. It can be safely said
however that the sera employed in the investigations were
of/
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of the standard laid down by Abderhalden as regards age, 
and freedom from decomposition and haemoglobin products, 
since they were prepared within ten hours after their with­
drawal from the patient.
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The Sero-Dlagnosis of Pregnancy.

The liinhydririe

Preparation of the Solution.
For the detection of the diffusible products of 

the placental and protein degradation occurring in the 
dialysate, a one per cent solution of Ninhydrin or Triketo- 
hydrin^rene-hydrate was used. It is soluble in water 
when boiled, and does not readily decompose. Distilled 
water was always used in its preparation. In order to 
avoid trouble from contamination lOccs, only were prepared 
at one time, A sterile flask of coloured glass was employ­
ed for storing the solution.

When peptone solution(5ccs^ *5 per cenî  is tested 
with'See of a one per cent solution of Ninhydrin, the 
mixture being boiled in a test-tube over the open #lame, t 
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 5 minutes to appear. Threough- 
out the investigations the Ninhydrin test was carried out 
in a water-bath, so 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 tie tubes in the bath the water was brought . 
t o/
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to boiling point, and the duration of the boiling was 
accurately controlled. The bath was fitted with a 
perforated lid to accomodate the tubes properly. The 
even distribution of the heat was secured by a couple of 
Bunsen burners. On the completion of the reaction in 
the. bath, the tubes were allowed to stand in a rack for 
Ô0 minutes, before the results were noted. By this 
method of boiling, no solution was lost at any time 
though boiling-over, an accident which readily occurs 
when the direct flame is used, as recommended by Abder- 
halden. A further point is that, in my experience, it 
is impossible to heat any tube uniformly over an open 
flame.

To arrive at an idea of the limits of the 
reaction, a series of tests were made, where the peptone 
and the Ninhydrin solutions were varied in strength; the 
effect of dialysation on the time of the reaction was 
also studied.

TEST J,
At the outset, in order to compare the effect of t%ie 

various methods of conducting the test on the reaction­
time, solutions of Witte's peptone in distilled water of 
different strengths were tested with one per cent ninhydrin 
solution/



-  25 -

solution -
(a) after dialysation,
(b) without dialysation.

In (a) and (b) the water-bath was used,
(c) without dialysation, the direct 

flame being used.
In (b) and (c) lOccs. distilled water were added to 

compensate for the extra amount of fluid employed in 
(a) as dialysing fluid. The time for the develop­
ment of the maximum tint of the solution by the three 
methods is shown in Table I; in (a) the dialysation was 
carried out at 57*C. for 16 hours® Practically the 
result is therefore to be expressed as 10.4.1. 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 (a). The dialysers were chosen from standardised 
specimens whose rate of permeability was known. ' 

Standardisation 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 g/
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TEST 2.
The influence of dialysation was tested with 

solutions of peptone of varying concentration. The 
reactions were tested in the bath*

Table 2. the peptone varying from 3 per cent - 
•5 per centjdialysed 16 hours.

Table 5*. tbe peptone varying from-1 per cent - 
•6 per cent not dialysed*

When the solution of peptone is placed in the di^l- 
yser, nothing below"5 per cent peptone is likely to give 
sufficient in the dialysate for a positive reaction. 
Without the dialyser the effective limit is about-3 per 
cent. A 1 per cent solution, v/ithout 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 variations in the concentration of 

Ninhydrin was tested with a -5 per cent peptone solution. 
Prom *0500 to Icc of the 1 per cent ninhydrin solution 
was employed; the water was decreased from .95cc. to Occ, 
inversely with the ninhydrin in order to yield a constant 
volume, of Theamount of peptone solution used was lOccs, 
The mixtures were not dialysed, but boiled direct in the 
bath.

With/
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With *2oo. ninhydrin, the "XXX” (very marked) 
reaction appeared in 10 minutes, and with Icc. it appeared 
in 4 minutes. With •4cc, the result was practically the 
same as with #2cc. but reached the maximum tint in 7 
minutes. With •05cc. the result was very faint after 
15 minutes boiling. In an ordinary test 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 6").
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The Colour of the Reaction.
An attempt was made to construct -a colorimetric 

scale for the reaction, but owing to the variations of
cq/

the dialysing tubes this was found to be scarcely practi^ble 
In the tests enumerated above, (Tables 1 to 5), Witte's 
peptone was used. Later a silk peptone was employed 
for the standardisation of the dialysers. ("Seiden-peptone, 
Hochst). Solutions of the latter peptone gave a more 
distinctly violet coloration than the Witte's peptone, 
with which the reaction varied somewhat. Generally it 
produced a reddish-violet tinge; at otbe r times the 
reaction was distinctly blue.

During the investigation of sera from pregnant 
cases with ninhydrin, the usual result obtained at full 
time approached closely to that given by 5ccs. of "5 per 
cent peptone solution, and *2cc. of 1 per cent ninhydrin. 
The latter reaction was therefore used as a standard and is 
denoted as "XX" or "M", equal to "I/Iarked" in the tables.
The faint reaction of weaker dilutions, eg.#3 per cent 
peptone, is denoted by "X". Frequently during the tests 
of pregnant cases, the coloration was much more pronounced. 
(VM. or XXX.).

Occasionally variations in the colour of the 
reaction were noticed, but they were never very pronounced.' 
They were usually a faint red and occurred formthe most 
part/
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pa.rt in the fresh serum controls, usually where the serum 
was more 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, Sees.
Solution of Ninhydrin, 1 per cent.,*2cc.
Water, lOccs. - in series (a) used as dialysing fluid®

in series (b) and (c) added direct to 
peptone solution to compensate that 
used in (a).

Incubation for 16 hours at 37*C (series (a))®

Peptone Per- 
cent age.__

3 per cent. 
1*5 per cent. | 
•5 per cent, i

V
Water-bath.

Dialysed."
(b) ' ! 2 - (c)

  I Direct Flame.
Not Dialysed. Not Dialysed

10 minutes. ; 4 minutes. | 1 minute,
I I

do. I 4#5 do. ' do®
! ^do. ! 6 do. do.

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

With 3 per cent peptone, "XXX" or "Well Marked". 
With 1#5 per cent peptone, "XXX" or "Well Marked" 
With *5 per cent peptone, "XX" or "Marked".
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TABLE 2. Amount of Dialysate tested, s 3"4.^.
Solution of Witte's Peptone, I*5cos. Ninhydrin 1 per 

cent "2cc. -•- 
Water, as Dialysing fluid, 10 ccs.
Dialysed 16 hours at 37*C* Toluol Used.
Tube No. Pept one 

percent age X. i XX.
1 ■ ■

XXX.
Tine of 

Reaction,

I. 3 per cent • 3
minut es. :minutes.

10.
minutes.

10.

s. 3 ” » 3. 5. 10. 10.
3. 1*5” It 3. 7. 14. 14.
4. 1.5" If !

1 3. 7. 14. 14.
5. 1 " " Î o. 10. 10.
6. .5 " 6. 10. 1 10.
7. •5 " "  I 6. 11. 11.

TABLE,3. Test without Dialysers.
Peptone, Sees.,percentage varied. Not dialysed,
Ninhydrin.,2cc,, 1 per cent solution.
Boiled 10 minutes in bath,

Peptone.
#1 percent. I *2 per cent;t3 percent.*4 per cent. #5 per »6 per

' ' cent. cent.
Very faint,! X. XX. XX. XXX,
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TABLE 4,

Pept one. 

Water.

Ninhydrin* j *05oc

Ninhydrin, - 1 per cent solution.
Peptone, (Witte's) *5 per cent.
Solutions not dialysed. ^
Peptone percentage, constant,(Ninhydrin percentage Varying,

Total constant.
(Water amount varying.

95cc

lOCCS. ' lOCCS. I lOccs. ; lOccs. ! lOco lOccs.

•See. I o*cc.•9CC.

7CC. l.cc.

Exposure in Water Bath.
Time and Development of Reaction,

.Ninhydrin..
percentage.

'.
X. 1 XX.

ft- ■ ■ -j
XXX. 1 Total Time.

.05 per cent. 15 minut es. ! '
I

j 15 minutes.

•1 " dô. 2 do. 1 3 minutes.
!
jl5 minutes.

1
15 do.

•2 do* 5 do. ; 4 do. 10 do. 10 do.

•4 do. - — 4 do. 7 do. 7 do.

•7 do. — — 4 do.1 4 do.

1 do.
________ 1

— 4 do. 4 do.
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TABLE 5, Tested against water, (a) distilled water,
(b) tap water.

Result.

Ninhydrin, varying from, *05cc 
@ 1 per cent solution.

5.

Boiled in water-bath from 4.30 pm. to 4.45 pm. 
Control - 5 per cent peptone, 5ccs.

5ocs. 5ccs.

do, I do,

"05CC. ! *loc.

do.

See,

do.

3cc,

5CCS. 5ocs. ! 5ccs. ! 5ccs.

do, do.

* 4c c. *5cc.

t pept oner 
5CCS.

do,

5cc.

XXX.

&
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D.

The Sero-Diagnosls of Pregnancy,

The Dialysing Tubes,

The tubes used in the first instance, the 
îîo,579A of Messrs. Schleicher and Schull of Dur en, 
measured 50 X IGnm. They were not standardised when 
obtained from the manufacturer, and proved generally, to 
be very hard, and by no means permeable to peptone.
A large number had to be tested before a suitable series 
could be arranged. In the later experiments, the 
standardised tubes made by Rudolf Schops, of Halle, were 
employed. They were certainly much softer and more per­
meable to peptone, but varied as much in their permeabil­
ity for peptone, as those originally obtained from 
Schleicher and Schull, They were therefore standardised 
in the laboratory before use.

Standardisation of the Dialysers.
The tubes were standardised as regards:

(a) Impermeability to albumen:
(b) Permeability to peptone:
(c) Rate of diffusion of peptone.

A careful preliminary examination of all the tubes 
was made for minute perforations.

One/
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One tube out of 48 tubes tested was rejected on 
this account.
Impermeability to Albumen.

Four sets of tubes, 48 in all, were tested, the 
first three with serum, the fourth with egg-white 
albumen•
Standardisation

The sera for test# A, B & C were obtained from normal 
females. The blood was approximately 10 hours old in 
each case. The serum was allowed to separate in the 
ice-chest, and was centrifuged twice in a sterile tube.
B and C were haemoglobin free; A was haemoglobin 
stained. /

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

Instead of Erlenmeyer flasks as employed by Abder­
halden, glass jars with well fitting stoppers were 
substituted. The watch-glass cover used with the 
Erlenmeyer was thus dispensed with and the risk 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 content in order to facilitate filling with the 
dialysing fluid.

The/
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The dialysing tubes were sterilis6d_for each test 
by boiling in water for one minute. When stored tbe y 
were immersed completely in boiled water in a jar and 
a thick layer of toluol was superimposed. ,

For the albumin test the sterile dialysing tube was 
charged with Icc. serum, or l*5cc. albumin solution and 
then thoroughly washed externally with a stream of 
distilled water to remove any trace of serum which might 
have accidently contaminated th outside in the process 
of filling.

The wall of the tube was then compressed with a 
forceps about 1cm. from its orifice and the inner edges 
of the mouth were rinsed carefully with water. The 
tube was then lowered into the (stoppered) jar, contain­
ing I60CS. of distilled sterile water. As an antiseptic

4/  /iCl AK&/Z4/
seal, a thick layer of toluol was run on to the surface^ 
and also into the tube. About 2cms. of the tube pro­
jected above the surface of the water. The manipulation 
of the dialysers was facilitated by the use of forceps,
the point of which was bent obtusely on the lii#s to an

oangle of about 35*. '
Incubation.

The series of twelve tubes, when thus prepared, were 
incubated @ 37~C, for two consecutive periods of 16 hours
each./
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each. Au the end of each period, Sees, of the dialysate 
were drawn off with a pipette, and tested for the presence 
or absence of albumen by the biuret test*

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.

In set tubes 8 and 11 were twice positive.
The tubes giving the positive reactions were rejected 

and replaced by others which were tested and found to be 
impermeable to albumen.

For the biuret test, Sees, of the dialysate were mixed 
with 2*5ccs* of caustic soda solution (33 per cent). To 
this Icc. of copper sulphate solution (1»500) was added.
Of the forty eight tubes tested the dialysates of three of 
them were observed to give the violet coloration of the'. : 
reaction* They were rejected therefore, being permeable 
to albumen.
Permeability to peptone.

For the permeability test, a »5 per cent solution of 
Witte's peptone was used in series A and B, and for series 
C and D silk-peptone was employed. The latter series had 
already been atandardised by the manufacturer before 
being- issued.
Procedure.

The /
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Procedure, contd.

The jars were sterilised by boiling, after which 
they were filled wit# lOccs. of distilled water, as dial­
ysing fluid. The dialysing tubes were in the first 
instance washed freely under the tap, and then boiled 
for one minute in a beaker, each tube being boiled 
separately. The tubes were then charged with Sees, 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 with a layer of toluol. The incubation of 
the tubes at 37*C lasted IG hours.
The Ninhydrin Test.

For the ninhydrin test, Sees, of the dialysate were 
mixed with *2cc. of the 1 per cent ninhydrin in a test- 
tube and the mixture boiled in the water-bath. As soon 
as the colour of the solution attained a degree equal to 
that of the control (described later) ie. equal to XX, 
the test-tube was removed from the bath. The time and
the progress of the reaction were noted. The test-tubes
were boiled in pairs, so that they could be observed more 
easily. The control employed was made as follows - Sees 
of the *5 per cent pept one solution were added to IQccs. 
distilled water and thoroughly shaken. To Sees, of this 
mixture/
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mixture "See. of the ninhydrin solution were added.
The solution \?as boiled in the water-bath for 10 minutes, 
when it assumed the violet colour already described. 
Before the final reading of the tests was made t^e tubes 
were allowed to stand in a rack for 30 minutes.
Analysis of the Tests.
Series A.

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

3 tubes required 9 minutes each.
2 — — 10 — ».

2 11
Average for 7 tubes -, JÉ*t9""minutes each.

2 tubes required 6 minut es.
2 —  —  8 —

Average for 4 tubes - 7 minutes.

A standard react ion-time of 10 minutes was aimed at, 
and dialysers which produced a dialysate requiring boil­
ing for more than 11 minutes or less than 9 minutes 
were accordingly rejected. In series A tubes No. 3,4,7, 
9,10, had to be replaced by others which approached the 
standard more closely.

Series b/
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Series B, H ot St and ardi s e cl.

Tills test proved the most unsatisfactory; pract­
ically only three of the tubes were sufficiently permeable 
10 pept one.
(a) Tube No.l was almost impermeable to peptone*
(b) The remaining eleven tubes averaged 11*9 minutes.
Of these Tubes No.8,10,12, averaging 11 minutes, alone 
were unsatisfactory. ■The others were not used*
Series C.

These were standardised tubes and were much softer 
than those in series A and B.
(a) Average for 12 tubes 9®6 minutes.
(b) 6 tubes averaged 10 minutes
or (c) 9 tubes averaged 9*8 minutes.
All these tubes were used except Nos.8,10 & 12, which 
were either too soft or too hard.
Series D*

These were also standardised and proved the most
«

satisfactory of all the tubes tested.
(a) Average for 12 tubes 9*6 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 
had not been boiled, at the utmost, for more than a total

of/
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of 15 minutes, during all the tests.
The average, fdrrthe 12 tubes was raised thereby 

to 10®9 minutes. Four tubes (Nos.4,5,8,11) had increased 
their average to 12*75 minutes and had to be replaced.

•oOo-
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The Sero-DlagnAsis of Pregnancy*

To test the diagnostic value 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 obtained from pregnant eases, before or
after parturition. As controls, 13 sera from healthy 'I

cnormal individuals and a similar number from gynaecolog­
ical cases were employed. The remaining seven sera were 
from the foetal circulation. All the sera were prepared
as described in the previous section relating to sera.
The blood was drawn under aseptic conditions and the 
corpSules removed by coagulation and subsequent centri­
fuging. The occurrence of haemoglobin staining in 
several of the sera is noted in the appended tables.
The bulk of the sera were less than 10 hours old when
tested. In some instances, however, it was not found
possible to prepare the sera for the tests in such at 
short time as often great difficulty was experienced in . 
obtaining satisfactory sera from non-pregnant oases as 
controls. With a few of the sera more than twenty-four 
hours elapsed before they could be used. This however 
was of rare occurrence. Reference to the exceptional 
cases is made in the text.

Pregnant/
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Pregnant Cases.

All the sera from cases at tjie ninth month of 
gestation (nineteen in number) were procured within 
twenty-four hours before the delivery of the patient 
occurred. Those from cases in the later months of 
pregnancy (twelve) were obtained from hospital in­
patients awaiting operative or other treatment. Out­
door and dispensary patients, who were from two to five, 
months pregnant furnished the other sera. j(twenty-two) * 
Care was taken to select only those cases whicl^wereifrjom 
complications such as nephritis and clinically obvious 
syphilis.
Eclampsia. (Six cases).

The blood was collected when the patient was under­
going venesection, prior to saline-transfusion. As it 
was found that the blood from these patients lysed 
spontaneously much more rapidly than that from cases of 
normal pregnancy, the serum was separated in as short a 
time as possible and often the test was proceeded vfith, 
in the absence of control-serum, from a non-pregnant 
patient.
Abortion. (Eight cases.)

Without exception, in all the cases the uterus had
not/
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not been explored or the products of conception evacuated
before the blood was drawn o:OT. Okro cases had suffered
severely from haemorrhage before their admission to 
hospital. Generally the pregnancy had lasted from 
seventy to eighty-four days’ before the interruption 
occurred,
puerperium. (Nine cases).

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

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 from the mother. All the sera were from 
full time pregnancies.

The bulk of the above mentioned cases were patients 
of the Maternity and Samaritan Hospitals, Glasgow. 
Gynaecological Cases. (Thirteen).

Pregnancy was excluded in all these cases by careful
clinical examination.

The blood from the eight cases of nev/-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 tte operation. The 
four endoinetritic cases were examined in the wards prior 
to operative treatment or in the d^pensary in the case of 
put “door patients# A bacteriological examination of the 
gonorrhoeal 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 tumours. Usually they attended for the adjustment 
of a pessary for a uterine displacement.
Four of the sera from adult males were procured from medical 
officers or attendants of the above mentioned institutions. 
One serum was drawn from a patient suffering from locomotor- 

ataxia.
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Procedure.
Preliminary:-

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 boiled for one minute in distill­
ed water immediately before use. Only proved tubes were 
used (of. Standardisation of Dialysing tubes). They 
were restandardised after every ten tests for impermeab­
ility to albumen and permeability to peptone, and those 
showing much 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 testesL in conjunct- , 
ion with that from non-pregnant cases; generally three of 
tbe former were grouped with one of the latter# Occasion- 
a,iPy a. non—pregnant case was not available, and the other 

sera were then tested alone.
Method/ .
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Method.

A rouuine method for the preparation of the substrate, 
serum and dialysers, and for the perfornanoe of the 
experiment, was adopted in order to reduce to a rrd.nimuix the 
manipulation of the specimens, and the time required in 
their preparation.
(a) All the apparatus having been sterilised, the jars were 
filled with EOccs. distilled water as dialysing fluid, and 
then numbered.
(b) The placental substrate was removed from the capsules 
and dried between a couple of sheets of filter paper.
To 10 grns. of the substrate 20.ccs. of distilled water 
was added and the mixture boiled for 10 minutes in a 
beaker. After filtering it was dried and divided into 
•5grm. quantities. The filtrate was preserved and tested 
with ninhydrin for the presence of diffusible protein 
products. To Sees, of the filtrate "5cc. 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 
was obtained. A positive reaction to ninhydrin was often 
observed at this stage of the procedure when the water from 
tlie substrate was tested. But it was rarely observed after 

the/
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the first boiling, and was at all times got rid of before 
the substrate was used in the tests. On a fev/ occasions 
this proved impossible and the specimen was rejected.

In the earlier experiments *5grm. of.substrate was 
used in the tubes, but later the quantity was increased to 
Igrm. Larger amounts were frequently used (3 to 5 grm.), 
where placental tissue was used as a control, without 
serum. The substrate was introduced Into the dialysing 
tubes by means of a pair of forceps and was never touched 
directly with the hand.
(c) The serum prepared as already described, was divided 
into two equal portions, one half being heated in the 
water-bath at 60*C for SO minutes in order to inactivate 
tbe ferments. The serum was pipetted into the dialysers 
with sterile pipettes. l#5ccs. being placed in each tube.
(d) The exterior of every tube and also the inner edges of 
its orifice were carefylly washed under a stream of dis- 
tilled v/ater after, tbe tube had received the" serum or 
placenta or both. This precaution was necessary to pre- 
vent contamination of the dialysing fluid from, serum or 
placental tissue which might have soiled the exterior ox ; 
the tube during the filling process. The uubes when filléd 
were immersed in the dialysing fluid in uhe jais. Toluol 
was then poured over the surface of the w"ater and into the

tubes.
(e)/
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(e) Wiien a series liad been completed as above described,
ohe uuees 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.
Unknown Serum for Diagnosis.

Tube No.(I) (Placental Tissue:- *5grm.
(Serum (fresh) l*5ccs.

(2) (Placental Tissue:- ®5grm.
(Serum, inactivated:- l*5ccs.

(3) (Serum (fresh) l.Sccs.
(4) (Serum, inactivated:- 1.5ccs.
(5) (Placental Tissue:- *5grm.

(Control)
Khown 8erum from Non-pregnant Case.

(6) (Placental Tissue:- ©Sgrm.
(Serum (fresh):- l.bccs.

(7) (Placental Tissue:- •5grm.
(Serum, inactivated:- l*5ccs.

(8) (Serum (fresh):- l*5ccs.
(9) (Serum,inactivated:- l*6ccs.

As auto lytic processes were liable to occur in the 
blood within a very short time after it was withdrawn from 
tie: patient, usually within twenty hours, but seldom less 
tiian ten hours — the serum had to be sepaiaoed xrom the 
oorpsules in as short a time as possible, and introduced 

int o/
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iriüO blie dialysers without delay. It was not possible to
r-, -, ^differtiate by the ninhydrin reaction the diffusible pro- 

Cl Lie L, s resulting from the aut olytic decomposition of the 
serum albumins from those derived from placental tissue 
by the interaction of the serum and placenta. To avoid 
this complication fresh serum was always used. Seldom 
more than ten hours elapsed after it was withdrawn from the 
patient before it was placed in the dialysers.

pix) sera were examined to determine the time of onset 
of spontaneous decomposition. The details of this invest le­
gation are given later.

Controls.
As the test depends upon the demonstration of ninhy­

drin reacting bodies in the dialysate, after the interaction 
of serum from the pregnant individual and of placental 
tissue, three types of control are possible;

(a) A serum from a non-pregnant individual which, 
being presumably devoid, of the proteolytic ferments, will 
have no digestive action upon placent al tissue. Ho diffus­
ible protein products should occur in the dialysate when 
Such a serum is brought into contact with placental sub­

strate and incubated.
(b) The proteolytic ferments in the serum of a pregnant 

person are rendered inactive by exposure to a temperauure

of / "
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of* GO*C, Such, a serum can have no action upon placental 
uiücue and (if* incubated vrith it in the dialjsing tube) the 
dialysaue of* the control ought not to contain ninhydrin 
reacting bodies,

(c) The serum, fresh dr inactivated, and the placental 
substrate when placed in the dialyser separately ought^to 
produce ninhydrin reacting bodies in the dialysate.
Should a positive reaction occur, it is due (1) in the 
case of the sérum to diffusible protein products result­
ing from the aut olytic decomposition of the serum proteins, 
(2) in the case of the substrate to decomposed protein, 
eg. blood, the substrate not having been properly prepared.

The Ninhydrin Test of the Dialysate.
On the completion of the incubation, IQccs. of the 

dialysate 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 carefully selected, so t]%# they were all uniform as 
regards size, bore and the thickness of the glass. To 
each tube "'See. of a one per cent solution of ninhydrin 
was added. The tubes were then placed in tne water- ahd 
boiled for ten minutes after which they were removed and 
allowed to stand in a rack for thirty minutes. During 
this period it was usually noticed that where the reaction

occurred/
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occurred the violet tint of the solution became more pron­
ounced, Ho note of the result of the test was made until 
the half hour had elapsed. In cases where the result was 
doubtful a further lOccs. of the dialysate were drawn off 
and boiled with ninhydrin.
Explanations of Symbols Occurring in the Following Tables, 

Dialyser Contents.
S:- Serum.

Serum, inactivated. 
p:~ Placenta.
SP:- Serum and Placenta.
S*P:- Serum,inactivated, and Placenta. 

Ninhydrin Test of Dialysate,
X.:- Faintly,Marked. Reaction.
XX:- Marked Reaction.
XXX:- Very Marked Reaction.
0:- No Reaction.

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

X:- Faintly Marked.
XX:- Marked.
XXX:- Well Marked.

Notes as to haemoglobin staining and the age of the sera 
are to be found in the column headed Remaims .
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F.

The Sero-Diagnosis of Pregnancy.
■ Synopsis of Cases Examined.

TABLE 6.

Source of Total Cases
Result of ïêsts.

Serum. Examined. Negative, Positive.
Pregnancy. 53. 14. 1 39.

1 Eclampsia. 6. 2. 4.
■ Foetal- 
1 Circulation. 7. 2. 5.
: Puerperium. ■ 9. 4. 5.
1 Abortion. 8. 2. 6.

1 Normal 
I Females. 8. 5,3 3. ■
I1 End omet rit is 4. 5* 1.

Ovarian Cyst. 1. 1. Go
Uterine
Fibroid. 3. 2. 1*

Carcinoma
Uteri* 4. 3. 1*

I G-onorrhoeal 
1 Vaginitis.1

■
1. 1. 0#

1 Males.
I ■

3.
1■

2.
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TABLE 7
"Case

1.

5.

5.

6.

7.

9c

10.
Ile

12.

1 Source of 
Serum. 8.P. S' .p. s. S'.

p

1 -  ' 
I Remarks.

X ara.
(Nine Montas) I XX.

I

[■' ' 7'““" 
0. 0. 0. ! 0. 11 hours old,

1 - , m
1 ara.

(Nine Months)
; XX. X. 0. X. 0. do.

1 ara.
(Nine Months )

XX. 0. 0. 0. G. do.

Male, *0. 0.

.. ,... 1X. 1
1

■ 0. 0. 0. do.

X ara.
(Nine Months)

XXX. ■ ; X. Of 9 hours bid.

X ara.
(Nine Months)

XX. ■ 0. !;
0. I

i
•0. 0. do.

X ara. 
(Eight

Months) I
XX. 0. }

!
j

0. ■ ‘ 1 
■1

0. G. do.

Endometrit is.; 0. 0. i
i:.....M
: 1

■0. 1
!

Go 0. 13 hours old.
■— '

Abortion. 
(Three Months!
X ara.

(Six Months)
1 ara.

(Five Months)

XX.
)

X.

X.

i i X. I

: 0.
r ■ ■■ I
L 0. 1
i • -1

i. X. 1 

0. ! 

X.

X.

0.

0.
1

X.

X.

X.

i Placental 
; substrate 
negative to 
ninhydrin 
before test 
was made.

Normal | 0. : 0. 1 0. 1 0. X.
Female,
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Case Source of
No. Se run.

13. 1 ara.
(Nine Months)

14. X ara.
(Three Months)

16. Male.
16. 1 ara.

(Sight Months)

17. Abortion.

18. Solampsia.

19. G-onorrhoeal
Vaginitis.

20. X ara.
(Nine Months)

21. Puerperium.

22. Abortion.

23.

24.

1 ara,

Male.

S.P.

XX.

0.
XX.
XX.

X.

XX.

0.
XX.

XX.

XX.

XX.

X.

0.

X.

X,

0,

0.

S'.p. 8. S'.

0. 0. I 0.
I0. 0. I 0.

0. 0.

X,

0. I 0.

0. I : 0.

0.
0.

0.

X .

X.

X.

X .

Remarks .

Tv/elve hours 
old.
do.

do.
19 hours old,

Haemoglobin
Stained.

Placental 
substrate 

negative 
when tested 

with ninhydrin

Fourth Day,

0.
0.
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TABLE 7. (Contcl).

Case Source of
No, Seruirio

25. X ara.
S {(Six Months)

26.  ̂ Normal. Female

27. X ara. 
(Eight Months)

28. X ara.
(Nine Months)

0.
XX.

S.P. S'.p. 

X. X.

0.
X.

0,

s,

0.
0.
0.

S'. p. Remarks. ;^

0. 0.
Haemoglobin 
Stained.

X,

0. 0.

29 o Endometritis.

30* Ovarian Cyst,

31. X ara.
; (Four Months)

32. X ara®
■: (Two Months)

33. Abortion,

34. Normal
Female.

35. Endometriris

36. X ara.
(Six Months)

XX.

0.

0.
0.

X.

X.

0.

XXX.

0.
0.

0.

0.

X.

0.

X.

0. 0. I 0. i Sixteen
hours old

0. 0. , 0. Sixteen
I hours old.

0. 0.
0. 0. 0.

0. 0

0. I X.

do.

do.

0. ; Haemoglobin] 
Stained.

0.
0 . i 0. : 0 .

X,
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Case
Ko.

37.

68.
39.

40.

41.

42.

43.

44.

45.

46.
47.

ELE 7 . (Contd.)

Source of ^
SeruiA. ! S.P,

1 ara. ; XX.
(Eight Months)

X ara. . 0.
(Nine Months)',

1 araa  ̂ X.
(Three Months)
Abortion. 0®

X ara. XXX.
(Nine Months)

X ara. 
(Three Months)
Abortion. 

(Three Months)
Male. 

(Loco-rnot or 
Ataxia)

X ara.
! (Five Months)
I Eclampsia.
I Uterine 
Fibroma.

0.
0.
0.

48. ; Normal Female

X.

0.
0®

XX.

.p. s.

X,

X.

0# 0.
X.

S'

0.

0.

P• i Remarks.

Haemoglobin 
Stained.

17 hours old. 

17 hours old. 

17 hours old. 

9 hours old.

- 12 hours old,

- I 12 hours old, 
0. I do.

j
- do.
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TABLE 7. (Contd.)

Case
No.

49.

50.

51.

52.

53.

54.

Source of 
Serum.

1 ara. i Q,
(Nine Months) |
Eclampsia.'

Normal
Female.

X.

0.
Endometritis* ; 0.

1 ara. X.
(Three Months);
Puerperium,

55. Eclampsia.

0.
XX.

56. 1 ara. j X.
(Four Months) ■

Is .P. S'. P,

X,

1 ■ ■ ' ■ " .... ..r .. ' '
i . s. S'. p. j Remarks.

X.

0. 0.

X. X,

Tenth Day,

Haemoglobin
Stained.

I 57. 

 ̂ 58.

 ̂69.

P 60.

Eclampsia. 0.
Inara.

(Three Months)I 0,
Abortion.

Abortion,

X.

X.

Xm
0. 0. : 0,

0. :p I I . 0.

X.

X.
0.

0.
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?ABLB 7, (Contd.)

Case Source of 
No. Serum.

61. Puerperium,

62. Foetal
Circulation.

63. Normal
Female.

64. X ara.
(Nine Months)

65. X ara.
(Eight Months)

66. Uterine
Fibroma.

67. mie.

68. Eclampsia,

69. 1 ara.
:(Three Months)

r 70. 1 ara.
; (Nine Months)

S.P. S'.P. ! S.

. 0. 

XX. 

X. 

XXX.

0.

X.

0.
XX.

0.

X,

X.

0.
0. I 0.

0. i 0.

0.
0. 0,

X.

0. : 0.

S'.

0.
0.

0.
0.
0.
X.

0.

p. Remarks.

0. ! Seventh Day.

Haemoglobin
Stained.

0.
0.
0.
0.

25 hours old.
j -

0. 9 hours old.

— do.

Haemoglobin
Stained.

Haemoglobin
Stained.
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TABLE 7. (Contd. )

Case
No.

71.

Source of 
Serum.

X ara.
(Five Months)

72. Puerperium. '

S.P,

X.

S'.P.

X,

“M"
S'. : P. Remarks.

Fô irth Day,

76. X ara. ,
(Five Months)

74. Normal
Female.

7 5. X ara.
(Nine Months)

76, Puerperium.

0.

XX,

0. 0. i 0, 0,

Seventh Daŷ

77.

78.

1 ar a .
(Five Months)
Foetal
Circulation,

79. 1 ara.
(Nine Months)

80. X ara.
(Nine Months)

Go

0.

X.

XXX.

'' i



TABLE 7. . (Contd.)
GO -

Case I Source of 
Ho. ’ Serum.

81. i Foetal
Circulation,

82. Foetal
Circulation,

83. ; Puerperium.

84. X ara.
(Eight Months)

S.P. I S'oP,
  Jj...
X. I -I

XX.

0. 0.
■ j

X.

8, 8'. Remarks

Haemoglobin
Stained.

Haemoglobin
Stained.

0. j 0. I 0.1 Seventh Day,

85. Carcinoma
Uteri.

86. Puerperium, XX.

0. 0. i 0.

Seventh Day.

87. X ara. i 0.
: (Eight Months) j

88, ara. ! X.
(Three Months) i

89. X ara. ! X.
Three Months) ;

90. Foetal I 0*
Circulation, j

Q.,

X.

0. 0. ; 0.; Haemoglobin
! I Stained.

X. : X. 0. Haemoglobin 
Stained.

0. 0.



TABLE 7. (Contd.)
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Case Source of
no,

91.

92. 

95. 

94.

Serum,

1 ara. 
(Three Months)

1 ara.
(Five Months)
Foetal
Circulation.
X ara.

(Four Months)

S.P® ; S'.P. ! , S. : S'. : p. I Remarks,

X.

XX.

X.

X.

X.

- ; 11 hours old,

11 hours old,

25 hours old,

11 hours old.

95.  ̂ Puerperium. XX. X. ; Seventh Day.

96, Normal
Female.

97. ara.
(Five Months)

0.

X.

X.

98* X ara. XX.
(Three Months) ■

99. Uterine Oé
Fibroma.

X.

X.

loo. Carcinoma 
Uteri.

0. 0. i



TABLE Y. (Contd.)
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Case Source of . i
HOo ■ Serum. ; 8«P,I
101. X ara. X.

(Nine Months)

S'.P. 

0.

So

0.

S'

d.

Po

Oo

Remarks,

102. X ara.
(Six Months)

0. 0. 0, 0. 0,

106. Carcinoma 
Uteri. .

104. Puerperium.

XX.

0.

0.

0.
0. ; 0.
0. ' 0. ; Seventh Day

105. 1 ara. XX.
(Nine Months)

0. 0. 0.

106. Foetal XX*
Circulation.

107. X ara. XX.
(Three Months)

108. Carcinoma 
Uteri.

0.
X.

0.

0. 0. ; Haemoglobin
' Stained.

X. X.

0. 0. 0. : Haemoglobin 
; Stained.

109. X ara. ! XX. 
(Six Months)

0. 0. i 0.
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The Sero-Diagiiosis of Pregnancy.

Analysis of Resuit s.

TABLE 8.
Pregnancy. Total fifty-three cases.

Fourteen sera reacted negatively ie, vdien the fresh 
serum and placental extract were allowed to interact no 
diffusible bodies which reacted with ninhydrin appeared 
in the dialysate. In the later months of pregnancy the 
reaction was more narked than in the earlier months. 
Twenty-four sera from cases from the sixth to the ninth 
month gave a positive reaction. In eighteen of these the 
reaction was /"narked" or "well marked". Of the twenty- 
two cases, between the second and fifth months» seven gave 
a negative reaction, twelve reacted faintly and in three 
only was the reaction "marked". The case from the second 
month of pregnancy was not secured at a later date for 
further examination. No cases were obtained at a period 
of gestation earlier than the second month pregnancy.

The dialysates of the serum-controls of six of the 
cases reacted positively with/ninhydrin,' although In one 
of these cases the serum produced no diffusible bodies in 
the dialysate when it was exposed to placental extract.
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.BLE 8c (Contd).
i\nalysis of Results of Pregnant Cases Examined 

Number of Cases Examined - 5o,

Duration of 
Pregnancy.

Fine Months.

Fight ■ Months.

'Six Months.
I
I Five Months.
a
four Months. 

Three Months, 

rTwo Months.

.I

0.
4.

Be

2.

3,

1,

Grade of Reaction*

X.

S.

2.

2.
6.

0.

XX.

8.
4.

1.

0.

2.

0.

XXX,

4.

0.

Total.

19.

7.

5.

3.

lie

1.
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lolampsla : total six cas es #
The dialysates of three of the sera reacted markedly 

with ninhydrin and one faintly. Of the serum-controls, two 
produced a reaction. In one (18) the controls of inactiv­
ated serum reacted and in the other (50) the reaction 
was produced by the fresh serum control.

Abortion: total eight cases.
Six oases were posit ive but two only were "marked.

In one case the serum controls produced a reaction with 
ninhydrin when all three controls as well as the placental 
control reacted.

Blood from Foetal Circulation: Seven cases.
T*wo cases were negative. Three sera were haemoglobin 

stained. The fresh serum control reacted in No.(106).
In case No.96, where it also reacted the serum was twenty- 
five hours old.

Cases in Puerperium: Nine Cases.
Five cases gave a positive reaction. In none of the 

controls was a dialysate observed to react with ninhydrin, 
The serum from the case at the tenth day of the 

puerperium, and three of those from the seventh day were 
negative in reaction.

Gynaecological/
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Gynaecological Cases.
Endometritis : Four cases.

One case (29) was positive. The serum was sixteen 
hours old and in the "Inactivated serum and placenta", 
control the dialysate reacted positively with ninhydrin,

New Growths : Six Cases.
Two of the sera reacted positively. In two of the 

cases the serum controls reacted, viz: Nos. 66 and 99. 
In the former case the serum was twenty-five hours old, 
all the serum controls yielding diffusible bodies in 
the dialysates.

Normal Females : Eight Cases.
Five cases gave a negative reaction. Of the three 

positive cases, the "inactivated" seruia-control in one 
(34) and the "fresh" serum-control in another (48) 
produced a dialysate which reacted with ninhydrin.
The latter serum was twelve hours old.

Adult Males: Five Cases.
Two out of five cases were positive. No.15 had 

been tested on two occasions previously with similar 
result before it was included in the series. As it 
presented a marked degree of lipaemla, another serum

was/



- 67 -

was selected (Ho.44) which also showed some lipaemla. 
The latter serum however produced no diffusible bodies 
when exposed to placental substrate. Hone of the serum- 
controls in these cases reacted v<?ith ninhydrin.

Serum Controls.
The dialysates of the se run-controls in t'wenty-

eight cases reacted with ninhydrin as follows
in all three controls - 6
in the "inactivated serum" controls - 12
in the fresh serum-controls - 10

#
A reaction with ninhydrin occurred in the dialysate 
of the placental-extract control on four occasions 
involving thirteen sera.
Age of Sera.

Two sera were twenty-five hours old when tested 
and gave a positive reaction in the serum-controls. 
Three sera seventeen hours and one nineteen hours old 
produced no reaction in the dialysates of the serum- 

controls.
Reactions occurred in the controls of sera which 

were nine, eleven, twelve, and sixteen hours old 
respectively.
Haemoglobin /
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Haemoglobin Staining.
Fourteen sera were examined which were stained 

with haemoglobin. In hine. 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 Serum, Substrate and Dlalysation 
influencing the Abderhalden Serum Reaction.

Age of the Serum and Temperature of Inactivation.
The age of the serum, or the period at which it 

is examined 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 was withdrawn from 
the patient. "Inactivation" was studied by varying the 
temperature of the water-bath from 50-60 degrees 
Centigrade, and the period of exposure from 15 to 60 
minutes.

The behaviour of the sera already investigated

suggested that these factors^varied somewhat with sera
from different sources. The sera from normal cases were 
apparently more stable or less liable to autolytic 
decojûiposition than those from pregnant and other patients

In/
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In eclampsia and in the case of blood from the foetal 
circulation the serum proved to be less stable than that 
from patients with uncomplicated pregnancy.

Abderhalden stipulates that the serum for the 
inactivated serum controls should be heated at 60.C, 
but he does,not indicate 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 might be properly stored 
for further examination. Eight sera were stored and 
examined at intervals of three, five and seven months.
In addition to the above investigations, a quantitative 
examination of the relationship of serum and a placental 
extract was made, and also of the progresd of the re­
action during prolonged periods of dialysation

Age of the Serum. TABLE 9.
Seven serum were kept at room temperature for vary­

ing intervals of time, after which they were examined by 
the dialysation method. The blood was withdrawn from the 
patient under aseptic conditions, and stored in sterile 
test-tubes which were sealed with cotton wool. Three 
sera were obtained from pregnant patients, two from 
cases/
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cases of eclampsia, one from tho foetal circulation, 
and one from a'normal female.

The sera from cases 1-5 were separated immediately 
from the clot by centrifuging after they were withdrawn 
from the patient. The blood from cases 6-7 was 
divided into two parts, one of which was centrifuged 
and the serum separated; with the other, the serum 
was allowed to remain in contact with the clot for a time 
viz: 10 to 25 hours. The sera were tested with placental 
extract, at intervals of ten, fifteen and twenty-five 
hours, by the dialysation method. Controls of fresh 
and inactivated serum were employed.

In all the sera, little effect on the ninhydrin
reaction was noticeable, when the test was made within
fifteen hours after the blood was withdrawn from the
patient. The serum from the eclamptic case (Ho.5)
produced a reaction in the dialysates of.the serum
controls after it had stood fifteen hours before being
tested. When however an interval of twenty-five hours ;

*
elapsed before the serum was examined, a. reaction to 
ninhydrin occurred within the dialysates of the serum 
controls in practically all the cases.

In cases (6) and (7) where the portions (b) of the 
blood were not immediately centrifuged and the", sefum 

was/
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was allowed to remain in contact with the clot for ten 
and twenty-five hours respectively, a reaction occurred 
with all the dialysates after a period of ten hours. 
These portions of serum were'haemoglobin stained.

1
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The Age of Serun.

Degree of Ninhydrin Reaction.

bee
ko.

b.

Source of 
8 er um

X ara. 10 hours old. 
15 r do.
25 do.

X ara. 10 hours old. 
15 do.
S# do.

X ara. 10 hours old. 
15 do.
25 do.

Eclampsia.
10 hours old.
15
25

do.
do.

s. p. ! S'.p.! S. 1 S'. !
' — .... 1..... 1 I I

XX. »•: 0. ; 0. ! 0.
XX. 0. 0. ! 0. ; 0.
XXX. 1 0. : XX. 0. ! 0.

X. 0. :1 0. ; 0. ! 0.
X. i . 0. 1 0. 1 1
XX. ; XX. i

I.... I
XX. 1 XX. 1 0.

XX. ; 0- f X. !. 0- 1 0.1
XX. 0. ' X. ! 0. 0.
XX. X. : XX. X. 0.

XX.
1

0. 1I 0. 0. 0.
XX. I - X. i 0. 0. 0.
XX. 1XX.' I

1
XX. 0.

■
0.

L ..-.i-

Remarks,
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Degree of Ninhydrin Reaction.
Source of !  , I
Serum. ' S.P. ' 5* .P. s. S».

Eclampsia.
10 hours old. XX. i XX. 0. ! 0. 0.
15 do. XX. ; XX. - X. 0.
25 do. ; XX. : XX. XX. : X. 0.

Foetal Circulation.
.... ....

(a) 10 hours old. XX. Ii 0. X. : 0. 0.
25 do. XX. 1 XX. XX. ; XX.

(b) 10. do. XX. ! XX. XX. i XX. 0.
25 do. / XX. I XX. XX. i XX. 0.

Mornai Female.
10 hours old. 1 0. 0. 0. 0
25 do. ‘ 0.; 0. X. 0

! : (b) 10 hours old. I XX. 0. XX. i 0
25 do. I XX. XX. XX. 1 'XX

P.I Remarks,

!(4)
ôr 10-25 

lii hours res-

'/'j
contact vfltl 
clot, ■ 
Haemoglobin 
stained).

Oe ;

0.1
!

0. : (b)Retained 
in contact 

0# with clots 
jfor 10 & 25
ihours respec- 
jtively.
: Haemoglobin : 

stained.
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Inactivated Sera.
Four sera from pregnant jser^ were examined.
(a), (b) and (c) 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 heated in the water-bath at 50°, 55°, 57°, 60OC 
for thirty minutes. With (c), the water-bath was main­
tained at a temperature of 60°C andjthe portions of serum 
were exposed at this temperature for varying intervals' of 
time, viz: 15, 20, 50, 60 minutes. l*5ccs of the heated 
serum were placed in the dialysing tube with Igrri. of 
placental extract. As a control l*5ccs. serum were dial- 
ysed in a tube alone without the placental extract.
Twenty ccs. of distilled water were used as dialysing fluid. 
Toluol was used as in the previous experiments. The sera 
were incubated for 16 hours at 37C. With the first three 
sera (a,b,d,) only those portions of serum Seated at 60°C 
for sixty minutesvwere completely inhibited, so that no 
reaction occurred between the dialysates and ninhydrin.
With those heated,at 57^0, diffusible bodies reacting with 
ninhydrin occurred in the dialysates, but to a less extent 
than when the sera had been heated at 50^C. In (d) however, 
the reaction was present in all the dialysates heated from 
50-60C, Serum C gave reactions in the dialysates of the
portions/
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portions heated at 60^C for 15 and 20 minutes respectively, 
No reaction occurred when the serum was heated for 30 
and 60 minutes*

'É
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The Inactivation of Sera,

Sera (a). (b), (d) exposed in water-bath
for thirty minutes; temperature varied.

Degree of Reaction.

Temperature of (a)
Inactivation. s»̂ .: S». i  ^P. !

XX.I 0. !
8*2. 8*

50* C. XX. Oo XX. X.
55“C. X. 0. XX. 1 0. XX. X.
57'C. 0. 0. X. 0. X. X.

' 60"C.
i

0. 0. 0.; 0.
I 1 !

0. 0.

1
1

Sérum (o) exposed in water-bath at ôO^C. 
Time of exposure varied.

1*50es. 
serum 
at 
60*C.

Duration
of

Exposure.
Degree
of

Reaction.

15 minutes, j XX.
20 do. ! XX.
30 do. I . 0.
60 do. I Oo
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Refrigeration of Sera.
Eighi'sera were selected and stored in glass phials in 

the refrigerator for periods of three, six and seven months.
Two of tne sera (7 & 8) were seventeen and twenty-five hours 
old respectively, before they were placed in the refrigerator. 
The others were fresh sera, that is, they were less than ten 
hours old. Serum No.8 was haemoglobin 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. % e n  re­
moved from the refrigerator they appeared to have undergone 
little change as regards colour and transparency. The sera 
were carefully thawed, and afterwards their action upon 
placental extract was examined by incubating in dialysing 
tubes. When the ninhydrin reaction of the dialysates was 
compared with that of the unrefrigerated portions previously 
tested, little change was noted except that the reaction in 
Nos.7 & 8 was more pronounced than in the first test. Some 
discrepancy was also noted in the reaction of the serum controls 

The sera selected were from pregnant cases. In all of 
them, except in the case of the abortion, the pregnancy was 
uncomplicated.

Pregnancy, 5.
Abortion, 1.
Puerperium, !..
Foetal Circulation, 1.
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TABLE 12. Refrigerated Sera.

Case
No,

[ Source of 
I Serum. SeP. ;

;
S»P. S.

1, 1 1 ara. (a) X. ! 0. 0.
i (b)
i

X .  ^
;

0. i X.;

2.
■;
: X ara. (a) XX. 0.

 ̂ 1 
; 0.'

: (b)1 ..
XX. 0.

V I

Se X ara. (a)
1

XX. 0.
...  i

0. I1
(b) XX. i X. 10. 1

1
4. Foetal Cir­

culation.
(a)

i
.1

. i 0.
■ 1 \ . 1 

0. 1
(b)

; ... ... _______

X .  1
._ ..±

Oe 1

Se i Abortion.
(a) X. 1 X. 0.

1 (b)
i

X. |: 0. Oe

s». : p.

0.
0.

0.
0.

0.
X.

0.
0.

0.
0.

0.
0.
0.
Oe

Remarks.

Fresh Serum. 
In refriger­
ator six 
months.

Fresh Serum, 
In refriger­
ator six 
months.

Fresh Serum, 
In refriger­
ator seven 
months.

0. : Fresh. Refr-
' igerator six 

p. i months.
-i-

0.
Oe

Fresh. Refr­
igerated 
three months,
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Source of 
Serum.

Puerperium, (b)

X ara.

1 ara.

S.P,

X.

(a) I XX.
(b) ! XXX.

(a)

(b)

X,
XX:

s* .p.

0.
X.

s.

0.
X.

0,
XX.

0.
Oo

0,

X,

S».

X.
0.

Remarks.

0. } Réfrigérât- 
i ed S months

0. rFresh.Refr- 
I igerated 

0. I 3 months.

0.
0.

Fresh. Re­
frigerated 
7 months.
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The Relationship of Serum and Substrate in the Reaction.
The relationship of serum 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, 2"5ccs. serum, and 2*5grms. 
placental extract being used. The tubes were immersed 
in dialysing fluid in the same jar. Toluol was added- as 
before and incubation was carried out at 37.C for 20 hours. 
Three control tests were conducted simultaneously.

(a)Fresh Serum 2*5ccs. )Dialysed in separate
Placental Extract 2’5grms.) tubes in same jar.

(b)Fresh Serum 2-5ccs. )Dialysed in the same
Placental extract 2*5grins.) tube.

(c)Fresh Serum 2«5ccs.
(d)Placental extract 2*5grms.

At the completion of the period of incubation. Sees, 
of the dialysate from each of thettests were removed and 
tested with 2cc. of a one per cent solution of ninhydrin, 
the four tubes being retained in the water-bath for ten 
minutes. With tubes (a), (c) and (d) no coloration 
appeared. In (b) the dialysate reacted positively.

isi/ ■
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(II). In this series three tests were made in which the 
placental substrate and serum from a pregnant case, were 
employed in varying amounts. Placental extract in each 
series was kept constant in amount ; viz : •1, •5, 2•5 grms. 
respectively* The serum was varied in decreasing doses 
from 2.50CS. to "ICC. As control tests 2.5003. of fresh 
serum and 2.5grm placental extract were dialysed in 
separate tubes. Incubation lasted sixteen hours at 37*C. 
Five CCS. of the dialysate were tested with ?Bco of the 
one per cent solution of ninhydrin.

In series (1) with •5grm. placental extract a 
reaction occurred with the serum varying in dose from 
2®5ccs. to "5cc. In test (2), the reaction was limited 
tOn between 2*5ccs. and Icc, serum. In test (3) a reaction 
occurred with 2.Sees, serum alone. In none of the tests 
did a reaction take place with *26cc. of *lcc of serum.
The minimum limit therefore of serum and placenta with v 
which a reaction can occur is -See serum and #5grm. 
placental extract*



- 83 -
TABLE 11.

elation of Serum and Substrate in the Reaction,
Test 2.

Series 1.
I1 Substrate. 
;(Placental) •5grm.

.

•5grm. • 5grm. •5grm. "5grm. I .
1 Serum.! - ■ ■■ *2-5CCS. l*5ccs. Icc. •5cc. *25cc, : • 1. ; C , Î
i Reaction of ; 
1 Dialysate. 
[(Ninhydrin) |

XX. XX. * X. 0. : 0.

'
Series 2.' ' . -

Substrate | 
(Placental) |8"5grm. 2«5grm. 2-5grm.

j
2"5grm. |2*5grm. '2"5grw.

1
Serum. |2-5CCS. [ l*5ccs.1

XX. j XX.

Icc. •5cc. •25cc. 1 "Icc.1
Reaction of j 
Dialysate. i X. 0. i ...O-..__ I. 0. !

Series 3.
Substrate. I 
(Placental) •Igrm. •Igrm. • Igrm.

Î
" Igrm. ; * igrm. j

!
• Igrm.

Serum. i.- - i- 2"5ccs. •5ccs. loo. •5cc. 1 •25oc. ! "Icc.;
Reaction of | 
Dialysate. | X. 0. 0. . .  i ..0... :j

Incubation at 37•C for 16 hours in eadh case. 1
Controls.

In the three series the following controls were
employed, and dialysed separately.

Serum (fresh) 2"5ccs..
Placental Substrate 2*5grm.

The reaction was negative in each case.
No controls of inactivated serum were used.
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Influence of tlie Duration of Dialysation on the Reaction.

The following tests were made to determine the influ- 
ence of the duration of dialysation on the production of 
ninhydrin reacting bodies in the dialysate, when the serum 
of a pregnant patient is allowed to react on placental 
substrate. In each case the serum used was from a full 
t ime pr e gn ant p at i ent.
TEST 1,

Three grms. of placental extract and three cos, of 
serum were placed in a dialysing tube and dialysed in SOcos. 
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 first two tests was "well marked". On the 
third day no reaction was obtained, but a further five cos. 
of the dialysate tested on this occasion yielded a 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 no coloration when boiled with ninhydrin. The 
remaining ten ccs. were also tested on the fifth day with 
like result. The same experiment was repeated on two occas- 
ions- later, but no difference was noted in the behaviour of 
the dialysate towards ninhydrin; the results .agreed with 
those given above.
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Factors Regarding Serum &c.
Summary of Experiments on:-

(1) Age of the Serum.
Serum tested fifteen hours after the blood is 

withdrawn from the patient, gave little evidence of 
reaction in the dialysates of the serun-controls, pro­
vided the serum had been separated from the clot shortly 
after withdrawal of the blood. When the serum was 
twenty-five 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 serum 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) Refrigeration.
Freezing of the sera did not affect the reaction 

when the sera were placed in the refrigerator in a fresh 
condition. No autolytic.decomposition of the serum 
t^refore appeared to take place at that temperature.
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(4) No reaction occurred when less than "5grm. placental 
extract and -See. of pregnant serum were dialysed together. 
A reaction occurred.when -Igrm. substrate and 2*5ccs. • 
serum were used.

(5) Duration of Reaction. " 
The interaction 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 Relationship of the .ïbderlialclon Reaction 
to other Iniiunity Reactions.

The suggestion has frequently been made that 
the phenomena associated with the Abderhalden reaction 
were related to the other anti-body reactions. The 
following investigations were undertaken to examine the 
relationship and although incomplete, for reasons 
already stated, were advanced sufficiently far to 
demonstrate the fact that no constant relationship can 
be said to exist between the Abderhalden reaction and 
other immunity reactions.
Substrates.

The substrates employed were employed as already 
described (of.Part B: Preparation of Substrates).
The egg-alburnen was employed fresh. All solid Biaterial 
and pellicle were removed and the mixture diluted to 1 
twenty 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 also employed in the heated condit­
ion/

N.B.- A summary of my observations on this question 
has been already published by Prof.C.H.Browning in 
his book on "Applied Bacteriology".
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condition, being alternately washed and treated in the 
serum oven at 55"C - 57"C for periods of sixteen hours 
until they no longer reacted with ninhydrin.

The substrates prepared from the muscle and liver 
of the rabbit were prepared previously and were stored 
in capsules in the ice chest. The last mentioned 
substrates were dialysed with the sera of animals 
iimmunised with other antigens to test the specificity 
of the reaction. Five ccs. of the substrate were 
boiled with five ccs. of distilled water for thirty 
minutes, after which the mixture was filtered. To the 
filtrate "2cc. of a one per cent ninhydrin solution was 
added. The solution was boiled 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 albumen substrate was tested by adding the 
ninhydrin direct to five ccs. of the albumen without 
previous boiling of the latter. The mixture was then 
treated in the water-bath as described above. Rarely 
was a positive reaction observed.

Rabbits. /
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Rabbit s.

Six rabbits were employed. Two of them were 
females and were not pregnant. . All were healthy, and f- 
free from apparent disease. The blood was withdrawn under 
aseptic precautions, and the serum was usually separated 
within three to five hours later. No specimen of 
serum was haemoglobin stained. In each case the serum 
of the normal animal was tested with a substrate by the 
dialysation method before any injection was performed. 
Dialysation.

Dialysation was carried out at 37*0 for three 
periods of twenty-four hours each. At tlié end of each 
period five ccs. of the dialysate were removed and 
tested with ninhydrin.
Controls.

The controls employed were similar to those used 
previously for the reaction in pregnancy.
Inact ivat ed Serum.

Generally the serum was Inactivated at 60-G for 
thirty minutes, but in two cases (Serum from rabbit 
C and E) the serum was inactivated by heating at 57*C 
f<r - one hour. Fresh serum and substratr were also dialy- 
sed separately as controls.
Reaction/
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Reaction before and after Immunisation. (Antigen, fgg Nhit
Albumen 20/)

Rabbits A, B, C, and F, were injected intravenously 
with inmunising doses of egg white albunen, edch dose -• 
consisting of Sees of a twenty per cent solution in 
water.

Rabbits A and B received each 2 doses.
Rabbit C received 1 dose.
Rabbit F received o doses.

:ïn interval of twenty-four hours elapsed between each 
dose. No attempt was made to have the ,rabbits in a 
fasting condition, before the blood was drawn off.
Rabbit A. Normal Serum. (Tables 12 and 15.)

The Serum was tested before the animal was injected. 
It produced no ninhydrin reacting bodies v/hen 2-5ccs. 
serum v;ere dialysed vrith Icc of 20 per cent albumen for 
twenty-four hours. At the end of forty-eight hours 
dialysation, the dialysate gave a faint reddish color­
ation with ninhydrin which was more pronounced after 
dialysation had been continued for seventy-two hours. - 
The test with l*5ccs serum yielded no reaction until 
aft er seventy-tw o hours dialysation.

Immunised/



91.

Iimunisod Serum.. '
"Dro days after the above test was made the anirial 

received an intravenous injection of five ccs of egg, 
white (30/)« A second injection was given twenty-four 
hours later. The animal was bled on the following day. 
After twenty-four dialysation reactions occurred where - 
2*5ccs and l*5ccs of the serum respectively were allowed 
to interact with albumen. The reactions of the? two 
subsequent days were more pronounced but faint. When 
Icc of serum was used with albumen no reaction was 
observed until the end of the third day.

With rabbit muscle, the reaction observed with the 
normal serum was very faint after seventy-two hours 
dialysation and with the serum obtained after injection 
the reaction, although it appeared on the second day was 
also faint.
Rabbit B. (Tables 12-15.) received two injections of 
egg-white (20/ solution) of Sees each at twenty-four 
hours interval. The normal serum when dialysed with 5cc 
of egg-white solution produced a faint.reaction when 2-5ccs 
of serum were used, the reaction appearing after forty- 
eight hours dialysation. With l*6co of the serum no 
reaction occurred at the end of the third day of dialy­
sation.

The/



The serum from the immunised animal obtained twenty- 
four hours after the second injection and also seven'to 
ten days later, 'reaoted wit^ the albumen substrate after 
two days incubation, but only when 2*5ccs were used.
No reaction occurred with Icc of serum.

When muscle substrate was used the serum of the 
normal animal showed only a faint reaction after the 
third day. After the injection no reaction occurred 
Rabbit C. (Tables 15-14) received one injection intra­
venously of 5CCS of 20 per cent egg-albumen. The normal 
serum produced a reaction with egg-white substrate with 
2*5cc and Icc serum respectively when dialysation bad been 
in progress for forty-eight hours. The reaction was 
faintly marked.

One hour after the animal was injected Sees of the 
blood were removed and tested with egg-white but no 
reaction occurred even after three days incubation.

The serum obtained twenty-four hours after the animal 
had been injected was examined. When 2*5ccs of serum 
and Goes of albumen were incubated together the dialysate 
reacted positively to ninhydrin in twenty-four hours. 
Forty-eight hours later the reaction was marked. With 
rabbit muscle a reaction was not observed until after 
two days incubation. The control test in which the

muscle/
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nape le saostrate iras ciialysed witîi semm inactivated at 
57"C produced a dialysate after three days Invuhation 
which reacted with ninhydrin. .

Rabbir ,F. (Tables 14-15.) received three injections of 
20 per cent egg-white of 5ccs each at intervals of 
twenty-four hours. The serum of the immunised animal 
was tested, with egg- white as substrate on the second,
fifth and tenth days after the third injection, A 
reaction occurred between serum and substrate when 
2-5cOS of serum, were used but no reaction occurred when 
Icc was used. With the former quantity the reaction 
was observed after twenty-four hours dialysation. On 
the following day th dialysate gave ,a similar result. 
With rabbit liver substrate the serum had no effect until 
the second day Of incubation, when a faint reaction 
occurred.

The seruip of the normal animal produced no ninhydrin 
reacting bodies in the dialysate when Icc of serum was 
incubated with albumen.

Reaction with Red blood Corpuscles as Antigen.
Two rabbits, D and E were injected with washed ox- 

blood corpuscles. D received one dose of corpuscles of

5ccs/
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Goes. E received.three doses of 5cos each at intervals 
of five days.

Normal Serums. (Tables 16, 17., 18)
The serum from the normal animals was tested with 

the washed corpuscles as substrate.
The amoiHits of serum used were 2#5ocs, 1*5ccb, 

*25cc. One cc of the substrate was used dialysed with 
the serum. With serum D a reaction with ninhydrin was 
noticed after the second days dialysation, when 2*5ccs. 
+ 1-5CCS. serum were used. No reaction took place with 
•25cc, of serum. The -serum of rabbit E was more active 
as the dialysate (2*5cCs.serum) tested at the end of 
the first day reacted faintly and on the following 
day. somewhat more pronounced. With l*5cc. the result 
was only fainly marked on the second day. A negative 
result was observed in the dialysate when »25cc. of 
serum was incubated with red-corpuscles. The rabbit 
liver substrate and loo of the normal serum from E 
yielded a diàlysate in twenty-four hours which reacted 
positively with ninhydrin.

Serum/
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Serum from Irmunised /mimais.
The result of the injections in. both animals was 

to intensify the reaction so that when the blood was 
withdravm twenty-four hours after an injection, the 
sera and red blood corpuscles produced ninhydrin re­
acting bodies in the dialysates after twenty-four hours 
interaction. This result was observed with sera from 
both animals when 2-5cc and l*5ccs. were employed.
Where rabbit liver substrate was used the reaction was 
the sane as with the normal serum in the oaes of rabbit E. 
The test was repeated five and ten days later but no 
difference was observed.

Reaction after Haemolysis.
Throughout all the tests an effort has to be made 

to avoid the occurrences of haemoglobin staining in 
the sera, as Abderhalden has repeatedly stated that 
diffusible bodies reacting with ninhydrin appear in the 
dialysate when such sera are used. In the haemolytic 
reactions it night be expected that the reaction of the 
didlysates might correspond with these reactions. The 
investigations detailed in Tables 19 and 20 were made 
to ascertain if, dujring the lysis of sensitised ox- 
blood corpuscles by fresh guinea-pig's complement, the

products/
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products of th reaction were diffusible and appearing 
in the uialysate would react with ninhydrin.
TABLE 13.

Thu guinea-pig's serum was fresh and was used four 
hours after the blood was obtained from the animal. It 
was haemoglobin free. 'It was employed in increasing 
doses, viz; 25cc. « Geo., l*5ccs., with «5cc, ox red 
corpuscles, and *5cc of a powerful immune body from the 
rabbit. In addition to the controls usually made in 
haemolytic tests, controls of inactivated serum were 
used, the guinea pig's complement being heated at 60*C 
for one hour. After the complement had been in contact 
witli t he., red: c orpifsc le si - with: of without, immune body - 
for one hour, at 57*C the contents of the test tubes were 
transferred to the dialysing tubes and dialysed in dis­
tilled water for sixteen hours. It is to be noted that 
in all the tubes containing both immune body and fresh 
guinea pig's serum along with the red cells complete 
haemolysis had occurred: in the other tubes there v;as
no haemolysis. The dialysates were tested by boiling 
with nirdiydrin, ~2cc of one per cent ninhydrin being 
added to 5ccs of the dialysate, A positive reaction 
occurred only where I'Sccs. of coixplement were dialysed

with/
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v.ûuii *uvv. re Cl blooci corpuscles, irrespective of wlietliep 
Ipv-'is Oucu.;.TecL or not. îîo reaction was observed where 
the •serum employed was, inactivated.
TABLE 19.

The test was repeated using only %*5oc. of comple- 
nent. The dialysates reacted as in the previous test, 
fhr ninhydrin reaction bearing no relation to the lysis 
of the red blood corpuscles.

Surirary of Observations.
Reactions with Albumen as /antigen.

Four rabbits were treated with egg-white albumen, 
injected intravenenously. The sera of the normal animal 
had little action upon albumen substrate until dialysation . 
had been in progress for forty- eight hours. Quantities 
of serum amounting to 2#5ccs and l*5ccs. had to be 
employed. After immunisation with albumen had occurred, 
the sera (2*5ccs f l*5ccs.) reacted with albumen after 
twenty-four hours dialysation, except in the case of the 
serum of animal B. No reaction was observed with tlie serum 
of the latter until the serum had been in contact with the 
substrate for two days.

Reactions with Red Corpuscles as Antigen. .
Two rabbits were injected wrth Sees, of washed ox- 

blood/
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oz-blood corpuscles. Tlie norual serui.i of one was less 
active upon the oz-blood substrate than that of the other, 
which produced a ninhydrin reacting dialysate after twenty- 
four nours incubation* In both cases' the reaction was 
rendered nore pronounced by the irumnisation of the 
aniral with o%-blood, and was observed on testing the 
dialysate after one days dialysation.

The action on rabbit muscle substrate and on ox 
stronata by normal and immune sera was very slight.
With rabbit liver substrate a more marked reaction 
occurred. The reaction in all cases with rabbit sera 
was faint when compared with that occurring in the 
examination of human sera in pregnancy and other 
conditions. Dialysation was therefore continued for . 
longer periods* two th three days incubation being re- . 
cfuired in most cases before a dialysate was obtained 
which reacted with ninhydrin.

Reaction after Haemolysis.
The lysis of washed red-corpuscles from ox-blood 

under the influence Of specific iiuiune ' body of the rabbit 
along with fresh guinea pig's serum (complement).was not 
succeeded by the production of a. ninhydrin reacting 
dialysate until twelve doses of guinea pig's complement 
were employed. The quantity of serum used rather than

the/
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the occurrence of lysis determining the result, since 
similarly reacting dialysates were obtained when the immune 
body AT as omitted.
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Trie Relationship of the Abderlialden Reaction 

to other Iminunity Reactions.
TABLE 12,

Tubeho.

formal Rabbits: A and 3.
Serun tested four hours after withdrawal, 
haemoglobin free.

Contents of Dialysation 
Tubes.

Ninhydrin Reaction 
after 

Dialysation®
• 84®

Hours®
48. 7 8 .

- Rabbit A.

1# Albumen Icc: Serum 2*5cc. 0® X® X®

2. do. Icc: 
Rabbit B®

Serum l*5ccs® 0® 0. X®

s® Albumen Icc: Serum 2*5ccs® X. X. X®
4. do. Icc: do. l*5ccs. 0. 0. 0 .

5. Serum Fresh (A) Icc. 0® g® 0®
6® Serum (A) (60^0) Icc. 0. 0. 0®

7. Serum Fresh (B) lac. 0. 0® 0.

8 . Serum (B) (60̂ 0) Icc* 0® " 0. 0.

9® Albumen Icc 0. 0® 0®

11® Rabbit I&iscle Igrm. 
Serum (A) 2*5cc. 0. 0® X .

12® Rabbit m s  ole Igrm® 
Serum (B) 2«5cc. 0. 0. X®
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Rabbit A. injected twice with Sees, egg-albunen (20/ solution)
Serum obtained 24 hours after last injection.
Serum haemoglobin free, employed when 4 hours old.
Serum inactivated at GO°C for 60 minutes.

Tube
No.

Ic

5.

4.

8.

Contents of Dialysation 
Tubes.

Ninhydrin Reaction 
after 

Dialysation. 
Hours «

24. 48. 72.
Albumen Icc. 
Serum 2-5cc* X. X. X.

Albumen Icc. 
Serum l*5cc.

X. X. X.

Albumen Icc, 
Serum Icc. 0. 0. X.
Albumen Icc,
Normal Rabbit Serum (0)2*5cos Dé X. X.
Albumen Icc.
Normal Rabbit Serum(C)loc. 0. X. 0.
Albumen Icc.
Serum (60 C) 2*5cc. 0. 0. 0.
Albumen Icc.
Normal Rabbit Sérum(C)(60°C) 0. 0. 0..
Albumen Icc. 0. 0. 0. ;
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.BLE 14
Rabbit C injected with egg-albumen.(5ces, of SO / Solution) 
Serum two hours old; haemoglobin free, (Obtained 24 hours 

■after injection).
Serum inactivated at 5 7 for 60 minutes.

Tube
No.

Contents of Dialysation 
Tubes.

Ninhydrin Reaction 
aft er 

Dialysation. 
Hours.

24. 48. 72.
1. Albumen Icc; Serum 2*5ccs, X. X, xi.
2. do, Icc: do. Icc. 0. X, X.
3, do, Icc: do. "25CC, . 0. 0, 0.
4. do. loo; do, (570)2*5 0. 0. 0.
5, Serum (Fresh) Icc, 0, 0. 0.
6, do. 57°C Icc. 0. 0, , Oi/tr
7, Albumen 2ccs. 0. 0. 0.
8. Alb,Icc:Normal Rabbit Serum 

icc. (F) 0. 0, 0®
9. Rabbit Muscle Igrm, 

Serum 2"5oo. (C) 0. X, X.

LO. Rabbit Muscle Igrm, 
Serum loo. (C) (57 C) 0. X. X.
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T„:.DLE 15,

Rabbit B 
Rabbit F 
Interval 
B. Blood 
Rc Blood

received two injections of Egg Albumen(5ccs. toA) 
received three injections Egg Aibumen(5ocs. 2g/). 
between injections, 24 hours.
withdrawn on 1st, 7th, and 10th days after last injest ion 
withdrawn 2nd, 3rd, 10th days after last injection.

Tube
No.

Contents of Dialysation 
Tubes.

Ninhydrin Reaction 
after 

Dialysation. 
Hours.

24, 48.
Rabbit B«

1. Albumen Icc. 
Serum 2*5ccs. 0. X.

2. Albumen Icc. 
Serum Icc. 0 . 0 *

3. Albumen Icc.
Serum 2*5ccs. ,(600C) 0© 0.

4# Serum (60^0) Icc. 0. 0.

5. /Serum (Fresh) Icc. 0. 0.

6. Albumen Icc. .0© 0.

Rabbit F.

7. Albumen Icc. 
Serum 2*5cos© X. X©

8. Albumen Icc.
Serum icc. 0, 0© -,

9. Albumen Icc, 
Serum (60 C) Icc, 0» , 0»

10. Rabbit Liver Igrm© 0, X©

11. do, do. Igrm, 
Serum (60̂ 6) Icc. 0. 0,
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?ABLE 16.

Normal Rabbits D and B®
Serum two hours old: haemoglobin free.
Serum inactivated at 60^0 for 60 minutes,

Tube Contents of Dialysation
No, Tubes,

Rabbit D,
1. Red Blood Corpuscles Icc,

Serum (Fresh) 2"5ccs®
B® Red Blood Corpuscles Icc.

Serum (Fresh) l*5ccs.
3, Red Blood Corpuscles Icc, 

Serum (Fresh) •25cc,
4, Red Blood Corpuscles Icc. 

Serum (60^C) l*5cc,
5, Serum (Fresh) l*5ocs.
6® do, (60^0) l"5ccs®
7, Red Blood Corpuscles Icc,

Rabbit B,
8. Red Blood Corpuscles Icc. 

Serum Fresh 2*5ccs.
9® Red Blood Corpuscles Icc.

Serum Fresh l*5cc,
10, Red Blood Corpuscles Icc. 

Serum Fresh #25cc,
11, Rabbit liver Igrm 

Serum Fresh Icc,
12, Red Blood Corpuscles Icc. 

Serum. (60^C) Icc,

Ninhydrin Reaction 
aft er 

Dialysation. 
Hours.

24,

0.

0.
0;

0.
0.
0,
0.

X.

0.
0.
X.

0.

48,

X®

X .

Oo

Oo
0®

0®
0.

X ,

X,

0. /

X,

0.
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TABLE 17

Rabbit D. injected with Red Blood Corpuscles (Washed). 
Serum Rive Hours.old Haemoglobin Free.
Serum inactivated at GO^C for SO minutes.
Animal bled on 1st, 5th & 10th days after last injection

Tube
No.

Contents of Dialysation 
Tubes.

Ninhydrin Reaction 
after 

Dialysation, 
Hours.-

24. 48.

3.

4.
5.
6.
7.

8. 

9.

10.

Red Blood Corpuscles lc,c 
Serum Fresh 2*5ccs.
Red Blood Corpuscles Icc, 
Serum Fresh l*5ccs.
Red Blood Corpuscles Icc, 
Serum (60°C) l*5cc.
Red Blood Corpuscles Icc,
Serum (Fresh) Icc,
Serum (GO^C) Icc,
Rabbit Liver Igrm.
Serum (Fresh) l»5cc.
Rabbit Liver Igrm.
Serum (60^0) l«5ccs*
Heated Corpuscles Icc. 
Serum Fresh Icc,
Heated Corpuscles Icc. 
Serum (60 C ) .

X.

X.

Oo

0.
0.
0.

0.
Oo

0.

Xo

X .

0.
0.
0.
0.

Xo

03

Oo

0.



TABLE 18. 
Rabbit E,

106
Injected twice with Red Blood Corpuscles. 

Serum separated three hours after withdrawal.
Interval between injections, 5 days.
Serum inactivated at 57‘̂C for 6 minutes.
Animalsibled on 1st, 5th and 10th days after injection.

Tube
No.

1.

Contents of Dialysation 
Tubes.

4.
5.
6.
7.

8.
9.

10.

Red Blood Corpuscles Icc. 
Serum Fresh 2*5cc.
Red Blood Corpuscles Icc. 
Serum Fresh l"5ccs.
Red Blood Corpuscles Icc. 
Serum (57°C) l*5ccs.
Red Blood Corpuscles Icc.
Serum Fresh Icc.
Serum (57°C) Icc.
Rabbit Liver Igrm.
Serum Fresh Igrm.
Rabbit Liver Igrm.
Serum (57°C) Icc.
Heated Corpuscles Icc. 
Serum Fresh Icc.
Heated Corpuscles Icc. 
Serum (57®C) Icc.

Ninhydrin Reaction 
aft er 

Dialysation. 
Hours.

24,

X.

X.

0.
0.
0.
0.
X.

0.
0.
0.

48.

X.

X.

0.
0.
0.
0.
X.

0.
X.

0.
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TABLE 19.

Guinea Pig's Serum, 4 hours old (Haemoglobin Free). 
Treated with washed ox R.C.s and I.B. "boo. for 1 hour at 
37^C before being placed in dialysihg tubes.

•Ninhydrin Reacticr 
Tube Contents of Dialysation after
No. Tubes. Dialysation.

Hours.

24. 48.
1. R.C's, *5cc: IB. "15oc:

a.p.C. -25cc. Co 0.
2. . RC's, • 5cc: IB "15cc: G-PC *6cc. c. 0."
3o RC -5cc: IB -IScc: G-PC l*5ccs. c. X.
4. RC's •5cc: IB*15cc: apc l*5cos.

( 6 0 ° C ) 0. Oo

5. RC's, •5cc: GPC,1*5ccs. 0. X.
6. RC's "500: GPC,1*5008(60 °C ) 0. 0.
7. RC. .5 c c. 0. 0.
8. RC's, •5cc: IB,*15cc (unbaked) 0. 0.
9. Na Cl.*500: IB,*1500: GRC,l*5oo. 0 . 0.

c . C»~rn
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T/.BLE 20.

Guinea Pig's Serum 4 hours old, Haemoglobin free.
Guinea Pig Serum treated with RC's,*500 and IB,"15co, for 
1 hour before dialysation.

Tube Contents of Dialysation Ninhydrin
No. ' Tubes. Reaction.

1. RC's,"500: IB,*1500: :. ,,l
GPC,1*5009. X.

2. RC's,*500: IB,"I5oo: 0.
5. RC's,*500: IB,*1500:

GPC,1*5008(60^C) 0.
4. RC's,*5cc: GPC,l*5ccs.(60^C) 0.
5. RC's,*500: GPC,l*5ccs. X.
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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 Schmorl and Veit directed attention to the conditions obtain­
ing in pregnancy where tissue elements gained access to the blood 
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, 
it 7mA81 be remembered that this probably takes place only under ex* 
ceptional circumstances and cannot be considered therefore as a 
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 however, from the above 
reasoning why defensive ferments against placenta should necess­
arily arise in pregnancy when a whole organism is being developed 
with the assistance of the placenta which must supply the ac­
tively /
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THE NATURE OP THE ABERHALDEN 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 expected to play little if any part in the 
maternal organism in the sense of stimulating it to produce it 
antisubstances. The whole question of the synthesis of the mani­
fold specific tissues of the foetus is practically untouched 
either by Abderhalden or other workers and even Miescher's ob­
servations do not greatly illuminate the problem.

According to P. Miescher immediately prior to the period 
of sexual activity in the salmon a, decomposition of the muscle pro­
teins occurs Histones developed from the muscle albumens are ob­
served in the testes where later they are transformed into protam­
ines. Is the developement from the tissues of the muscles therefoie 
made possible by a mechanism which converts antagonistic proteins 
into bodies 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 stream# But should defensive ferments 
exiât/
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exist in the serum of the salmon, where no foreign materials 
are allowêd to enter it during the maturation of the testes?

The work of the biologists is further confirmed by the
*

work of Van Slyke, Vinograd^ Villchur, and Losee. By investi­
gating the Amino-Nitrogen after the interaction of placenta and 
serum, they found that the amount of Amino-Nitrogen resulting 
from the reaction could not be accounted for merely by the di-• 
gestion of the substrate. Further the variations of normal and 
pregnant sera overlap so considerably that the reaction has little 
diagnostic value whatever

The serum reaction of Abderhalden is demonstrated 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 
serum is examined after it is withdrawn from the host.

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 
of enzyme acts as well as the largest amount, and the reaction 
does not cease until the substrate has been completely reduced 
or a position of equilibrium established.

The physical charcters of the substrate rather than the

chemical /
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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 more readily 
than muscle substrate. None of these substrates are reduced 
by the serum of an immunised animal if too small a dose of 
serum is. employed. Charcoal, kaolin, and glass wool have been 
employed as substrates, and when serum is incubated with them, 
the dialysate reacts with ninhydrin as when organised substrates 
are used. Leitch.and Plaut observed that these substances re­
acted with some sera and not with other%®^/$^"^

When the serum is dialysed alone, diffusible bodies 
occur in the dialysate if the se rum is incubated long enough.
The presence of the substrate appears only 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 serum and not in the substrate 
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 defensive proteolytic ferments in 
the blood serum in pregnancy and in other, conditions is still a 
debateable /
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debateable point and so far the evidence points to the con— 
%rary% ,4*̂ ^

aOBCLUSIONS. ■
(1). The reaction occurs more frequently in pregnancy than in

other conditions. It is more marked in the later months 
of pregnancy than in the earlier months.

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

(5 ). 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 ). 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 liver, and with the 
washed corpuscles from ox-blood.

(7). The immunisation of rabbits with these substrates in­
creases the reaction but little.

(8). Heated /
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CONCLUSIONS. "

(9). Heated serum from normal and immunised rabbits fails 
to give the reaction.

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

(lOO* 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 #^y#clfIc character for the reaction has 
not been established. The reaction has no diagnostic
value in pregnancy or in disease.
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The Nature of the Abderhalden Reaction. 

References.
E. Abderhalden, Abwehrfermente des tierischen 

Organisimis (1916-14).
De Waele,- Zeitsclxcift f. Iinrmnitatsforsoh. Bd.xxi, 

1914. P.83.
Leitoh, Brit.Med.Journ.vol.il.1914.pplGl,330. 
Plaut, Munch.med.Woch.1914, p238.

Reproduced with permission of copyright owner. Further reproduction prohibited without permission.


