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INTRODUGTORY

The following raesearch upon the resistance cof human
| erythroceytes in health and disease tc haemolysis, was
!undertaken at the instance of Sir Thomas R.Fraser.

He suggested the subject to me, gave me the privileges

iof his laboratory, and provided me with a sample of
| Saponin with which the greater part of my work cn this
Isubject has heen done.

This subject of the resistance of human red
blood corpuscles in health and of its variations in
disease is not entirely new, But comparatively

1little exact work has been bestowed upon it, and that

has been all done by a single method, whose results

are indeed definite but unfortunately throw no 1light
[on the subjeet they investigate - the variations in
fresistance of human red-cells tc natural or patho-
logical destruction in cerpore. The method I refer
no is that of the resistance of red-cells ¢of man to
iaking by -hype-tonie salt soluticons.

| Maragliano (1) was one of the earliest in-
vestigators., He exposed human red blood—corpusaiea
to various destructive agents, — heat, dryving, etc:
and by the microscope observed that in different con-
diticns of disease, the rats of ceell-disintsgration
was greater than in health. He alsc studied the slow
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detericration that tcok vlace in red-cells placed in
sealed preparations, and from variations in the rapid-
ity of that detericration drew conclusicns as to the |
vigour of the corpuscles in health and diseass. Such
methods did not lend themselves to quantitative
measuremsnt, and his results were necessarily indefin-
ite and inexaet, but they broke ground on a new sub-
ject, and stimilated further research.

Hamburzen (2) in his elaborate researches on

the haemolysis of mammallan eryvihrccytes, in saline

Isolutions of varying strengths, gave to clinical medi-
!cine a new gauge for measuring the resistance of human
| red blood corpusecles, and variations in that resist-
|ance. Such a methed was much betier suited for
aceurate standardisation, and it was applied with
|various modifications by investigators in Francs,
Germany, Russia and Italv. These ressarches and
their results will be fully Adiscussed later.

A different methed 1is fthe measursment of the
electrical resistance of ths blood in health and
disease. Several investigators have adopted this prin-
c¢iple, of whor E.Buffa (3) may be quoted as an
exampls. Buf it is impossible teo draw conclusions

as to varlatlions in the resistance of red-cells in
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| corpore from the results obtained, and the attempt to
do so has practically been given up.

Meantime, it can be said that, with the ex-

ception of Maragliano's workx, and of a few observa-

tions on ths eslectrical resistance cof the blood, which

have been discredited by such an authority as v.
Limbsck (4), all the data on the rssistance of human
erythroceytes in health and disease, have heen obtain—
ed by using hypetenie soluticns of different salts,
and observing differences in resistance to tlakingt
:shown by blcod ceorpuscles, in various pathological
conditions. .

This is sufprising in view of the great mass
of researches, that have heen conducted in recent
years, on other haemolytic agents comprising the group
of haemolytic glucosides, the snake venoms, and ths
natural and acauired haemolysins in hlcood-sera. All
these haemolytlec agents have been, more or less,
accurately standardised for the erythreeyte of differ-
ent mammals, and the nature and ccnditions of their

action on those cells carefully studied.

In all thesa investigations, the sensitive-

ness of the moiety of erythrocytes to haemolysis was

kept constant, by use of the bloed of healthy animals,

and the release of haemoglobin was used as an index,
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for measuring the activity of the lytiec substances

and for studying the conditions of their activity.

|The idea of Sir Thomas Fraser, which initiated this
' research was to change the point of view, and in the
‘interacticn of the haemolytic substance and the red
éblocd cerpuscles, to use the haemolysin as the eonstan%
iand tc make it the indiecateor of possible c¢hanges in

the sensitivensss of the cell to haemclysis. This

:idea. was therefore, a new one. It seught by means |
of the vhvsicleogical activity of a substance, teo in- ;
'vostigate the pathology c¢f human erythrceytes, in re-
spect of their resistance to haemclysis. And, prima

facie, it seemed a superior method to that which made

use of a hypotonie salt sclution. It has not ewen
lbeen suggested that hasmclysis normally cccurs in [
icegpore. by the red blood corpuscle entering a hypoton}
|1c fluid medium, and it would ssem dangercus toc draw
iconclusions as to the resistance of erythrceyvtes from
‘their behaviour in such unnatural surroundings. But 1
‘wasnow pronposed to susvend the cells in an isctenie
}fluid, and to subject them, in it, to the action of a
!haemolytic substance. Such a method at least repro-
:duced the éonditions of toxicity of bedy fluids, and,
'1n go far, was a closer approximation tc the conditlen
of haemolysis in corporse.

SAPONIN/
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5.

SAPONIN.

The powerful haemeclytic property of Saponin, Cyclamin
Digitalin and Sclanin have been well known for some
time, and especially in recent years have been care-
fully studied. #Ransom (5) using the blecd of dogs
showed that red-cells, washed free of their serum, be-
came ruch more sensitive to the action of Saponin:
and that some slement both in the serum and in the
corpusele, entered intec a firm cembination with it
rendering it inactive for further haemolysis. By
experiment, he cencluded that this substance in

| serum and in the red corpuscle, which combined with

Saponin, was Cholesterin. He clearly showed that
the presence of Cholestérin in serum artificially

indueced, was highly protective of the corpusclss,

against the haemclysis of Sapbnin.

The idea thrown out by Ransom of the pro-
tective action cf Serum and plasma, was pursued
further by Heﬁen (7).- The latter endeavoured to
standardise variocus blocd-sera,from the point .of view
of this protective action. He fcund that the sers
of cold bloecded animals, such as frogs and esls, was
many times more prcitective than those of the common

laboratery/

* Ransom's work was confirmed and extended by Bash-
ford. (8)




| devised which are capable of wider application, and

laboratory mammals, the guineapig, rabbit, cat and dog

THE TECHNIQUE OF A CLINICAL INVESTIGATION

WITH SAPONIN.

In using Saponin for a clinical investigation, new and

I

different conditions, not present in laboratory ex-
periments, were intrcduced, which made it necessary id
elaborate a special techniquse. This task proved to
be a difficult onse, attsnded by many fallacies. As,

in its course, some new methods cof investigation were

as, by means of these, peculiar and interesting phenom
ena of Savonin-haemeclysis were discovered, which also
may have a general significance, the vprogress and
development of this technique will be described in
detail.

At the outset, it followed the general lins |

of the methods laid down by the very numerous investi

gzations on Haemolysis in recent vears. Simply stated
the main principle of these sgtudies is to find the
dose of the haemolytic substances which will exactly
dissolve a given quantity of the washed red blood
corpuscles of an animal, in a giyen time. The tach-

nical/




twe heads.

(1). The preparation of a suspensicn

|

|

itechnical manipulation emploved, may be divided under
!

| of washed blood corpuscles.

(2). The determination of the point of
complets haemolysis.

(1). A suspension of washed corpuscles is
cbtained by bleeding the animal profusely. The large

| quantity of blood secured, is defibrinated. It is

than washed free of serum by repeated centrifugation,
| remcval of the supernatant fluid, and addition of
| saline solution. To a measured quantity of the sedi-

'mented corpuscles, a measured aquantity of saline

solution is added. Thus a suspension of washed cor-
puscles, of known percentage, is provided. Eaqual
amounts c¢f this suspension are placed in a series of
tubes. A graduated seriss of doses of the hasmolytic
soluticn having been added, the tubes are placed 1n.a
constant temperature for a constant periocd.

(2). At the end of the selacted period, the
first tube whose contzants show a eomplate transparency
tc the sye, indicates complete haemoclysis, and gives
the complete haemolytic dose.

Baefore describing my application of this
techniqus, I may state, at the outset, that the sample
of Saponin used was obtained from E.Merck, Darmstadt,
and was marked "Saponin, Extra Pure, Very White."

AL/




All the results in the following reéearch were obtain-

ed with this sample. The saline solution employed
[was of pure Sodium Chloride, recrystallised, supplied
by Duncan & Flockhart, Edinburgh. Its strength was
Ialways 0-85grm.par 100c.c.. of sterile distilled water.
This solution was used both as the sclvent for the

1
' Saponin, and for the suspensions of red blood cor-

'puseles.

(1). PREPARATION OF SUSPENSIONS OF

|
WASHED BLOOD CORPUSCLES.

|
|
;
|
In a clinical investigation, it is only possible to l
obtain small quantities of blood: and an entirely '
different preccedure from that detailed above 1s called!
for. At first I proceesded as follows. By the usual‘
enumeration of the cells by the Thoma-72iss Haemeccyto-
meter, I determined the number of erytirocytes, per
cubic millimetre of entire blood, in the case under
|investigation. Into sach of 4 or 5 tuhes, 20 cuble
miliimetres of entire biood, obtained by puncture of
the ear or finger, were placed. To sach tube had
already been added 1-98 cubiec centimetres cf the

saline solution (-85%), There was thus a bulk of

2c.c.of hlood-suspension in esach tube.

Thef




The suspension having been thorcughly mixed by vigor-
ous rotation, the tubes were centrifuged, l+5c.c. of
supernatant fluid was withdrawn by pipette from sach,
and the bulk again restored to 2¢.c by fresh saline
solution. This washing centrifugation and pipetting
off were thrice repeated. After the final pipetting
. off, one therefore had a ssries of tuhes, each with
the number of red-cells contained in 20c.mm. of entire
bleood. And these rsd-cells were now washed free of

their serum. To the series of these tubes, different

and increasing doses of a soluticn of Sapcnin were
| given, that amount of Saline solution having been firs
added which), with the amount of the Sapenin fluid,

' would bring the bulk of the tube contents to 2c.c.

| blood suspensions, whose corpuscular content was Xnown

| to varying doses of Saponin solution. At the end of

|

|

‘By this means, one sxposed squal samples of washed

|

|

i

‘a constant time interval one was able, therefors, to
;determins the dose of Sapecnin, which was completely
ihaemolzrtic for that number of erythrceytes in that
time. But, at ths very outset, a difficulty present-
ed itself. It is evident that in conditions of -
oligeeythaemia, the corpuscular content. of 20c.mm. of

| bloed, would bé less than in health or polycythaemia.

For/
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For example, a case of Perniecicus Anaemia, with 1

i

million erythrocytss ver c.mm. of blood, would give
|

la series of ftubses, sach containing 20 million red

cells. But 20 c.nm. of the bleced of a healthy person

would give approximately 100,inillion red cells per |

tube.

| STANDARD NUMBER OF ERYTHROCYTES. Prima |
|

;ggg;g. it would apvesar safe to assume that the hae- ;
‘molytic dose of 100 million cells would be 5 times |
that for 20 million cells cf the blocd of the same
'individual. But, in addition Bashford (6) makes the '
following clear statement iyypon this point. He says,

I"It was determined that ths relation betwesn corpusclep

|and the amount of gluccside (sapenin, cyelamin,

digitalin, solanin) necessary to effect a solution,

iwas simply a quantitative cne: i.e. a miltiple of
lthe solvent decse of gluccside, dissolved the same
|multiple of the standard quantity of blced.v

I confirmed this statement of Bashford in
‘the following experiment. Two tubes of blcod cor-
[puscle suspension, sach with 20 e¢.mm. of my own blood.!
iwere thrice washed with saline solution. After the
ifinal washing, tube 2 was brought to a bulk of 2'00.

(with saline solution, and shaken to a uniform sus-

pension/
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suspension. Of this, 1 cec. was removed. The re-

maining 1 ecc., therefore, contained the erythrocyte

' content of 10 e.mm. of my bloed. Erthrocyte count

of my blocd was 5,090,000 per c.mm. Complete
Haemolytic dose, for 100 miliion of my washed ery-
throecytes, was previously found to be 0.60 of Saponin
sclution .004 grms per 100 ec.

Incubator 37° @, Sapenin Solutien .004%y

| Tubes Blood Sap.Soln. Interval Haemolysis lc, of

Suspension red cells
in Tube

1 1.4 cC.+ 0.60 ec¢ 2 hours Complete 100 nins.

P L cer 0.30 ce " I 50 mins.

|
|
1

This experiment confirms Bashford's state- |

ment, quoted above. I therefore, resolved to make
my standard numbsr of corpuscles, 100 millions, in
conditions of health and disease alike. In that

way I would be able exactly tc express the resistance

of the erythreccytes of different individuals in terms)|

of the ccmplete hasmolytic dose cof Saponin for an
equal number of corpuscles. Thus in the above

hypothetical case of Pernicious Anasmia, where the
er?throcytes numbered 1 million per c¢.mm of blcod,
the solvent doéa for 20 millicns erythrocytes, the

content /
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content of 20c.mm. of blood, would be directly ascer—
tained. This figure multiplied by 5 would give the!-
| haemolytic dose for 100 million erythrocvtes, the

[ standard number.

MODIFIED METHOD OF PREPARING EQUAL SAMPLES

OF WASHED ERYTHROCYTES.

After some time, I adopted another method
of preparing the samples of washed erythrocytes.
The one which I have just described was liable to
error in two directions. Pirstly, in the course of
| blood-flow from a puncture wound, the proportions of

plasma and corpuscles might vary so that that moiety

of blood, which vielded the erythrocyte-enumeration !
by the Zeiss haemocytometer, might contain a greateré
or less bulk of plasma to corpuscles than those por-
tions of 20c.,mm. which I obtained for the suspension|
samples, Secondly, in the frequent manipulations
and measurements during the course of washing, an ac-

cumulation of experimental error might produce some

defect, or excess of the bulk of fluid. The follow-

—

ing modification removes both these sources of error
A quantity of blood, &80 to 100 c.mm. was

taken from the patient, and placed in a tube con-

taining from 4 to 5ce. of Saline solu-

tion/
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solution. This blood-suspension was thrice washed ‘
| free of serum, with saline sclution: and the washing

was now made more thorough, in that one removed by the

!pipette, after each centrifugation as much cf the

|
| supernatant fluid as possible. Finally a suspension |
'of washed corpuscles of about 2:5 c¢c. in bulk was made;
| From this, 4 portions, each of 0°5 cc., wers measured |
off, and placed in 4 tubes. 0f the remaindef, 0*25ce,
|was taken, and diluted 1 in 4, or 1 in 8, with saline

solution. A drop of this diluted suspensicn was

placed in the Zeiss counting chamber, and enumeration

[of the red cells mads. Having thus obtained the |
‘number of cells per c.mm. of the diluted suspension,

‘one could, by a éimple calculation, arrive at the ery-
throcyte content of 0°5¢e. of the undiluted suspensicn.
|The following example will illustrate the method. It

will be seen that two separate enumerations were made;

Ithat in each preparation 5 fields cof 16 squares were
lcounted; and that the subsequent calculation was based
Ion their sum-total.

Example:— My own hloed. 80c.mm. of entire
blood placed in saline and washed as ahove described.
The final suspenslion divided into porticns of 0-5c.c.
From the remainder 0°25cc. brought to 2ce. with salins,
dilution 1 in 8.

| DILUTED/
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DILUTED SUSPENSION. COUNTING CHAMBER PREPARATION

Sscond Preparation.

; Fields of 18 squares. Fields of 16 squares.
|
' 50 47
51 39
40 52
(1) (2)
f 49 50
45 41
235 229

If the two separate snumerations did not
closely correspoid, fresh preparations were made until
_two successive counts approximated as above. The
calculagion now proceedsd.
Total for 10 fields of 16 saquares (160 squares)

= 235+229=464.

.

i +« +» No.of erythrocvte per le¢.mm.of original

484x4000x8
suspension = 160
H ! " 0shec, n
. 464X4000x8x500
L] L] L4 - 160

= 46,400,000,

In this above example, one obtained a series

of/
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iof 0+5cc. samples of blocd-suspension, sach of whieh |
;contained 46,400,000 washed srvthrocytes. In severs
:oligocythaemia 0*5 ec.samples similarly cbtained, |
'would contain much fewer erythrocytses. This modified
method of defermining the number of eryvthroevtes in
the samples was superior in several points, to the
|original one emploved. The enumeration was now made
}directly from the blood suspension that furnished

|

(those samplses. Furthsr, the suspension from which

‘the count was made, was diluted at the most 1 in 8. as

icompared with the dilution of 1 in 200 of entire blood
'in the Zeiss haemoccytometsr; so that the error of ;
enumaration was now, only muiltiplisd by 8, whereas, by
the former method 1t was multiplied by 200.

As before, the solvent dose of Saponin as-
certained by experiment for the samples prepared, was

converted, by easy calculation, into the solvent dose

for 100 million erythrocytes, - the standard number.

THE DETERMINATION OF HAEMOLYSIS,

COMPLETE AND INCOMPLETE.

The second poerticn of the techrilgue of
haemclytic investigation, now falls to be consider-

ed /




|considered.

haemolysis, Incompléte Haemclysls is indicated, in its

INCOMPLETE HAEMOLYSIS,

In the vast majority of ressarches on

various degrees, by such terms as "slight", "moderate",

teonsiderablat, ralmost ccemplets": or by the use of

such signs as +, ++, +++, 8te.  These intermediate

7

stages of haemclysis are obtained by the judgment of

the observer, on the degree of cpacity of the blood-

| suspension. Sueh rcugh and ready msasurements mst

be inaccurate. 1t was very desirable to cbtain, for

the present investigation, a more sxact, and if

pessible, a numerical determination.

Mioni and Henri, in their quantitative
investigations upon haemolytic sera, have attempted
the solution of this prcblemn. Both have dcne so, by

the use of colorimetric methecds, each of which is

| based on the determination of the amount of Haemoglo--

bin, in the supernatant fluid after contrifugation,

by Fleischl's haemoglobinometer. Miont (8) expresses

his results as grammes of Haemoglobin. Henri (9)
presents his as percentages of the total Haemoglebin

content./
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content. Both these metheds are suitable for in-
!vestigaticns on healthy blocd, where the Haemoglobin-
| value of a fixed amount of blood is. constant. But
| they are cumbrous and difficult to work, and they have
not been employed in the great bulk of recent rssearch
| es upon the haemolysis of sera, of snake-venoms, and
of the group of gluccesides, of which Saponin is a
member. And, certainly, neither is applicable to a

clinical investigation of the blood, in various diseas

es, where the haemoglobin-value of the corpuscle

varies widely.

' COLORIMETRIC METHOD FOR A CLINICAL
INVESTIGATION,

l I prepared the followed colorimetric method.

1

‘As already dascribed,'a number of equal samples of

|
1
| washed corpuseles of the blood under examination were |

Iprepared. To one of these an excessive dose of
Sapcnin was giveﬁ. The resulting haemolysis was in-
dubitably complete, both from the perfect transparaney
of the fluld and from the absence of any sediment of
iarythrocytes, after centrifﬁgatiom. The bulk of the
tube-contents was 2 cec. Therefore, the depth of

0010111'/
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|
|

colour of the fluid in this tube, gave a standard of
complete hasemolysis for all equal samples of the same
bloocd, made up to the same bulk, by adjustment of the
saline & saponin soluticns added. From this standard
of complets hasmolysis, a number of diluted samples

were prepared. The dilutions were made by accurate
adjustment of proportions of the original standard and
of saline solution, by means of graduated pipettes.

These diluted samples placed in small tubes, were

arranged to represent a series of intermediate degrees

%of haemolysis, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
'90%; and with the original standard of complete hae-
melysis and a tube containing saline soluticn only,
gave a complete scale of degrees cf haemolysis from O%
| to 100%. When,therefore,a sample of washed cells,
|brought to a bulk of 2cc. with saline solution and a
certain dose of Saponin sclution, had been incubated
for a fixed period at 37°c., it was centrifuged. From

the supernatant fluid, a small quantity was drawn off

!by pipette, and placed in a small tube equal in calibre

e |

to those which contained the series 0 standardsalread)
prepared. That standard which most nearly matched
its tint gave the degree of haemclysis effected by the
knbwn doge of Saponin. In this way the amount of

intermediate/ |




19.

intermediate Haemeclysis in each of a number of tubes,
containing equal samples of washed erythreeytes and
varying doses of Saponin, could be expressed by a
figure and one which was approximately accurats. Fer
each case investigated, a fresh series ¢f standards ;
were of course prepared. = And, in each case, the
standard of complete haemolysis was 100%, no matter
what the actual haemoglébin value of the bleood, as
compared with that of health, might be.

The method is neither tediocus, nor difficult
tc weork. I proceed to give an example.

Entire blecd used.
Bloed (my own).
Saponin solution °*02grms. per 100cc.

Incubator 37°. Incubation period 2 hours.

Tubes Entire Blood. Sal.Scln. Sap.Scln. Haemolysis.

1 20c ,mm , + 1:78ce, | +0.20ce. | 20-30%.
2 " + 1:-76cc. | +0.22¢ce. | 50-60%.
3 " % 1-74cc, | +*0+24cec. | 80-90%,
4 " + 1-72ce. | +0.26cc. 100% ,
5 " + 1:48ce. | #+0-50cc. 100% .
6 b 1-98ce. | +0+ Ocec. 0% ,

In the above Table, Tube 6 is the control. |

Tube/




.
!Tube 5 gave the standard of complete haemolysis, and

ithe diluted standards.

The Table shows the moderate precision cf
lthe method, in fixing intermediate degress of hae-
lmolysis; and, in so far, its great superiority to
Itne very vagus differontiation that is given, by the
‘use cf such terms as "slight haemolysis", "mederate
;haamolysis", etec. But it was more important that
:this method should bhe sxaet in fixing the point of
{complete haemolysis, for the main object in the in-
!vestigation of a series of doses of Saponin was, to
ifind the least one which would completely haemolyse
ithe sample of srythrocytes. This, therefore, raises
the second, and more important point of the end point

of haemclyvsis.

(2). DETERMINATION OF COMPLETE

HAEMOLYSIS.

The test of coumplete haemoclysis in all re-

- lcent researches on Haemclysis, is the perfect trans-

| ;
parence to the eye of the tube-contents after being
[

shaken up. In the Table just given, while Tube 3,
before centrifugation, showed a slight opalescence,
Tuba 4 lined quite clear. Therefore, Tube 4 showed
| ;

Ea Cemplete Haemelysis boih by the Colorimetric Method

1/
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I had devised, and by the usual gauge of transparence.
|But, after centrifugation it was not difficult to ob-

serve in the bottom of Tube- 4, a faint red powder of

Sediment which the microscope proved to consist of
Iunhaeﬂolysed erythrocytes. So that both these methods
| were found to be at fault, in the determination of the
' end point of haemolysis.

Lamb (10) in his researches on the haemoly-
sis of certain snake venoms, determines the point of
complete haemolysis by the transparence of the fluid.
But he hints at inadeguacy of the test, for in the

description of his technique he advises that whsere

there is any dcubt as to the perfect transparsncae of

[ the fluid, the centrifuge and the microscope should

|

be used to confirm the matter. But his subsequent
tables of resulits d¢ not show that this microscopic
{confirmation was ever emploved: and it may be inferred
:that it was not. The same thing may be confidently
said of the enormous mass of researches on the action
of haemolytic sera, in connection with the subjsct cf
LImmunity. In them, toc, the end-point of haemolysis
;has been entirely determined by the inaccurate tsst of

transparence. I will presently show that the error,

80 introduced, is not trifling or negligible, but

sericus/
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seriocus and important. As these researches claim to

be of an exact and quantitative nature, it is of the

| highest importance if it can be shown that the deter-
mination of the end voint of haemolysis, which is the
| foundation on which their results are built, is ob-

| tained by a faulty test.

ENUMERATIVE METHOD OF DETERMINING

COMPLETE HAEMOLYSIS.

| In consideration of a more exact means of
determining Complete Haemolysis, it occurred to me teo
| count this small remnant of cells. In those cases,

therefore, where centrifugation showed this faint sedi

ment and indicated that haemolysis was almost, but not
quite complete, the supernatant fluid was not ramcved.

The tube was again shaken up, o produce an equal sus-

pension of the remaining red-cells. A drop of this

suspension was placed in the Zeliss ccunting chamber,

and the number of red-eells per c.mm. obtained in the
[usual way. The total bulk of the tube contents and
the original number of red-cells expessd to haemclysis
being xnown, it was easy to get first the total number
of unhaemclvsed cells, then the total of haemoclysad

cells, and to express the latter figure as a percent-

age/
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‘percentage of the original number of cells. expcsed 1o
i i
[hasmolysis.

The following example will illustrate. ;

Entire blood of myself used.
Sap.Soln. «02grms.per 100ce.

Incubator 37°0.

Ineubation-period 2 hours.

. Haemolysis |
| Tube. Entire Blocd. Sal,Scln. Sap.Soln. by Enumer- |
i ation.
[
I 1 206 .mm 1.-72cc. 0.26cC.
|
b " 1-70cc. 0+28cec. 98%
e " 1-68cc. | 0-30ce. [99:23%
§ 4 " 1-44cc. 0-54ce. | 100%
|
5 n 1-98¢cc, 0 =0ce.. 0%

I now give the materials from which these

figures were obtained

ZEISS COUNTING-CHAMBER PREPARATIONS.

Tube 2, Tube 3. Tubs 4.
| 105 red-cells in 41 cells per 400 0 aslls in
400 squares. squares. 1200 squares|
<.Total number of .».Total number of red-
¢ells in tube. celis in tube
[= 105x4000x2000 - 41x400042000
, 400 400
|
= 2,100,000. = 83,000. T

| The/



The ordinary enumeration of my blood, by ths)
|Zeiss haemocytometer, gave 5,250,000 srythrocytes per
;c.mm. The erythrocyte content of each tube in the
Iabove table was, thersfors, 105,000,000. Simpls cal-

culation gives as percentages, 2% of unhaemclysed

cells in Tube 2, and 0:°77% in Tube 3. The percent-

ages of haemolysed cells in these tubes wers, there-
fors, 98%, and 99-23% respectively, as determined by |
this method of enumeraticn.

I next proceeded to carry out the Colori=-
meter method in these same tubss. I give side by
side the results obtained by both methods. Some of
the details alrsady given in the first table are omit- |

‘ted. |

|
|
i HAEMOLYSIS
|
|

Tubes Sap.Soln. Enumerative Coleor Sediment after |

Method. Mathed.Centrifugation.
! — .
1 0°26 cc. 90-100% | Distinct red |
2 0°28 cc. 98% 2100% Sgggt spot
P 0°30 co. 99 *23% 100% | Faint powder
| 4 0:54 ce. 100% 100% | None

The above Table shows clearly that, as

i : :
(haemolysis approaches completicn, the Colerimetric

!Method[
|
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Method becomes inaccurate while the Enumerative Msth- |

| od is extremely exact. Further it becomes at cnce

apparent; that the latter methed might be extended to

lall the intermediate stages of haemolvsis. For that

purpose it promised an incomparably greater degree of

precision than the Coclerimstric Method could givae.

\For the determination of Ccmplete Haemeclysis, its

' superiority over both this and the Transparence-Method|

‘was the enqually decisive one of the micrcscope over

|
|the unaided eve.

VERIFPICATION OF ENUMERATIVE-METHOD.

| But it

was possible that fallacies might |

ition cf these, an important question became raised as

- i
vitiate the Enumerative-lMethod. And, in considera- ‘
|
|
|

‘to the mode of Saponin-haemolysis. In a colleecticon

of erythreoevtes,

expcsed to the action of Sapenin, did

‘haemolysis procesd by a successive total destruction

of cell by cell;

gressive release

cr by a simaltaneous partial and prc—i

of Hasmoglohin, from all the cells?

iFor example, when in a case a hasmolysis of 50% was

idetermined, did this represant the total Haemoglcbin

content of half the erythrocytes? Or did it represent

haif/



half the Haemoglobin-content of the total number of ‘
| erythrecytas? I am not aware that such a question,
as the nature of haemeclytic action, has ever bheen
Fstated. And yet, it may have a wider significance,
than the verificaticn or the vitiation of the Method
of Enumeration, I propecsed to adopt. It may be in-
Iportant with regard to the division of physioclogists
iinto twe parties, over the histology of the mammalian
‘erythrocvte. A red cell containing its Haemoglobin
free, within a protoplasmic envelopse, might be sxpect—i
ed to release its Haemoglobin in a different way, frmﬁ
‘one whose Hasmoglobin was enmeshed in addition in a |
'stromatous network. In the former case, a total ‘
isuocessive haemolysis 'of cell by cell would, prima ‘
|facie, be the more probable. In the latter, a sim-
‘ultanaous progressive ocozing of Haemoglecbin, freom all
ithe cells might occur. |
i I was able t¢ bring the mattsr to precof, by !
:a cembination and comparison of the results obtainsd b%
ﬁolcrimetrie‘& Enumerative Methods, whieh I had de-
{vised. ?hus, if, by enumeration, I found a disappear-
§ance of 50% of the original number of cells, the ‘
imaasurement of the Haemoglebin in the supernatant flui*

of the tube after centrifugation, would determins the I

'point/
|
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point at issue. If the Haemoglcbin-content of this
fluid were greater than 50%, the remaining red cells,

though visible tc enumeration. must have suffered a

partial loss of their cclour-matter. But, if the
IHaemoglobin proved to bs Just 50?. that Haemoglebin
would be fully accounted for by the escape from the
destroyed cells, and, the red-cells visible under the
microscope, would be preved to have retained their

complement of Haemoglobin.

The latter alternative was shown to ccecur,

[in a quite decigive way. The following example will
l
' serve te illustrate.

| EXAMPLE .
Bleood of Iﬂyself. washed threse times, as
usual.

Final bloecd suspension ccntained 46,400,000

red cells per 0'5 cc,

Sapenin Sclution 004 grms. per 1l00ce.

Incubator 37° ¢.  Incubation periecd.

2 hours.
| Each tube contains 0-5ce. of washed blood-
sugpensicn brought to a bulk of 2ce. with

saline and Saponin solutions.

Tubes/
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Haemelysis
by by

Tubes Dose of Sap. Enumeratiocn Colorimeter
Soln. '

1 0-06¢cc. 20-26% 20%

2 0-08cc. 44.96% 40-50% |

3 0+1l0ce. ss - 19% 80% |
| 4 0:1l4ce. 95-75%
| 5 0-25ce. 1.00% 100%
| Tuhe,5 was taken as the standard of complete}
haemclysis. On eentrifugation, nc sedimenf of ery- j

[throcytes was obtained,

tion. Prom it the varicus standards of intermediate

ven to microsceopic examina-

haemolvsis were cobtained by dilution as described.

|
[ The enumeration was first made in sach tube. The

'tube was then immediately centrifuged, and the colori-|

1
|
i

Each of the two methods was, therefcore, tested cn the

'same tuhe.

‘methods was made several itimes; and decisively con-

firmed.

Such ccompariscon of the results of these two

This confirmation of the Msthod of Enumera-—

metric determination of the suvernatant fluid made.

tion is very satisfactory. It enables cone to use

|
iwith/
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with confidence, a very sexact and delicate method,
'which is superior %o the Colorimetric Method in fixing
:intermediata degreas cf haemolysis, and is incompar-

ably superiocr to it and to the test cof transparence in
determining the end point of haemoclysis. It,'perhapsﬁ
does not afford direct evidence, in favour of the view
| that the ervthrocvie contains its Haemoglobin frse
within an envelope, without an internal stromatous :
i

-

| Framework,but it might fairly be considered corrobora-
i
|tive, and, as such, might be added to the body of '

' evidence already existing in support of that view.

RETARDATION OF HAEMOLYSIS JUST

BEFORE COMPLETION.

}:)‘_ e

| On the avplication of this enumerative method
{the inaccuracy of apparent transparence, as a test of
Comulete Hasmolysis, was soon completely established.
%When_a tube whosse contsnts seemed perfectly trans-
;parent tec the naked eye, was examined by this new
!method, a few cells remaining showed that hasmolysis
!Was almost but not quite complete. But it was fur-
ither shown that the error introduced was not small,
but great. For example when a certain dose of Sapoenin

| 4
[produced in 2 hours a haemolysis of 99%, the additicnal

;Saponin/




| Saponin required to complete haemolyses was not small,

‘bui very considerable,. In fact the increment formed

‘a large proportion of the total haemolytic dose, The

%0.

| observation is a new one, and has such important con-

illustraterit. In all these, the Saponin Solution

|

|
sequences, that I give below a series of results to

|

was °*004 grms.per 100 c.c. The blood-suspensions

were washed, and counted as described. The Incuba- |

tor temperature was 37°C, and the incubation-period

was 2 hours.

TUBES BLOOD SUSPENSION. Sal.Soln.Sap.Soln.Haemolysis

RETARDATION AT COMPLETION OF HAEMOLYSIS. |

Blood of myself. Health.
0<bce., of blood-suspension contains
79,400,000 erythrocytes.

1 0°5ce .+ 13Y4ce. 4+ 0¢1bce. 98:62%
2 Rinse 1:26ce. 4 0-24ce. 99 95%-
3 i + 1 18cc. + 0°32cec. 100% |
2e Blood of A.T.M, Health.
0+hee.of blood-suspension contains
57,800,000 erythrocytes.

TUBES BLOOD SUSPENSION. Sal.Soln.Sap.Soln.HaemolYSis
i 0+5ce. + 1+3Y4ce. + 0-16cc. 99° 62%
2. L + 1*30cc. +0-20cc. 99:96%

3 HC A 1-26ce. +0-24cc. 100%

3./



3. Blood of J.P.M. Health.

0-5ce. of Blced-suspension, contains

74,000,000 erythrocytes.

BLOOD SAL. SAP.
TUBES SUSPENS.  SOLn.  SOLD: HAEMOLYSIS.
1 0-5cc.* 1-:32cc *0'18ecc 93.52%
2 w % 1°28cc +0.22cc  98.03%
3 W+ 1°'24ce +0.26cc 99.97%
4 " 4+ 1°20cc +0.30cc 100%
|
4., W.P. aet.54 Pernicious Anaemia. |
0-5ce.of Blood-suspension contains
34,700,000 erythrocytes.
BLOOD SAT. SAP. HAEMOLYSIS.

TUBES SUSPENS, SOL% SOL% |
1 0+5ce+ 1.38cc |40.12cc | 93.46% :
2 w * | 1.34cc|+0.16cc |99.86% |
3 w + | 1.30cc|40.20cc |99.96% |
4 noo+ 1.22¢cc |+0.28¢cc 100% |

5. L'II'S H.L-E‘.et.ﬁg

Pernicious Anaemia.
0.5ce of Blood-suspension econtains

29,200,000 erythreoeytes.
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Tubes.Blood Suspension.Sal.Soln.Sap.Soln.idaemolysis.
1 0+*5ce .t I*dgdce,. *0,.,06ce, 30'8%, i
2 BN S 1°40ce. «+0°1l0ce., 90+9% . ;
7 s 1'36ce. +0°'ldcc. 98:98% . i
4 or 4 1°32cc. +0*18ce. 29°82% . i
5 Ty 1-28ce. +0-23ce. 100% . |
6. Mrs H.M.aet g3, Pernicicus Anaemia.

0*5ce. of Blecod-Suspensicn contains
40,: 600,000 erythreocytes.

| Tubes.Blced Susvension.Sal.Scln.Sap.Scln.Hasmelvsis.

1 0°'5ee.+ 1-34cc, *0-l8cc. 99:81% -
| 2 " + 1-80ce. *0°2000. 99070 -
2 L + 1-26¢cc., +0°24cce. 100% -

Many more similar sxamples could be given,

but these are encugh to prove. beyond deubt, that, as

Ethe haemeclyeis, of any given sample of washed srythro- -

cytes by Saponin appreaches completion, the incrsment
|
|

of dcse required, tec complete ha~melveis, is out of

all proportion tc the number of cells remaining unhae-
i

melysed.

} Thus in Table & while 0-06cec.of Saponin

Seclution preduces 50%=haemolysis, and 0+*1Cc¢e. produces
90%/
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90%, 1t requires a dose of 0-22cc. t¢ complets has-

molysis i.e. dcuble the amount that precduces 90% hae-

melysis.

These tables further shcw, that this in-
crement of dose tc complete haemeclysis 4s proportion-
ally greatest between 99%, and 100% or Ccmplete Hae-
melysis., Thus in Table 4 the amount of Saponin has

tc be increased from 0-16cc. to 0:28ce. to carry hae-—

melyels from 99:66% to 100% — an increment of 1/3 of

the tetal hasmolviic icse. This was in a case of

|diseass - Pernicicus Anaemia. But the same fact is

ag strikingly demonstrated in healthy bloocd in
Table 2, where the increment reguired to bring 99°62%
to Complete Haemclyeis, is alsc 1/2 of the total hae-

melytic dcese.

INADEQUACY OF TEST OF TRANSPARENCE.

But, it is impcssible for the unaided sye to
discern a defect of transparsnce in a tube, the enumer

ation of whose contents shows a haemclysis of 989°5%,

frem cemplete transparance, in a tube whare enumeraticn

shows haemclysis to be complets. The human sve is

quite unable to discriminate such fine shades of

difference/



| these inappreciabls changes in transparence.

difference, and vet very great alterations. in the

amcunt of the active solution, are required to effect

I have already wointed out, that the vast
majority of recent and current researches on haemolysib

of dAifferent substances and esvecially of the natural

and acouired haemclysin's in sera, determine Ccmplets

Haoemolysis by the test of transparence; and that this
determination is the great key by which their results
ars cbhtained. I have also shown, in the case of 5

Sapeonin, that this test is inadequate, and that its

use introduces srror which is not small, but very
gross. It is still possible that a haemolytic serum

: i
may act differsntly, and in the closing stages of haeﬂ

I molysis, the employment of the test of transparence

| may ncet be ldiable to this sericus fallacy. But, it

1s much mere likely that this remarkable feature of |
Saponin-haemclysis also marks the acticn of other han‘
melytic substances, which attack the envelope of the
erythroeyte. i
|
I will show later, that in the case of |
Saponin it is based, net on the nature of the haemoly%
tic substance, but on the peculiar structure of the

cellective tissue on which that substance acet - and

therefore, that it probably accompanies the acticn of

other/



other haemolysins. In the meantime, it may be said,

[ that the demonstration of this fact in Saponin hae-

melysis, placdes the aceuracy of mich recent work on

[ Tmmanity, which is hased on the quantiftative resulis

of haemclytiec researches under grave suspicion.

RETARDATION BY HAEMOLYSIS IN

POINT OF TIME.

=

way. In the example given below, I selected a dose

of Saponin which, fer the sample of washad cells

under investigaticn, would effect on almest ccmplsete .

haemolysis in 2 hours. During the periecd of dincub-
ation, I determined the degree_of haemolysis hy

enumeration at half-hour intervals.

T.B.aet. 38, | Jaundice.
0:5c¢e,.Bloecd-Suspension contains
50,000,000 erythrocytes

Haemelysis

Bloeod after
Suspensiocn.Sal.Soln.Sav.Seln. hr.

he fact can be further confirmed in another

|
|
|
0'5ce.+  1+38ce. +0-12cc. 94°88% 99-385@99-885:;99-96%
|
|

The abové result demenstrates, in another

-Wayf




|
| 35. ‘
| |
. : 7R
way, the same fact, the great retardation that takxes

| place in haemclysis as 1t very nearly approaches oom—l

[ pleticn. The former tables, showed the great in- |

| crement of doss required to convert a haemolysis of
99% into 100%. The latter shows how a dose that

| produces in two hours an almost complete haemclvsis,

| produces in half an heour a 94% haemclysis; in cne hou

99%; and yet in anothsr hour is unable tc carry hae-

melysis to compiletion.

e

In view of this established faect I dester-

mined to adopt as the end-point, not Complete Has-—

melysis but Haemolysis almcst Complets, i.e.between

99°8% and 99:97%. For Complete Hasmclysis might not

be an exact peoint: it might sasily be overreached.

But the end-pocint I propcsed tc adept expressed a

definite stage which could easily he used for com-

parative purposes.

CLINICAL RESULTS. FIRST « SERIES.

With this spscialised technique, in the pre-
paration of equal samples of washed esrythroceytses., in
the method of detsrmining haemolysis, and in the end-

Ipoint of haemolysis selected, I began to cclliect re-

é sults/




results in condition of health and diseass.

The procedure in each case investigated was

| as follows. The number of erythrocvtes in the equal |
;samples cf washed blocd suspensions was carefully
;datnrmined. By experiment and using a series cof
dcses of Saponin Sclution, that dose was obtained
:Which effaected an almost Complete Haemclysis in 2]hrs.
‘at 27°% . By calculation the amount of Saponin sol-
{uticn whieh would produce an equal haemolysis in
!100 million erythrocytes was obtained.

Thus in Table 1_ﬁ.50, with my cown blcod, it
' was shown that 0-:24cc., of Saponin Scluticn precduced
99°'95% haemolysis in 2 hours at 37°C.  And here the

sample of blocd-suspension contained 79,400,000 ery-

throcvtes. Therefore the haemolytic dose for 100.

millicn erythrocytes would be

*24 x 100,000,000 i.e. 0s30cc.
79,400,000

Tables 1, 2, & 3.p. the conversion into the hae-

i In the three cases of health, as shown in

molytie dose for the standard number of erythreocytes

was as follows:-— Haemolytic |
Dose’ For
Nec.of erythrccytes standard No.
IName. in sample, Sap.Scl. Haemclysls of Erythro.

|C.Mc.N. 79,400,000 +0-°24cc. ©€9.95% 04:30cc.

(AT, §7,800,000 +0-20cc. 99:96% 0°34cc.

|
J.P.M. 74,000,000 40°26cc. 99°97% 0+:35cc.

|
|

Tables/



tained in thres cases of Perniciocus Anaemia. Thelr |

Tables 4, 5, & 6 p. show the results ob-

conversicn was as follows:i—

Haemolytice Dose
No.of Erythrocytes for standard Nco.
Name. 1n sample. Sap.Scl. Haemolysis.of Erythrocytes.

| W.P. 34,700,000020cc. | 99°96% I 0«B7¢ce.
| Mrs.H.L |29,200,00010.18cc. | 29-92% l 06 lec.
Mrs H.M.40.600,000(0:20cc. | 99-97% 0-4Sce

These cases of Pernicious Anaemia, therefors.

shew a considerable increase in the resistance of

thelir erythrocytes to destruction by Savonin, as com—

| pared with that of the red corpuscles of health.

ERROR; OF TECHNIQUE.

During six months, many results in different

pathological conditions were collected and compared. in

Ithis Way « It is sufficient, howsver, to have given |
the few examples above; for at the end of.this period.,
I discovered a fallacy in the techniaoue employed.

This errcr was so seriocus, as render all these results
Iworthless. It proceeded from the fact that, accord-

B i
ing to the corpuscular richness of the blood, the

number/
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' l
!number of red cells in 0‘'Sce. samples of washed blood-
| |
suspension varied widely, from 10 millions, in very

! i
severe oligocythaemia, to between 80 & 90 millicns in

the blood of health. The correctness of my results

depended on Bashford's statement already quoted p..

' that "a multiple of the solvent dese of glucoside
dissolved the same multiple of the standard quantity

of blocd", and on the confirmatory experiment I made

Do
|
| |
! INFLUENCE OF BULK OF FLULID UPON
HAEMOLYSIS.
| a1 TR |
|
When I now repeated that original experiment,

‘I obtained an entirely different result. I give

| below a clear example. The Sapecnin soluticn -004grmsL
|

iper 100cc. Incubator temperature 37°C. Incubationf

' period 2 hours. These three factors continue con-

!stant hereafter, unless where specially mentioned.
| |

H.D. aet.20. Exophthalmic Goitre.
O0+5cc. washed blood-suspension contains

44,400,000 erythrocytes.

Tubes . /




Blocd ~Bulk. of
Tubes. Suspension Sal.Soln.Sap.Soln.Tube Ccont Haemo}.
1 0*5ce ..+ 1Lr38cc., 0 i2¢ce. 2ce. | 96855
2 0*25¢eec 4+ 1-69¢ce. | {0+06cc. 2¢cc. 55-95%}

In this example Tube 2 contains half the
| number of red cells in Tube 1. Therefore half the

dose of Saponin given in Tube 1 should according to

Bashford's statement, produce an squal haemolysis in

it is very far indeed frem doing so. The haemolysis

| effected in Tube 2 is approximately only half that in

Tube 1. But on consideration of the conditions of

| Tube 2, in the same time. But in the above example,

the above experiment it will be seen, that in Tube 2, |

‘while the number of erythrocytes and the doses of

Saponin have been halved, the total bulk of the tube

' contents has been kept identical with that of Tube 1.

| That 1s to say, the factor of bulk of fluid has not

| been adjusted, correspondingly to the alteration of

| the other factors. The enormous diserepancy in the
| f

Eresults, therefore, points to;an important influence

;of this factor of bulk of fluiad upon haemolysgis.

! In the following experiments, therefors,

Ethis factor of bulk was alone altered. The cther

ieonditions were kept unchanged.

; Blood/
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Blood of myself.

0-5¢c. of Blood suspension contains
54,300,000 erythrocytes.

BLOOD SAP, BITLK OF

TUBE. SUSPENSION.SAL.SOL. SOLN.TUBE CONTS.HAEMOLYSIS.

1 @‘5¢e.+ 0°42cc.+0'08 1lce. 85  55%
2 0:5cc.+ 3-42¢c.40:08  4cc. 44 :07%
3 0:5ce.+  0r34ce.+0:16  lce. 99.93%
4 0-5¢cc.+ 3.34cc.+0:16  4ce. 95 . 74%

At first sight 1£ would appear that the

approximation of haemolvsis in Tubes 3 & 4, viz,,

199.93% & 95.9% 1s much greater than in Tubes 1 & 2

85.5% & 44,07%. But the great retardation which has

| 7
i

heen shown to oceur in haemolysis as 1% approaches
completion, removes entirely this apparent inconsis-
tency.

Thisg last Table confirms what the other

:had sugegested, the importance of the hulk of fluid
gon which the cells are suspended, upon Saponin hae-
molysis. I, therefore, prepared a series of tubes in
some of which the three factors, amount of Saponin,
number of erythroecytes, and bulk of fluld, were equally
and simultaneously altered: while in others the first

two factors were equally altered, but the factor of

| bulk was left unchanged.

Blood/ |
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Bloocd cf myself. |
0*5cc.Blood suspension contains 50 millicns of
ervthrocytas.

Bloed Sal.: Sap. i
Tubes.Suspension.Soln. Scln. Bulk. Haemolyeis in 2hrs.

1(a) O‘BCc;f 1.38cc| t0-18ce Rce 99 .8%
2(a) | 0°25¢cc+ |1°69cc| +0-06cc Rec 40%
3(a) 0-2500+IO-6900 +0°06ce. fec 00 +24%
1(b) ; 0O:5ce+ [L.26cc|*0.24ce  Rec 1009
2(b) | 0-85cc+ [L°63ce|+0.18¢ce Ree 100%
Z(b) | 0°25ce, [0°63cc{+0.12cc Jco "Ibo%

Lat vs congider, first, thé results obtained?
Efrom the tubes of Series (a). Tube 2a demonstrates,
‘that when the number of erythrocytes and the amount of |
lSaponin are equally reduced, but the original bulk of
Icontent retained, an equivalent haemolysis is not ob-
:tained.. Tube 3a demonstrates, that when the factor
of bulk is adjusted equally to the variation of the .
other two factors - the number of ervthroecytes and the;
éamount of Sapcnin, the haemolysis is now exactly equi—!
yalent. so far as the range of experimental accuracy |
ﬁill permit. |

; Series (b) apparently contradiets Series (a),
and/
|



| ceeds the complete haemclytic dosse. That excess of

432 .

and reasserts Bashford's statement, and my original
confirmation of that statement. In reality it does |
neither of these things. For in Tube (b) the dose
of Saponin produces 100% Haemolysis. That appears
to be an exact stage, but most probably it is not exX-
act and is obtained by an amount of Saponin, which exT

Saponin is able to counteract the influence c¢f the

factor of bulk in Tube 2 (b). That factor in Tube 2

|
(b) is not called into extreme play, as in the prev- ‘
iocus Table p. where the difference in buik is bet—i
ween lec and 4cce., But though its operation in Tube

.g(b) is not indicated in the determination at the end |

| of 2 hcrrs,lit is most probable that evidence of it i

| would have been cobtained, had a determination of hae-—

molysis been made in Tubes 1(b) and 2(b) at the end of

| one hour.

THE FACTOR. OF TIME.

That svggestion intrecduces the question of

'a fourth factor, the factor of time. And the follow-

;1ng result shows that it, too, plays an important part

'in haemolysis.

Blood/ |



Blood of myself.
0*5ce.of Blood—Suspension centains

50,200,000 erythrocytes.

Bloed Sal. Sap. - Haemolysis after |
Tubes Suspension Seln. Soln. Bulk. =hpur 1 hour
1 0-5ce.+ | 1.28ccf0:22 | 2ce. | 63% 97 .88%
2 n i 0.28ce#0.22 | 1lece., | 98.22%

In Tubes 1 & 2 the relation of the four
 factors is as fcllows. The numbser of erythrocytes,
'and the dese of Sapenin are equal in both, but the
| factor of bulk is halved in Tube 2. The variatiocn
_of this factor, brings into opergtion a variation in
| the rapidity of haemolysis in the twe tubes, so that
|at the end of half an hour, there is 63% haemolysis
!1n Tube 1, while thers is 98.22% in Tube 2 at the
| same point of time. But in twice this period, i.e.
| cne hour, Tube 1, with a bulk twice that of Tube 2,
'reaéhes 97.88 haemolysis, which is, approximately,

legual to that attained by Tube 2 in half an hour.

| THE FOUR FACTORS IN A HAEMOLYTIC EXPERIMENT:
i THEIR MUTUAL RELATION.

The/
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The above seriss of sxperiments on ths inter+

vlay of these four factors, show Bashford's statement

'that "a multiple of the solvent dose of gluccside
|ndissolved the same multiple of the standard quantity
nof blood to be inademuate in two respects (1) with
nregard to the bulk of fluid in which red cells and
nSaponin interact, and (2) with regard, to the factor
of time".

Aé it stands, the statement is accurate, Tor
it mentions only the two factors of the numbsr of or-
vthroeytes and the amount of Saponin: and variation
|of these two factors by multiplication or division is
followed automatically by eaqual variation in the third
factor c¢f bulk. But these three factcrs having bsen
properly adjusted, the fourth facter of time remains
undisturbed.: But it is inadequate, in that it takes
no account of the snormous influence, which the bulk
lof fluid exsrts upon the haemclysis of these gluco-
sides. And, it is also, seriously defective in
making no mention of the factor of time. In faect
both Hedon & Bashford entirely neglect this‘impcrtant
Tactor. Hedon(7) in comparing the action of Saponin
with that Of Cyelamin and Solanin, 'deseribes theiho-
tion of the former as slower than the latter.hasmolysi

taking place with Saponin, "avec un ratard de quelques

minutes/

=
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minutes. Bashford (6) seems to have tacitly adopt-
ed this standard of practically instantansous hae-
melysis. At any rate, in his tables he does not
mention any period at which readings of complete haa- |
molysis were made, and it can only be assumed that
they were made shortly after the deses of Saponin i
were added .

Throughout my investigations, the deter-

' minations of haemclysis were made at the end of 2 hrs,

“that the acticn of Sapcnin was not exhausted at onece,

And it was absolutely plain in these investigations !
|
|

' or in "a few minutes", but proceeded throughout this |

' pericd of 2 hrs.. It is evident, therefore, that g

the dose of Saponin which will instantanecusly effect |
cemplete haemolysis, will be much greater than that
one which will take 2 hours to produce an squal resulﬁ
The term "Complete Haemolysis" as employed in the re-i
searches Just mentioned is tacitly assumed to be an f
absolute one * and independent of the factor of time. |
But, in effect, it is Ccmplete Haemolysis determined

at an indefinite period, shortly after the preparation

of the experiment. As such it sets up an entirely :

' different standard from that obtained by a reading of |

results at the end of 2 hours. |

The/
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The selection of such a period was arbitrary.

But the fixation of a constant time pericd, was-
necessary to allow a Jjust ccemparison of results, and

the time chosen seemed to be suitable, in allowing

| a considerable time for the active substance to spend

itself upon the reactive material. Indeed, at the

. outset, I believed that the acticn of any docse of

Saponin, upon washed erythrocytes, would be completedI

| in 2 hours at blood-temperature. But the following

' table shows that this assumption was very far from

being true. The tubes were incubated for 6 hours,

and determinations made at the pericds indicated.

After this, they were allowed tc stand at room-tempers-

ture 15°¢, and a final reading taken at the end of

22 hours from the preparation of the tubes. This

on the rapidity of haemolysis, and upcn the degres ofi
|
haemolysis at any given time, in faet, the interaction

of the four factors in a haemolytic experiment.

Blood of myself.

0*5ce of washed blood-suspensicen contains

50,200,000 erythreceytes.

Tubes/

|
Table also illustrates the action of bulk ef fluid up-
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IBS.BLOOD  SAL. SAP.  BULK HAEMOLYSIS after
SUSP. SO0L . SOL. 1l hr. 2 hrs. 3 hrs 4 hre. 6 hrs. 22 hrs.

0:5 cc #1-28ccw 0-22ce | 2cc [97-88%|99 -88%| 99 -88%| 99 -88%| 99 .02% | _—__
0+5 cc +3-28cc {+ 0-22¢ce | 4ce |57 -44% sé-lz% 94 -56%| 96+ 73%| 98 - 244 08 - 24%
0-35cc +/1-39¢ce i 0-1lce | 2cc (53:92%/84-64% 91-68%|92+16%| 95:20% |98 -16%
0:25ce +15-39ce f+ 0+11ce | 4ee | 0-00%| 0-00%| 0:00%| 0-00%| 20-00% 60 +32%

|

0:5 cc +[1-38ce # 0+13ce | Bec 44+00% (78 +00% |89 -28% |93+ 22% 95:24% |98+40%

0+25ce +|1-44ce ¥ 0+06¢ce | 4cc | 600% 12+ 00% [40+00% |48 - 00% 65-44% |68-32%

Such a table may be graphically illustrated (two graphic charts).

 TABLE] p47.
| 'T'veé,s- =% |
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It establishes scme new results, and confirms and ex-

tends others already shown.

1. It shows that the haemolytic action of Saponin in

those doses, far from being completed in two hours.

proceeds for at least six hours at blood-tempera- |

ture, and even continues for many hours after at
15° ¢. This result does not imvalidate the
gelection of a time-period of two hours, so long

as that period 1s kept constant in a2ll cases.

|2, It strongly suggests, if it dces not quite prove,.

that if haemolysis is not complete at an early

period, it never beccmes 80.

. It shows that where a dose of Saponin procduces in

two hours a haemelysis that is nearly ccmplete,

the subsequent haemolysis is very slow and small:

while ‘where a smaller dose of Saponin has

produced in two hours a mincr dagree of haemolysgis

the subseouent haemolysis is more rapid and of

greaater amount, but yet at the end of the period

of observatiocn does not reach the degree attained

by the larger dose. This is illustrated in

Tube/




4, It iliustrates again, but in an even more striking

[1-9
w0

Tube’ 1 and- Tube 5.. i At the end of two.hours the
haemolysis in these tubes is respectively 99:88%
and 78:00%. At the end of six hours it is res-
pectively 99:92% and 95:24%., At the end of
twenty-two hours Tube 5 shows 98°40 haemolysis,
which is sti11l short of the stage reached by Tube 1
in six hours, and even of that of Tube 1 in two
hours. That is to say, the greater dose of
Saponin has produced the maximum of its action in
a shorter time. The smaller dose has taken a

longer time to effect its maximum action, and, even

1

at the end of the period of observation, that maxi
mum is still short of the degree of haemolysis at-
tained by the greater dose at a much earlier stage.
Thig last point is more than a confirmation of the
great retardation that has been shown to occur in
the final stages of hasemolysis. It is an ampli-
fication of it, for it shows that with smaller
doses of Saponin this retardation takes place at

an eaerlier stage of haemolysisg.

way than hefore the enormous influence of the
factor of bulk of filuid in which the action takes

place upon haemolysis, and that influence is shown

to/
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tc affect, not only the rapidity of haemolysis,

but also the final degree of haemolysis. The
series of Tubes 1 to 4 demonstrates this. In all
these tubes, the relation of amocunt of Saponin to
number of erythrocytes is equal, but the bulk of
fluid in which haemolysis takes place is increased
in a regular sequence. The result is seen in an
extreme degree in comparison of Tube 4 and Tube 1.
In each the dose of Saponin per quantity of cor-— |
puscles is the same, but in Tube 1 there is 99'88%;
haemolysis at the end of 4 hours, while in Tube 4,
at the same time, there is 0%; and the result in
Tube 4 at the end of twenty-twe hours shows that
there is not merely a retardation of haemolysis.
but, in addition, an actual and large deficiency of
haemolysis. To this last statement it may be ob-
jected that the time-1limit of twenty-two hours is
arbitrary. and that possibly, had a determination
been made of Tube 4 after a still more prolonged i
period, the degres of haemolysis in that tube wmﬂd;
have passed 60%, and have reached that recorded of
Tube 1 in six hours. That 1s a natural eriticism,

hut in discussing the explanation of these novel

results I will immediately adduce reasons to show .

it/



tending Bashford's incomplete statement. corrected,
it would run thus:- "A multiple of the solvent dose
of glucoside will dissolve the same multiple of the
standard quantity c¢f blood in the same time, provided

that the bulk of fluid in which interaction takés

51-

it is not correct.
It is also shown that the operstion of the factor

of bulk of fluid cannot be expressed by any simplel
formula. The early stages of haemolysis in Tubes
1, 2, and 3 weuld suggest that this ﬁight be 80:

but the later stages of these tubes. and the whole
course of haemeclysis in Tube 4, show that the ad-

Justment of the factors of bulk and time in haemo-|

lysis by Sapenin is a very ccmplex one. But that

is not surprising in view of the comparison already
frequently drawn between the small doses that willj
effect a great part of haemolysis, and the
relatively very large doses that are required to
complete the haemeolysis. 1 e probabie that all
these facts are related, but before discussing :
theﬁ. it will be well to sum up the conclusions to
be drawn from the variations of these factors in
haemolysis.

That cannct be betiter done than by ex-

' place is proportionally adjusted.®

And/




carry the following important corollaries:-—

1 .

>

And that statement has now been shown to

A relative increase of the bulk of fiuid in which
haemolytic interaction takes place, the other
factors being the same, will increase the time-|

veriod of complete haemolysis.

Where the incerease is extreme 1t will increase
the time-veriod to infinityv. i.e. 1t will pre-

vent complete haemolysis from occurring.

A telative decrsase of the bulk of fiuid in which
haemolytic interaction takes place, the other
factors being the same, will decrease the time-

period of complete haemolysis.

The relation between variation in bulk and the
resulting variation in time of haemolysis 1is
only one of simple proportion, when two condi-
tions are both present, — when the haemolytic
dose of active substance 1s complete, and when
the variation in bulk is smali. If either of |
these conditions is absent, the relation between
the two factors becomes complex, and its exact

formula unknown.

DI SCUSSION/
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DISCUSSION OF THESE SPECIAL PHENOMENA.

It is now opportune to discuss, and if

possible to explain, these two striking features of

Saponin haemolysis - (1) the disproportionate incre-

ment of Sapcenin required to carry hasmolysis from QQ%I
to complete Haemolysis; (2) the enormous influencs of!
the bulk of fluid in whieh interaction takes place ‘

upen the rapidity and the degree of Haemolysis. |
I shall attempt to show that these new fact@
|

as tc the nature of haemeclytic action, which the use ‘

;of the Enumerative Method of determining haemolysis
. i

' has discovered, depend on the peculiar structure of |
| the tissue which is acted upon, and on the peculiar

| index of activity which is used. If I succeed in I
doing so, these remarkable features of Saponin haemo—f

'1ysis must also be transferred to other groups of

'haemolytic substances. which act by a solution of the
| Ted—-cell envelope. These facts., interesting in them-

' selves, will thus obtain a much wider significance.

'The/
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The Retardation of Haemolysis at its Close:
its Explanation. In the elucidation of this question
I take as my starting-point the observation of
Baghford {( 6. ) that complete Haemolysis does not
terminate the interaction of Saponin and erythrocytes.
His method of proving this was to give more than a
complete haemolytic dose 10 a quantity of washed erv-
throcytes, and some time after cormplete Haemolyvsis had
occurred, to add a fresh quantity of washed erythro-
cytes. These latter were found to sink to the botton
of the tube unchanged. It was shown that the Haemo-
globin did not absorb or fix Saponin, and that the
interaction of the latter was entirely with_some
element in the cell-envelope (or stroma), and con-—
tinued after complete Haemolysis.

The methods which I used allowed me to give

this fact quantitative exactiness.

Blocd of M.P., aet.30. Exopnthalmic Goitre.
05 cec of washed blcocod-suspension contains 50 million

red—cells,

TUBES/




TUBES  BLOOD SAL. SAP. HAEMOLYSIS 1IN
SUSPENS. S0Ln, SoLl. TWO HOURS.
2) 0:5ce +[1+44ce |+ 0-06ce 460 %
|2 | 0-5oc +|1-38ce |+ 0-12ce 996 %
| 3 0+:5¢e + 0-70qc + 0+80ce Complete Haemolysis.
The dose of Saponin in Tube 3 was excessive

'and produced complete Haemolysis in a few minutes.

After this tube

had remained one hour in the incubator

(370 C.), it was theroughly shaken up. and one half of-|

|its clear Haemog
‘added to a fresh
isame individual,

|TUBE  BLOOD
SUSPENS.

lobin-tinted fluid. i.e. 1 c¢c, was
sample of washed red cells of the
as follows:-

SAL.  FLUIDS OF HAEMOLYSIS IN
SOoLM.! TUBE I. TWO HOURS. -

4 0.5ec +

0:5¢e |+ 1 ce 0 %

The conclusion is that the whele of this

'dose of 08 cc of Saponin soluticn has been fixed by

| scme element in
| Saponin far exce
1996 % Haemolysi
| (vide Tube 2 of

| 4

the red cells. But this amount of
eds the complete Haemoclytic dose, for
s was produced by a dose of 0°1l2 cc

this series).




i
case: and here the limit cof abscrpticn of Saponin was

A similar procedure was followed in ancther

| reached.
, |
¢.H. ast. 41. Health. ‘
0.5ce. of washed blood suspension con-
tains 50 mililon red-cells.
Thé details of the procedure were exactly as
given above, and need not be repeated. But here

il'Scc. of the Saponin Solution was given to the 0°5
sample of washed red-cells; and after 2 hours' in-

| cubation at 37°0. 1 cc. of the fluid of this tube Was:
iapplied as before, to a fresh sample of red-cells

{of ¢.H. with the result.-

TUBE BLOOD SAL. FLUID OF HAEMOLYSIS IN

| SUSPENS. SOLT, TUBE I. TWO HOURS.

i 2 0:5¢cc .+ 0+*5ce. +

"1 ce. ‘ 61°25% .

U T

Now, by actual experiment 0°<12cc. of Saponini

'Solution produced 90°24% Haemolysis of 0°5ce. of blood-

|
Isuspension of 0 . It is, therefore, a fair approxi—:

mation to say that 1 co. of the fluid of Tube 2 after |
2 hours' incubation at 370C contained 0:10 cc. of
zactive/
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l
|
active Saponin solution. That is to say, the whole
tube contained about 0:3 ce of active Saponin solution

| while 1+3cc.of the haemolytic agent had been absorbadJ

|
and neutralised, qua haemolysis, by the sample of red—

| cells. Now the Complete Haemeolytic dese for this |

sample of red-cells in 2 hoirs, was 0°24 cc. of Sapon-
in solution. The conelusion is, that 1°*3cc of Sap-
onin solution was fixed by 60 million red-cslls cf |
| C.H. in 2 hours, although 0°24cc cf the same soluticn
:was sufficient to cause Complete Haemolysis of the
same number of cells of C.H. in the same time. This
i series of experiments, therefore, net only bezrs out

Bashferd's cbservation that, after the haemolysis of

[ a number cf red-cells is complete, the remains of the
| erythrocytes continue to absorb Sapcnin: it also '

amplifies 1t, by showing that they do sc¢ in amounts

|
which far exeeed that required to effect their Com—
plete Haemolysis in the séma time. But this fact caﬂ
| be stated in a much more illuminating way. As ex-
Ipressed above, it shows that after Complete Haemolysis
| of a collecticn of red-cells. the remnants of these
cells absorb a far greater amount cof Saponin than was
sufficient to destroy them. But the fact must be

|equally true of one red-cell, as of millicns. It may

therefors,/ |
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|

'therefcre, be stated of a single erythroecyte that

'after its haemolysis, it will continue to absorb

- |
' Saponin and that in far greater amcunt than is suffi- |

'cient to entirely release its Haemoglobin. That i
' statement gives the Key tc the prcblem being discussedL

It has already been éhown,p, 25 that when
;Saponin attacks a number of cells, it released their i
|

| |
'and not simultaneously and partially from all the cells.

fhasmoglobin totally and successively, c¢ell by cell,

iIt follows, therefore, that when a dose of Saponin is
{given, so small as to occupy 2 hours in effecting an |
ialmost complete hasmolysis, those erythrocytes which |
!are destroyed early in this period will still ecntinue

!to absorb Saponin and thue divert it from acting upon }
|the envelcpes of still intact erythroeytes. But we f
ihava just seen that the absorption of Saponin by cellsé
ior cell-rermmants, subsegusnt to their Haemclysis, 1s 11
:far greater amount than that which is sufficient to
!release their Haemoglobin. The ccnsequence is, that
in the courss of a Hasmoclysis extending over 2 hours,
this diversion of Saponin from the envelcpes of un-
haemolysed cells, will not be small. but considerable.
jAnd, further, as haemclysis apprcaches completion, thié
diversion will sxert 1ts influence more and more, and
%111/ |

|
|
|
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will reguire a disproportionate inerement of Saponin
to carry Hasmeclysis to a termination. This i
argument can be best illustrated by following the proi
gress of haemeolysis during 2 hours, where the dose of}
Sapcnin effects almost Complete, or Complaete Haemoly—i

i

sis. Such an example has already been given, but

| may now be Tepeated to give clearness to the argument,.
T.B, aet.38 Jaundice.

BLOOD SAL.  SAP. HAEMOLYSIS AFTER |
SUSPENS . soL”., Solf- ihr, 1 hr, 1t hrs. 2 hrs. |

0+ 5ce 4 1-38cc #0+.13cc 94-88(09 28909 .88% ©9-96% |

Here 94% Haemolysis oceurs in half an hour, |
' and yet there is not Complete Haemeclysis at the end
[ of 2 hours. The disproportionate inerement here, of

(s

course, 1ls in the factor of time, but the same fact |

|'of retardation at the close of heemolysis is illustrat-

!ed. In this example a large Haemolysis has occcurred ]

'earlyv, giving the meost favourable cpportunity for a

|great diversion of Saponin from the few remaining,

|
|

and more resistant cells, to the much greater gquantity|

!of ¢ell-debris still far from saturated with Saponin.

The/ i
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The great retardation that marks the elosingf
stages of haemolysis thus_rsceivea a satisfactory ex- i
iplanation. It is due primarily, to the fact that an |
-arythrﬁcyte entirely releases its Haesmoglobin long
before 1t has satisfied its affinity for the haemolyt~i
Iic substance. It is immediately due to the results
of that fact in an aggregation of erythrocytes axposedI
to haemolysis, so that as a greater and greater pro- ‘
|portion of the total number of cells‘are'destroyed, !
there is a greater and greater deviation of Sapcnin
from the haemolysis of infact cells to the remnants .
of destroyed cells. It is the great faculty for ab-
Isorpticn pessessed by these cell remnanﬁa that makes }
the increment of dose between that of almost cornplete,i
and complete haemolysis, not a simple prcgression, but;
:a large multiplication. This factor, of dourse,
cperates right through the progress of haemclysis, but
;1ts influence becomes more and more extreme as haé—
melysis apprecaches completion.

It should be stated that the term "cell remwé
nant"’ is provisicnal, and does not express any defin- |
;1te idea as to physical condition. These"cell-rem- i
Pants" do not certainly exist as solid particles, whicﬁ
@an be sedimented by centrifugation. The term is |
only/
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'only used to express the fact, that after total hae-

|
|
| |
[molysis of a number of erythrocytes by Saponin, !

|
‘material still remains which can absorb far more Sap- i

'onin than is sufficient to entirely release their Hae-|
; |

moglobin.

| It may even be possible that Hasmoglobin
may play some part in interaction with Saponin. But
even if it did, the argument given above would not be |
weakenad. in the least. The fundamental fact, based |
' on experiment, remains, that after the haemolysis of
:an erythrocyte - i.e. the setting fres of it's Haemo-
?globin, Saponin continues to be absorbed and fixed,
;and in far greater amount than was sufficient to cause

|
that haemolysis.

In laying such stress on this deviation of

|saponin as the explanation of the Retardation at the
| |
close of haemolysis, I do not mean to assert that it

[is the only factor. In any sample of red-cells ex-
posed to haemolysis, there must be variations in re- |

|sistance of their envelopes to Saponin. Otherwise
!

|they would be haemclysed simultaneously. The fact
that they are not, is a proof of such a variation.

But it is impossible that this variation could, by it-

'self explain the extraordinary increment of Sapcnin
required to carry haemolysis from 99% to completion.

Such/
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| Such variation is, therefore, a factdr in produecing
the results, and cooperates with the influence of

' deviation of Saponin, but when we consider how small |
is the total resistance of an ervthrocyte to hae-

molysis by Saponin compared with its total affinity
| for Saponin before and after haemolysis, it is evi-
. dent, that variations in the hasmolysis-resistance ¢f|
different cells will be a s8till smaller proportion of‘E
the total affinityv. The factor of deviation of |
: Saponin immensely outweighs the factors of variation

| in resistanbe of individuvual erythrocytes. But of

' course the two cooverate.

EXPLANATION OF THE INFLUENCE OF BULK
OF FLUID UPON THE RAPIDITY &
AMOUNT OF HAEMOLYSIS.

The explanation cof this fact is partly that |

|
:Which has been Jjust given, and partly the establishedi
' law that chemical interaction is delayed by dilution. |
IWith regard to the latter, it must be remembered that!
| the interaction is not between twe fluld substances,
but between a fluid, and a solid or semi-solid sub- |
stance. It is probably a solvent action resulting ‘
| in a chemical union and a fluid product. That is

| shown/ ‘
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| shown by the fact that total hasmolysis produces a

'perfectly clear fluid which vields no sediment on pro-

!1onged centrifugation, and which has lost any further
Ihaemolytic action on fresh erythroeyvtes. But the
ichemical law of dilution does not explain entirely
.either the great delay in the intesraction, or the )
|actual defect of haemolysis after a prolonged period.

' The fact that the erythroeyte, after haemclysis, is
still far from satisfied in its affinity for the lytic

isubstance. bears the most important share in the result.

For the retarded haemolysis gives more proleonged play

Ito this latter influence, and sc allows a much greater
!deviation of Saponin thap takes place in greafter con-
I | centration. We, therefore, cbtain an explanation of
éthe fact already noted, that, in dilution, the re-
tardation of héemolysis takes place at a much earlier
stage, and finally stops considerably short of that

attained by an equal, but more concentrated dose. To

put the matter briefly, in diluted preparations of

| erythreoeytes and hasemelytie fluids, haemclysis is in

:upon chemical interaction. But the great deficiency
| of haemclysis at the end of a long pericd in such case
is caused by the excessive deviation of Saponin to

1
, l
| the first place retarded by the effect of that dilutior
|
|
some / |
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| scme element in the hasmolysed erythrocytes. That [
deviation cccurs in every collection of erythrocytes
[ exposed to Saponin, apart from the concentration or
| dilution of the preparation. But it has specially

favourable conditions for doing sc, in the retarded

haemolytie action of diluted preparations. If the
Table on p. is referred to, it will be seen that

this explanation is illustrated there in every particu-

lar. |
i

THESE SPECIAL PHENOMENA OF SAPONIN HAEMOLYSIS |
PROBABLY CHARACTERISTIC OF OTHER i
HAEMOLYTIC SUBSTANCES.

|

I If the above explanation is correct, and

‘these remarkable featurss of Saponin Haemolysis are

| proved to depend, not on any peculiar action of the
lysin, but on the special nature of the complex tissue

| acted upcn - special both in the struecturas of the unith

|
|
. l
iand in the aggregation of units, then there are strong
|

| grounds for believing that they will, alsec, mark the
action of other groups of haemolytic substances which
|

also effect their action by a solution of the envelope|

; iof the erythrocyte. It would be specially impertant

‘if these phenomena accompanied the haemcolytic actions

of the natural and acéquired lysins in animal sera.

| In/




EIn that event, at least two important conclusions
|
|

counld immediately be drawn.

(1). In the first place, the detsrmination of Coms

plete Haemolysis by the test of Transpar-

ence woeuld be shown to introduece very
gross erfor, and to be aquite unsuitable for

accurate auantitative work.

(2). Secondly, many phenomena of serum-haemeclysis
| which hitherto have been attributed to the
peculiar action of these haemolysins and

upon which a vast structure of theory has

been reared in connection with the subject

of Imminity, would very probsbly be found |

to depend upon the fundamental fact,& 1its

consequences — namely that an erythrocyte |
i releases its Haemoglobin, long before it
; has satisfisd its affinity for the 1lytiec

substancs. It is of course beyond the

i scope of this investigaticn to test these

possibilities. But it is fair and prcopser

to point out that these phenomena of SaponT

in-haemolysis may be rslevant to the action

of other haemolytic substances.

The/
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The reasons for this probablility are:- .
(1). Their occurrence in Saponin-haemolysis is
shown to depend not on the nature of the
haemolytic substance, but on the special
structure of the red-cells.
! (2). Their occurrence with Sapcnin was only de-
tected by so delicate a means as the
Enumerative Method: and was not detected
by the test of transparence, which is uni
veréally employed in researches on snake

venoms and haemclytic sera.

' REMEDY OF ERROR OF TECHNIQUE.

The discovery cof the error of technique in-
itreduced by the use of different numbers of erythro-
leytes in the same bulk of fluid, led a geood deal
| further than was expected, and brought to light in~
‘teresting and important facts of haemolytic action
which, in the meantime, are cnly shown to occur with
sapenin, but are probably of a much more general nature
\Having completed the study cof the different factors
cocoperating in a haemolytic experiment, and of the
influence of their variaticn upon haemolysis, it was

now/
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now necsessary to return and devise some remedy for

]
[
|
this fallacy. ‘
1

The tables given, have shown how gigantic

@this error might be. And as, in my clinical investiJ

| gations, the corpuscular content of the samples of

;great.

(1). The first was to draw up a table of completse

! (2). The alternative was to adjust the blood-cor-

blood-suspension varied from 10 millions to 80millicns
it was apparent that in many cases the error was very

Two possible remedies suggested themselves.

haemolytic doses of Saponin for a graduateh
geries of blood-corvuscle suspensions, all
in 2ec bulk, but with a corpuscular con-
tent ranging from 10 to 80 millicns.
Haemolysis, as before would be determined
in 2 hours. This would be a cumbrous and%

not very accurate procedure; but at least,

it would promise to redeem the many results
l
I had already collected. [

puscle-susvension so that in every case,
and independant cf the original erythro-

cyte content in the entire blood, a blood-

suspensicn ccntaining the same number of

corpuscles in an equal sample, say 0°5 cc. |

Would/




| at obtaining, in every case, was 50 milliocn erythro-

| defect or excess of entire blood drewn was of course

68. |

would be obtained. This second result

wevld be much the more satisfactory of _
|
the two, but at first sight it seemed far|

more difficult to attain. But the pro-

blem proved not to be diffiecult, and was

solved as follows:-

CLINICAL -METHOD OF PREPARING EQUAL
SUSPENSIONS OF WASHED ERYTHROCYTES.

K

The stzndard blood-suspension, whieh I aimed

cytes per 0°5ce sample.
To obtain 5 such samples, and some in ad-
dition for the purpcse of enumeration and control, I

would reaquire roughly 300 millions red-cells from

eaach patient. 60 cmm of entire blecod, in a healthy
man, weuld give me that quantity. But in blood,
where the ervthrocytes were 1 million per Cmm, 300cmm
of blood would be reaquired. For intermediate degrees
of oligoeythaemia, the intermediate quantities of

blood necessary were similarly calculated. A 1ittle

immaterial.

The quantity of blood necessary was collect-

ot/



saline. Washing(shaking up, centrifugation and pipet
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collected in a tube containing about 5ece. of 0°85

I

ting off) was carried out thres times. The final 1
gsediment was made into a blood-suspension of about 3ecc.
This blood suspension was always so adjusted as to

contain more than 50 million erythrocytes per 0-+5ce.

0f this suspensicn, 0°25cc was measured off, and '
brought to a dilution of 1 in 8, by addition of L+75¢c .
of Saline solution. A drop cof this diluted suspen—
sion was placed in the Zeiss counting-chamber, and
enumeration of 5 saté cf 16 squares made. This

enumeration was repeated in a second preparaticn.

An example will now best illustrate the procedure.

M.R. Blood-Corpuscle-Suspension.

!
|
Dilution 1 in 8. |
|

FIBLDS OF FIELDS OF :
16 SQUARES. 16 SQUARES. _ 1

67 66

57 57

1st.Prep. 4o 2nd .Prep. 50
58 68 i

49 46

291 287
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The total for 10 fields is 578 erythrocytes.

The average of 1 field is 57°8 ©® approx. 58.

« « in O0+5ce of the undiluted suspension hours will |

58 X 4000 x 8 x 500

; be:~ 16 or EiBm].n.az“ythr.'oc.1
| 4

There are thus 58 million cells in each

;O'JCG sample, instead of 50 millions - an exesess of |
!8 million over the standard aimed at. Therefore in
3ce of the undiluted blood-suspension, there will be
ian axceés of 24 millions. But calculation will give
;the amount of saline to be added, which will make a

| suspension of this execess in the proportion of 50mins.
Icells per 0*5ce.

| This for 24 millicns will be -

O°bce x 24 1i.s. O0O-<24ce.
50

: Having then measured off 3 cc of the un-
diluted blood-suspension, and having added to that

amount 0-:24cc of sgline solution, one has now cbtained
Ia corpuscular suspension 3-24cc in bulk, and containing

50 million erythrocytes per 0°5ce.

MODIFIED/
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MODIFIED METHOD OF PREPARING
EQUAL SUSPENSIONS.

Before long, I modified the above method.

Up to the pecint of enumeration of the erythrocytes

in the diluted suspensicn, the procedure was exactly
the same. But now, instead of expressing the rssult
as the number of erythroecytes per 0-.5ce of the blood
suspension, I stated the number as per cmm; Thus in |
the example given above, the average number of red-

cells in a field of 16 squares was 58.

. « the undiluted suspernsion contains

58 x 4000 x 8 per ecom. i.e. 116,000 per cmm.
16 [
|

But from this figure can be calculated the

number of c.nm. of the suspensicn that will contain
| 50 million erythrocytes. [

_ 1l x 50,000,000 e.mm,
This number will be 116,000

or 43 cmm. OT *43cc.

The amount of blocd-suspensicn whose cor-
puscular content is 50 milliens will vary in different
|suspensions. But as in every case, by adjustment of

| Saponin and Saline soluticns, the total bulk of fluid

is/
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is the same - 2c¢c, this variation i1s immaterial. I
| give below an sxample to illustrate this adjustment

|to a total equal bulk.

| BLOOD SAL. SAP.

TUBE . SUSPENSION SOLTl-  gsoinn. BULK .,
| 1 0-43ce.+ le+45cc. H-+12cc. 2ee.,
‘ 2 ! + 1f89¢es Welsceu "

3 " + @s33ce. +0.24cel U

Thus in all cases the factor: of dilution
|was kKept the same, % so onerated egnally. One could,

therefore by this methcd expose to haemolysis the
| same number of red-cells - 50 millions, In the same
!bulk - R2CC.

This modified method ¢f obtaining equal
iblood suspensions, has sgeveral advantages over the
iothar. It is simpler, and more rapid, But especially
'the number of manipulatons and measurements is greatly
‘reduced in it, and greater accuracy in result is,

|
therefore, attainable.

MODIFICATION/
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MODIFICATION 1IN THE END-POINT OF
) HAEMOLYSIS.

! Having by the methods described obtained

equal Blood-suspensions, it only remained to ascertain

itha dose of Saponin that haemolysed the standard ;
number of red-cells. The standard end-point was not
.Compiete Haemolysis, as in most haemclytic rssearches
| where the test of transpafance is employed: but al-

most Complete Haemclysis, i.e. 99.9% or thereby. But

it has been thoroughly established by numeroug tables
.that a very large increment of Sapenin 1s required, to[
carry haemolysis from a stage of 99% to one of 98-9%,
|1t seemed unreasonable that the haemolysis of such

ia trifling fraction of the total number of cells,

| should be allowed to inerease so disproporticnately
the haemolytic dose of Saponin. I, therefore, deter-
mined to bring back still further the standard end-

peint of haemclysis and to fix dt at stages ranging

|between 99.2% and 99°8%. It will be noted that this
ifresh alteration was a gtill further departurb from
the usuai end-point in haemolytic investigations - the
so-called Complete Haemolysis.

It was now the object of investigation to as-
certain the dose of Saponin that produced a degree of

haemolysis somewhere within this range.

RESULTS/




' RESULTS OBTAINED BY THE TECHNIQUE IN CONDI-

TIONS OF HEALTH AND DISEASE.

2 nd. Seriles.

‘ I now proceed to give a table of results.

In all cases the Saponin Solution was .004 grms.per
[1L00cc. Incubator 37°¢. Incubation-pericd 2 hours. ‘

Standard number of Erythrocytes:- 50 millions.

'The Standard Colour-Index is expressed as I.

I I. HEALTH.

! NO. OF RED COLOUR- SAP. HAEMOLYSIS;
|[NO. NAME. ,AGE. CRELLS PER cmm. INDBX. SOL. IN 2 HRS.!

| 1| W..s. | 25 5,090,000 1:03.| 0.14cc. 99.65%.|
i 2.|d.P.M, | 28 5,300,000 0.97 | O.l4cc.| 99.39%.
‘ 3.]A.T.M.| 26 4,830,000 | 0.98 | 0.16cc.| 99.64%.
| 4 T e e 5,100,000 1.06 | 0.16cc.| 99.4% -
| 5.|J.A.G.| 26 5,400,000 1.01 | 0.16cc.| 99.84%.
'6.| M.8.| 22 4,890,000 | 1.04 | 0.i6cc.| 99.52%.
% Tl M6 5,200,000 1.0 | 0.iéec.| 99.8%,

All the above casses are males.

These results were so remarkahly uniform
that I considered their number in the meantime suffi-

lcient/
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sufficient. and next examined the blood in various
conditions of disease by the same technioue and with
the same standards. The resvlts are set forth in

the next table.

II. DISEASE.

NO. OF RED (OLOUR SAP. HAEMOLYSIS

.NO. NAME. AGE. CRLLS PER enm. INDEX. DISEASE. SOL. IN 2 HRS.

{1 M.R.|(F) 1,170,000 1.2 | Pernicious|0.16cec| 99.44%

: Anaemia e

i 2l 6.0.[(m)l25. | 1,170,000 1,3 " 0.l4cc| ©99.,90%

| 3 P.C.|(m)]37.]| 1,970,000 1.01 | Splenic ,

i Anaemia |0.16ccf 99.64%

a4l w.s.|(m){14.| 2,790,000 0.6 | simple F _

i - Anaemia |[0.18cc} 99.8%
5LE.N"¢}(f)] 20. 2,330,000 0.7 i 0.l6cc| 99.88%
6. M.D.[(f)]|z20. 4,130,000 0.58 " 0.16ccl 99.2%
7hMrs.afs. |37, 3,290, 000 0.6 | Seccndary f

(1) Anaemia |0.16cel 99.84%

8l W.H,[(m)f37. 3,520,000 0.8 | Malaria 0.12cc} 99.36%
OLMrsiGi(F)| 44. 3,500,000 1.0 |Exopthalmie: ;
Goitre 0.16cel 99.76%

CONCLUSIONS.

In view of the marked differentiation of hueuolytic

doses of Saponin in health and dissase previously ohtained

/

s
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| ecourse the number of diseased conditions in whieh the

[ blood was examined was not numerous; but they inclu-

76

these results were very surprising. For they showed. |
that in conditions of health and disease alike the |
dose of Sapcnin, reguired to produce a haemclysis of
about 99.5%, was 0.16ce; or varied so litile from it,
and so indifferently on either side of it that ne con-+

clusions could be drawn from the divergence. of

ded a representative group of the Anaemic diseases in
which above all others a divergence from the standard
of health might have been expected, and these entire-
ly failed to show any apyreciable variation. These
results, thereforse, though small in number. were 8O
concerdant that no promise was held out of appreeié—
ble variations being discovered if their number was
increased.

Three conclusions might be drawn from
that result.

(1) That in health. and in varied conditicns of
disease the resistance cof the red ceells to
haemolysis does not vary within appreciable |
limits, or

(2) That variations in resistance on the part of
the red cells may exist, but Sapenin hae-

molysis/
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hasmolysis does not test them.

(3) But there is a third and quite differsnt pOS-|

-sibility.' The gauge of'an equal resis—
tance in these tables lay in the faet that
an dpproximately complete haemolysis was
obtained at the end of 2 hours. By such a
gouge, no substantial differentiation was
obtained. But it still remained possible
that the progress of haemolysis had not
been the same in all cases. In some, hee-
molysis may have procesded more rapidly at
first, and later more slowly; in others,
i1t may have begun more slowly, and in its
later stages have been more rapid: so that

- finally the same degree of haemclysis had
besen reached simultaneously by all.

Such a suggestion is not merely a specv-—
lation. It is a hypothesis for which preceding
pages show a sound experimental basis. It has al-
ready been shovn that as haemolysis apprecaches its
close, the destruction of the remaining cells pro-
ceeds much mere slowly, It was also shown that this
retardation, though at its height at the close of
haemolysis, operates also, though in less degree,

throughout /




And the hypothesis was equally fair that in a sample
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thrcughout its courss. The explanation of this was
founded on the fact that the total affinity of the
erythroeyte for Saponin is very great, and that only
a small proportion of this affinity is satisfied when
the cell is haemclysed.

It therefore was a legitimate hypothesis|
that in a sample of cells of fesble resistance. has-
melysis in the early stages of the incubation period
may. have proceesded rapidly and to a considerable de-
gree; but that subseoguent haemolysis may have pro-
gressed mich more slowly, because of the partial ab-
sorption of the unfixed and availahle Saponin by the

tgcell-remants" of the corpuscles alresdy destroyed.

of cells of high resistance, haemolysis for a con-
siderable period might be of small amount. During
this stage a smaller fraction of the total cells
would be destroyed, and there would thus be less de-
viation of Saponin to "cell-remants" than in the for-
mer case, and a greater fixation of Saponin by the
envelopes of intact célls. The operation of the
latte: result would in the later stages effect a
rapid haemolysis which might obliterate the early re-
tardation.

This/
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FINAL DEVELOBPHENT OF TECHNIQUE.

This hypothesis was at once tested by
experiment. The only way to do so was to follow the
haemolysis in a tube from the beginning to the end of
the inecubation-pericd. Happlly the method of Enum-
eration which I had devised, allowed this easily to
be done. At recular selected intervals, a tube was
removed froﬁ the Incubator. Its contents having
been shaken to obtain a uniform suspensien, and a
drop of this having been removed by a small pipettae
and placed in the Zeiss chamber, the tubse was immedi-
ately replaced in the Incubator. Thé degree of hae-
melysis at any intermediate stage of the Incubation

veriod could thus be obtained.

(1) The aim was to find a dose of Saponin which
would haemolyse the great majority of 50
million erythroeytes in 2 hours. A hae-
molysis of 99% was not now aimed at. In
fact it was more desirable that the stage
of hasmolysis in 2 hours sheuld be less
than that. A haemolysis of 90% would be
mich more suitable, for in this case therel
would be a much slower haemclysis at ths
outset of the incubation period, and there-

fore, much less deviation of Saponin from

tha/
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the enveloves of intact red cslis. To
folleow the progress of haemolysis with such
a doss of Saponin, would give an interast-
ing grouping of the cells of the sample ac-
cording to their resistance.

(2) But in additiocn to a dose of Saponin that
would hasmclyse the great bulk of the cells
I proposed to give a much smaller dose, one
which, in a sample cf haalthy srythrocytes,
was only able to destroy at the end of the
2 hours a small minority.of the total, this
fraction consisting of the feeblest cells.
Wwith such a dose, the deviation of Saponin
would occur in a minimal degres: for by
the time haemolysis had commenced, the
great bulk of the dose of Saponin would
already be distributed among and fixed to
the cell-snvelopes of the rest of the sam-
ple.

That minimal haemolytic dose would com-
pare with and confirm the early stage of haemolysis
in the larger dose: Indeed. as a test of the feeb-
lest cells in the sample it would be superior to that
given by the larger dose, In the 1wore rapld and

Powarful/
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powerful action of the latter, a greater deviation of
Saponin to haemeclysed cells would take place than.in
the much delayed haemclysis that occurs with the smal-+
ler dose. The group of feebly resistant cells sep-
arated by the prolonged asction of the smaller dose
would thus be a more accurate cne than that revealed
by the swifter action of the largzer doss.

I shall now illustrate with full detailsthe investi-

gation of a case by the method outlined above.

Jan. 31st. 1908. G.J. Male: aet 25 Pernicious Anaemia

Ordinary Bloed Determination.

Erythrocytes:— 1,090,000 per c.mm.
Haemoglobin: - _ 30%

Colour Index:- 1.4
Leucocytes:— 4,600,

This blcod dstermination was, of course, made on the
same day and at the same time as the rest of the in-
vestigation.

300 c.rm. of entire blocd obtained at
11-20 a.m. by puncturs of the lobe of the ear, and
placed in a tube containing 6 ce. of saline solution. |
This blood suspension transferred to a sterile cent-

rifuge/
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centrifuge-tube, shaken up, centrifuged, the super-
natant fluid remoﬁed by pipette, and fresh saline
solution added. This washing (shaking up with saline
solution,centrifugation, and removal of fluid) carried
out three times. Tc the final sediment, saline solu-
tion added in amount that would roughly apprcximate
to a blood-suspensicn centaining 50 million red-cells
in 0.5 ce.

0f this blood-suspension,0.25 cc¢. measured

| off; 1.75 ce of saline solution addeéd to it, giving a

dilution 1 in 8 of the blocd-suspension.
Enumeraticn of this diluted suspension made
and confirmed in the Thoma -Zeiss counting chamber,

as fecllows: -

FIELDS OF FIELDS OF

16 SQUARES. 16 SQUARES.
56 red-cells 56,red-cells
51 " 51 1]

1lst Prep. 5 »  2nd Prep.53 J

m

o
>

" 60 "

|

214 - ' 220 i

These confirmateory ccunts nake a total of




4%4 red-cells in 128 sguares.

- 434 X 4000 X 8 QY 108,000 red-cells are

83.

128

contained in 1 emm. of the original blcod-—
suspension.
« » 50 million red-cells are contained in

l x 50,000,000 c.mm. i.8. in 460 cmm.

measured off, and haemolytiec prepvaraticns were pre-

?parad as under.

108,000

Samples of the blood-susvension, 0°46ce were

or 0.46¢cc.

! BLOOD SAL . SAP. IN- HAEMOLYSIS AFTER

iTUBES SUSPENS. SOL. SOL. CUBATED £hr 1hr.lshrs.2hrsi
: 0.46cc | 1.48ce| 0.06ce| 3.15pm o — [ = 63.8%

|2 " 1.42 |0.12 |1.47 604 904 | 97%|98s4%:

0 5 " 1.36 [0.16 |2.20 - - |99:9%

\. 4 " 1.5 0.0 2.20 c-ontro][_,.. 0%

!

l

i I now give the enumerations that furnished

‘these data of haemolysis. These were made as befere

'in the Zeiss counting-chamber, and the results cal-

]culated from them.

Tube/




Tube 1.

FIELDS

84.

2 hours.

OoF

16 SQUARES.

35 red-cells

35
1st Prep. 34

3

w

=
93]
o]

:

FIELDS OF
16 SQUARES

56 red-cells

" 4_ 0 n
I 2nd. Preyp .40 u
n 5 .{_}_ n
"per 64 sq. 50 " per 64 saq

‘ There is thus a total of 132x150C, or 2892 red
| _

|

|

cells for 128 squares or an average of 36.1 red.cells

| per 16 squares.

the tube of 2ce. to be,

- 36-1 x 4000 x 2000, or 18,050,000 red-cells.

1e

FProm this last figure we gét the total in
|
J
i

« « That number remains unhaemolysed cut of 50

millions exposed to haemolysis.

centage, that will be 36.1%.

Expressed as a per-

So that the hasmeclysis in Tube 1 is 100-36.1

averaze/

ehy 63.9%

It will be seen from the above that the

1




average number of cells for 16 squares., remains. afte:
calculation, the percentage of unhaemolysed red-cells
So that the percentage of haemclysis can immediately
be obtained from it, and without nscessity of cal-

culation.

TUBE 2.

1
% hour. 1 hour.

43 per 16sa. (1) 61 per 100sq.

59 W " (2) 61 v n

2 " n

[

40 " el

Ve . « in the whele tube thers
1} n

are now 61 x 4000 x 2000
100

196 per 80 saq.
i.e. 4,880,000 red-cells.
=averace 38.2 per 16 saq.

i.e. 100-32.2 cr ©.76% unhaemclysed cells.
or 60.8% haemclysis. i.e. 90.24% haemclysis.

TUBE 2 (Contd.)

o

average 61 per 100 sq-. .




€6,

1% hours.

2 hours.

|
|
TUBE 2 (Contd.) ‘
|
|
|
|

30 per 200 sq.

63 per 400 sa.

.

63 X 4000 x 2000
are now 400

| 1.e. 1260,000 red-cells.
‘ as a percentage these are
| 8:52% . « there is

97.48% haemolysis

|
‘ . + in the whole tube there
|

37 per 400 squares

4 3 n "

|
32.5 average 400s0Ps.

.

. .in the whole tube thers

38.5 x 4000 x 2000
are 400

108- 7901000 Ted*cellsu
as a percentage this is
1.58% . there is

98.42% haemolysis .

TUBE 3.

2 hours.

8 cells per 1200 souares
. » 1n the whole tube thepe ars now

8 X 4000 x

2000

0.,1%.

|

CONTROL /

1200
or 53,300 red-cells.
This, as a percentage of the coriginal total is

. . there is 99.9% haemolysis.
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CONTROL : -~

Tube 4 is the control. Saline scluticn
alone is added to the sample: and at the end of 2
hours' incubation, the absence cf haemclysis is prova&
by the colourless supernatant fluid.. Such a ccntrol

was., of course, emplecyed in every case.

The technique outlined above is, tedious

| and laborious ,., but is not complicated. In every

| respect it is novel,however.& differs from that em-

| ployed in haemolytic research. It comprises:-

(1) a special method of preparing equal washed-
bloed-suspensions: from blocd-fluids of
widely different corpuscular content.

(2) a special method of determining hsemolysis,-

the enumerative method.

(3) Special standards of haemolysis - namely,
that effected by a dese that will has-
molyse a large majority of healthy red-
cells, and that effected by a dose hae-
molytie for a small minority cof healthy
red-cells. :

This last point, the standard of haemolysis,
is not merely a modification of the usual standard

amployed/
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employed - complete hasmclysis; it is an entire depart-
|

ure from it. The divergence was, at first, slight.

IThe first step was the selection of 99.9% haemclysis.
|A farther one was a cirea 99 .5% haemolysis. But,
!finally, a complete breach with the existing standard l
'was made in the way last described.

i It will be appropriate, at this stage, to
Ideal with two peints.

(1) Efficiency of Washing of Erythrocytes.

Saponin has been shown by Ranscem and Hedon
|
i(1oc.cit.) to attach itself to some element in the
plasma. . That it doces sc, in large amount in human

plasma, is shown frem the following expsesriment.

Blood of myself. Entire-blood-suspeansion used.

0.5c¢c samples of this suspensicn used, con-

taining 50 million red-cells. Each tube

brought by addition of saline-and sapcnin

- golutions to 2 ce.

' ' HAEMOLYSIS
| IN
TUBE SAP.SOL. 2 hours.

! 1 0.7cc. 0%
| b
' 2 0.8cc. 0%

3 0.9¢cc. 0%

4 1.0cc. 26%

on/
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On p.64, No 7 of the Table given. thers show-
ed that 0.12cc caused 99.8% haemolysis of 50 millions |
of my washed red-cells. The encrmous prctection
|against Saponin, possessed by the plasma-in whieh
human erythrocytes are suspended, is, therefore, de-

'monstrated. Is it certain that three washings will

Ientiraly remove this protective fluid, especially in
%cligocythaemia where the proportion of plasma to cor-
:puscles is increased?

The washing was carried out in tapered cent-
rifuge tubes, - and the BHulk of ' the saline sus-
'pension was 5ce. After contrifugation, one could,
with certainty remove all the supernatant fluid,sxcept

I8 S
0.05cc. That is, after each washing,100 of the

ioriginal bulk of fiuid was left. Thersefore, aftaf
| & i; :
3 washings (100) or 1000000 of the original plasma-

accompaniment of the ccrpusdles was lsft behind. Even
when ona considers the relatively large attraction
of Sapcnin for serum, demonstrated above, the srror
caused by so extremely small a quantity of serum, can

1
|be neglected with perfect confidence.

(2) STABILITY OF SAPONIN SOLUTIONS.

In my early work with Saponin, there was

evidence/




.evidence cof a slow deterioration of activity, in
solutions kept for some tims. But by rigid experi-
ment, I determined that sclutions of the strength

| used, 1if kxept in the dark, and in a cool place, show-
ed no loss of strength whatsver, after 12 days.

This was done by comparing the action of a solution

of that age, with a fresh one, upon egqual samples of
| blood of the same individual, din decses that pro-
duced both a great, and a slight haemolysis in 2hours.
| The differences in haemolysis recorded, were very
' small, and *hey oscillated indifferently bstween the

|old and tha fresh solutions. In fact they were due

to the unavoidable srror of sxperiment. But in all

?subsequent results, the Saponin solution was freshly

\made every wesk. And, further, in the different
|

\tablas that will be shown, the results in any one
| table whether of health and disease, were not ob-

| tained in series and with a single solution of

Saponin, but singly and at intervals, and with many

|
|differsnt solutions. Before proceeding to give re-
|

isults by the final method of investigation it will be

‘well to give in summary the more important ccnelusions

established during the development of the technigue.

SUMMARY /




SUMIARY of RESULTS and CONCLUSIONS, as to the

4. The Colorimetric Method is inaccurate in deter-

21,

SPECIAL TECHNIQUE of a CLINICAL INVESTIGATION ;&
as to some SPECIAL PHENOMENA of SAPONIN-HAE-

MOLYSIS.

In measuring the haemolytic activity of Saponin
for human erythrocytes, the latter must be
washed free cf serum.

In the technique of this researeh, the basis of

preparatioh of samples of washed-blood-suspen-—
gion , is the enumeration:of the red-cells
in these suspensicns, and nct in the entirs
blood from which they are cbtained.

The Colorimetrie methed devised, is suitable
for the determination of degrees of Incom-—
plete Haemoiysis._ It is superior to the
methods commenly employed in haemolytie re-
search, which adopt such indefinite terms as
a "slight,” "moderats", or such equally in-

definite symbels as +, ++.

mining Complete Haemolysis: buf not mcre so
than the test of tranaparence‘commonly employ-

Bd.




5. The

6. The

7« This method is preved reliable by the correspon-

8. The

9. This fact may be corroborative of the view that,

ol /

Enumerative Method of determining degrees of
Haemolysis, is supericr to any cther methed,
both for Incemplete and for Complete Hae-
molysis.

Enumerative Method consists in counting, at
any stage, the remaining cells suspended
unifoermly in the fluid, in obtaining by subﬁ
traction the number of ceils destroyed, and
in expressing the latter number, as a per-
centage of the original totel exposed to

haemolysis.

dence cf results, obtained by it, and by the
Colorimetric Method.

correspoendence of results by these two
methods establishea the féct, that when a
number of red-cells are exposed to haemolysH
by Saponin, Haemogloblin is released totally

from cell by cell, and not partially and

simultanecusly from all the cells.
in mammalian erythreocytes, the Haemoglobin
lies free within the cell-envelope, and is

not entangled in a stroma.




10.

12.

13.

14.

D
4]
.

The Enumerative Methed preves that, for Sapcnin
transparence is a faulty test of Complete
Haemolysis.

It shows that the incremsnt of decse recuired
to carry hasmclysis from 9% to 100% is
dispropertionately large. and is often one
third of the total haemolytic dose.

In consequence of cenclusicn 1l.the error intros
duced by the use of the Transparsnce test
cf Complete Haemclysis may not bhe small,
but largs.

The retardaticn 2t the cleose of haemeclysis (no.
11) can also be expressed in terms of time.
- a complete hzemclytic dese effecting 99%
haemolysis rapidly, and the remainder of
haemclysis very slowly.

This retardatiocn of haemclysis cperates from an
early pericd of the action, progressively
increases, and beccrnes extreme at its clese

The explanation of this phenomencn lies in the
fact that an erythreocyte. after its hae-
melysis, absorbs far more Savonin than

suffices to sffect that haemolysis.




16. Ths

17. This deviation of Saponin must therefcre begin

18. The

19. Deviation of Saponin is greatest with doses that

24.

consequence cof this fact is, that as soon as
hasmolysis begins to cecur, in a collection
of erythrocytes exposed to the action of

Saponin, there is a deviation of unfixed

Sapeonin te thereell-remnants" of the destroy

ed ¢ells, and therefore a diminution of |
Saponin available for the envelopes of Haemor

globin contzining cells.

with the first onset of haemolysis, must in-
crease with its progress, and must be great-

est Jjust besfore its terminatien.

amount of deviaticn possible may be gauged

- from a comparison of the total amount of

Saponin fixed by a red-cell before and after

haemolysis, with that sufficient to haemolys:

o

it,~ a proportion of at least 10 to 1.

produce Complete Haemolysis in 2 hours, be-
cause in such cases haemolysis begins early
and proceeds rapidly, so that the greater
part of the available unfixed Saponin is |
seized by the "cell-remnants" of the hae-
molysed erythrocytes, and is, therefors,

diverted/
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diverted from the snvelopes of the few re-
maining erythrocytes.

20. Cenclusion 12 explains the disprovortionate in-

crement of Saponin reauired to carry haemol:

sis from 99% to 100%, - “nd Conclusion 11;
and from ancther point of view, the dispro-
porticnate inerement of tims roquired to
effect the same result - Conclusion 13.

21. Deviation of Saponin is lecast with doses that
will produce a very slight haemclysis in 2

hours, because in such cases haemolysis

' begins late and proceeds slowly, with the
result that when it does occur the bulk of
the available Sapcnin is already fixed by
the envelopses of unhaemeclysed erythrceytes.

22. In the above explanation this feature of the
end-point of Saponin haemolysis depends,
net upen the action of Saponin. but upon
the peculiar nature and structure of the
erythrocyte.

23. 1f this explanaticn. is correct, it is probable
that this phenomenén of haemclysis with
Sapenin is net vpeculiar to it, but also
accompanies the acticn cf other haemolytic

substances/
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substances - the snake-venoms, and haemocly-
tic sera, which have a similar chemical adt-
tion upon an identical material.

24, But the vast majority of rsssarches upon the
acticn of these latter substances determine

Complete Haemolysis by fhe test of trans-

parence, and found their results upon that |

determination.

25. The use of the Transparence Test in Sapcnin-
haemolysis having been shown to introduce
gross error, and grounds having been shown
for analogy bstwseen the acetion of Saponin

and that of these other substances there is

a probability that the use of the same test |

in investigation ¢f the latter is egqually
inaccurate.

26. Variation in bulk of the fluid in which Saponin
erythrocyte interasction takes place, has a

profound effed¢t upon the haemolysis, fthough

the amount of Saponin, and the number of 5

red—-cells remain unaltered.
27. Inceresse in bulk of fluid with the other factors
unchanged, delays haemolysis if the obser-

vations are confined to a short pericd: but

in/




28. Decrease in bulk of fluid, with. the other factors

29. This influence of the bulk of fluid upon hee-

30. Corrected and amplified, that statement would

31. The

32. The

35./

o7

in addition diminishes it, if the obser-

vations are prolonged.

unchanged, accelerates haesmeclysis.

meolysis shows Bashford's statement, LUA

multiple of the solvent dose of glucoside

(saponin, ete), will dissolve the same miltis-

ple of the standard quantity of blocdr, to

be inadequate.

be, " A multiple of the solvent dose of
glucoside will dissolve the éama miltiple of
the standard quantity cof bloocd, in the same
time. provided that the bulk of fluid in
which interaction is taking place is pro-
porticnally adjusted.

explanation of the influence of bulk of

fluid upon haemolysis is partly due to effect
|

of dilution upon chemical interaction, and ;
partly to the effect of the deviation of |
Saponin alréaﬂy desceribed.

haemolytic action of Saponin is not completed
within 2 hours, mut continues for a period

of at least 20 hours.




8. |

33. With adose of Saponin that effects a great
amount of haemolysis in 2 hours, the sub- i
sequent haemolysis is small and slow. !

34. With a dose of Saponin that effects a small |
amount cof haemolysis in 2 hours, the sub-

sequent haemolysis is greater and more rapi

—_—

35. Where haemolysis in 2 hours is not complete,
it never becomes so within a periocd of 6
hours at 37°C, or within a period of 22 hrs.
at 18%.

36. To prevent the unequal cperation of the factor |
of bulk of fluid it is necessary in a

clinical investigation to prepare an squal

suspension number cof washed erythrocytes,
in an eaqual bulk of fluid in all cases, in-
dependent of the corpuscular content of the

entire blood . As the latter varies wide-

ly in disease, this requirement introducses

a difficulty into a celinical investigation.
37. This requirement was attained by an exact i

enﬁmaration of the washed blood-suspension i

prepared from sach case, by the measurement

of an amount of it. that will just coentain

a selected standard number of erythrocytes,i

and by the adjustment of the mixture of blood

suspension/
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suspension and Sapenin-solution to an esgqual
bulk in all casos by addition of saline
solution.

%28. Complete Haemolysis being a stace that is liablq
to be over reached without detection, the
standard end-pcint of haemclysis was at first

taken as 99.9% or thereby. j

22. Later, the standard end-pecint of haemolysis was
brought back to between 99.2% and 99.8%, ;
because of the disproporticnate increment |
of deses already showvn to cccur between 99%
and 100%.

40. Results obtained with this modified standard

end-point - No 3£ in a representative
number of cases, showed that the dose of
Sapoenin required teo preduce such a haemcly-
sis of an equal number of washed red-cells.
in the sane time was practically the same in
health, and in variocus disesses in which
some divargence might have been expected.

41, On consideration it was seen that the result was

dve again to the influence of deviation of

Saponin, to the cell remnants of haemolysed |

erythrocytes.

42/




individuals. For the total haemolysis-

42, The
42. The
44 . The

smaller degree.

loo .

dose of Saponin that will produce such a
haemolysis in 2 hours is a large one and
effects an early and rapid haemolysis.
Conclusicn 19 showed that the deviation of
Saponin was greatest in such a case. This
large deviation, therefore, would easily
efface variations in the resistance of the

cell envelopes that might exist in different

resistance of the cell being small in com-
parison with its total absorpﬁion of Saponin
variations in the amount of the former
would be a still smaller proportion.
standard of haemolysis was, therefore,
changed to onelin which the fsctor of de-

viation of Saponin would operate in a much

object was to find a dose of Saponin which
would effect a haemolysis of a majority cf
the standard number of healthy erythrocytes
in 2 hours; but one which would do SO slowly,
and with a considerable latent period,

thus giving timg“ for a greater fixation
of Saponin by the cell envelopes.g reducing

thef
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107, ‘

the amount of deviation. i

In addition to the above dose, it was proposed |
to give a very small dose, that would pro- |
duce a very slight haemclysis of the stand-
ard number of healthy red-cells in 2 hours. |
In this case, deviation of Saponin would be
reduced to a minimum, - Conelusion 21,

and as fair a separation as possibls of the

low-resistance group of cells would be made .|
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\ Section I.

CLINICAL RESULTS. FINAL SERIES.

HEALTH. TABLE 1I.

i In 'this and the following tables, Saponin
isoluticn is 0:004 grm. per 100 cc.
All the preparaticns are kept in the In-

cubator at 37° ¢.
(m) = male. (f) = female.

The Colour Index per ceorpuscle is given:
its standard is 1.
i It was not thought necessary to insert in
iaddition the Haemcglobin-value of 20 cmm. cf bloced,
Ef‘rom which the Colour Index was obtained.

E. Table/

1
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HAEMOLYSIS.
Sap.Sol.
0:12 cec. 0-08 00:08 ce.
s (&3 & s
Name Erythrocytes Colour-Leuco- & 1 1 2 2 2
p. Sex Age per c¢c.mm. Index cytes hr. hr. hrs. hrs. hrs. hrs.
; 2 ’ [
J.G.(m) |19 5,610,000 0.98 7000 | 14% | 58% | 81% | 90% 7%

J.8.(m) (22 | 5,030,000 [ 1-06 | 6400 | 14% | 57% |69%| 84% | 15%
EHDJ“M.(m) 23 | 4,960,000 | 0°95 | 5800 | 14% | 55% | 73%| 86% | 23%
40.5.1.(m) |24 | 5.800.000 | 0-94 | 6800 | 25% | 70% | 83%| 90% '8¢
Blv.u.s.(m) |25 | 5,200,000 | 1-1 | 4800 | 23% | 550% | 75%| 86% | 18%

¢.M.(m) |26 | 5,500,000 | 0:98 | 5000 7% | 66% | 90%| 93% 8%

'7Jm.n.(m) 26 | 5.650,000 | 1:03 | 6200 23% | 56% | 82%| 88% | 25%
M«Ao(f) |27 { 4,800,000 | 1.1 7800 | 26% | 65% | 78% | 86% | 27%
J.M.(m) 28 | 4,800,000 | 1°02 | 4600 | 11% | 68% | 82%| 91% 14%
A.N.(m) |25 | 4,650,000 | 0-94 | 6200 | 35% | 73% |88%| 21% 23%
J.1.(f) |35 | 5,250,000 | 0-99. | 8800 | 25% | 66% | 82%| 87% | 24%
W.S.(m) |26 | 5,050,000 | 1-0 6000 7% | 59% | 7e%| 87% | 12%
C.Hie(m) [41 | 6,100,000 | 0.8 | 6200 | 24% | 70% | 86| 90% 13%
¢.L.(f) [53 | 4,900,000 | 0-94 | 7200 | 23% | 63% | 74%| 84% 12%

J.D.(m) |60 | 5,160,000 07 | 6000 | 32% | 74% | 87%| 93% | 10%

o

The operation of the 0°12 cc.dcse of Sapenin in No.5 is illus-

'-trated/
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| 11lustrated graphically below.

== ma.._‘,_lME, L Lotk L . 2= it = EFS ’A.Lw | | _—_If‘w“d L) 7 T _ z‘_:'ai

n e i ! | e _

- - s LG,

| ; EE=ESEEE=L )

Sy Ly T 8 ____::::;_____J
|. 1 |

| &2
=
Ex
i I
|
J|_ 2
|
|
|

RESULTS OF TABLE I. HEALTH.

This table comprises investigations on the
bloed of 15 healthy persons; 12 of these were males,
!and 3 females. The ages range from 19 to 60.

Where/




| is given, the degree of haemolysis precduced in 2 hours

| ranges from 84% to 93%. That seems a surprisingly

| smaller doses varies between 10% and 27% with 0-08 ce.

| would give the more marked differentiation in health

105.

Where a dose of 0+12 ce. of Saponin solution

small fluctuaticn; but in view of all that has been
saild of the retardation in Sapcnin-haemclysis, this
variation is somewhat larger than the figures show.

The degree of haemolysis prcduced by the

Saponin solution: and between 7% and 23% with 0:06
Saponin solution. This alternation bstween tweo small

doses was tentative with a view to determine which

and disease. Experience showed that in cases of
diminished resistance tc Saponin, the smallser dose of
0.06 ce.gave the more striking distineticn.

The above table emphasises a further point.
It shows a correspondence between half an hour'e
haemolysis by the larger dose and 2 hours' haemclysis
by the smaller dose. That is shown in No.l0 where
with 0.12 cc.of Saponin soluticn there is 35% haemo-
lysis in 4 hour: and 23% haemclysis with 0.06 cc.in
2 hours, the latter being the maximum haemolysis
effected by the small dose in the table. The same
correspondence is well illustrated in No.5.

Interpretation/
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INTERPRETATION OF VARIATIONS FROM THE STANDARD
OF SAPONIN-RESISTANCE 1IN HEALTH,

A consistent standard of resistance to

| Saponin having been cbtained. tables will now be given

showing variation from that standasrd on the part of
the red-cells in different diseases.

|
These variations, presently to be shown,

undoubtedly will express a corresvonding variation in

| the structure of the cell meterial acted upori. The
|

greatest care has been taken to eliminate errors of
teehnigue, and the results in most cases are decisive
lenocugh to outweigh the error of experiment. These
results will therefore express facts as to feebleness
or vigour of resistance of human erythrocytes to
'Saponin-haemolysis. But will they allew a wider con-
clusion to be drawn, and give infermation as to how

lthesé same cells will resist the natural destruction

|

'in the blood-stream and organs of the body? That
question is very difficult to answer. In the first
place nothing is certainly known of the nature of
lblood dastoisbir dn corpore. The view of Quincﬁélfé
that it proceeds by an ingestion ¢f old erythrocytes
by levecceytes and connective-tissue cells in the blood

}stream/




| cess, consisting in the release of Haemoglobin from

107.

stream, and in such organs as the splesn, liver and
bone marroew. Hunté%u%a the cthser hand deduces from
his elaborate researches, that there is in addition
a mueh more active haemolysis, thet this is confined
to the portal circulation; that it is a twofold pro-
the erythreccyte in the spleen and in the gastro-in;
testinal capillaries, and in the interception of this
free Haemoglobin in the liver cells where it is con-

verted into the bile-pigment.

But Hunter's experiments are not decisive,
and his deductions are not generally accepted as con-
clusive by physiologists. In the standard text books
of physiology the questicon is regarded as auite un-

settled and one of whieh we remain still in almost

ccemplete ignorance.

i It is therefore apparent that great caution
imust'ba exercised in applying the results of Saponin-

' haemolysis in vitro to haemolysis in corpore, normal
or abnormal. Saponin indeed is a general protoplas-
Imie poison not limited in its action to red-cells,
and therefore presumably will test some important

common element in protoplasm. In this research it is

I.
'lused in an isotonic solution and its action measured |

upon/
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iupon the red-celles suspended in a similar physiologi-
:cal fluid. It might therefore be expected when thus
:employed. to indicate abnormal metsbolism in the pro-
Itox)lasmic envelope of red cells, either in the direc-

| tion of undue wastage, or excessive building-up.

1Eut until more is known of the nature of the haemoiym
tic action cf different substances, and especially of
| the nature of haemolysis in corpore, it will be wiser

to limit the conelusions to Saponin, and if a wider

'application is given, tc remember that at the best it
|is only a probability.

i The few existing data on red-cell resistance|

- |
]obtained by the hypotonic salt-soluticn method have

been confidently transferred to in corpore conditions.
'This is a reckless application of conclusions further
than the facts permit. There is no evidence to show
‘that red-blood corpuscles become haemclysed in corpore
by entering a hypotonic medium. Their behavicvr in

a hypotonie solution in vitro is no index to their
'resistance or friability to a different haemolytic
agent acting in isotoniec fluids in corpore. The re-
sults cbtained by this methed, when properly employed
so as to eliminate the numerous serious fallacles that
‘attond it, no dcubt express some facts of physical con-

dition/




| condition: But it is exceptionally difficult to inter-

| has been done, that they determine the resistance of |
| red-cells in their natural medium. The method de-
Iparts from a cardinal prineciple of experiment in in-

| vestigating the behaviour of a tissue in unnatural

| some of the results in disease obtained by Saponin-

haemclysis.

\was made to select clear and unmistakeable examples

108.

pret them: and it is quite unjustifiable té assume as

conditions, and errs more seriocusly still in jimmedi-
ately applying the results to the behaviour of the

tissue in its normal conditicn. These considerations
will be more fully discussed later, but it is approp-

riate to mention them at this stage, as they bear on

DISEASE.

Tables will now bs shown illustrating the
reaction of human red-cells in various diseases to
Saponin-haemolysis.

Appended to them, a short-descriptiocn of the |

cases investigated will be found. As an endeavour

of the disease, or pathological condition being in-
vestigated, these notes are made very brief: They only

establish/
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establish the fact of the dlagnosis, and indicate
roughly the extent of the condition. In a few cases,
where spécial ponclusions are drawn, the description
is somewhat extended to allow this to be done.

| ' In all these tables as before, Saponin-
solution is 0°004 grms.per 100 cc. Incubator tem—
peraturse is 37° ¢.

| At the foot of sach table an average case
of health is given, to facilitate the appreciation of

Iany variation from health shown in the table above it.
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TABLE II.

JAUNDICE, OBSTRUCTIVE.

Group 1. Deep Persisting Jaundice.

HAEMOLV SIS,

Sap.o'lzcc|

0398 0598

Leuco- . .

Name . No.of Red Cells Colawwr- cytes 3 1 15 85 2 2irs

I Sex. Age. yer cmm, Index. per c¢mm. hr. ~he, . hrs. hrs. nJrs. hrs

Ao e = ;

BiK.(m)] 67| 4,580,000 0.9 | 8,600 79%| 90% [98:7% | 99-6%H| - |86%
T.B.(n){ 38| 3,800,000 0-8 | 11,600| 95%|99-28h99-8% | 99-9%| - |96%

T.D.(m)| 40| 3,880,000 10 8,600| 95%|99-22099.8% | 99:9% | 89% | -

J.B.(£)| 46| 4,250,000 | 1-03| 10,600| 84%| 93% | 99% | 99-8% 93-5% -
B.G.(£)| 53| 3,750,000 0:93| 16,000| 91%| 98% (99:7% | 99:9%| - {65%
Group 2. Slight or Disappearing Jaundice. :

il V.p.(m)| 47| 4,360,000 0°9 | 4,600| 47%| 84% | 96% | 98% | 49% | -
T.M.(m)| 62| 4,980,000 1:05| 6,800 - = = = - | 32%
F.A.(m)| 24| 5,320,000 1°0 5,600| 11%| 76% | 89h | 94% | - |31%
]-Ieal]th (average). 23h| 550 | 76% | 86% | 18% |10%

\Graphic/
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No.l. ®E. K.

age; without pain or sickness:

urine lcaded with bile-pigment,

nipple/

(aet.63), Malignant Diseass of Liver,Deep

jaundice of skin and conjunctivae: began 2 months

stools greyish-whi

no bile acids.

Liver much enlarged: vertical diamster in right




nipple-line is 10% inches: flat round elevations,

without wnbilication, palpable on its abdominal

surfacs.

No.2. T.B. (aet.38. m.). Chronic Pancreatitis. Deep
Jjaundice. Intermittent attacks of spigastric
pain, followed by transient Jaundice, for 18 month
Since last attack a month ago, Jjaundice has per-
sisted. Stools greyvish-white: no gall-stones.
Urine has mueh bile-pigment, no bile-aeids: shows

pancreatic erystals to Cammidge's Test.

No.3. T.D. (@et.40. m.). 0Cause unknown. Deep jaun—
dice: came on 2 months ago without pain or sick-
ness. Stools grevish white: no gall-gstones.
Urine has much bile-pigment, no bile-acids. No
enlargement of liver. Subsequent operation re-
vealed no obstruction in panereas, duodenum, bile-

ducts or gall-bladder.

No.4. Mrs E.B. (aet.46). Malignant Disease of Gall-
bladder. Deep jaundice: came on 9 wasks ago
without pain. Stools grevish white: urine has
much bile-pigment, no bile-acids: liver not en-
larged. Subsequent operation asstahlished above

diagnosis.

No.5/




No.5. Mrs E.G¢. (aet.53). Catarrnal Jaundice (2)

Deep Jjaundice of 7 weeks' duration: came on with
rigor, and pain in right hypochondrivum has per-
gisted. Stools greyish white: no gall-stones,

Tirine has 1mch bile-pigment, no bile-acids.

| ¥0.6. W.P. (aet.47, m.). Chronic venous Gongestion

‘ of Liver. Has had chronie bronchitis and asthma
for 6 years. Admitted 10 days ago with high-
coloured urine with traces of bile-pigment. Bile-
pigment disappeared from urine 2 days ago, but it
is still high-coloured. Abundant bile-pigment in
stools. Liver slightly enlarged: vertical dia-

meter in right nipple-line 64 inches. Skin has a

muddy sallow tinge.

}No.?. T.M. (aet.62, m.). Recurrent catarrhal Jaun-
dice (disappearing). First attack caused by
drinking bout, 3 weeks ago. Second attack, slighi
a week ago. At present skin- & conjunctivae have
slight vellowish tinge. Urine has traces of hils

vigment. Stools have abundant bile-pigment.

'No.a/
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|No.8. F.A. (aet.24, m.). Catarrhal Jaundice (dis-

appearing). Followed drinking hout a week ago.

Liver not now enlarged: moderate jaundice of skin
and conjunctivae. Stools contain much bile pig-

| ment . Urine has bile-pigment, no bile-acids.

RESULTS OF TABLE II,

The above tahle has been divided into two
groups, the first including cases of deep and persis-— |
'tent jaundice, the second, cases where jaundice is
;slight and is disappearing.

; In the first group, the red blood corpuscles

' show a verv feeble resistance to Saponin. Thig is
|

'very clearly marked in the opsration of the large dose,
|

jbut this diminished resistance is still more clearly

|
'accentuated in the operation of the smaller dose.

iThus in No.1, Table II., 0:06 cc Saponin solution pro-

!duces 86% haemolysis, as compared with 10% haemolysis
'e?fected by a similar number of red cells of a healthy
| person.

‘ In the second group where jaundice 1s dis-

appearing, and bile-pigments have again appeared in
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the faeces, this feebleness of resistance is much less
|
| marked, but is still decidedly helow the standard of
| health. with regard to No.7, T.M., the table shows

' no record of use of a large dose of Saponin. Here a

idose, 0.14 ce., was given, but could not be 1ncorporat¢
: |
[ed in the table. The result of its operation can nov|
be shown sevarately, and compared with the action of a

gimilar dose on an equal number of red-cells of health.

Haemolysis after

| Name  Condition Sap. % hr. 1 hr. 1} hrs 2 hrs.
_& age. SOl
| T.M. = Jaundice
| (62)  (silght) 0-14cc 83% 99.85 99.9% 99.9%
%{.333. Health 0+l4ce 21% 94:0%h 97:0% 98-0%
09 _ _

fThe difference is best geen at the end of a half—hourﬁ-
;haemolysis. That result shows that in the operation
-|Of a large dose of Saponin, No.7, Table II., is con-
;cqrdant with the rest of the table.

No.6 is especiallv interesting, for only an
;icteric tinge was present in the skin, and there were
no bile-pigments in the urines. .

TWO/
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Two other points in this table may be noted.
In group 1 there is a slight diminution of red-cells,
|with a slight increase of lesucocytes. In group 2
there is no diminution of red-c¢ells, and the number of

leucocytes is within the range of health.

INTERPRETATION OF RESULTS OF TABLE II.

OBSTRIICTIVE JAUNDICE.

| These resulf,s are clear. They show that in
obstructive jaundice the red blood corpuscles are muc%
diminished in resistance to Saponin-haemolysis, and
that the deever the Jaundice, the feebler does that
}resistance become.
This conclusion is interesting, because it
exactly contradicts the existing data on the resis—
i tance of the red-cells in jaundice. It is very im-
portant to note that these data were obtained by a
different method, namely, that of hvpotornic salt solu-
| tions. This divergence of results obtained by a dif-

ferent method will be discussed later. It is suf-

ficient in the meantime to state that von Limbeck,

chanel/
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|
Chan=l, and Viola, using the method of hypotonic salt ‘
soluftions, have agreed inlfjndjng the resistance of th%
|red-cells in Jjaundice increased, and the more so, the
:deeper the Jjaundice.

The results obtained by fthese two methods,
;Saponin haemolysis, and hypotonic¢ salt solution haeno-
ilysis, are therefore concordant for each, though op-
posed to each other. Presumably each tests a dif-
ferent Ffactor of cell-resistance. But the question
éis - ﬁhich of them more approximately tests that
gﬁactor of cell-resistance which determines haemolysis
in corpore?

Now in the first place, Saponin is a general
iprotoplasmic poison, not 1limited in its action to
ihaemolvsia. Hedon (7) has shown that clearly in his
researches, whnere he studied its action upon the f
‘bronchial epithelium of tadpoles and small fishes;
iand Ransom (5) has gshown its affinity for cholesterin,
iwhich is an element of all tissues, and an important
;constituent of red blood corpuscles.

i Secondly, it is agreed that the specific

igravity of the blood in Jjaundice is increased. The
Iblood-fluid in that condition is therefore in a con-
dition unfavourable to haemclysis of its cells by a

| process analogous to that which oceurs in a hypotonic |

salt/
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| salt solution. Therefore the use of the 'hyvpotonic'

method in jaundice will gauge a species of resistance

| of the red blood corpuscles which will not be tested

'in corvore. On the other hand, we know nothing to
| contra-indicate the possibility that Saponin-haeio—
|

| 1ysis - the action of a general protoplasmic poison -

may test the resistance of the red-cell in a way ana-—

logous to its haemolysis in corpore in jaundice.

! THE BILE-ACIDS IN JAUNDICE.

! Considered by themselves, these results of

!Saponin-haemolvsis in jaundice are very suggestive.

| They throw a quite new light on an unsettled and much
|discussed question, namely, the fate of the hile—acidsé
!jn jaundice. The toxic action of the hile-acids uponi
'the heart, the central nervous svstem, and the blood ‘
corpuscles is well known, and vet it is equally well
;known that in jaundice there is surprising absence of |
| the toxic phnenomena that might be expected to accom— |
pany the retention in the blood of these general
protonlasnjc poisons. The slowing of the heart, in-
deed, and the itchiness of the skin have been attri-

buted to the action of the bile acids; but tnjq is

only/
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'ionly a minor degree of poisoning. 0ligocythaemia
;jndicating a destruetion of red-cells does not oceur,
|and the increased resistance of the cells which the
 'hypotonic' method shows is quoted as additional proof
that there is no haemolyvtic interaction between the
bile acids and the erythrocytes (13).

i But it is exactly at this point that the
results of Saponin-haemolysis in the red-cells of
ijaundice heéome relevant znd inportant. They show

| that to Saponin, which, like the salts of the hile-

acids, is a general protoplasmic poison, the red-cells

in jaundice offer a much enfeebled resistance. That
iindicates the action of some toxic material upon the
| erythrooytes in jaundice, and the bile-acids are
naturally suggested. Now, von Limbeck (4) has al-
ready made that suggestion of interaction of hile-

acids and red-cells, and in applying it to the facts of

increased corpuscular resiastance obtained by the 'hypos
tonic' method, has offered the explanation that the
weaker red-cells having been destroved by the bile-
}acids, only the strongest and most resistent cells '
remain. But having made that explanation, he im-

?mediately withdraws it, because of two facts that are

linconsistent with it, namely, the absence of oligocy-

thaemia indicating erythroevtolysis, and the presence

of/
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of a hyvertenic blcod plasme. His citation of the
latter is interesting and indicates a curious con-
fusion in his mind between the use of the "hypctonier
method in a test tube experiment, and the operation of
a haemolytic substance like Sodium Glycochclate in
corpore. He seems to believe that the salt of the
bile acid will only exert its property of haemolysis
| in a hypotonic medium in corpore, and will be pre-
vented from deing so in a hypertonic one.

But the possibility of interaction between
the bile acid and erythrocytes in Jaundice, which
occurred to me independently of ' von Limbeck's
suggestion, becomes a much more feasible one, when

the red-cells are shown to be feebly resdstant &c
.Saponin.haemolysis.

The results of Table II show experimental
evidence in favour cf such interaction, and offer a
fresh standpoint for the discussion of very important
[ problems. -

Assuming this hypothesis of interscticn be-
tween the blle-acids and the red-cells in Jaundice,
there is a preliminary consideraticn whieh will aid
the subsequent discussicn. In Jaundice the c¢ircula-

tion of the bvile-acids is disturbed. In health there

is/
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is an intestino-hepatic circulation of their salts,
|whieh are formed in the liver-cells. are excreted

with the rest of the bile, and are re-absorbed from

the intestine. The important point is that in health

they make their first entrance into the blocd stream
by the gastre intestinal cepilleries, in the portal
area of the circulation. Croftan (1l4) indeed has
:damonstrated srall traces of bile acids in the general
.circulation in health, but they do not appear in any-
]thing more than traces outside this intestino-portal
cirele. But in Obstructive Jaundice their exit by
the bile-duets is barred, and they can now enter the
systemic eirculation by the capillaries of the hepatic
| vein.
All this has bean recognised before, but its
| bearing is completely changed by these facts of Sa-
ponin-haemolysis in Jaundice. These facts of course
do not prove an interaction between the salts of the
bile-acids and the red-cells in Jaundice, but they
'strongly suggest it. Yet 1f interaction takes place
between these haemolytic salts and the red corp'uscles,I
Ia gquestion immediately occurs. "How then in Jaundice
is there not decided evidence c¢f haemolysis?® Most
cbservers agfee that in Jaundice any considerable

haemolysis/
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| haemolysis does not occur, on the ground that there

' is not marked oligceythaemia (1 ) and Table II con-

| firms the absence of decided oligoccythaemia. !

1.

The question might bs answered in 2 ways:-

An abnormal destruction of red-cells, due to

|
haemolysis by the chclates, might oceur, ané
might be made good by an abnormal production
of fresh cells by the bons-marrow. But
this explanation is hardly consistent with
the results of Saponin haemolysis in i

Jaundice.

2. There might be interaction between the bile-

~turbed cireulation in Jaundice it is not so.

acids and red-cells, and yet no increase,

or only slight incerease of erythrocytolysis.
That seems at first an unreasonable sugges—
tion; but when we consider the normal cir-

culation of the bile-acids. and their dis-

And it leads to an interesting coneclusiorn,

namely, that in health the cholate salts.mayi
take part in the function of haemclysis in
corpore: that in Jaundice the seat of thelr
operation is transferred from the portal to |
the systemie circulation, and that the con-

dition,/
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condition of the red-cells in that condi-

tion, as tested by Saponin, is due to this

transference. Very 1little is known of theé
function of the bile-acids. They are
poisons; but they are not waste poisons,

for only a small proportion of the quantity\
contained in the bile is passed in the |
faeces. They are strongly haemolytic sub-
stances. I roughly standardised the hasmo-
lytic activity of a solution of Scdium
Glycocholate 0°02 grm. per 100 cc.of 0-:85
Saline for 50 millions of my washed ery-
throcytes. 0+:52 ce.of this solution pro-
duced 99°:28% haemolysis in 2 hours at 37° C.
Several facts as to their nature and action.
can be grouped suggestively together.

Their proved haemolytic activity, the fact

of their intestine-hepatic circulation, and

their close asscciation with that product |

|
of haemclysis the bile, all support the idea
that their prime function in corpore is that
of haesmolysis. And that suggestion would

not oppose but would harmonise with Hunter'ﬂ
I

takes/ ‘

conclusions(12) that haemolysis in corpore



125,

takes place in the spleen and in the gastro
intestinal capillaries. His researches
were used by him to indicate the sites of
haemolysis in corpore. This further sug-
gestion indicates the agent of haemolysis
and it is quite compatible with Hunter's
conclusions as to the site of haemolytic
activity. But if that were the function
of the bile acids in health, the absence of
cligoeythaemia in Jaundice would receive an
explanation perfectly consistent with their
interaction with the erythrocytes and
diminished red-cell destruction would be

an equally natural result of the disturbed

funetions of the liver in that condition.

It is admitted that much of this discussion

is theoretical: but it originated from a fair hypoth-

|esis built on an experimental fact.

much enfeebled resistance of red-cells in Jaundice to

' Jaundice to haemeclysis by Saponin. That fact justi-

fied the hypothesis that interaction takes place in

Jaundice between the haemolytic salts of the bile

lacids and the red-cells. But it remains in the

meant ime/

That fact is the




lhaemolysis is due to interaction between them and the |
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i

meantime merely a hypothesis. It requires a full an@

exact study of the action of the cholate salts, both
in vitro and in corpore upon srythrocytes, and that
does not exist. But it may be fairly claimed that

the above discussion is as pertinent to the problsms

of Jaundice as other conjectures and theoriss grounded

on experiments which are equally indecisivs. The

fact on whiceh it is based. — the friability of red-

cells in Jaundice to Saponin is a new one, and though
it is contradicted by ths data obtained by the hypo-
tonie method, it is given by a method which approxi-
mates far more closely to the conditions of hasmolysis
in corpore. It offers a new standpoint from which |
the pathology, and the pathogenesis of Jaundice appear
in a fresh light. It alsc offers a new starting !
peint for furthsr investigations of these problems,
along the line of an exact study of the haemolytic

action of the cholate saltg.

NO HAEMOLYTIC PROPERTY OF BLOOD

PLASMA IN JAUNDICE.

In view of the above hypothesis that the 5

feoble resistance of red-cells in Jaundice to Saponin-

salts/ |
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salts of the bile-acids, it was important to determine

whether the serum or plasma of blood in Jaundice was

actively haemolytic.

In Table II No.l, about 80cmm.of entire

blood having been collected and placed in 5cec.saline, |

| the supernatant fluid after the first centrifugation

was Kept in a sterile vessel. It was a greenish-
yellow opalescent fluid, and it was added to a sample

of washad erythrocytes as follows.

c.M. HEALTH.

0*5ce. of washed blood-suspension contains

50 million red-cells.

BLOOD DILUTED |
SUSPENSION JAUNDICE SERUM .
0*bece. + lissc o

This preparation was incubated at 37° ¢.for
4% nours, when there was no haemolysis. It was then
kept at room-temperature, 18¢ ¢., for 24 hours, and
still there was no haemolysis. The same experiment

with the diluted sera obtained from Nos.2 and % Table

11/
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II, and with the same negative result at the end of

| 24 hours.

Thus 1n three cases of Deep Jaundice no
haemolytic action was found in their sera under those
conditions. That result seems tc support the assump-
tion that in Jaundice the salts of the bile acids are

either produeced in much less quantity or are in some

' way neutralised in the body or blood (13). But taken

in conjunction with the other fact, demonstrated in
Table II, of the feeble resistance to Saponin shown

by the red-cells in Jaundice, it rather lends further
support to the hypothesis that this lowered resistance
is due to 1ntaract10nlof the salts of the bile-acids
with the rodécells.

Tab la/’

|
|
|
|
|
|
|
|
|
|
|
|
|
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TABLE III.

FEVER. EXOPHTHALMIC GOITRE.

FEVER GROUP 1I.

HAEMOLYSIS
- Sap.Sol.0-13¢cec. O-08ce. 0-06¢ce.
llio. Name  Age No.of Red- Colour- Leuco- z 1 1F 2 2 3
Sex cells per 1Index cytes hr. hr. hrs. hrs. hrs. hrs,
emmn. _ per cmm.
J.H.(f) |88 | 5,010,000 | 0°88 | 11,200| 9% | 44%| 72%| 78% 32%
A.C.(m) [21]| 6,360,000 | 0+83 | 11,000| 6% | 35%| 66%| 79% 35%

J.i.(m) [37 | 5,200,000 | 0+96 | 10.600|14% | 48% | 67%| 78% | 27%

W.7.(m) |40 | 6,500,000 | 0°92 | 14,400|18% | 45% | 58%| 75% | 26%

M.C.(£) |21 ]| 5,000,000 | 0°+95 8,000 7% | 57% | 71%| 84% | 32%
' FEVER GROUP 2.

K.F.(m) (28 4,320,000

do}

”

» | 21,800 [49% | 91% | ©7% | 98% | 5%

(= =

S.L.(f) |33 | 5,010,000 ‘92 | 36,400 [26% | 81% | 96% | 28% £1%

B.A.(f) {22 | 4,100,000 | 0°89 9,200 |73% | 98% [99-99100% | 98%

E.H.(f) |18 | 4,450,000 | 0+9 25,600 |81% | 99% [100% |1.00% 76%

EXOPHTHALMIC GOITRE. |
H.D.(t) [21| 5,180,000 | 1-0 4.800 329 46%, 71% | 88% | 55%
J.F.(m) |24 | 5,200,000 | 09 8,400 {16% | 71% | 86% | 92% 419
Irs.G¢.(f) |44 | 3,500,000 | 1°0 3,800 08%

M.P.(f) |30 | 5,500,000 | 0+9 5.000 [57% |94% | 99% ©S.69% 46%

HEALTH (average) 23% 55% 95% 86% 18%  10%

Table/
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No.2. A.0.(aet .21, m.)- PYROEXIA: ACUTE LOBES

ENO‘S-

i 11

TABLE III. CLINICAL NOTES.

FEVER. GROUP I.

.1. Mrs.J.H.(aet.28). REMITTENT PYROEXIA ’

(Phthisis?). Has had cough and fever at nights
for 15 months. At present, temperature reaches
102° F. in the evening, with remission to Qé-éo F.
in the morning. Profuse crepitations all cver
upper lobe of left lung, without consolidation.

No Tubercle Bacilli in sputum. January 28th 1908

PNEUMONIA. Rigor % days ago, followed by fever,
rapid respiration, and short cough. Temperature
has remained about 103° F.for last 3 days. Pulse
120. Respiration 80 per minute. ¢onsolidation
of lower and middle lobes of right lung. Rusty

sputum.  February 7th 1908.

J.M. (aet.27, m.). PYROEXIA: Acute Pneumonial
Rigor 5 days ago. Temperature shows irregular
fluctuations betwseen 100° & 103C F. Irregular
consoclidation of lower part of right upper lobe

and of middle lobe. February 27th 1908.

No.4./
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No.4. W.T.(aet.40, m.). POST-PYROEXIAL PERIOD
INFLUENZA. Yesterday afterncon had ehill, and
pains in back and legs: in evening temperature
was 101C F.this morning it is 880 ¥, March 30th

1908.

No.5. M.C.(aet.21,f.). REMITTENT PYROEXIA.
TUBERCULOUS ENTERITIS. Diarrhoea and emaciation
for 2 years. For éome wesks past temperzture
swinging between 101C F. & 99° F. night and morn-

ing. March 23rd 1908.
FEVER GROUP 2

No.6. V.F.(aet.28,m.). PYROEXIA (ACUTE LOBAR
PNEUKONIA) Rigor 6 days agec. For last 3 days
temperature has oscillated abcut 102€ F. Fe-
spirations 70, Pulse 124 per minute. Conecli-
dation of left lower, and of right lower and
middle lobes. March 13th 1S08.

¥c.7. Mrs.8.L.(aet.33,). Crisis:- icute Lobar
Pneunonia. Rigor & daye ago. Admitted 2 days
ago. Temperature sincehus fluctuated about 103° F. |

Last/
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Last night it was 103:8: this morning it is 99° F.

Pulse 100 per minute. KMarch 26th 1908,

B.A.(ast.22,f.). REMITTENT PYROEXIA. Acute

Miliary Pulmonary Tuberculous. Cough % fever for |

four months. In that pericd has lost %% stones

weight, weighing now 4% stones. Sputum contains

| many Tubercle Bacilli.
Temperature swings from

99° F,in the morning.

No.9.

No consolidation of lungs
104C F. in the evening to

Mareh 4th 1208.

No.1.

E.H.(aet.18,f.). Hyperpyrocexia. Fulmina-

ting Typhoid Fever. Admitted 3 days ago. with

Temperature 105C¢ F. which has remained there l

since with slight irregular remissions. Diarr-

hoea with "pea-soup" stools. Great meteorism.

Prcfuse erupticn of rose-coloured spots on ab-

demen, back, shoulders and arms. Blocd gives a

slight Widal resaction. Marech 20th 1808&.

EX¥OPHTHALMIC GOITRE.

Hab.(aet.21505) Exophthalmos slight.

Goitre fairly large, Tachycardia. average

pulse/




pulse rate 100 per minute. Tremor moderate.

Duration of symptoms 1 year.

No.2. J.F.(aet.24,m.). Exophthalmos marked.

| No

No.4. M.P.(aet.30,f.). Exophthalmos extreme.

.3. Mrs.G.(aet.44,f.). Exophthalmos marked.

Goltre slight. Tachycardia - average pulse rate
120 per minute. Tremer marked. Duration 5

|
years. '

Goitre fairly large. Tachycardia - average pulse
rate 110. Tremor marked. Duration of symptoms |

¢ months.

Goitre very largs. Tachyecardia. - average pulse
rate 110. Tremor very marked. Duration of

symptoms 9 years.

RESULTS OF TABLE III.

FEVER GROUP 1I.

These results seem at first difficult to
interpret. Those cf Fever will be coneidered -

first./ |




first. They have been divided intec 2 groups. Grouﬁ
I.showe with the larger dose of Saponin a retarded i
Ehaemolysiﬂ from the beginning to the end of the Incu—!
5 bation period, but with the smaller dose a greater

haemolysis than that affected by the sams dese in i
i
health. That is to say we have no longer in this

|
|
| |

series that correspondence between the early haamoly—i

!si: of the large dose, and the prolonged haemolysis of]
| _

the small desee that was obssrved in the bhloed of

health. We have in fact in greoup I.a divergence in

both directions from it, feor while the total hasmoly-

' sis effected by the large dose has diminished, that of

ithe small dese has increased. If attention was paid
ionly to the haemolysis of the large and small doses

'after 2 hours it would be easy to imagine that in
!Faver the group of low-resistance cells had become
!still feebler, while the high-resistance group had be—}
:come more resistant or more numercus. But if that
|wera the case, it is difficult to explain why there is'
!no evidence of a group of enfeebled cells in the esarly
istages of haemolysis of the larger dose. At the same
:time, the prolonged operation of a small dose of Sa-
;ponin gives undoubtedly a superior test of the group
:of feebly resistant cells than does the early overa=

tion/ i
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operation of a large one: and one is inelined to ‘
accept the evidence the former shows of such a group,
and in the meantime to leave unexplained the early re-

. |
tarded haemolysis of the larger dose which is-appar-

ently inconsistent with it. Further the final re-
' tarded haemolysis with the large dose 1s a clear i
' |

'proof that the total resistance of the sample of cells
| in this group is inereased. We thus arrive at the ‘
conclusion that in Group I.the sample of red cells ‘
contains a group of cells which are more feebly resis—|
!tant than the similar group in a sample of health and
Iat the same time a group of cells of higher resistance
!than in heelth and that the effect of the latter out-

' weighs that of the former so that the total resistance
iof the sample to Saponin-haemclysis is increased. i
' This conclusion is supported by the evidence of poly- |
icythaemia which is shown in Group I.and may be inter- |
'preted by it to mean that while there is a greater
Iwastage of red-cells, this waste is countered, and
!indeed made good by an increased output of fresh cells
iby the bone marrow. That is quite in line with the |
iknown facts of increased activity of general metabol--
!ism in Fever.

| FEVER/
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PEVER. GROUP 1I1.

T a— =

If this interpretation ctf the facts of Sa-

ponin haemolysis shown in Group I is correct, it is

; in no way invalidated bylwhat is shown in Group I1I.

In Group II there 1s diminished resistance shown to
both the large and the small deses of Saponin, and
that diminution appears throughout the operation of
the former. The Clinical Notea show a higher degree
of pyrosxia in this group, and especially in Nos.8

and. @ in which it was extrems. In this group the

. eorrespondence hetween the haemolysis 1in 2 hours of

- the smaller dose and that of the larger dose in half

an hour is restored. TFurther it is to be noted that

in this group polycythaemia 1is absent, though marked

| olyocythaemia decas not appear. It A8 fair to con-

clude that in these casss of severe pyroexia, there
18 an excesgive destruction of'rad—cells, and. an ex-
coessive production of fresh ones by the bone-marrow:
S0 far as the number of red-cells 1is concérned a
nermal balance 13 almost maintained; but these cells

are saturated with haemolytic material, and are being

' rapidly destroyed in corpore, and ,in vitro offer a

fesble resgistancs. Whether this excessgsive destruc-

tion/
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destruction indicated in Group II 1s due to excessive
'activity of the normal hasmolytic function, or to
presence of extraneous haemolytic agents, thers ars no
Imaterials for Jjudging.
The conclusions to be drawn from both groups
would be (1) that in Fever there is an increased de-

struction of erythrocytes. (2) That where this in-

| eroased wastage is slight as in Group I, the compensa-
{tion caused by increased output by the bone marrow is
excessive, obliterates the effects of that waste, and
preduces polycythaemia, and causes a total increased
resistance of a sample of red-cells to Sapcnir. (3)

| That where this wastage is excessive as in Hyperpy-

Iroexia though the fresh output from the bone marrow
‘may prevent olyvocythaemia from appearing, the total
raesistance of a sample cf cells to Saponin is much

diminished.

TABLE III. EXOPHTHALMIC GOITRE.

The four cases of Excphthalmic Goitre in-

vestigated have been ineluded in Table III alcng with
those of Fever, because their results of Saponin haemo-
lysis correspond, and because the clinical phenomena of

Exophthalmic/
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Excphthalmic Goitre allow a similar interpretation of

Ay ]
these results.

This group of 4 cases might also be sub-
divided like those of Fever,. For Nos.l and 2 show
that discrepancy between the haemolysis of the larger
dose in 4 hour and the smaller in 2 hours, already
noted in Group I.of Fever. While in No .4 the corres-
pondence is restored. No.3 was investigated before
| the final technique was finally settled; but though
incompleto. 18 ‘eoncordart.

The condition of Excphthalmic Goitre might
falrly be deseribed as one of Fever without pyrosxia.
In almest every system there is evidence of increased
metabolism and increassd functional activity. That
is illustrated in the muscular tremor, in the cardio-
vascular activity and exeitability. in the mecisture
of the skin, and in the psychical excitement. It is
therefore reasonable to expscet both an increased act-
ivity of the bone-marrow and an inerease cf the func-
tion of haemolysis. The polyeythaemia shown in this
table is a well established fact of the disease. 1t,
and the surmise of increased haemeclysis form with the
rasults of Saponin haemclysis a concordant and ;nter~;

dependent group.. Exactly the same interpretaticn may

ve/
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be applied to these results as to those of Fever.
Indeed the analogy between the two conditions just
pointed out, and the analogous results of Saponin-
haemolysis obtained in both make it more probable that
this common interpretation is the correct ons.

It should be observed that in No.3 of the
Exophthalmic Goitre Table, moderate oligocythaemia
is present. But the incomvleteness of thé investiga—-
tion in this case does not justify a discussion of
this fact. The single result of Saponin-haemolysis
recorded 1s quite cconsistent with the others.

The conclusicn tc be drawn from'the results
of Saponin-haemclysis in Excphthalmic Geitre is that
there is a moderate increase in the amocunt of red-
cell @estruction, with a compensatory activity of the
bone-marrow. In 3 of the 4 cases recorded above,
this compensation was more than adsaguate and in spite
of the increased destruction of red-cells that is
taking place has produced the condition of polycy-
thaemia. In Exophthalmic Goitre then ,the condition
of the blocd is ons of polyeythaemia together with

increased friability of the red-cells to Saponin.
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TABLE IV. ANAEMIA.

- PERNICIOUS ANAEMIA.
HAEMOLYSIS.
% Name. Age No.of Colour Leuco- Sap.Sol. 0-12 cc. 0-08ce. 0-06ce.
B Sex. Red Cells Index. cytes A ‘
per cmm. per cmm..% hr. 1 hr.lihrs. 2 hrs. 2 hrs. 2 hrs.
G.J.(m) 251,090,000 | 1:3 | 4,600 60% | 90%| 97% | 98% e 64%
(3 weoks 744,000 | 1:1 | 2,400 | 84% | 98%| 99% | 99.8%| —- 899

later).

J.S.(m) 51 792,000 |15 | 3,300 05% | 98% | 99% | 99:9% | —- -

v (6 weeks | 2,370,000 |1-5 | 3,000 75% | 93%| 97% | 98-9%| — 71%
later).

M.R.(f) 37 | 1,170,000 |1-1 | 2,800 — -_— | - 98 7% | —— -

yrs S." 54 | 2,550,000 |1°8 | 4,000 28% | 76% | 91% | 94% s 66%

4.M.(m) 511,960,000 |15 | 6,800 40% | 70% | 81% | 88% 59% -
7 7 e |

p.W.(m) 651,760,000 |1:13| 4,200 20% | 71%| 89% | 90% 28% L
. : / /

Pernipious Anaemjia with Spinal Cord Complications.

A.S.(m) 41 | 3,870,000 |1:03 | 6,000 54% | 82% | 92% | 97% 449 L

»(10 dayg |4,340,000 |0-95 | 8,200 54% | 84% | 92% | 95% 499 =
later).
\ ¢
R.L.(m) 36 | 2,070,000 |1-5 | 3,000 | 58% |76%|88% |90% |-—- 506
g.M.(f) 56 | 3,040,000 |1:2 | 3,200 40% | 74% | 89% | 96% 54% -

£
{

Health average, |etc. 235 | 55| 735, | 8e% | 18% 10

SECONDARY/




SECONDARY ANAEMIA.
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HAEMOLYSIS.
Name. Age. No.of Colour Leuco- Sap.Sol. 0<l3ce. 0+08ce (@r'Os6ce.
Sex. Red Cells Index. cytes ]
per cmm. per cmm. —21‘ hr. 1 hr. 1zhrs 2 hrs. 2 hrs. 2 hrs.
L A.S.(£) 37| 1,940,000 {0-98 3,600 27%| 78%|88% | 93% | -- 43%
¥rsR.(£) 29| 2,010,000 |0-42| 8,000 | 54%| 77% |8s% | 93% | 655% | —-
J.F.(f) 33| 4,720,000 {0-5 | 6,000 | 42%| 62% |81% | 90% | 34:8% ——
Health (average) 23% | 55% | 75% | 86% 18% | 10%
SIMPLE ANAEMIA.
M.0.(f) 22| 4,340,000 |0-48| 6,400 44% | 76% | 93% | 95% 58% | —-
f.D.(£) 20] 4,130,000 |0~58] 4,300 A Al 94% - -
PURPURA. |
J.H.(m) 37| 4,470,000 {0-96| 6,400 - —  |== == - 51%
J.G.(m) 42| 1,890,000 |1-0 [18,000 8% | 7% |91% | 94% = 54%
SPLENIC ANAEMIA.
P.0.(m) 37 | 1,970,000 [1-01| -- - S L 96% 38% | ——
SPLENO-MEDULLARY LEUKAEMIA.
B.F.(£f) 29 | 3,200,000 f1:0 |30,800 42% | 68% |83% | 91% 46% | ——
HODGKIN'S DISEASH. ‘
|¥rs A(£) 25 |2,610,000 [0°84 37,000 14% | 55% |68% | 88% |-- [BL-8%
Health (averags) 3% | 55% |76% | 88% 18% 1.0%
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TABLE IV. CLINICAL NOTES.

PERNICIOQUS ANAEMIA.

No.l. G.J (aet.25, m.). PERNICIOUS ANAEMIA (second
Attack). TFirst attack was a year agoe., but he
recovered almost complstely. Bload film shows
numerous megalocytes, megaloblasts and normo-

blasts; much pockelocytosis; Jan. 31st, 1908.

No.2/
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No.2. The Same. Fsbr. 21st, 1908. Patient's con-
ditionhas got steadily worse since last Investi-

cation.

|

: |

No.3. J.S. (aet.51, m.). PERNIOIOUS ANAEMIA (first |
attack). Has felt inereasing weaﬁness for four ‘
months. Blocd—-film shows numerous megalocytes,
and many nucleated red cells, chisfly megalo-

blasts. Febr. 18th, 1S808.

No.4. Same as No.3. March 5thy, 1808. Has Jjmproved
mich gince last investigation; hasg been treated

with arsenic.

| No.5. M.R. (aet.37, f.). PERNICIOUS ANAEMIA (first
| attack). Weakness first noticed five months ago,
and has increased. No haemecrrhages or other

cause known. Blood-=film shows megaloéytes and

a few nucleated red-cells.

No.6. Mrs.S.(aet.54). PERNICIOUS ANAEMIA (chronic ).
Patient at present working at home; was in hospi-
tal five months ago for six weeks. Her blood-

determination was then as it is now, and was not

improved/
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improved by treatment. At present she feels "a
little weak", but otherwise is able to work.
Blood-film shows numerous and very large megalo-

cytes; no nucleated red-cells obsgrved.

No.7. J.M. (aet.51, m.). CHRONIC PERNICIOUS

ANABEMIA. Has been "bloodless" at times for five

years; 1s constipated, and has has blesding pilles

for manv years. Blood-film shows numerous

large megaleccytes, and one or two normoblasts.

No.8. A.W. (aet.65, m.). PERNIGCIOUS ANAEMIA. Has
falt growing weakness feor six months;: no cause
knovwn. Blood-film sheows many megalocytes, and
scme nucleated reds, - both nornmo-,. and megalo-

blasts. but chiefly the former.

PERNICIOUS ANAEMIA WITH

SPINAL-CORD COMPLICATIONS.

No.2. A.S. (aet.41, m.). PERNICIOUS ANAEMIA(Second
attach). First attack of weakness came on in
April 1907 without known cause. His condition
got worse till August 1908, when he began to

improve/

-




146.

impreove, and almost entirely reccvered strength.
Weakness returned slightly in Nevember 190%, and
with 1t, stiffness in the legs and difficulty in
walking. He now shows well-marked sclercsis of
the lateral columns of the spinal-cord. Blood-
fiim shows almost no pockelocytosis or megalo-

cytes. Ne nucleated red-cells found. March 3rd.

1908.

No.JO. Same as No.2. March 13th, 1808. Blood con-

dition alnecst the same as when last examined.

No.1l. R.L. (aet.36, m:). CHRONIC PERNICIOUS
ANAEMIA. Has noticed pallor and slight weakness
for a year. Three months age stiffness in the
legs and difficulty in walking appeared. AL
present both knee-jerks are exaggerated, both
Plantor reflexes show Babinski's sign. Blood-
film shows numerous large megaleceytes; two nu- ;

cleated red-cells seen, both megaloblasts.

No.l2. Mrs E.M. (aet.56). PERNICIOUS ANAEMIA
(second attack). First noticed wsakness and
pallor in the beginning of 1506; was under treat-
ment in hospital for several months of the

summer/




summer, and went home in the early autumn with
blcod-condition healthy. and strength restored.
Weakness returned in summer of 19207, and with it
stiffness and weaknsss of the legs in walking.
She now sShows a marked spastic paraplegia.
Blood-film shows a slight increase of size of
erythrocytes. No nucleated red-cells seen.
Their occurrsnce was sxceptional throughout

numerous observations from the beginning of this

case.

SECONDARY ANAEMIA.

No.l. Mrs.4.S. (aat.S?). SECONDARY ANAEMIA of
unknown cause. Has been in poor health for two
vaars. Spleen 1s enlarged and is palpable at
the costal margin. Urine oo ntains a consider-

able amount of blocd. with trace of albumen; no

/

gasts.

No.2. Mrs R. (aet.28). ANAEMIA SECONDARY TO POST-
PARTUM HAEMORRHAGE. Lost mueh blood after birth

of ehild twec months ago. Has felt weak, tired,

and short of breath since.

No.3/




148.

No.3. J.F. (aet.33, f£.). SECONDARY ANAEMIA, cause
unknown. Has been "bloodless" for sight years.
She suffers ssvers pain over region of left
ovary. but gynecological examination shows no
organic change in the pelvice organs to account

for this.

SIMPLE ANAEMIA.
No.l. .M.c. (aet.22, f£.). Has suffered from "blood-
lassness" at times for three years, constipation

alternating with short attacks of diarrhcea.

No.2. M.D. (aet.20, F.).Recurrent attacks of "blcod-

legsness" feor four vears; constipation.

; PURPURA .

| Ne.l. J.H. (aet.37, m.). History of occasional

purpurie rashes with bleeding from the gums for
asven years. Sceial conditions and food have

besn always satisfactory.

No.2/




| No.2. J.G. (aet .42, m.). PURPURA, with Carcinoma

No.l. P.C. (aet.37, m.). Has noticed ths enlarge-

‘anterior superior spine of the ilium, and later-

No.l. B.F. (ast.29, f.). Has noticed enlargement

149.

of Prostate. Has had vomiting and diarrhoea for
fifteen weeks. Condition of Prostate caused no
local symptoms. On admission a fortnight ago,
there was a purpuric eruption of large haemorr-
hagie spots on the legs and arms. Pigmented.

traces of this remain at present.

SPLENIC ANAEMIA.

ment of the spleen a 1little over a year ago; it
has slowly increased in size since. At the same
time hs became weak. easily tired, and short of

breath. Spleen now: extends downwards to the
ally to the umbilicus. Differential lsesucocyte-

count:- Polymorpho, 59%; Lymphocytes, 28%; large

Mononuclear, 10%; Eosinophilss, 2%.

SPLENO-MEDULLARY LEUKAEMIA,

of spleen. and has felt weak, and short of brzatl

=]
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| for 2% vears. Spleen now extends to the umbilicus

laterally and down into the pelvis. Since ex—

posure toX'ravs, the leucocvtes have fallen from

180,000 to about 30,000 per c.mmn. At present the

leucocytes include 50% Polymorpho-nuclear, and 30%

Myelocytes.

HODGKIN'S DISEASE.

No.l. Mrs.A. (25). Has noticed onset of pallor and

weakness about 5 years ago. From this date
slow and progressive enlargement of glands on
the left side of the neck, and in the left axilla.

These now form large, fused hard masses. Spleen

considerably enlarged and is palpable helow |
i the costal margin: extends to the level of the
wabilicus downwards, and to 2 inches from it

! laterally.
|

RESULTS OF TABLE IV,

This table might be regarded as giving the
results of Saponin-haemolysis in various conditions
of oligpevthaemia: OXgocythaemia is the cormon blood-

characteristic/




Where there are repeated cbservations on one case,

| unehanged.

the Table. The groups, Pernicicus Anaemias, is the |

mad@® after an interval c¢f 3 weeks, shovs a decided

| fall in resistance, and in that interval the number

15ka

characteristic of all the cases included in it with
the exception of the two cases of Simple Anaemia.

That common festure is a useful standpoint from which

to compare the results in the different groups of

largest and most representative. It includes 12 in-

vestigations upon 2 cases of Pernicious Anaemia.

this is either because the blecd-condition had much
changed when the results of haemeclysis preved to be
different; or because the blocd-conditicn had re-

mained stationary when the Sapoenin-reaction remained

In cases 1 - 5 the ccnditicn is severe and
oligeeythaemia is marked. In these the resistance
of the red-cells is decidedly lowered, and it reacheﬁ
its minirum in Cases 2 & 3 where the oligocythaemia
is greatest. In Cases 1 & 2 the blood is from the

same individual, but in Case 2, the determinaticn,

of red-cells has fallen from 1,080,000 to 744,000
per c.mm. A correspending change is seen in Cases
2 & 4, both again from one individual: fer the

increased/
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creased resistance evident in Case 4 is accompanied
by an increase of the red—-cells from 792,000 to .

2,370,000 per c¢.mm. In Cases 6 — 12 the condition.

|
is less severe, and oligocythaenmia is less marked. |
In these the resistance is decidedly above that of
Cases 1 - 5, but is still appreciably below the |
standard of health. The final stage of haemolysis |
of the larger dose of Saponin shows 1ittle change

from that of:health, but if attention is paid bhoth

to the early stage of haemolysis of the larger dose,
and to the haemolysis of the-smaller dose in 2 hours
the diminution of resistance in those cases of

Pernicious Anaemia becomes apparent. In this group

oligocythaemia does not march pari passu with |

dinminished resistance, for if Cases 7 & 8 be com—
pared with Cases 9.10, & 12, it will be seen that in
the former fewer red-cells and a higher resistance :
g0 together, while in the latter there is a diminish-
ed resistance with more red-cells. That divergence
makes it difficult to draw conclusions from the
factor of oligocythaemia. Case 8 is a severe anaeni
s0 far as the blood-determination goess, and in all

the essential characterigtics is a classical case of

Pernicious Anaemia, and yet the reaction of its red-

Gells/
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cells to Saponin is practically that of health. In
Case ' 12 again, the number of red-cells is higher,
but the Saponin-resistance of these cells is
appreciably lower. A comparison of the two factors
oligocythaemia, and Saponin-resistance in this Table
of Pernicious Anaemia gives the following results.
Where the oliigocythaemia is below 1,500,000 per,crm.
the Saponin-resistance is lowest but where the oligo
cythaemia is moderate , namely between 1,500,000 and
2,500,000 per ¢.mi, the Saponin resistance is high-
est, énd is greater than in cases where the red-cell

number upwards of 2,500,000 per c.mi.

SAPONIN RESISTANCE & THE RATE OF

PROGRESS OF THE DISEASE.

The number of red-cells, and their Saponin
resistance are therefore not concordaht in their
variations. But it will be found that correspond-
ence exists between the rate of progress of the
diaéase and the red-cell resistance. In Cases
1 - 5;the Anaenia is of short duration or acutely
progressive, and in them the Saponin-resistance is
low. - But in Cases 6 - 12 the anaemia is of long

standing/
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standing and slowly vrogressive and in this group,
irrespective of the number of cells, the Saponin-

resistance is higher.

TABLE 1IV. THE OTHER ANAEMIAS.

The results of Saponin-haemolysis in the
other groups of Anaemia are: interesting when con-—
sidered along.with those of Pernicious Anaemia. They
are uniform and show a diminished resistance as
compared with that of health. The degree of dinminu-—
tion both with larger and smaller doses of Saponin
is almost identical with that of Cases 6 = 12 of
moderate or chronic Pernicious Anaemia. |

In these different groups also as in
Pernicious Anaemia, the degree of oligocyvthaemia
gives 1ittle clue to the Saponin resistance. The
different groups show a wide range in the number of
erythroeytes, and.yet throughout there is only a

narrow range of variation of sSaponin-resistance.

And further the two factors do not in their varia-
tions fluetuate in the same direction but rather
diverge. The relation of the colour-Index(Haemo—
_globin-richness of the corpuscle) to the Saponin-

.resistance/




resistance throughout the wholse of Table IV. 1s note—
worthy. If the severe cases of Pernicicus Anaemia
are excluded, it will be seen that asn excess, defect
or gtandard quantity of Haemoglobin has no effect

upon the Saponin-resistance of the corpuscles.

DISCUSSION OF RESULTS OF

TABLE 1IV.

This teble is chiefly an investigation into
the Saponin-resistance of erythrocytes in Pernicious
Anaenmia. In the other groups of the table there
are not many investigations in any one group and
these may not be sufficientlyv representative of the
disease. But collectively they form a fairly large
group of data from widely different blood-conditions;
and in considering the vathology and pathogenesis of
Pernicious Anaemia from the point of wiew of the
Saponin-resistance of its corpuscles, the similar
facts from this heterogeneous group of Blood-Diseasecs

will be very relevant to that discussion.

HYPOTONICITY IN PERNICIOUS ANAEMIA.

At/
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| At the ocutset, 1t may be steted that no
'data-axist of the resistance of the red-cells in
Pernicious Anaemia obtained by the hypotonic salt
solution method. And yet Pernicious Anaemis is a
[disease mcre favourable than mest for the Applieation?
:cf this method. In severe cases the specific gravity
éof the blocd reaches a lower point than that recorded
gin any other diseases, though von Noorden ( 13.) has‘
?pointed out that the diminution in the speciiic grav-
ity of the blood-serum is lees than thet of the entire
blood. The use of hypotonic salt-sclutions might,
 therefore be expected to test some factor of cell-

resistance which is called into play in the blood in

Perniciocus Ansemia. The methed however has not beeni
employed, but In any case it is mest unlikely, that
the oligeecythaemia coff Pernicicus Anaemia is due to

laking in corpore of the red-cells in a hypotenie

medium. If that took place free Haemcglobin wculd
be found in the blood-serum in Pernicicus Anaemia and
such Haemoglebinaemia does net occur. Iin the 12

investigations on Pernicicus Anaemia in Table 1V..the

supernatant fluid after the first washing was observeg.
and in no case was 1t tinted with free Haemoglobin in
the smallest degree. A similar cobservation was made
on ¢ other cases of Pernicious Anaemia investigated

dvring/ |
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during the period when my technique was erroneous,
| and was always negative. At the same time it might
be held that a lowered specific gravity in the

blood of Pernicious Anaemia while not directly laking

the corpuscles night assist and exaggerate the action

|
of the normal haemolysis in corpore. But there isno

experinental svidence that the action of a haemolytié
| solvent is increased if the red-cells are suspended
in a fluid which is almost hypotonic. That is mere:'
iy an asswiption, though one that has been freely.made.
And there is experimental evidence in the opposite
direction. Sach's ( 15 ) has shown that corrosive
sublimate a haemolytic substance, when added to blood-
cells in %% solution, prevents the laking of these

L cells in distilied water. That is to say, the minox

action of one naemolytic agent has altogether prevent-

ed the action of another haemolytic agent — distilled

[ water.

DIFFERENT VIEWS AS TO THE ETIOLOGY OF

PERNICIOUS ANAEMIA.

It will be well to shortly state and group
together the principal views as to the etiology of

Pernicious/




| destruetion of blood in Fernicious Anaemia; and that
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Pernicious Anaeriia: and then to adjust;the facts of
Saponin-haemolysis to them.

The condition of the bone marrow in Per-
nieious Ansemia is the basis of several theories.
Pepper (16 ) first described it, and considered it
the cause of the disease and to consist in a primary

hyperplasia. Cohnheim ( 17 ) also considered it
primary, and of the nature of retrogression to the
emhrovoniec condition. BindfleiéehﬁlB ) took it to
be a primary failureto convert erythroblasts into
ervthrocytes so that the nucleated cells continued
to grow and became excessively large. Muir (19 )
gtudied the bone marrow.in conjunction with the pig-
mentary changes in the liver, He concluded from

their cormbined evidence that there was an excessive |

the cornidition of.the bone marrow was not prinary,
hut secondary and of the nature of regeneration to
compensate the excessive hasmolvsis.

The c¢linical phenomena of the disease, and
especially its assoclation with bad or insufficient
food, poverty, previous haemorrhage, suggested anothe
view. This was stated in siightlydifferent forms
by many obhservers, but Eichhorstigmay he taken as

representative/
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representative of the:group. He believed that
Pernicious Anaemia might be due to widely different
causes that lowered nutrition; that. it was Anaemia
in its extreme devree, and differed from Other forms
| of Anaemia only in degree and not in kind. He

admitted the possibility of a primary form. (20).

Hunter (12 ) enunciated a different and
i original vievw,. From sxtensive observations on the
sites of storage of hlood pigment in the body, and
from variations in the degree and site of that
storags produced:by the injection of haemolytic
substances into the blood, he came to two main con-—
[ ciusions .

1. Normal haemolysis in corpore takes place in
the portal circulation.

2. In Pernicious Anaemia there is abnormal
haemolysis in the portal circulation, -
not an excess of the norisal haemolysis,
but an extraneous haemolysis due t0 the
introduction of some haemolytic poison
into the portal system from the gastro
intestinal area.

Stockman ( 21) opposes Hunter's visw, and
believes that Pernicious Anaemia is only an extreme

form/
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form of Anaemia. Its apparently pathegnomoniec
features in the liver and bone marrow are due to
capillary haemorrhages, superfinal and interestitial
all over the body. The loss of hlocd occasioned
by these haemorrhages causes both the regenerative
changes in the bone marrow sﬁown by Muir and the ex-
cessive storage of pigment in the liver emphasised
by Hunter. This view may be regarded as a re-
statement of Fichhorst's., But it is adjusted to
the most recent pathological facts as to the con-
dition of the liver and bone marrow in Pernicious

Anaemia, and it is original in the place given to

|
capillary haemorrhages in the production of the fina%

|
stage of Anaenmia. [
|

i
SAPONIN-HAEMOLYSIS IN PERNICIOUS ANAEMIA. i
i
|

From the above summary it will be seen that
ﬁhe etiology of Pernicicus Anaemia has been discussed
from several points of view, — from the condition of |
the bone marrow from the study of pigment deposits ir

the liver and elsewhere, and from experimental produc

tion in corpore of haemolysis. But the bearing of the

resigtance of the red-cells in Pernicious Anaemia

has/
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"But it is evident that the resistance of the red-—

has not received attention. Hunter indeed quotes
two isolated observations on this point. The first
is by Mackern and Davv, and dates back to 1876 (22 ).
Thev observed in a severe case of Pernicious Ansemia,
a concentration of the Haemoglobin in the periphery
of the large distorted corpuscles, and concluded that
there was a sevaration of the colouring—matter from
the stroma, owing to the soft condition of the latter
This conclusion is not only very doubtful, but is

also away from the question at issue whiceh is the

condition of the cell envelope with regard to its
power to retain its Haemoglobin-contents.

The second is by Copeman that in Pernicious

Anaemia it is unusually easy to obtain Haemoglobin
crystals by 1aking'of the blond(23)Hunter dces not
give the correct reference to this observation, and
I have been unable to trace.it.Neither of these
obhservations were exact, and very litfle could be
drawn from then, and they occuny no place in Hunter's
elaborate-érguments to prove the existence of a

apecifiec haemolvtic substance in Pernicious Anaemia.

blood celis, if it could be accurately determined,
might give valuable information as to the pathology
of Pernicious Anaenia. It expresses a reaction of
living cells, and as such might shed more light on

thef
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the question than the histological examination of
organs postmortemn. And any facts as to suech a re-
action are specially relevant to William Hunter's
view of Pernicious Anaemia as a specific haenmolytic

Anaeinia.

RESULTS OF SAPONIN-HAEMOLYSIS IN
PERNICIOUS ANAEMIA IN THEIR BEARING

ON HUNTHER'S THEORY.

There is a preliminary observation. On
the assumption of Hunter's view of a powerful hae-
molytic poison located in its action to the portal
circulation, we would expect to find free Haemoglobir
in the systenic c¢irculation. It is admitted that
in the majority of cases that this does not occur,
and Hunter explains it by stating that all the free
Haemoglobin is intercevted by the liver. But his
experimensal evidence in support of this is not con-
clusive, A decisive experiment, such as the pro-
duction of Haemoglohinaemia within the portal cir-

culation, either by injection of a haemolytic sub-

‘gtanceorof free Haemoglobin into that area of the

blood-stream, was not performed. But even if we
admit the explanation, we would expect to find

evidence/
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evidence of the existence of this haemolytic poison
in the envelopes of the red-cells that have escaped
into the general circulation. These :must show
sorme trace of contact with a powerful poison which
can almost decimate their numbers,in face too of

extraordinary efforts on the part of the bons marrow

to make good the loss, But if the cell envelopes
do bear such traces of haemolvtic interaction, [
Saponin-haemolysis does not discover them. The
moderate diminution of resistance in Pernicious
Anasemia which Tahle IV shows is not consistent with
a rapid destruction of red—-cells in corpore by a
foreign haemolysin. That diminution no doubt is
extreme in Cases 2 & 3 but there the poveriy of hlood
is extreme. The striking fact of Table IV is that |
it contains a group of cases of Cpronic but pronoun-
ced Pernicious Anaemia (all showing the classical
blood-characters of Pernicious Anaemia), and that

in these the resistance of the red-cells t0o Sanonin-—
haemolysis i1s only slightly less than that of a varied
group of other Anaemias (whose blood-characters are
quite distinct from those of Pernicious Anaemia).
The conclusion is that in Anaemia generally the
resistarnce of the red-cells is lower than in Health,

hut /




but there is 1o ce¢lear line of division to be drawn

in respect of Suponin haemolysis, hetween Pernjoious.
Anaemias and other Anaemias. That result lends

no support 1o Hunter's view of a specific haemoclytic
toxin, or indeed to the much more guarded statement
of Muir that in Pernicious Anaemia an excessive

destruction of erythrocytes takes place.(loc.cit.)

CONCLUUSION PFROM RESULTS OF
SAPONIN-HAEMOLYSIS IN

ANAEMIA.

Saponin has been shown by Ransom (loc.citat)
to 1ink itself 1o Cholesterin in solution and also
to 1ink itself to soclue eleuent 11 the envelopes of

red—-cells. I% has therefore been fairly enough

assumed that it attaches itself to the Cholesterin

which is known to form an important element in thesel
|

e2ll—-envelopes. If that fact is applied to the

results of Saponin haemolysis in Table IV, the infer-
ence is that, in the various groups of Anasmia con-
tained in it, there is a defedt of Cholesterin as
compared with that present in an equal number of .
cell-envelopes of Health, but that differences in

this/
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this defect depend rather on the degree of Angemia
than on other special characters of the blood,nuclea
ted red-cells, Haemoglobin-richness, which havé been
used to c¢lassify distinet groups of blood-diseases.
The term, anaemia may be taken to include
two things, a reduction of the number of cells, and
a defect of Haemoglohin. Table IV showed that
variations in the amount of Haemoglobin did not
produce corresponding variations in the resistance
to Saponin-haemolysis. For in the group of Per-
niclous Anaemias the red-corpuscles contained excess
of Haenoglobin, in the group of Simple and Secondary
Anaemias a defect of it, and in the other groups of
the Table a standard amount of ift; aﬁd vet the vari-
ations of this factor 4id not affect the Saponin
resistance. Within a certain range, the same thiné

can. be said of the factor of oligocythaemia. That

is to say, Table IV showed considerable variation
hoth in the nwiber of red-cells, and in the amount
of Haemoglobin,; but throughout, the diminution of
resistance to Saponini was approximately equal, or
at least 1ts degree did not depend upon the other.
two factors. Anaemia therefore involves another
departure from the standard of health, namely a

defect in the vnrotoplasmic envelope that contains

the/
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the Haemoglobin of the cell. A red-cell, constitut-
ed mainly of two things, a protoplasmic envelop, and
Haemoglchin, may be defective in one of these con-
stituents or in hoth. The peculiarity of the red-
cells in Pernicious Anaemia is that the supply of
Haemoglobin is abhundant while the materials that go
to form the protoplasmic envelope are lacking. The
consequence 1s oligoeythaemia combined with a surplus
of Haemoglohin in each.cell. But, in Pernicious
Anaenia in respect of the protoplasmic envelope,
there 1s not a much greater defect, cell for cell,
than in other Anaemias, The differsnce at any rate
is rather in degree than in kind. But eclinical
facts show that in Pernicious Anaemia this defective
formation of the protoplasmic envelope is per-
manent and progressive: while in other anaemias it

is not generally so ssvere, may be only temporary,
and is not progressive pevond a gertain point. That
conclusion, baaed on the results of Saponin-haemolysig
practically restates Eichhorst's view that Pernicious
Anaemia is a failure in nutrition which may be
primary, but is often secondary to the many different
causes that lower nutrition: and that it only differs
from other 'forms of Anaemia in being extreme and

progressivef
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progressive. The affinity of Saponin for Cholesteri
an element in all protoplasm, and the results of
Saponin-haemolvsis in Anaemia suggest that the amount
| of Cholesterin is inadequate or that its metabolism

is In some way deranged. And the widely spread

fatty degeneration of tissues and organ that is found

postmortem in Pernicious Anaemia supports this hypo-
" thesis of a break down in the intimate metabolism of
the body protoplasm. It may be objected that the
hypothesis of an excessive eryvthrocytolysis would
equally well explain the fact of general fatty
‘degeneration. But the Saponin-resistance of thne red

¢ells in Pernicious Anaemia is inconsistent with

|

Hunter's theory of the presence in the body of a
powerful haemolytic polison. The diminution of
resistance in it is too small to support that
assumption: it is not nearly so extreme as in Jaun-
dice, And in Jaundice the inereased friability of
the red-cslls only expressed itself in the resistance
to Saponin. There was not in addition a marked
olipgocythasmia. In Pernicious Anaemia, therefore,
where oligoceythaemia 1s marked, the friability of
the remaining célls gshould he mich more extreme, on
the assumption of Hunter's theory but instead of
that their resistance to Saponin is much

graater/




168.

| greater than in Jaundice. ' '

INCREASE OF IRON PIGMENT IN THE LIVER

IN PERNICIOUS ANAFEMIA.

theory of Pernicious Anaemia. In conjunction with

|

|

1 This fact foris the basis of Hunter's

|

I the condition of the bone marrow it led Muir ( 19 )
|

- |
t0o his coriclusion of an excessive haemolysis in this

disease. And 1t seemed to démand from Stockman(21)a
| special explanation, namely the occurrence of numer-
ous capillary haemorrhages. It seems t0 be assumed

in the above that an increase of iron-pigment in

the liver must be due to an increased destruction

of red-cells either intravescularlv (Hunter) or ex— |

travascularly (Stockman). But it is equally reason-

L}

able that the liver should be the storehouse of ex-

cess of such pigment which the bone marrow is unable
| to makKe use of. It is necessarv to deal with this |
point because Stockman's statement as the frequency
of capillary haemorrhages in Pernicious Anaemia has
not been generally accepted. But the increase of

iron-nigment in the liver is perfectly consistent
without that occurrence of capllilary haemorrhags.

It/




It is compatible with the view of Pernicious Anaemia
ag a disease where, of the two kinds of material
that build up the erythrocyte, the supnly for the
protoplasmic envelope is deficient, but the amount

of Haemoglobin is unaltered and abundant.

SCLEROSIS OF THE SPINAL CORD IN

PERNICIOUS ANAEMIA.

This complication of Pernicious Anaemia.
has been attributed by Hunter to toxic action, and
has been used by him to supnort the theory of the
existence of a specific poison. But in view of the
conclusions just drawn from the results of Saponin-
haemolysis in Pernicious Anaemia, it is capable of
another explanation.

Cholesterin is an important constituent
of red-cells, and an even more inportant elemen; of
the medulliated nerve-sheaths in the central nervous
systen. The replacement of the nerve sheaths by
- fins connective tissue in the lateral sclerosis
complicating Pernicious Anaemia may be due to the
reduction in the supply of Cholesterin, and to its
diversion to the more urgent needs of the bone

marrow/




marrow.

Case 9, Table IV supports this suggestjon.é
Here there was recovery from a very severe attack ofi
Pernicious Anaemia, but this was followed by the ‘
appearence of lateral sclerosis of the spinal cord, ‘
although the blood-condition contirued near the stané
dard of health, The interpretation of this acoord—i
ing to the above suggestion would be that the pre- |
vious severe anaeriia had diverted cholesterin from
the spinal cord. The syvaetem would now require a
smaller amount to repair metabolic waste, and enough
would thus be available for the bone-marrow to main-
tain the blood near the bhalance of health. |

Tha other two cases in this sub-group of

Pernicious Anaemias in Table IV. are concordant wit

this suggestion. In them the anaemia is mich more
severe, but it is of a chronic and slowly progressive

|
form. |

CONCLIISION.

The results of Saponin-haemolysis in Per- |
nicious Anaemia are 1ot consistent with Hunter's
view of a naemolvtic toxin. Their approximation to
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similar results in other forms of Anaemia indicate

‘ that in Anaemia generally there is a lowered state ‘

of nitrition. This lowered nutrition in Pernicious
. Anaemia mayv be primary, or secondary to many debili-

tating condi tions. It essentially differs from that

in other forms of Anaemia in being progressive.

TABLE V. TWO CASES OF ANAEMIA WITH

ENLARGEMENT OF SPLEEN SHOWING SPECIAL REACTION

TO SAPONIN.
l
HAEMOLY SIS
Yo, Name Age DNo.of Colour Leuco- Sap Sol. 0-13cec. 0+08cec. 0O-06ce,
Sex.| Red Cells Index. cvies
ver crn. TeYr Crin. %hr. inr. 1§hrs.2hrs.{ 2hrs. 2hrs.
: |
| |
8 J.K. m) [36 3,000,000 093 | 1,800 | 88%| 98%| 99% |99:6%| 63% e
| "(2 weeks 3,900,000| 0.-80 | 1,600 83%| 97%| 98% |99%h | 45% e
later).
|
afirsEL(E) [56 1,980,000 | 1.16 | 4,400 o5% | 98%| 99.55|99.8%| 95% =
h{ "(3 weekd 2,400,000 | 1:00 | 2,800 | 91%| 99%| 99.8%|99.9% —- 48%.
later){ Health (avprage) 23%| o6%! wsh | 88% | 8% X0%.

CLINICAL/
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CLINICAL NOTES.

No.l. J.K. (aet.36, m.). Coachman; admitted to ‘nos-—i
pital in December 1907 for the purpose of opera
tion for inguinal hernia, but he developed
pyroexia, which has returned at intervals since
The pyroexic periods last two or three davs,
and the temperature rises to 100° or 101° F.

He has never bheen out of Scotland, and never
suffered from these intermittent attacks of

fever hefore. Spleen is glightly enlarged -

é%-inches vertically in mid-axillary 1ine.

Has an enlarged gland, the size of a bean, firm

|
and resilient, behind the middle of the pos- |
|
terior horder of the sterno-mastoid. '

Differential Leucocyte count:-

Polynorphs 40%
Lynphocytes 449
Large Mononmielears 1%-8%
Rosinophiles 2+2%

Film shows a few nucleated reds.
(a). February 25th, 1908,

(b). March 12th, 1908.

No.2/
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5 L s

Mrs ®.L. (aet.36). Has been weak, easily

tired, and short of breath for ten vears.

Her

skin from this time was always sallow, but at

times became of a more Jaundiced colour.

to South Africa four years ago, when enlargement

Went

of her snleen was first pointed out to her bv

the doctor. Spleen now extends laterally to

the wabilicus and downwards 1% inches below it.

No enlargement of superficial lymphatic glands.

Differential Leucocyte count:i-—

Polymorphs 45‘}5
Lvmphocvies 45%

Large Mononuclears 4%

FTosinophiles 8%

Pillm shows very numerous nucleated reds — normo-

blasts.
(a). March 6th, 1908.

(p). Mareh 27th, 1908.

These two cases showed such a feeble

resistance to Saponin that I have grouped them dis=

tinetly from the other anaemias.
were made at separate periods on each case; and

without mueh change in the blood-condition, the

Two observations

feeble resistunce was confirmed by the repeated ob-

servations.

The/
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of leucocytes is reduced in both, and in the first

| the blood-stream of a foreign haemolytic substance,

"he olipgosythaemia is not marked, but this
fact should be placed alongside another, the pre-

sence of nuclieated red—cells - normobhlasts, The

latter indicates an exceptional degree of activity on

|
the part of the bone-marrow. Both together point to
an excessive destruction of red-cells. The dif- |
ferential leucoayte determination in each case con-

firms that suggestion indirectly. The total munher

case tc a remarkable extent. That reduction is
mainly in the polwvinorpho-nuclear cells, which are
produced in the bhone-marrow. That may mean either
a defective production of them in the marrow, or an
excessive destruction in the biood strean.

This oligocythaemia, the evidence of in-
creased output of red-cells, and the feeble resis-
tance of the red-cells to Saponin-haemolysis together
strongly suggest that an excessive destruction of
ervthroevtes is occurring in these two cases. What
the nature of that exceptional haemolysis is, whether

an increase of normal haemclysis, or the presence in

there &s no material for judging.
The enlargement of the spleen is noted in
both cases. Its significance 18 quite obscure. In

several/
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|

‘ several of the cases in Table IV. enlargement of this
| organ was recorded and coexisted with a red-cell

|

[ resistance 1ittle below the standard of health.

TABLE VI, DIABETES MELLITUS.

|
|
|

: HAEMOLY SIS
0, Name. Age No.of Colour Leuco— Sap.Sol, 0:13cc. 0+08ce. 0°+06cq
Sex . Red Cells 1Index. cytes
Yer cmn. ihr. lhr. 1zhrs. 2hrs. 2hrs. 2hrs.
Bl g1, ()59 2,600,000 | nio e 8000 = == | == | = R
| 7.5, (m)| 23| 4,800,000 | 2-06| 9,600 | 10% | 35%| 655 | 78h | —- 0
| ¢.w. (m)| 27| 4,670,000 | 0°9 | 7,000| 2% | 37%| 580 | 75% | — | 0%
L | R.M. (m) | 18] 5,600,000 | 0°97| 6,000 | 28% | 53%| 74% | 79% | 24% | —-
Health (average) i gétp, 55:; Lj 865: 13};:, 10%

CLINICAL NOTES. TABLE V.

diem. Sugar, 1300 grs. per diem.

No.2/

No.l. G.L. (aet.59, m.). Has noticed thirst and

polyuria for six months. 100 0F- o‘f urine per




LMo B .« (aet.43, m.). Has had polyuria for two

vears. Urine, 100 0z. per diem; sugar, 2100 grs.

per dien.,

No.3. G.W. (aet.27, m.). Polvuria for seven months{

Urine, 120 0z. per diem; sugar, 2880 grs. per

diem.
No.4. R.M. (aet.18, m.). Thirst and polyuria for

four months. Urine, 120 0z. per diem; sugar,

3000 grs. per diem,

RESULTS OF TABLE V.

In this table the results of investigation
in four well-marked cases of Diabetes Mellitus are
ineluded.

In No.l, the larger dose of Saponin given
was 0 +1l4cc., énd its operation can now be separately
ziven and compared with the action of a similar dose

upon erythrocytes of health.

GONDITION/
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CONDITION HAEMOLY SIS

Name  Age . - .Sap.Sol. Zhr.lhr lghrs 2hrs,

Sex.

G.L.(m) 59 Diabetes— 0rl4ce. 24% 86% 95%  97%
Mellitus

| M.S.(m) 22 Health 0:14cc. 21% 94% o7%  98%

That result is concordant with that of the
5 small dose of Saponin recorded in Table V. for this
case .

These four cases show an increased resis—
tance on the part of the red-cells to Saponin-naemo-—
lysis. This is hardly appreciable in No.l, bput in
| the remaining cases it is quite marked. This in-
crease of resistance is present both throughout the

larger dose, and at the termination of the smaller

| one. In the latfer respect it differs from the
| results of Fever, Table IIIl., Group I., where there
was a discordance, very difficult to explain, bhut
cornisistent, throughout the group, hetween the early
haenolysis of the larger dose, and the final stage
of the smaller one.

These cases of niébetes therefore show an
increased resistance of a sample of thelr ervthro-

cytes from the beginning to the end of haemolysis.
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THE RESISTANCE. OF RED BLOOD-CORPUSCLES TO

HYPO-TONIC SALT SOLUTIONS:

A1l the exact data on the resistance of
human red-cells in health and disease have been ob-
tained by this method. They are few in number.
Chanel ( a5 ) found their resistance increased:in
Jaundice, and proportionately to the severity of the
Jaundice. This was confirmed by v. Limbeck ( 4 )
and by Viola (24 ).

Janowsky (g5 ) found the resistance increas-
ed in Infectious Diseases and especially in Typhus
Fever: also in Gahaer of infternal organs.

Lang ( g5 ) studied the red-cell resistance in malig-
nant and non-malignant conditions of the stomach,
and found a gréat increase in the former and only a
slight inerease in the latter. Chanel:!'s investi-
gations entitled, "Recherches sur la resistance des
Haematieg.! Tﬁése Doct.Lyons, 18856, and Janowsky's
gseveral papers published in the Kiinische Wochen-
schrift ( St.Petershurg) were inaccessible to me.
Fortunately Lang, in a long paper, gives a full

account/
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account not only of the results of these obssrvers,
but also of the technique by which they were obtained
ghanel and Janowsky both employesd the principle of
enumeration in determining haemoliysis: and adopted it
independentliy of each other. As the method of
enuneration is the basis of the technique of the
present investigation, 1t is necessary to state that
it was conceived and developed by me early in this
research, and independently of Chanel and Janowsky.
It was only at a late period that I obtained from
Lang's paper the celue to its previous employment by
the French and Russian observers. My application of
the principle was entirely different. One coITon
fact ahout the resulfs obtained by this method is
notewortiy. They show in every one of the few
diseases investigated an inereased resistance of
the red-cells as compared with health. That is
aignificant in view of the fact that, in Saponin-
haemolysis, the resistance is in some cases increased
and in others diminsned, but the departure from the
standard of health is much greater in the direction
of diminution than in that of increase.

It has already been pointed out that re-

siilts obtained in Jaundice by the one method are ex—

aétlv/
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exactly contradicted by those of the other. In that
condition the divergence of results obtained by two
different methods was most striking. I therefore
employed both methods in a few cases of Jaundice, and

in other conditions of disease in which I had obtain-

ed definite results with Saponin-haemolysis.

The technique of the hypotonic method I
employed was very simple. In the usual way I pre-
pared suspensions of washed red-cells, and measured
from the samples that contained 50 million cells.
These samples were brought in every case to a bulk

of 1 ecec. by addition of saline solution. In every

case theré was thus a suspension of 50 million washed
¢ells in an equal bulk of 0°85 saline solution -1 cei
To this was added 1 cc. of Distilled Water. These |
red-cells were now bathed in 0-.42% saline solution.

The degree of haemolysis resulting was determined by

enumeration of the remaining cells in the suspension.
i
|

TIME AT WHICH HABMOLYSIS WAS RECORDED.

A hypotonic saline suspension having been
prepared, it was necessary to fix a period at which
to record haemolysis. This was easy, for the re-

sults/
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results given under, show that the full degree of

haemolysis 1s reached very soon after the preparation
of tha hypotonie fluid.

In the following 2 tubes there is a bulk
of 2 cc. of 0:42 saline solution, containing 50 mins.

washed red cells, in sach tube.

HAEMOLYSIS AFTER,

NAME CONDITION 20 MIN. 1% hrs. 3 hrs.
C.M. Health. 73% = 72%

’ Secondary.
A.S. Anaenia. 83% 81% 82%

In each of these cases the haemolysis was

followed in the same tube. The slight variations

shown are due to the error of calculation. The con-—
clusion given by these results 1is that haemolysis %
by a hypotonic salt solution is completed very quick-
1v. The above results were obtained at room-tempera
ture 189¢. Repetition of the experiments at In-
cubator-temperature (37°¢) gave the same result,
namely that the full degree of haemolysis was reached

within a Few minutes of the preparation of the

experiment. In the subsequent tables, haemolysis

was/
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was alwayvs recorded 1 hour affer preparation of the
tubes. The tubes were kept at room-temperature 18°C.
| for that period.

I now give a tahle which compares the re-
sults of Saponin-haemolysis, with those of hyvpotohnic
saline solution (0°:42% Na.Cl) in a few cases of Healt
of Jaundice, and some other ~onditions. Only enough
| results will be given to demonstrate that the two
methods are divergent and test different elements
of eell-resistance. That purpose will be served
without the introduction of details of the blood-
count , efc., as in the former tables of Saponin-hae-

molvsis,

HAEMOLYV SIS/

n,
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HAEMOLYSI S,
|
|
NAME SAP., " SAL,

& SOL. 0-12c¢c¢. SOL.0-42%
SEX.  AGE. CONDITION 2 _hours. 1 hour.
¢.M.(m) |26 Health 93% 72%
J.G.(i) |19 L 90% 80%

- W.S.(m) |36 " 87% 77%
| &.Dlm) J| 60 L 93% 75%
i .

B.K.(m) 1|67 Jaundics 99.6% 47%
T.B.(m) |38 U 99.8% 35%
T.D,6n) |40 " 99.9% 55%
Mrs.E.B. 46 " 99.9% 25%
Mrs.G. 53 L 99, 9% 45%
|
¢.J.(m) |25 [Pern.Anaemia 98% 85%
M.R.(E) | 37 " " 98% 96%
Mrs S. 54 n " 94% 55%
A.S.(m) | &1 " " 97% 80.2%
Mrs. S. 37 |Second Anaem.| 93% 81%
Mrs. R. 29 l " 93% 7%
J.K.(m) | 36 |Anas.Tahle V.| 99% 33%
B.A.(£) | 22 |Fever aéuta 100% 98¢%
miitary
tuberenlosis.
V.P.(m) | 28 [Fever Pnewion] 98% z1%
Mrs J.H.| 28 " Phthisiq 78% 620
A.C.(m) | 21 " Pnewnon 79% 90%
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THE DIVERGENCE OF RESULTS IN TWO DIFFERENT

FORMS OF HAEMOLYSIS

This table shows a remarkable divergsnce
of the results of the two methods in the cases of
Jaundice. In the cases of Pernicious Anaemia and
Secondary Anaenia a diminished resistancee to0 Saponin
is accompanied by a diminished resistance to the
hypotonic saline solution. In the cases of Fever,
there is a correspondence of results in the first
case, where by both methods a diminished resistance
is recorded. In the others diversence again appesars
the second case showing a diminished resistance to
Saponin and increased resistance in the saline solu-
tion, the third and fourth showing increased re-
sistance to Saponin, and a standard or diminished
resistance in the saline solution.

The case of Anaemia recorded in Table V
also shows a dlvergence of results. But attention
may bhe concentrated on the divergence of results re—
vealed in the cases of Jaundice. Chanel and v.Lim—
beck (loc.cit.) have already established the fact of
the increased resistance of the red-cells in that

condtion/
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condition to hypotonie saline solution. The above
tahle i3 a further comfirmation of the fact, but it
equally emphatically demonstrates the rmueh diminished
resistance of the celis to Saponin-haemolysis.
Jaundice, therefore,may be taken as a test case: for
in it the divergence of results gppearsin the most
axtreme degree. It mast be concluded from it not
only that a red-cell possesses More than one slement
of resistance 1o haerolysis, but also that it may be
very deficisnt in one form of resistance and simul-
taneously possess a very high resistance of anotheX
form. It becones, therefore, an inportant matter
to determine which method apnroximates more closely

to in corpore haemolvsis, 80 that experimental data

as to resistance of red-celis 1may bhe applicable 10

their condition in the bodv. Unfortunately nothing

is certainly known of the nature of in corpore ' hae—
molysis. But thefe is a probability that Saponin-
haemolysis more c¢losely approximates to it, for with
it the action on the red-cells in an isotonic sus-
pension; while with a hvpotonic¢ saline solution the
red-cells are subjected to a test whicéh is not
applied to them in the body. But the divergence of
results of the two methods in Jaundice is specially

interasting/




interesting. The feehleness of celli-resistance to
Saponin in that condition has alreadv-heen discussed
and has heen attributed to interaction bhetween the
83lts of the bile-acids and the red-cells. That
vpossibility suggests that a red-cell under the minor
action of one haemolytic agent - sodiuwm glyecocholate,
may hecome more resistant to another haemolytic agenf
distilied watex.

This suggestion was tested by the foliowing
experinment. A dose of 0.06 ce. Saponin-solution
acting upon 50 millions washed erythrocytes ( my own)
in a bulk of 2 cc. saline solution (0.85% produced
in 2 hours 8% haemolysis. To this tubs was now
added 2 ce. distilled water, making 4 ecc., of a hypo-
tonié saline solution (0.42%). The total haemolysis
in the tube after another hour was 57%. But an
equal sample of fresh cells in a similar hypotonic
solution at the beginning of the experiment showed
a haemolysis 6f 72%. It seemed fair to conclude
that the fixation of Saponin by the envelopes of the
red-cells had increased their resistance in a hypo-

tonic:saline solution.
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DURATION OF CONTACT OF RED-CELLS WITH AN

ISOTONIC TFLUID: ITS BFPFECT UPON

HYPOTONIC SALT-SOLUTION HAEMOLYSIS.

But at the same time I obtained another

result which made this conclusion doubtful. on

keeping a suspension of red-cells in 0-85% saline

| .

| solution for many hours, I found that their resist-
ance in a hypotonic saline solution became much

inereased. The following example will illustrate.

¢.J. (m) 3et.25. Pernicious Anaenmia.

| 0.59zc.hlood-suspension contains 50 mins.red-cell
| IN TUBE 1, 0.59 cc. of blood-suspension was brought
to 1 cc.bulk with 0.85 saline solution:! 1 cc. dis-
tilled water immediately added: and haemolysis
determined in 1 hour.
IN TUBE 2, 0.59 cc. hlood-suspension was brought to
1 ge. bulk with 0.85 saline solution: kent for
24 hours at room-temperature, after the period,
1l ce disﬁilled water added, and haemolysis dster-
mined in 1 hour.

DISTILLED- ; HAE-
TURES BLOOD DRAWN., WATER ADDED. INTERVAL.MOLYSIS.

S'

1 1lp.m.Feb.20 2p.m.Feb.20 3 hours. 82%
2 " 2D.M.Feb.21 27 hours.  14%,

The/
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The result shows that red-c¢ells kapt in an
1sotonic fluid for a long period develop a much in-
creoased resistance to the action of distillied water.
In the table 825 haemolysis oceurs in the hypotonic
saline solution prepared on Feb. 20th. But an equal
sample of the same rad-cells Xept for a day_in 0.85
salins solution, and then placed in the same hypo-
tonic mediwm now show oniy 14% haemolysis. Their
registance to this forim of haemolysis has bheen very
greatly increased by their remaining for a consider—|

ble period In the isotonic saline Pluid. It be-

)

came at onee necessary 1o determine whether this
change of resistance, wnich in 24 hours was so con-
siderably developed esariy or late. The following
examples show that it developed soon and progressed
very rapidly. In them as before, washed suspensions
were prepared from the blood, and from these, hypo-
tonic saline solution of bulk 2 ce. and containing
50 million-red—cells wers preparsd. The hypotonic
solutions were prepared at increasing intervals from
the time of withdrawal of bhlood from the patient,
the isotonic saline suspensions besing Kept at room-
temperature 189C. and the hypotonic suspensions heing
prepared from them at the times indicated.

The table shows results obtainsd from the
red-cells of 3 healthy women.

NAuE/
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HAEMOLYSIS IN HYPOTONIC SOLUTIONS

| NAME PREPARED AFTER REMAINING IN
& RLOOD ISOTONIC SOLUTION FOR
AGE.  OBTAINED, 2 hrs. 3 hrs. 4 hrs, 5 hrs.
Mrs.W.(22) 10.20am. - 81% 9% - |
|Mrs.A.B(22)10,10am.70%  68% 160 -
| 4
M.B. (29) 10.30amw.72%  68% 27% 13% o

These results are very clear and striking.

They show that the great change in resistance to

hypotonic solutions already indicated takes place

early, and that its maximum action is between 3 and

4 hours after withdrawal of blood from the patient. |
In the results of Chanel, v.iimbeck,
Janowsky and Lang (loc.cit) this factor has not time
to influence their resultis; for entire bHlood was used
in their determinations, and immediately on with-
drawal from the patient was placed in the hyvpotonic
mediwn. But in the present investigation, washed
blood—corpﬁscles were used, and the processes of
washing and counting the suspensions occupied about
2 hours. By that time changes in resistance to
hypotonice saline solution were beginning. Great

accuracy cannot therefore be claimed for the results

in the table p.laé.but the fact that the results in |
i
the case of Jaundice confirm those obtained by other|

technical/ E




| teehnical methods where this error does not operate,
shows that theyv are roughly accurate. But these

results made it impossible to draw any conclusion

from the experiment on p.386 . The increase of re-

| sistance to the hypotonic solution of the Saponin-

| fixed red-cells might be and probably was, . entjre1yi
due to this increase of resistance of red-cells re-

| maining a longer tirme in the isotonic fluid. In |

the following experiment, this factor was properly

controlled.

E.H. aet. 18, Hyperpyrexia Typhold Fever.
Blood drawn 11.30 a.m.

Tube 1;.50 million washed red-cells, treated with
0.04cce Saponin Solution brought with
0.85% saline solution to 2 cc: incubated
at 37°C for 1 hour: then made a hypo-
tonic solution by addition of 2 cc.
distilled water.

Tube 2, At the same time, 50 1million washed red-
¢ells brought with 0.85% Sal.Soln. to ‘
2 ¢e, incubated for 1 hour at 37°C. then
made a hypotonic solution by addition of

2 oce, distilled water.

HYPOTONIC
TURE BLOOD DRAWN. SOL.PREPARED HARMOLYSIS
1 11.30 a.n. 2.30 p.m. 97%
Sap.Soln.
Ty ey i " 95%

Tha/
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The conelusion is that the interaction of |

a small dose of Saponin with red-cells under those

conditions does not alter the resistance of the cells
to distilled water either in the direction of diminui
tion or inerease. It leaves unexplained the undoubt-
ed divergence of results hetween these two methods of

estimating resistance to haemolysis. That diver-

gence is best illustrated in jaundice but it exists

in other conditions as well..

-DURATION OF CONTACT OF RED-CELLS
WITH AN ISOTONIC FLUID: ITS

EFFECT UPON SAPONIN-HAEMOLYSIS.

But 1 £ red-cells withdrawn from the blood,
and KkKept in isotonie saline fluids, rapidly

alter in their resistance to haemolvais bv hypotonic

salt solutions, it was equally possible that the
Saponin- resistance of red-cells might vary with the |
length of the interval bétween the withdrawal of
the red-cells and their exposure to the action of i
Saponin. It was imperative that this possibility i

should be tested, for it threatened all the results

of/




of Saponin-haemolysis already obtained.

The following experiment tests this possi-‘

bilitv.. ‘

‘M.B.(f). aet. 29. Health.
2 Tubes were prepared sach containing 50

miliions washed red-cells, and 0.12 cc.

Saponin Solution, made up fo a bulk of
2 cc., with 0.85 saline.

Tube 1, prepared and incubated at 37°¢. for 2 hrs.
and the haemolysis recorded.

Tube 2, was allowed to remain for 2 hours more at

room-temperature before addition of
Saponin: 0,12 Sapornin solution then add—i
ed; incubated for 2 hours at 37°C. and

haemolyvais then recorded.

SAP. SOL.
ADDED & ~ HAEMOLYSIS.
TUBE. BLOOD DRAWN. INCUBATED INTERVAL, 2 hours.
1 10.30a.m. 12.30 a.m. 2 hours 90.9%
2 " 2.30 a.m. 4 hours. 91.4%

The conclusion is that hetween an interval

of/
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of 2 hours and one of 4 hours from the drawing of

blood, red—-cells Kept in an isotonic fiuid do rot !

change in their resistance to Saponin. The trifling
difference in haemolysis of the abhove tubes 1s simply
the error of experiment and calculation. But it was
Just in that period of from 2 to 4 hours from the

drawing of blood that all my results of Saponin-hae-

f molysis were obhtained. The above experiment there-|

fore enp;rely clears them from suspicion of the !
fallacy that was hypothetically possible.

It was interesting to determine if a 10nge?
period of contact with an isotoniec fiuid would pro-— |
duce alteraticns in resistance 1o Saponin-haenolysisg

In the following experiment exactly the same pro-

cedure was adopted, but one sample of washed red-

cells was kept for more than 24 hours at room tempera-
i

ture hefore subjection o the same dose of Saponin |

Solution. i i

MBSt a8t.23, Health.

SAP. SOLN. HABMOLY SIS
ADDED: IN
TUBE. BLOOD DRAWN. INCUBATED. INTERVAL. 2 hours.

1 ‘lia.m.Jan 16, 1p.m.Jan.16. 2 hrs. 99.52%

2 " " 3p.n.Jan.17. 28 hrs. 99.72% |

The/




The conclusion is that red-cells Kept in
an isotoniec fiuid for 28 hours from their withdrawal |
from the blood do not within that period undergo any|

change in their resistance to Saponin. i
|

CONTRAST BETWEEN SAPONIN -, & HYPOTONIC

SALT-SOLUTION -~ HAEMOLYSIS.

The duration of contact of red-cells with i
an isotonic fluid therefore has a very different |
effect upon these two haemolyvtic agents, Saponin andi
a hvpotonic salt-solution. After a period of 24hrsT
the action of Saponin is unchanged, and the resis-
tance of the red-cells to it is unaltered. After ?
the same period the resistance of the same sample of
cells to a hypotonic salt solution has become enor- |
mously increased. That remarkable result shows theé
danger of applying the results ohtained from the
hypotonie salt—-solution method. TFor it is proved
that a red-cell may become enormously increased in
its resistance to this form of haemolysis, and vet
remain unchanged in its resistance to such a hae-
molytic agent as Saponin. But this fact mav also
throw light on the divergence of results obtained l
by the two methods in Jaundice. For a greatly in-

creased/
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increased.resistance 1o haemolysis by hypotonic salt-—
solution is now shown to he compatible with an un-—
changed resistance to Saponin.In the results of hae-
molysis In Jaundice the increase of resgsistance 1is
also obtained by the hypotonic salt-solution method,
and the diminution of resistance by Saponin-haemoly-
8is. But experiment having shown that outside the
body a red-cell may inerease in its resistance 1o a
hypotonie salt-solution, and yet remain unchanged in
its resistance to Saponin, it is equally possible

that an increase of the former resistance in corpore

may be acconmpanied by a dininution of resistance to

another kind of haemclysis in cornore.

The eritical question is, "which of these
two haemolyitice agents more closely approximates to
the haemolvtic process in the body?"

In the first place haemolysis in corpore
cannot take place by laking of the red-cells in a
hypotonic mediunm. It 1s therefore very unsafe to
transfer the data of red-cell resistance in hypotonic
solutions to red-cell resistance within the hody,

and chiefly for two reasons:

(1)/




(1). The method tests an element of celli-re-—
gistance which does not determine hae-

molysis in the bhody.

(2). A great increase in the resistance of redrf
cells to hypotonic saline soltitions
may take place without any change, and
with even a great diminution, in the
resistance 10 Saponin. That has heen
shown cliniecally in the condition of

Jaundice, and also experimentally

It is certain of course that accurate data
as to ths resistance of red-cells to hvpotonic saline
gsolutions indicate some phyvsical change in the cell-
envelons. But it is impossible to infer that in-
crease of resistance to such a haemolytic agent in-
dicates increased resistance fto hasemolysis in corpore
For it has been shown sxperimentally that increase
of resistance to the action of distiiled water may
co-exist with unaltered resistance to another hae-
molytic agent Saponin. And in Jaundice inereased
resistance to @« hypotoniec saline solution co—exists
with a much diminished resistance to Saponin. There
are, therefore, experimental grounds for believing

that/
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that the changes in the red-cells in the bhody which
produces an increased resistance to hvpotonic saline
golution are guite independent of the process of has—
molysis, and that the data obtained by such a method
give no indieation of the nature of haemol?sis in
the body and of the resistance of the red-cells to
that haemolysis.
The action of Saponin as employed in the
present investigation approximates more c¢losely to
haemolvsis in corpore. At the least, the action
of 1%is haemolysis is carried on in an isotonic fluid,
but the approximation c¢annot be carried much further

with certainty, for the nature of in corpore haemoly-

sis and the element of the red-cells that determines
resistance to that haemolysis are still obscure.

It is this gap in our Knowledge of in corpore hae-—

molysis which makes difficulty in expressing the re-
sults of Saponin-haemolysis in terms of physiological
and nathological activity in the body. At the same
time Saponin is a general protoplasmic poison, and |
the measurement of its haemolytic action upon red-
cells undoubtedly gauges the condition of the envelope-
protoplasn. The results of Saponin-haenolysis will

therefore indicate the condition of the cell-envelope

~apart from the question of its resistance to hae-

molysis in eorpore and will give information either

as/
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to abnormal formation by the bone marrow or abnormal
meLaboli ¢ waste.

The aceceptance of Hunter's view of an
active in corpore hasenolysis — a bhio-chemical process
of the nature of a solution of thé red-cells within
the portal circulation, would be very convenient,
and would allow a more confident 1nterpretatioﬁ of
these results of BSaponin-haemolysis, But Hunter's
very able and careful ressarches though they strongly
suggest his conclusions, do not give them decisive
proof. The interpretation of the results of Saponin-
haemolysis in this investigafion is therefore pro-
visional.

It would have been possible to have stated
the results by themselves, withovt attempting to ad-
just them to conditiohs in the body, or to discuss
their bearing upon pathology and pathogenesis. But
in some cases these results were so suggestive that
a reasonable discussion could not bhe avoided. This
was notably so in the case of Jaundice, where the
results of Saponin-haemolysis not only seemed to
shed 1light upon the disposal of the salts of the bile-
aclids, but further suggested that these salts had in

health/
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health an important part in haemolysis in the body.

In Pernicious Anaemia and other Anaemias the
results obtained were equally suggestive. Indeed,
they were more relevant to the Etiology of Pernicious
Anasnia than other experimental data, and it was
quite proper and useful to adjust them to the differ-
ent prevailing views cf that disease.

These data of Saponin-haemolysis in health
and disease therefore accenftuate the need for fresh
research'into the physiology of haemolysis within
the body. If such knowledge were forthcoming,
accurate dafta as to the condition of the erythrocyte-
envelope in various conditions of disease would have
decisive value in determining the patholdgv and patho-
genesis of those diseases.

I now proceed to swmarise the results and
conelusions obtained from Saponin-haemolysis in
digeage: and the ceritical examination of the method
of testing red-cell resistance by hypotonic salt—

solutions.

CONCLUSIONS/
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CONCLUSIOHN S,

JAUNDICE.

1. In Obstructive Jaundice the resistance of human
red—-cells 10 haemolysis by Saponin is mmeh
dininished; and the degree of diminution is

proportionate to the severity of the Jaundice.

2. The explanation of this fact may be that in Jaun-
dice there is interaction bhetween the red-
cells and the haemoclytic salts of the bile—

acids.

3. At the same time, the absence of oligocythaemia
in Jaundice indicates that the destruction of
red—cells: though it may he increased, 48 nof

excessiveliyv increased.

4, If such interaction takes place in Jaundice, it
may also occur in Health bhut in different
degrees, and at a different site, namely in

the portal c¢irculation.

5. The condition of the red-cells in Jaundice, as
tested by Saponin would thus bhe explained hy
the derangement of the cireculation of the

bile—-salts in that condition.

FEVER/
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7.

In FPever there is a diminished resistance of the

In moderate degrees of Fever the total resist-

The

group of lovw-resistance ¢ells in a sample.

ance of the whole sample of cells is in-

creasead. In high Fever the total resigt-

ance is dininished.

explanation of these results is that in
Fever there is increased destruction of red—
¢ells, and an increased production of fresh
¢ells by the bone-marrow. In modesrate
Fever this compensation is excessive, pro-
ducing polyeythaesmia, and inereasing the
total resistance of a sample of cells. 1In
high Fever, it is generally adequate, and
prevents oligocythasmia, but the total re-—
sistance of the sample is diminished. Brief]
1y, in moderate Fever the destruction of
red-cells is increased; in high Fever it 1s

excessively increased.

EXOPHTHALMIC/
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10.

11.

12.
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EXOPHTHALMIC GOITRE.

In Exophthalmic Goitre the conditions are ex-

actly as in Fever,—- increased destruction

and inereased production of red-cells. There

is always a diminished resistance of the

group of low-resistance cells. There may
he either a standard total resistancs of a
sample of cells, or a diminished total re-

sistance.
ANAEMIA.,

In Anaesmia there ig a diminished red-cell. re—

sistance to Saponin.

The diminution of resistance is greatest in
advanced, or in rapidly advancing cases of

Pernicious Anaemia.

In moderate or slowly advaneing Pernicious
Anaemia, the diminution of resistance closely
approximates o that in Simple and Secondary

Anaenia.

The depgree of dininished resistance in Anaemia

does/
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15.
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does not depend on the amount of oligocythae-
mia: nor on the poverty or riehness of the

red—-cell in Haemoglohin.

The diminution of resistance depends on the rate
of progress of the Anasmia. This is best

illustrated in Pernicious Anaemia.

The Saponin-resistance of the red-cells in
Pernicious Anaemia does not support Hunter's

view of its etiology.

The fact that cases of Chronic but prdnounced
Pernicious Anaemia show a resistance squal
to and sometimes greater than that in other
forms of Anaemia neither "Pernicious" nor
progressive, 18 inconsistentwith the acﬁion
of a powerful haemolytic toxin causing an

excessive destruction of red-cells.

Whereas, that fact supvorts the view of Pernic-—
jous Anaemia as a disease where there is a
defect in the metabholism that forms the

envelopes. of red-cells.

The distinetion between Pernicious Anaenia,

and/
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and other forms of Anasnia is that in the
former this defect of metaholism is permanent
and progressive; while in the latter it is

tenmporary.

So long as Pernicious Anaemia is slowly progress-—
ive, it8 effects are expressed by oligoceythae-—-
mia, and not by a pronounced diminution of ' |

the Savonin-resistance of its red-cells.

When Pernicious Anaemia is rapidly progressive,
its effects are expressed both by 0ligo-
cythaemia, and b? a pronounced diminuticn of

the resistance of the red-cells.

The association of oligocythaemia and a high
Haemogliohin—-Index of the red-cell in Per-—
nicious Anaenia is explained by the hvpo-
thesis of inferior or insufficient envelope-
protoplasm, and an abundant supply of Hae-

meglobin.

The excesa of iron-pigment in the liver in
Pernicious Anaemia may equally well be eX—
plained by a storage of surplus Haemoglobin,

as by an excessive destruction of red-cells.
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Saponin-resistance of the red-cells in
Pernicious Anaemia does not support the view
of an excessive destruetion of red-ceils in

that disease.

widely—spread fatty degeneration in tissues

and organs in Perniciocus Anaemia supports

the hypothesis of a progressive defect in

the metabolism of cell-protoplasm. ;

occurrence of sclerosis of the spinal cord
as a complication is in 1ine with the above
|

hypothesis.

affinity of Saponin for Cholesterin, and the
presence of the latter as an important con-
stituent of the envelope of red-cells and
of the meduillated nerve sheaths, and as an
element in all protoplasm, would indicate
that in Pernicious Anaemia the supply of
Cholesterin has become defective or that its

metabolism is deranged.

TABLE V. SPECIAL ANAEMIAS.

mich diminished Saponin-resistance of
the red-cells together with oligocy-
thaemia in these 1two cases of Anaemia

Would./
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27. would indicate that in them there is an ex—
ceasive destruction of red-cells,

DIABETES.

28. In Diahetes the resgistance of the red-cells is
of the standard of Health, or is slightly
increased.

SECTION II.

HAEMOLYSIS BY ! HYPOTONIC SALT-SOLUTION.

29. In verious pathologlcal conditions the data of
red-cells resistance to Saponin-haemolysis,
and to laking by hypotonic saline solution

are opposed to each other.

30. This divergence 1s best illustrated in Obstruct-
|

ive Jaundice, where the red-cells are feeb— -

1y resistant to Saponin but highly resist-

ant to hvpotonic saline sclutions.

3]l. The conclusion is that the two haemolytic pro-
cesses are different, and that each tests

a different factor of cell-resistance.

32. Red-cells kept for a time in an isotonie saline

golution develop an inereased resistance to

a/
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33, a hyvpotonic saline solution. The total
incerease of resistance is very great, and
the major part of it is effected in a period
of from 2 to 5 hours from the withdrawal of

the red—cells from the circulation.

33, Red-celis, kept in an isotonic saline filuid for
24 hours at 18°2¢. remain unchanged in their

resistance to Saponin-haemolysis.

24, QConelusions 32 and 33 make a complete experi-
mental analogy for the divergence of results
obtained by the two methods of haemolysis in

Jaundica.

35. 1In Jaundiee incrsased resistance to a hypotonic
galine solution co-axistis with a greater
feaebhleness of the cells to ancther form of

haesmolysis.

36, Saponin-haemolysis may test that form of cell-
resistance that determines haemolvsis in

coTrpores.

37. Hasemolvsis by a hypotonic salt-solution tesits
a form of celi-resistance which does not

detérmine/
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3 determine haemolysis in corpors. Its data
expresses so0ie physical change in the cell:
but. they cannot be applied to conditions in
the hody. They convev no information as to
the physiology = and pathology of hlood.

destruction in the body.

In eonclusion, I beg to thank the Physic-
fans of the Roval Edinburgh Infirmary for their kind
permission 10 use resulis obtained from patisnts in
their Wards.

Pinally, I would express nmy thanks to Sir
Thomas Fraser, for his suggestion of the subject,
for hislinterest and encouragement throughout the in-—
vestigation, and for all the facilities I have en-—

joved in his laboratory.
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