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THE HAEMOLYTIC POWER OF URINE,

INTRODUCTION,

This interesting subject, a study of the haemo-
lytic activity of urine, on which there is little
available literature, is of comparatively recent
development,

If the complex nature of such a substance as
urine, be taken into consideration for a moment, the
complexity of any investigation such as this will be

realised in so far as attempting to obtain definite

| facts are concerned, .

Again, if urine be looked upon not as a single

gubgtance but rather as a collection of substances

it is obvious that any results obtained must neces-

' garily be interpreted with caution.

The first thing that comes to one's mind when

the question of the presence of haemolysins in urine

18 thought of, seems to be such simple factors as,

 Decomposition, Tonicity, or some of the well known

constituents which may occur in urine from time to

| time, Curiously enough these factors, as has besn

' ghown and is corroborated in the following experiments,

geem to play little, if any, part in the production

. of haemolysis of the erythrocytes of a blood suspen-

| gion,

The /




Ll aallBh e ng

| the haemolytic agent is presumably not a normal con-

| gtituent of urine,

' goneral health was good, ), when these urines were |
| tested by a sensitive method, He found that in
| previous work on the subject important factors had

: besn overlooked.,

i
The observers who have investigated this queatio%
from various points of view are McKee (1915), Molinar{
(19192) and Ponder (1921). Bach of these observers
has worked separately and their results have been
widely divergent,

Their conclusions regarding the phenomenon were

|
as follows:-

McKee (the first investizator) stated that hasmo
|
lytic activity of urine of certain morbid states is
of fairly common occurrence; that it has never been

observed in the urine of normal individuals and that |

Ponder, on the other hand, observed hasmolytic

activity as a regular occurrence when he examined the|

urines of insans persons (Individuals however whose

In later obssrvations by Ponder it was shown

" | that g4 per cent of the urine of normal individuals

wore haemolytic 1f examined at one period only,
Ponder further concluded that the hasemolytic
substance appeared to be a stable chemical compound
oapabls of being extracted from the urines by various?
solvents and he noted that the hasmolytic power of

urine / |



urine was inhibited by various substances, notably

blood serum, . His work justified the suggestion that

| this haemolytic activity is dependent on the urine
| containing minute traces of bile acids and their salts,
and contrary to McKee he regarded the pressncs of a
haemolytic substance in the urine as physiological,

The work of Molinari can be summarissd as follow=z:-

| That the urine has no hasmolytic action and that

zindeed there would appear to be an anti-hasmolytic

isubstance normally present; that this property may bs

lused for diasgnostic purposes in nephritis and cancer,

| the urines of Which conditions he found to be less

- anti_hasmolytic, In a word, then, the obssrvations

go far, ére:_

:(1) That only urines of certain morbid states are

| haemolytic.

|(2) That the urine of normal individuals may be,

| end for the most part, is haemolytic.

| (3) That urine, whether normal or othsrwise, is not
haemolytic . if anything anti-hasmeclytic.

5 Such & subject obviously will bear further

| investigation and the experiments described im this

itheais were commenced with the idea of cobtaining, if

!possible, gome further information regarding this

| subject, In short:-

' (1) To observe if the urines examined are haemclytio,

(2) To observe if only the urines of pathological
conditions are hsesemolytic, For this purpose

| urines /



(3)

(4)

(5)

(8)

(7)

urines from unselected morbid conditions were
collected and examined on consecutive days to
observe any variation in activity,

To observe if the urine is more haemolytic or !
less haemolytic in any individual condition and

to obtain further specimens from other patients

suffering from the same condition, to ascertain

if the results are consistent,

To note if any drug used in the treatment of such
conditions might be excreted in a form in the ‘
urine which would influence the haemolytic power.
To carry out a delicate test for bile acids in
the urines observed, to ascertain if the parallel-
ism described by Ponder between the bile acid

content and the haemolytic activity is apparent,

Also to observe if the specific gravity of the

i

urine, the tonicity or the pH has any bearing o
the results obtainsd,

To find if urines of morbid conditions, although
non.haemolytic at one period or periods, are
necessarily always non.haemolytic.

To note any common substance or substances which
accelerate, retard or prevent the occurrence of

haemolysis in urine,

To obtain Percentage Haemolysis Curves of haemo-|
lytic urines with a view to finding the nature

of the reasction.



(9) To test the resistance of erythrocytes of varioué
animals to urine.

(10) To observe if the haemolytic activity is alteredg

by exercise, drinking large quantities of w&ter,i

ete.

(11) To ascertain whether the surfasce tension of the |

urine is related to the hasmolytic ectivity. |

The wvarious morbid conditions from which McKee

obtained haemolytic urine are found set out in his

| paper and will be discussed later.
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TECHNIQUE ADOPTED 1IN ESTIMATING THE HAEMOLYTIC

ACTIVITY OF URINE OF VARIOUS PATHOLOGICAL

CONDITIONS,

Each specimen of urine to be tested for its i
haemolytio power, was collected in the morning, just {
after it had been passed by the patient, in thoroughlg
clean and dry glass-stoppered bottles, |

The specimens were immediately brought to the

Physiological Department where these experiments were

conducted.

From six to twelve urines were tested daily, and |
'at the commencement urine from the same patient was |
iused on consecutive days (i.e. a fresh sample being
!taken daily) in order to ascertain in what manner thié
'haemolytic power varied, and to find if urine con-
Itained a haemolytic substance or substances at certain
periods only, In every case the specimens of urine |

|
‘were put up in small test-tubes, (which had been care-

Ifully washed and dried in the incubator overnight)

|in varying dilutions with saline,

| The strength of Na Cl1 used was 0,85 per cent,.
It is known that erythrocytes immersed in a

| solution of lower osmotic pressure than the plasma

éwhioh/ .



which normally bathes them, undergo lysis. In the
case of human red cells (and human red cells were
used in the majority of these experiments) there is
no lysis at 0.8 or 0.7 per cent Na Cl, . the tonicity:
|

of which does not differ greatly from that of plasma, |

In 0.45 per cent sodium chloride, however, or in

| concentrations less than this, lysis occurs.

0.85 per cent Ng Cl, therefore was a concentra.- i
tion which was suitable for this purpose and indeed ;
wilth every daily collection of urines tested, controlé
were put up of 1,0 ce., 0,85 per cent. Na Cl and the
game quantity of blood suspension as was used in the

case of the urines,

With these controls it was invariably observed

' that no haemolysis was produced, indicating again that

| 0.85 per cent Ng Cl was a safe concentration to work

with,
The various dilutions of urine with this strength
of Wa 01, used in the case of each individual specimen

were as follows,

Urine, Saline,

1.0 cc, 0.

0.75 cc. 0.25 cc.
0.5 co, 0.5 cc.

0.25 cc, 0.75 cc,
0.1 ccC, 0.9 cc,

i.e./



j.e. the various quantities of urine used were made up

to 1.0 cc. with saline,

Both the urine and Ng Cl solution were very
accurately measured in 1.0 cc. pipettes, graduated
in L ths, In cases where the urine of a particular

100
patient was very actively haemolytic, still smaller

gmounts of urine were taken (e.g., 0.05 cc.3; 0.025 cc,)

and made up to 1.0 cc. with 0,85 per cent Na Cl, |
To each of thege test-_tubes Blood Suspension was!

added . the blood suspension being prepared as follows:-
One cubic centimetre of blood was drawn from thef

finger of the same person end placed in some 1,5 per

cent citrate in a test_tube, (A fresh supply was
obtained daily. )

To this was added 0,85 per cent Na Cl and the
cells were washed in the centrifuge for ten minutes,
| This washing was repeated twice, the supernatent
;fluid - serum and saline - being removed after each

| washing by a suction pump, care being taken that no

;cells were taken up.
|

 human blood, ten cubic centimetres of 0.85 per cent i

To the thus thrice washed cells of 1,0 cec. of

Na C1 were added, Again to this 40 cc, Na Cl solution
|
;were added to give a 0,5 per cent suspension.
It is known of course that results with cell §

suspensions in galine, are not by any means neces- ,
_ : |
sarily the same as those obtained with cells in serum

or/ 2 @




or plasma, Tt is by no means certain to what extent

colls are altered by washing, and some of their pro-

perties depend on whether they are washed in & fluid

which permits coagulation.

Tt was found in these experiments that by using

a blood suspension which had been kept overnight that

heemolysis was much more easily obtained, hence the
necessity of a fresh suspension for each get of urines
tested,
The amount of suspension added to each test tube
was in most cases 1.0 cc., - and in cases where morse
or less has been used, the amount has been indicated..
With the quantities of urine, Na Cl solution and

blood suspension mentioned above, Complete Haemolysis

could be accurately estimated in all dilutions, and
all readings taken indicate complete haemolysis, thus
avoiding descriptive terms such as "marked haemolysis?,
"slight haemolysis" and the 1ike, and also avoiding a;
gsource of error. Where the amount of haemolysis is |
described as a percentage, the technique is given in
the same section,

A1l the tubes thus prepared were placed in an
incubator and the time noted. The length of time of
incubation and the times of reading are given,

With regard to the temperature of the incubator:

this was maintained at 42° Centigrade, The reason for

| this, in a word, is that it has been found that at

| 8500, erythrocytes will rapidly haemolyse, at 48°¢,

:slight/



:corroborated by the controls which were put up daily, |

| natural light in unfiltered specimens, Also, as will

joccurred, the haemolytic substance or substances

| evidently not passing into the filtrate - a character.

| diagnosis and any relevant points in the history.

slight haemolysis occurs, while at 42°C. these are
stable, 42°C is the highest safe temperature at

which the experiments could be carried out. This is

. The urines were not filtered as it was found ﬁhaﬁ

complete haemolysis could quite easily be read in good

be shown when urines containing albumen were boiled

and the precipitate filtered off, no haemolysis

istic of many haemolysins,
The simplest data were noted regarding the
patients whose urine was tested, - unless there was

any peculiarity in the results obtained, - merely the

A note on the treastment as far as any drugs concerned

might have a bearing on the haemolytic activity if
excroted in a form which would influence this,

Lastly the patient's age was noted.




The technique just described does not differ mark-
edly from that employed by McKee,except that his
quantities were measured in drons; the method em-
ployed here as has been noted is in fractions of a
cubic centimetre. lMcKee's experiments were carried
out with 15 drops of urine added to the cell sus-
pension., Higs reason for fhis was that while he found
that with some urines, 1 drop added to 1e.c. of the
blood susvension induced haemolysis, he did not find

that where 15 drops of urine did. not cause haemol —i

ysis, 30 drops would. In other words that doubling
the amount is without effect. This hasg certainly noét
been borne out in the following experiments save in |
cases where the urine contained a substance which
prevented the occurrence of haemolysis, e.g.Albumen,
provided this substance was present in suffieieﬁt i
amount, McKee states that the laking action is not |
purely a matter ;f quantity, for in testing urine
which had been reacting daily he noted that 1 or 2
drops might cause laking before 10 to 15 drops. As

a matter of fact at the commencement of the exper-
iments given here something of the same nature was

observed,e.g., that a tube containing let us say

would occasionally - very occasionally - show com-
nlete haemolysis apparently before the 0.5 or 0.75 |
dilution. As this happened so extremely infrequentlg
it seemed rather difficult to explain. This phenom-;
enon seemed to be explained however by the fact

that the specimens used were unfiltered (for reas-

ons/
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reasons/ previously stated) gnd in the vast majority|

of cases no difficulty was experienced in reading

complete haemolysis. In a few specimens,however, a
cloudiness was apparent after four hours incubation
and this was naturally more marked in the undiluted
tube and in the lower dilutions, so that while it

ra8 obvious that complete haemolysis had taken place

in the tubes containing onl{ say 0.1 c.c, of this

urine,it appeared that haemolysis was not complete
when the tubes containing a greater amount of urine |
were shaken up. Nevertheless although this may ex-
some such cases it was again noted when Percentage

Haemolysis experiments were being carried out, and

where probably 20 tubes were put up with the same |
amount of the same urine in the incubator at the
same time, that occasionally all the tubes did not ‘
show the same degree of haemolysis after an ident- |
ical period of incubation, Such urines were obviousng
ly unsuitable when endeavouring to obtain a percent-f
age haemolysis curve.

icKee's investigations were carried out at a temper-
ature of 3700. As stated under" Technique " the
temperature usged here was 4200.- the highest safe
temperature that could be qmployed.(i.e. the highest'
temperature which would accelerate the reaction but
yet in itself would not produce haemolysis of the
erythrocytes of the suspension.) That it was a con- |
venient temperature was shown by the daily controls

in which no degree of haemolysis was ever observed.



TECHNIQUE 1IN BILE ACID THST,

A test for Bile Acids was carried out on a con.

' siderable number of these urines tested for their

haemolytic activity, in order to ascertain if there
'was a relationship between the bilse acid content of
lurine and this activity, because bils acids are known
| to cause haemolysis if present in sufficient amount,
The results obtained and discussion are given |
later; the technigue adopted was as Tollows,
Oliver's Test was used throughout, this test
depending on the power of Bile Acids to precipitatse
;peptone in acid solution. Pettenkofer's Test has
been found to be quite unrelisbls in concentrations
of less than 1 : 1000 Sodium Taurocholate and this
| concentration will effect rapid haemolysis, - the

| reason why Pettenkofer's Test was not employed hers,

The urine was filtered until absolutely clear,

| acidified if necesséry, and diluted if necessary
until the specific gravity was less than 1008.
To sixty drops of the solution:-

Powdered Peptone (Witte's) drachm %

Salicylic Acid grains 4
Acetic Acid ; drachm % |
Distilled Water to oz 8.

(Filtered repeatedly until transparent) |

| |
| in & thoroughly clean test tube, was added to 20 drops
| |
| of the filtered urine, If bile acids bo present a /|



g milkiness appears. It may digsappear on agitation
but reappears on adding more of the solution, The

| test is said to be extramély delicate and nothing as
yot found in the urine interferes with it, As the |
precipitate referred to above is in proportion to the
| amount of bile acids present, the test was thought
gsuitable for the purpose of observing a parallslism,

. if any, between the degree of hesemolysis produced by |
the urine and the bile acid content of that urine, |
A geries of tubes were made up with powdered

tragacanth, methylated spirit and water, in varying
proportions, and thus varying degreés of opacity were
obtained, These were numbered 1 to 9 and the

| precipitate in the bile acid test read from them.

| There was no attempt to find the amount of bile acidsl
E present, but the method was sufficiently accurate for
the purpose of observing any relationship between the
| Bile Acid content of the urine and its activity in |
| the haemolysis of the blood suspension. This method
| also enabled the results so obtained to be given in

the form of graphs, rendering comparison more sccurate,

e e



The first series of the following graphs are

only records of the least quantity of the urines

tested required to produce complete haemolysis

of 1.0 cubic centimetre of the human blood sus-

pension already described, after incubation at
42 C., for four hours. |

They serve to show the periodicity of the occur-

rence of this phegoﬁenon with regard to the

haemolytic substance or substances found in the
urine.

The records are, in the first series, taken over
a period of four consecutive days which emphas - |
izes the marked variation in the haemolytic

activity of urine from day to day. Records taken._

on consecutive days also suggests the fallacy of

calling a urine or urines non-haemolytic which

have only been observed on one day.

There was no other reason than convenience for

observing these specimens for this period of
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four days, and indeed if no haemolysis had been

produced within this time, the experiments were

econtinued with that urine until haemolysis did

oceur or until some explanation or coneclusion

_was arrived at as to why the phenomenon should

be absent.

Regarding the graphs themselves these have been

accurately drawn from graph paper in millimetre,

half, and one centimetre squares.

The Ordinate represents the highest dilution with

0.85 % NaCl at which complete haemolysis took
place, (i.e.,the lowest amount of the urine re -
quired,) For example 0,25 ¢.c., indicates that
haemolysis occurred with 0.25 c.c. of that urine
and 0,75 c.,c, 0,85 % NaCl - ( the various amounts
being made up to 1,0 c.c., with the NaCl solution.)
The Abscissa represents the days on which the
urine was tested.

Controls were put up daily of 1,0 c.c, 0,85 % NaCl

and 1.0 ce. suspension. These were invariably

negative after 4 hours incubation at 42 C,



| Case No, 1
| - G.,- Female. Obesity. Age 43,
| Drugs. Mag, Sulph, 3] mane,

————— -

i 18t 2nd 3rd 4th D a y.
i

A comparatively active urine.

Case No, 2
P.- Female,Aged 39.
| Chronic Rheumatism,
(=BT Tubercular Disease of Spine,
' Only drug used in treatment during

' 0,25 this period=Mag.Sulph,3i mane,

0.5

0 J J

18t 2nd 3rd 4th D8 Y.

This specimen is not so active; indeed no haemolysis
has taken place for the first two days, although the
urine con contained no abnormal constituent which

would prevent haemolysis., Had it only been examined |

m these days it -might have been classed as



ag/ non - haemolytic.

Case No, 3., S.- Female, Age 6i.

' Gastric Ulecer.
Acetone present in urine which may agccount for :
the decrease in haemolytic activity to some extent,

|

18t 2nd 3rd 4th D a y.

A urine very similar to the previous specimen,

Case No. 4 31,_ Age 54, Mitral Stenosis
following Acute Rheumatism,
Drugs=Sod,Salieylat. gr.XX t.i.d.

Sod.Bicarb, gr.XX t.1.4d.,

051 Sodium Bicarbonate has been stated
» by Mc.Kee to retard the haemolytic
0,25 reaction,

1st 2nd Ard 4th D a .

A moderately active urine only. Complete haemolysisg

never takes place in a dilution lower than 0.75c.c.
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I
Cage No, 5. Me.,C-, Age 3i. Chronic Parenchymatous|
Nephritis,

|
No haemolysis occurred in this urine after being |
tested for ten days, the reason being its albumen
content which varied from 7 to 9 grammes per
litre. It is desceribed later with other specimens
containing substances which retard or prevent the
the oceurrence of haemdlysis.

—— o ———

Case No, 6. _
C.-. Age 2b, Pernicious Anaemia,
Drugs= Lig,Arsenicalis m iij %.i.d,
There is no falling off in hgemol—l_
ytie power in this case of pernic- |
ious anaemia. Other cases of this

0,1 = digegse are mentioned in the
summary.

18% 2nd 3rd 4th  Day.

A comparatively active specimen; complete haem-
olysis takes place at 0.25 e¢.c. of urine, the

periodicity still being shown.
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Case No.7 1,M-, Age 27, Female,
Exophthalmic Goitre,
Auricular Fibrillation.
Drugs = Tinet, Digitalis mX t.i,.d.

No abnormal constituents were present. Is it poss-
ible that the drug or the disease is responsible
for the inactivity or is this in keeping with other
urines? This vrine is again examined underiNo,

0.1 S

025

0 I | l
ist 2nd 2rd 4%h D a y.

Very inactive., No haemolysis on three out of four
days and then only at a dilution of 0,75 c.c.
Might have been »ut down as non - haemolytiec.

No abnormal constituents present.

i ’///////

18t 2nd 3rd 4th D ay.
Comparatively active ; very active on 4th day.

Case No, 8 A,P-, Age 23, Female,
Exophthalmic Goitre.




o

The next series of graphs are the same as those |

in the first series, with the addition however,

of the readings obtained from the Bile Acid Test

for urine. ( Oliver's.) It has been possible ‘
to convert these into graphical form by compar-
ison of the amount of opalescence obtained by |
the above test, due to the presence of bile
acids contained in the specimens, with the set i
of standard tubes specially prepared.

When_it is pointed out that the graduations of

these standard tubes were necessarily rather

fine,( e.g., No. 2 on the scale was really a
very slight opalescence) it will be understood
that considerable care was necessary in the
readings, and it will be realised that there
ig in the great majbrity of cases no great g
variation in the amount contained,

The controls run in conjunction with this

series were again negative without exception.



Haemolytic Activity,

o

Case No, 9, ¢, ,MeD-, Age 49, Male
Duodenal Ulecer,

Bile Aeid Test.

ist 2nd Ard 4th 5th D a y.
There is no agreement in these, in fact the Bile
acid graph is contrary to the other. No bile acids

were present on the 4th day by the test and yet this

is the most active day of the urine.



Haemolytic Acetivity. . 23

Case No, 10, F-, Age 59, Femgle,
Rheumatoid Arthritis,
Pericarditis, _ -
Drugs= Ae,Acetyl Salieyl, gy X t. 154,

\

0.1
[ {elrpalis =
B G ok

10,75 -

e ————— i —— - {—— 1

9 . Bile Aecid Test,

PR

18t 2nd 3rd 4th Dy,
An active urine on the first two days and also a
relatively high bile acid content on these days,
but no corresponding fall with the decreased

| activity of the urine onm third & fourth days.



‘ Haemolytic Activity,

24
| Case No. iy, M,5-, Nephritis, This urine contained |
: Age 61, Blood and Albumen (fr,2 - 4 G/litre.) .
; Male, and is the only urine whieh caused haem-

‘ olysis with these abnormal constituents.
The contained lytic substance must have

been extremely active, and must have in |

contact with the cells before the albumen|

.01 ag will be |

i /~\later shown,
| 0¢25 - -  — = .

; 9 — Bile Acid Test.

| 18t 2nd 3rd “4th 5th. D a ¥.
There is really no relation between these,
‘ because it is observed that the bile acid reading

is persistently low, the urine being rather active.



Haemolytic Activity.
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Case No, 12, D,MeG-, Mule,

Acute Rheumatism,

Ligq, Stryechninese m X t,i.d,

Todolysin. One injection given '

during the period that the urine was |
E examined. -
| 0a =

Oyed - i—

|
0e5 £ : |
i
|

0 | l | | |
18t 2nd 3rd 4%h 5th D a y.

- —————
i ———— - ——— :

ct
-

9 e Bile Acid Tes

ist 2nd 3rd 4%h S5th D gy

A very active urine but not a correspondingly

high bile acid content.



Haemolytic Activity. 26

Case No. {3, J,A-, Male,
Age 45,
Pulmonary Tuberculosis,
No Drugs used in treatment
during this period.

9 Bile Acid Test.

st 2nd. 3rd 4th 5th Day.
There is no relationship whatsoever in these

two-records.



Haemolytic Activity.

21
Case No. 14

GeD=, Male, age 67,

Gastric Ulcer.

Haematvemesis,

Sippey Diet, ©The Sod,Bicarb, used

in the treutment may account for the

low degree of haemolytic activity.
0.1 : Sod Bicarb is known to lower the
0.25 haemolytic power.

o - " -
——— e ———————
——

9 Bile Acid Test.

ist 2nd ard 4th 5th D a y.
These do not coincide. There is no increage in
with the marked

bile acid reading to correspond

haemolytic activity on the gecond daye.



Haemolytie Activity. .
20

Case No. 15, D-, Femule Age 62,
Chronie Cholicystitis.
No Drugs used in treatment.

l I
18t 2nd Ard 4th 5th D a Y.

Another graph showing the bile acid readings
running almost exactly opposite to those of the

haemolytic activity of the urine,



Haemolytic Activity.
29

Case No. 16, C-, Age 57, Female.
Malignant disease of Pelvie Colon,
Drugs= Ligq.Arsenicalis m iij t.i.d.

0.1

0¢25

T ——— D — o — i — T ———————————

9 Bile Acid Test.

18t 2nd 3rd 4th 5th D a y.

Another very active urine and also a comparatively

high bile acid content but a definite agreement

between the two is not shown.



Haemolytie Activity.

30
Case No, 17, A,7-, Female,
AGE 23,
Exophthalmie Goitre,
Bl £h
0.25 | /\
0e5 7
0.7 |
1.0 Eh
. | l | | |
18t 2nd Ard 4th bth D a y
9 Bile Aeid Test.
3
T
% -
5 | =
4
3
2
1
0
18% 2nd 3rd 4th 5th D8 ¥

No corresponding increase in the bile ageid

reading when the haemolytic activity shows

an increase.



Haemolvtie Aetivity, 31

Case No. g, C,B-, Age 32, Female,
Acute Rheumatism,
Drugs= Ac.Acetyl Salicyl. gr X t.i.d.
Mag,Sulph, 351 mane,

Bile Aeid Test.

ist 2nd jrd 4th 5th D a 7.
This shows some parallelism between the haemolytic
activity and the bile acid content - one of the

very few records which does,
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Case No., 19.C.T. Pyelitis. Ureteric Caleulus.

Urine contains Albumen.,
Pus Cells,
B,Col1i,

20d,Bicarb was given in the treatment in large
doses but the inhibitory effeet is masked by
the presence of albumen which in

0.1cc, - L &
itselt is sufficient to account for
0:2500) the absence oi huemolysis,
No Haemolysis took place
055 e during the five days with
. this urine,due to the
0.75¢e presence of albumen,
1.0 ee
ist Day. 2nd. 3rd., 4th 5th
9
T
; =
6 HEr
5 I
4 s
5 o =
1 [

1st Day 2nd 3rd 4th 5th, |

Representing graphically the amount of Bile Acids

present in the urine by Oliver's Test, comparison

being made with standard tubes:
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Case No. 20.  Hemmle, Cystitis.
No drug treatment during this period,
B.5. Age 24, Catheter Specimen,
Urine contasins Epithelial Cells.

Gram Positive Diplococci.
el No Growth on culture.
0.25 |
0.5 ="

BT EeE ) L
10l = /7
S I MI l I
18t Day 2nd 3rd 4th 5th 6th.
9
8
’7 pis=—
6 e
T
<4 e
3 Foeaas
2 e
1 ESEEC
Ist Day 2nd  3rd  4th  5th  6th.

Not a very actively haemolytic specimen, The amount

of bile acids present has only been observed during

the latter three days in the first twelve specimens,
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Haemolytic Activity. ( for six consecutive

days. )

Case No, M,F-, Female,
21 , Age 21,
Exophthalmiec Goitre.
No drugs given at a time which would
affect the gpecimen of urine,

T " T - — W e A S M ——

Bile Acid Test. ( for last three days
9 only, )

sl

4th 5th 6th

Haemolytic activity of this urine increases

markedly from 4th to 6th day; no such increase

in the lower graph is seen.
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Haemolytic Aetivity.

Case No.22.

E.L-. Female, Age 22,
Early Disseminated Sclerosis,

o e
7 i
A I
i =
e L
;e /————'
sl
el
R e e S

1st. ?nd, Ard; 4th, 5th. 6th,
4 - = o 'h h
This again shows the marked daily difference whic
i ivit ine. The
may occur in the haemolytic activity of urine

bile acid readings do not run parallel.



Haemolytic Activity. 36

Case No.23 M-, Female, Age 24,
Pneumonia,
Resolution Stage,
No drugs given at this time,

@

0,25

0e5

0.75 |

=00 —

0 _L\ | |
st end. Ard. 4th 5th Day.

9

8

7

6

goale

Yty i

3 A

2 = =

1

: | | |
1st‘ 2nd 3rd 4th 5th.

Not an active urine. Haemolysis fails to occur on
two out of the Pive days tested, and does not occur

with less than 0,75 e.c. of urine.



Haemolytic Activity, 31

Case No. 24 E,G-, Age 48,
Rheumatoid Arthritis,
Pulmonary Infarction.
Heemoptysis,
Drugs= Mag. Sulph, 3j mane,

T —————— T ————— ——— -

9 — Bile Acid Test., ( for last 3 days only.)

8 o

15t ond 3rd 4th  5th 64h,

A moderately active urine,,but no agreement in

the bile acid reading on the days when this was

carried out .
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Haemolytic Activity.

38

Case No, 25, J.H=-, Age 6,
Chronie Bronchitis,
2 yrs. duration.
Drugs = Ammon., Carb, £. 4.4
Vin Ipecaec, ey Tz

4th 5th 6th

Another example of a urine moderately active

when examined over a period of six consecutive days.,



Haemolytic Activity 39

Case No. 26, J, F-, Female. Age 18.
Vomiting assoc., with
menstruation., Visceroptosis.
No drug treatment,

4th 5th 6th
A moderately active specimen, on the whole. The
dilution of urine at which complete haemolysis is

produced varies greatly from day to day,
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Haemolytic Activity.,
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Case No. 27, A.MGD. Female, Age 45,

Hyperchlorhydria,

For 3 days only.

Bile Acid Test.

| i | |

4th 5th 6th

This urine aszain exhibits a non active period

durin the time tested. Althoush the bile acid read-

| ine remains the same, the haemolytic activity varies.



Haemolytic Activity. W

Case No. 28, A, G-, Female Age,25,
Eurpura Haemorrhagica.
Didymin gr V, t,i.d.

1st 2nd Ard 4th 5th 6th

Another inactive urine,comparatively; no haemolysis

occurs on three of the days tested, although there

. - =2 Aok ad
are no abnormal constituents, and the bile acid re

-ine is higher on 4th day when no haemolysis occurs



occurs/ than on the 6th when it oécurs at 0,75.

Haemolytic Activity. ;
42

Case No. 29, 1I,M-, Female Age 27.
Exophthalmic Goitre,
: Auriecular fibrillation.
Tinct, Digitalis., m X, t.i.d.

Ath 5th 6th

urs for three days. This urine

No haemolysis 0cC

g non-haemolytic

might readily have been described a

S,
had it only been examined o1 these day

P T T



Haemolytic Aetivity
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Case No. 30, M-, Female , Age 34,
Pernicious Anaemia,
Enteretis - B, Pyocyaneus,
Urine - Culture of B, Pyocyaneus. Dp.m,
This case is mentioned in the |
summary at end of section,

No haemolysis took place with this

urine to any degree whatsoever, It

wag further tested. See Case No,

Bile Acid Test ( For last 3 days only,)

4th 5th 6th,
Moderaté bile acid content comparatively,
althoush the specimen will not produce

hhemolysis in any dilution or undiluted.
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Case No, 3{. A,R, Chronic Parenchymatous
Nephritis,

Albumen content;- 1st day. Grammes per Litre,
2116. " mw mn n
4-b h n 1m 1n "

|
! 145
! 1.4
§ | 3rd Lid ]'5 m bi ] "
i 106
|
{

Blood present on 3rd & 4th days.

No Haemolysis took place on any of these days.,

—— e e e
—— i ——— —— e

Bile Aeid Test,
for these four days.

3 “___———m\N\“\\N_____h_”

18t 2nd 3rd 4th Day.

Another example of the prevention of the haemolytic

aetion : in this case due both to the presence in thé

urine of blood (serum) and albumen.



Haemolytic Aetivity.

Case No, 32

L.,M. Female, Age 15.
Simple Goitre. (ecolloid, )
Ext, Thyreoid, gr.diy, tii a,

0:25

o — 1

Bile Acid Test,

18t 2nd 3rd 4th Day.

No parallelism exhibited in these two records.
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Haemolytic Activity. 46
Case No.3%3 E.M, Age 36, Female,

Duodenal Uleer?
No drugs given during this period.

Bile Acid Test,

18t 2nd Ard 4th, Day.,.
No haemolysis has taken place on the 2nd day. Even.
after a further hour's incubation (i.e, 5 hours')
no haemolysis occurred. There is,however, no cor-

responding drop in the bile acids apparently.
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Haemolytic Activity.
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Case No. 34,
- Mrs.F, Age . 7
Hyperthyreoidism,
No drugs given which could affect
the hmemolytic power.
0,1
0.25
0.5
0. 75
150
5 | | |
18t 2nd 3rd 4th  Day.

o e o S L . o O oS T . =

Bile Aeid Test.

5
\/N‘J

kst 2nd 3rd 4th Day.
We do not find a parallelism between the two graphs
in'this instaﬁce. On 1st & 2nd days it will be not-
iced that no haemolysis occurs. This is,of course,
with 4 hours incubation., It does not signify that in
in all such cases the urine is absolutely non-haem-
olytic; e.g., on the 2nd day here haemolysis occurred

at 0,5 e.c, in 5 hours, Others certainly may not

produce haemolysis after many hours incubation and



and/ can be called non-haemolytic. Even if they do
produce haemolysis after say, 12 or more hours in-

cubation other factors must be considered, apart from

the surface acting substance involved and deseribed

in a later section.

Haemolytic Activity.

48
0.25

! Bile Acid Test,

1st ~2nd 3rd 4th Day.
No similarity in the bile acid readings taken in

| conjunction with the activity of the haemolysin,

Case No,35., N,S-, Visceroptosis?

Sugar present on ist,2nd,3rd.days. Very slight
on 1st day.
Drugs= 1 Strychnine 4 hrly.
60 injection,




Haemolytic Activity 49

Case No, 36,
R.C. Female, Aged <7
Migraine. i
Drugs given= | Strychnine 4 hrly. i
60 injection, |

0. 75 E

———————————— i ———————
- ——— *

Bile Acid Test.

18t 2nd 3rd 4th Day.

This certainly shows a slight correspondence.
There is a drop in the bile acids on the 2nd
day and a rise on the 3rd corresponding with

the variation im Haemolytiec activity.
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Case No, 37,

_ Being the urine of Case No, 30! also observed far
a further period of five days as no haemolysis

had taken place during the previous testing. In

this case however no abnormal constituents e.g.,

albumen, pus,or blood, were present which would
hinder or prevent the occurrence of haemolysis.

Still no haemolysis was produced. The bile acid

content of the specimens,too,are relatively high,
as seen from the above graph., These urines similar

to the above are discussed in thecsummary.
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Case No. 38.

This is the urine of Case No.19,observed for a
further five days as there was no haemolysis
produced when previously tested., No haemolysis
graph is given because after this further per-
still no haemolysis was produced. The reason is
that the specimen contained albumen. A series

of specimens containing substances which retard

ool o vle e

B e R S S s

or prevent haemolysis is given elsewhere where

these are discussed. It will be noticed here that
the bile acid content taken over eight days is

relatively high.
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The third and last series of graphs are similar

to the previous series, with the further addition

of the readings of the specific gravity of the

L]

urines during the period of experiment, in order

to agcertain if there was any parallelism between

the specific gravity and the degree of haemolysis.|
The specific gravity was read by means of the

ordinary urinometer. A newer instrument, which

is reputed to be more accurate and one which is
said to be more convenient in that it can be
- !
used with smaller quantities of urine, was tried i
: |
and discarded owing to many disadvantages found |
during its use.

- —— A ———

The?controls ( 1.0 c.c., 0.85 » NaCl, with 30 o.cﬁ
blood suspension incubated for a corresponding
time at the same temperature.) were all negative.

No haemolysis taking place to any degree in any

of these,
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Haemolytic Activity.

Case No 39,, B-, Age 46,
_‘gnronic Bronchitis, History of Pulmonary
Tuberculosis.

1040
1030
1020

1010

18t N 3rd 4th  Day.

A very active specimen, At first glance the bile
acid readings would appear to correspond entirely
with.the haemolytic activity but the bile acid
content it will be noted is relatively very small

during all the days the urine has been examined,




Haemolytic Activity.
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Case No. 40, N-, age 48,

Fulmonary Tuberculosis.
Patient got Sodii Bibarbonatis
q]‘, E ] t.i.d..

1040
1050
1020

10i0

18% 2nd 3rd 4th Day.
A very inactive specimen, buv the urine contained
sugar (trace) on 2nd day. Moreover the patient
had Sod.Bicérb. daily which has been found to in-
hibit the haemolytic action and may account for the

inactivity during the last 3 days.




Haemolytic Activity, 22
Case No.4l . K-, Female .Age 22,
Pulmonary Tuberculosis,
Drugs= Strychnine gr i daily.
: 60 ]

W e T e 1

Bile Aeid Test

5 s

Y TR v 5
Specific Gravity.

1040 e
1050
i 020 e o
0i0
|
18t 2nd Ard Day,

A comparatively high bile acid reading and a com-
paratively active urine, There is no drop in the

haemolytic activity, however, on the 2nd day agree-

.

ing with the fall in bile acids.

—



Haemolytic Activity. 3b

Case No, B=, Male Age i2, (42)
Pulmonary Tuberculosy
Drugs in Treatment =

S
Lig Arsenicalis

0.1 s s R e A
0:25
0,5
0,75
1.0 E
> | | Esht]
18t 2nd 3rd 4th Day,

T — ——— i ———— {1 - -

Bile Acid Test.

Specifie Gravity.

1040

1030

1020

1010

4th  Day.

18t 2nd 3rd

3 xperiments
Here is one of the few examples from these exT

where the bile acid content runs parallel to the

= m 1 i&t i On
haemolytic power of the urine. There is no var

» . 1 L} z - he
in the svecific gravity for 3 days although t

activity of the urine varies.




Haemolytic Activity.,

Case No, 43, L-, age 23, Male.

Uhronie Bronchitis,

1st 2nd 3rd 4th  Day.

There is no fall in the bile acids corresponding
to the loss of haemolytic power of the urine on
the 2nd day, Similarly there is no agreement in

the :gpecific gravity readings,
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Hegemolytic Activity, ?

Case No. 44'. B-, Age 19, Male.
Pulmonary Tuberculosis.
Marked Oral Sepsis, Hydrarg,Subchlor
Ggil gr.1ij nocte.

0,25

045

— e e S R G SR e S S e S A e e A e e A A S S S S o

Bile Acid Test.

- ———————
o i e e e e e e

1040
1030
1020

1010

1st 2nd 3rd 4th., Day

Another very active urine . The bile acids how-
ever do not agree. Neither does the specific

gravity appear to be related to its activity.
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Haemolytic Aetivity.

| 45 ,Case No, D-.Age 26. Female. ®
e Pulmonary Tuberculosis.
Albuminuria - but urine was free from
0.1 — albumen on the days examined.

0,25 §—
0.5 I
0,75 I
{[50) =
o S EREAD o S e PR

Bile Acid Test.

18t 2nd 3rd 4th Day.
= e Speoific asevity. .
1040 —
1030
1020 _ﬁﬁ_hh‘“//,,/”'—#ﬂﬂﬂJ
1010

| |
18t 2nd Ardl 4th Day.

For the first 3 days the bile acid content runs
parallel to the haemolytic activity of the urine.
In this case the specific gravity appears to bear

Some relationship also.




60
Hoemolytic Activity,
Case No. 46. licA-,

Pulmonary ‘Tuberculosis.
No drugs during this period.

0 |
18t °nd  3rd 4th  day.

Bile Acid Test,

J | 1 |
18t 2nd. 3rd 4th day.

it ]

Speecific Gravity.

1040
1030
1020

10i0

1st 2nd 3rd 4th  day.

No Relationship between these three graphs.



Haemolytic Activity.

bl
Case No., 47 M, Male. Age, 16

Pulmonary Tuberculosis. No drug treatment.

O¢7 I

18t 2nd Ard 4th Day.

A very active urine

1040 =
1050

1020 Sl T

i0i0

The bile acids are moderate in amount, but fall on
the 4th day while the haemolytic remains the same.

Practically no variation in specific sravity.




Haemolytic Aetivity

Case No.48.W-, Female aged 19, 8
- Pulmonary Tuberculosis,
Artificial Pneumothorax,
Drug Treatment during this period
= Lig.Arsenicalis mij t.1i.d,

Bile Acid Test.

v —— A e e e W e e e . S e . W -

Specific Gravity.
1040 =

1030 ///////”\\\\\\\M///////
i 020

10i0

- i —— -
e o — e ——

Urine haemolytically inactive for 3 days then very
active on the 4th day. Although there were apnarent-
ently no bile acids present on the 2nd day,the.:gad-
ings for the 1st and %rd days are moderately high.

. 3 t on
The specimen contained sugar by Feh}lng'S.TeS
the 2nd and 4th days, Neither the bile acids or the
specific gravity appear to have any bearing on
haemolytic activity.




Haemolytic Activity. 65

Case No.49.. D- Age 18, Male, Pulmonary Iuberculos
* =~ig, Herpes Zoster,

0,1 &

0.25

Bile Acid Test.

onecific Gravity.

1040

1030

1020 et

i 010

18t 2nd 3rd Day. |
Although there is no activity on the first day, manj
othersurines have been examined where the phenomenon
has been absent although there have been no abnormal
constituents. Nevertheless this patient occasiohally
had a trace of albumen,and while none was apparent on
these days the fact is wbrth mention as fhe specimeg

is very active on ‘the last two days. |




Haemolytic Activity :

- 64
Case No, 507 C-, Age 48 Male

Cystitis. Pulmonary Tuberculosis.
Drugs.= Ac, Sod, Phos. gr. XXX

7 H
Urine observed for 3 dayseﬁiﬁife S

Bile Acid Test

5
4
3
2 :
1
I |
1st 2nd 3rd Day
"""""""" Sheniiis bty el R
i 040
1030
i 020
1010 F 4””/’/_~___—_f

18t 2nd 3rd  Day.

While the haemolytic power of this spesimen
is seen to vary the bile acids remain constant
inzamount. It is possible that there was a small

amount of pus present but it was not examined.
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S UMMARY .,

McKee in his attempt to find some resction
whereby the conditions of so-called primary and
gocondary anaemias could be more sharply separated
one from the other, thought it worth while to try
to discover whether changes in the blood plasma led

to changes in the blood corpuscles, and to find

 whether these changes, if any, were due to the loss

of some protective material; to the presence of

 toxing, or to the presence of some substance passed

into the plasma for the purpose of neutralising certain

toxic elements - a something which while neutralising

| these toxic bodies exerted a ccincident delsteriocus

action on the erythrocytes, He thought 1t deserving
of investigation to agscertein if bodies of the above
type, if they occurred, were excreted, and if they
were detectable in the urine, His first investiga.

tions on the haemolytic power of urine, therefore,

| were on the urines obtained from patients suffering

from various types of anaemia, and he accordingly
gsought to find if a difference was apparent between
the haemolytic activity of urine of healthy individ-

vals and the urine obtained from cases of pernicicus

| anaemia,

Tt is curious that McKee never obtained haemo-
lysis to any degree in the bloocd suspension he used -

(the /




[ iduals, One might ascribe this to the fact that

| if the phenomenon was apparent in 2% hours in the

| specimens obtained from the morbid states he mentions,

bb ‘

(the same strength as used by Ponder and as used in
these experiments), - with the urine of normal indiv. |

he only incubated these normal urines for 2% hours
while the haemolytic phenomenon might easily, as has |
been fully shown in a later section, not have been

apparent within this time; these urines having been
clagsed as non-haemolytic while they were in reality
haemolytic perhaps in most cases, although not in

this period of incubation, Nevertheless his observa.
tion would indicate that, even with a longer period

of incubation, the urine from certain pathological

conditions would be much more haemolytic, obviously,

and absent with his normal urines, This fact hasg
certainly not been borne out here. Fifty specimens
of urine from healthy individuals were examined on one

day and the results obtained, although contrary to

McKee, are entirely in agreement with the results
obtained by Ponder, who found 64% of normal urines |
to0 be haemolytic when examined on one day only.
The figure obtained here was 58%. The amount of
these 50 specimens (of urine just passed) taken,
was 0.5 cc. and to each 0,5 cc., of 0,85% NaCl and
1.0 cc. of 0.F% human blood suspension was added,

These were incubsted for 4 hours at 42°. (In controls

of/




of 1,0 cc., 0.85% NaCl with 1,0 cec. suspension no

;tha unselected pathological conditions which were

examined, we find the percentage taken daily over four

| 0.1 cc. -~ in order to agree with the dilution of the

| onie remembers that a few of the urines from the various

| retard or prevent haemolysis; (e,g. albumen, pus,

67

haemolysis took place). Considering the urines from

of the days when these were examined, was as follows:.
(i.e. only taking specimens which in 4 hours at 42°C,
prodvced complete haemolysis at the 0.5 cc., dilution

with saline and higher dilutions - e.g. 0.25 ce,,

normsl urines examined),

1st day 527
ond " F8%
3rd " 50%
4th " A4/, |

- & little lower even than the normal, but when

pathological conditions contained substances which

blood (serum) ) and also that when haemolysis occurred

at lower dilutions than that at which the readings of|
the normal were taken, e.g. 1.0 cc., (undiluted with

gsaline) and 0.75 cc. these readings were omitted, -

It will be seen that the percentage will at least be
|

as high as the normal, if not higher - not so much !
' |
higher however as to arrest attention, !

Discussing urines of patients with pernicious

| anaemia, McKee states, that these exhibit this haemo_‘

lytic action, and that just as the disease has periods
|

f of/ J
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of remission so also doss the haemolytic -power vary.,
He does not however call attention to this observation
as having any diagnostic or prognostic significance |
because he goes on to say that he observed the reaction
present in a considerable number of other diseases
which need not be enumerated here but will be found in
his paper.

It is sufficient to say that in the urines of 50

unselected cases observed over a period of days, here;

the reaction was present in all, on one day at least:

and the variation in the haesmolytic activity from day
to day is well brought out in the experiments, - {

That is, the haemolytic activity was apparent in all

cases -~ providing there was no abnormal constituent

present in the specimen, such as albumen, pus, or g
blood, which will be shown later to prevent the haemo-l
lysis taking place, or at least retard the reaction,
It cannot be said that the urine of any of these
pathological conditions was more actively haemolytic

or less haemolytic than that of another, when observed

over a period of days. It was thought at first that:
the urines of patients suffering from active pulmonari
tubercular lesions were more actively haemolytic but ‘
in the 12 cases examined over 4 days this obaervation?
was not confirmed, when compared with the others. \
The urines given later, which were uged for surface |

tension estimation in conjunction with haemolytic |

activity, were also urines from pathological conditions

but /
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but no note is given as to the disease, etc, as it
was found to have no bearing on the haemolytic activity.
It has been said that all the 50 specimens were

actively haemolytic if there was no substance present
which retarded the reaction . there was one axoeptioni
however, which requires special mention, This was the
urine of a case of severe anaemia agsociated apparently
with pregnancy. The symptoms dated from the puer.
perium of patient's last childbirth two years pre-
viously. Several remissions had occurred, and when

the patient's urine was examined for its haemolytic

power the blood count was:-

R,B.C. 1,345,000
W.B.O. 3,750
Hb, 30%

(65 £ 1.3

an anaemia of the pernicious type, therefore,

The urine was examined daily over a period of
two weeks, - (it would have been examined further but
the patient died)- and although during this time there
were apparently no abnormal constituents present which
would retard the haemolytic power, no degree of hasmo-
lysis was ever observed during the fortnight. The
explanation may be, however, that a substance was
present which was not detected, but which prevented
the occurrence of haemolysis, or it may be that the
haemolytic substance was absent, or present in in.
sufficient amount to effect haemolysis, as other

aotively/




| been examined for a longer time might have at some
' time therefore caused the reaction to take place,

| It is certainly exceptional, however, to find a urine

' mortem not to be pernicious anaemia) two appeared to.

' be less haemolytic than the urines from other patho-

| series of urines were being estimeted, the surface

tension reading was found to be high. As stated,

| available for any definite facts to be asqertained.

' to be non-haemolytic. This urine then, if it had

| logical conditions tested, - no haemolysis occurring

|
' which was examined when the surface tensions of a |

70

actively haemolytic urines are found on certain days

without abnormel constituents to be absolutely non.
haemolytic over a period such aes this,

This observation is curiously just the reverse
of that by McKee -~ who states that the more sgevere
the degree of anaemia the more hasmolytic the urine.

As a large number of urines from cases of per-
niclous anaemis were not available, it was impossible |
to arrive at any conclusion with regard to the urins |
of such cases, but of the urine of six cases diagnosed

clinically as pernicious anaemisa (one was found post-|

in these for a few days at a time, In one of these, |

however, a large number of cases would require to be

Congidering for a moment some further clinical
conditions which might be thought to have a bearing

on the problem, it would have been interesting to

|
|
obtain/ f
I



|
|
|

| obtain some urines from cases of péroxysmal haemo.
globinuria to test their haemolytic power., Tt was,
however, found impossible to obtain a case of this
disease. It may be mentioned that in testing such
urines many difficulties will arise, for these urines
are highly albuminous, which will affect the haemo.
| 1ysis to a marked extent, - according, as will be
‘shown in the section of Percentage Haemolysis, - to
!how much hasmoglobin is present and to how soon the
!haemolytic subs tance gets in contact with the cells
of the blood suspension, Very great care will re-

quire, therefore to be exerted in forming any con-

clusion from readings obtained from urines of a

| dissase such as this,

Ponder carrised out certain experiments with a
|
view to obtaining some indication as to the nature of

!this haemolytic substance in urine, As he pointed

out, urines raised to a temperature of 100°C. still ]

| retain their haemolytic power, It may be noted here,

!however, that when non-haemolytic urines containing
?ﬁ%ﬁmﬂnen (whieh prevented the reaction taking place) |
a5 bollod eniithe precipitate entirely filtersd off, |
iand the Filtrate tested for its hasmolytic power, E

|

I

' |
‘that still no haemolysis takes place in the suspension-

| the haemolysin still evidently remaining in contact

with the albumen, Tt may also be noted that although

'urines are filtered until clear, there is gtill a

‘positive/ I
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positive reaction with Oliver's test, which would,

if Oliver's test is reliable indicate that a certain
famount of bile acids were present in the filtrate,
Ponder found that urine could bs evaporated over
a water-bath to dryness and the residue treated with |
 aloohol, and if the residue was taken up by saline
ia haemolytic fluid was obtained,
| He similarly showed that the substance is not
goluble in ether, benzene or chloroform and that it
; is thersfors fairly stable,
In 30 urines he estimated quantitatively chlor.
| ides, phosphates, oxalates, sulphur (organic, in-

organic and neutral) urea, oreatin, creatinin, uric

acid, purin bases, hipuric acid, ammonia and total

nitrogen and by less exact methods phenol, cresol,

indol, indoxyl, skatol, aromatic oxyacids, leucin,
cystin, tyrosin and nucleo-albumeéns and the investiga.
| tion of gll these gave no indication as to the nature
of the haemolytic substance, as the excretion of nons

| of them showed any relationship to the hasmolytic

activity of the urines examined.

He did find, however, a relationship between the

' bile acid content of urine and its haemolytic power.

The test he used for the detection of bile acids was

] that of Oliver. Since his conclusion was that he ‘

found sufficient evidence to justify the suggestion

that the hasmolytic activity of urine depends on 1ts

containing minute traces of bile acids and their salt

i
| the/ )
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Ethe bile acid content of a considerable numbsr of the

urines examined here were tested by Oliver's test and
the results have been noted in the graphs. The onlyi
difference from Ponder's technigue was that the urines
examined here were not diluted 1 in 3 befors testing, |
the method of carrying out the lest, however, has
been given under "Technique" in this section,

Tt may be added that the same peptone in the
testing solution was used (Witte's) as in Ponder's
experiments, although no doubt variations in the semo |
make of peptone may be taken to ococur.

In the experiments carried out, as is seen from
the graphs, the bile acid content of the urine was noé

found to run in any degree parallel to the haemolytici

activity, except in two or three cases, although the

| greatest accuracy was observed in taking the readings.

It must be remembered, however, that Oliver's

| test depends_upon the precipitation of peptons in

acid solution, and although no substance has yet beenj
found to cause the test to be positive, it is possible
that this precipitation may be effected by another
substance which is present in urine. %
|

Indeed, as will be shown later with sodium tauro-

cholate in various dilutions added to a synthetic urine

| which was prepared, Oliver's test was negative in a

dilution of 1 in 1000 sodium taurocholate, although
the test was very definitely positive at a dilution
of A=in 500,

This /
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This very important observation would indicate, .
since practically all urines gave to some extent g
positive reaction with Oliver's test (a fact which

has been stated by several observers) . that urine

had a bile acid content, (from comparison with the

| average precipitate obtained with the Standard tubes, |

| of urine to be nearer 1 in 100,000,

extent than 1 in 1000, which is not the case, and

' bile acids unless these are present to a greater

and since the precipitate is supposed to bear a

definite relationship to the amount of bile acid

present ) of somewhere between 1 in 750 and 1-in 1000,
Dragendorf has, however, by boiling down a very

large quantity of urine shown the bile acid content

This would seem to indicate, therefore, that the|

precipitate obtained by Oliver's test is not due to

would point to the fact that Oliver's test, although

a test for bile acids present to the extent of 1 in

750, is not a reliable test for bile acids present

| in smaller concentrations then 1 in 1000.

| gated, that 0.5 cc, of the synthetic urine with

Moreover, as will be shown when the surface ten-

; i
sion of this synthetic urine befors and after the

addition of sodium taurocholate in various dilutions

was estimated, and its haemolytic activity investi-

1 in 10,000 sodium taurocholate, and 0.5 cC., 0.85%

Nagl only produced complete hasmolysis of 1 cc. of
0.5%/




| sodium taurocholate to the amount that occurs in urine

urine is not responsible for the reaction, but a

| fuller discussion is given in the last section, [

' age has any bearing on the amount of the hdemolytic

15
0, 5% human blood suspension after a hours, Ponder

noted this fact after 4 hours, but an important fact,

es is shown later, is that little or no further haemo.d

lysis took place between 4 and 8 hours,

As will also be shown, many urines produce com.

pléte haemolysis of the suspension with only 0,7 cea |l
|
of urine taken in a shorten time even than 4 hours l

while with this synthetic urine, with additions of

no degree of haemolysis took place, This would

support the fact that the bile acid content of the

The specific gravity has not been found to bear

any relation to the haemolytic activity; nelther has

any drug given apparently had any connsction with the[
phenomenon, although the urines in most cases were [

|
taken at a time when the excretion of a drug might r

i
have been expected to show soms influence on the

!
reaction if such a drug did influence it - (i,e. the i
|
|
the morning dose of the drug given), !

There is nothing tc indicate in these cases thati
|

urines were usually taken within an hour or two of

gubstance excreted,
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THE RELATION OF THE HAEMOLYTIC POWER OF URINE|

TO THE SURFACE TENSION,

There are two sets of methods adopted in finding
| surface tensions:-

(1) Static.- The surface tension of a fluild
?which is in a strictly stationary state, This is

' pest estimated by observing the height to which fhe
fluid rises in capillary tubes,

(2) Dynemic.. The surface tension of a fluid

; the surface of which is in a state of continual re. |
| formation,

For the present problsm (i,e., ascertaining the
gurface tension of urine) the former would be the
appropriate method ag the action which goes on at ,

| the surface of the red cells is essentially static.

The ideal method, then, would seem to be the
| estimation of the capillary rise. This presents
many difficulties, and is liable to error when workin%
with a substance such as urine, principally on account
of the difficulty of thoroughly cleaning the appar&tu%.

| For this reason the surface tensions wére taken by |
| the Stalagmometer, (see diagram on page 83. ). ‘
| With this instrument, if a drop falls slowly the |
surface tension obtained is static. If falling
rapidly, the surface tension obtained is a combina.

| tion of static and dynamic tensions. This is PB&llY%

an/ . J

|



 take the case of saponin where there is a tendency

. surface layers),

| the bulb through a capillary tube on to a dropping

| here was one with the bent type of lower tube, The |

11
an advantage because it gets over the difficulties
of the dynamic method, at the same time giving an
indication of the dynamic surface tension: a matter
of importance since surface active substances such as

many lysins tend to collect in a surface film, (e.g.

for the saponin which has been added to go into 801iai
Traube's stalagmometer consists of a bulb, an

upper stem in divisions and a lower stem leading from

surface of finely polished optical glass, The lower |

tube may be bent or straight. The instrument used

method of cleaning this instrument is with 40%
alcoholic potash followed by distilled water, Then
by passing concentrated nitric acid through it,

followed again by distilled water and finally steam

| may be blown through, It is then rinsed with the

| fluid which is to have its surface tension estimated,

re-filled with the fluid and the estimation commenced,

|
The fluid is carefully drawn up by suction to a

|

known point in the upper tube, at which a drop shouldf

have just fallen -~ or alternatively the upper menisou?
|

is adjusted at the mark in the upper tube and then

the dropping surface carefully and thoroughly dried.

The number of drops is then counted until the flvid

; enters the lower graduated tube.
| drops is noted when the fluid has just reached the /

The number of

|
|
1



| the mark on the lower tube and when the next drop falls

the number of divisions is counted from the known ma rk

78

in this lower tube to the point at which the drop

has just

For

| dropping

given as

when the

| the 27th

the mark

fallen,

oxample, if the 27th drop just falls off the
surface at the lower mark the reading is

27. If, however, the 28 drops have fallen
level of the fluid is at the lower mark and

drop does not fall until 5 divisions past

the reading is given as 28 ¢ 5 (= 27 drops). |

It is seen, therefore, that a reading of

28 = 28 drops
2B R = 27 drvopg,
26 & 20 = O drops .

There are however only 20 divisions past the lower

mark and

takeg 20

then is lower at 26 4 5 than 28 ¢ 20, although higher

26 4 20 really is very near 26 drops as 1t

divisions to give the next drop. The tensiol

than 26 exactly.

The

s ]

instrument must be kept absoclutely vertical

and sbsolutely steady. The temperature should be

kept constant throughout. A calibration of the

instrument is obtained by ascertaining the numbser of

. drops of pure distilled water delivered at 15°0.,

This was found to be 21 drops.- Then the surface

tension in dymes /em

whers /
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where m = No, of drops.
and g = gravitation constant 981 dynes
and R =  Radius of plane of surface

from which the drop fallse,

| Since the same instrument is used throughout

'S (surface tension) = K M , Where K is some

congtant to be determined.All that is necessary is to

find the value of K and when this is known the

| surface tension can easily be found from the masgg of

a drop.
The volume of the fluid between the marks is
always constant so we can put

8 = Kd where
n

n = the number of drops which fall

and d the density of the fluid,

1]

In the case of water, as stated, 21 drops were

delivered between the marks, and as the surface

| tonsion of distilled water at 15°C is kmowm to be

72 dymes fom,

K
79 = 271 o R e OO b R0

Taking Aniline as a check the surface tension
of aniline at 75° is known as
43 dynes /cm,

and /

[
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and the density of aniline is 1502

S. 43 = K x 1802
36 § 156

(36 4 15 = stalagmometer reading in the case

of aniline, ) ;

In order to dispose of the 4 15, this is con.
verted into fraction of a drop by finding how many

divisions = 1 drop of aniline, This was found to be |

13,
2
Th F = 1—=
hatlier s o i 13 drop.
S 36 4 15 = 37,15 drops
So . 43 = K 1.028 = 1597
37.156

Considering that the rate of dropping is not the
same by any means, the agreement of K is sufficientiy
accurate ., The figure 1512 must be divided by the
number of drops to obtain the surfsce tension is

dynes/bm., 9.8, 1f a specimen of urine gives 25 drops

we find the surface tension to be 80.5 dynes/cm,

An increagse of 4 drops thus gives a fall of about

| 12 dynes/em or 3 dynes per drop difference,

For convenience the following tables may bs used,

showing the relationship between the number of drops

| recorded and dynes /cm,

The specific gravity is{greateﬁ_a 1little/ than

;water, but this fact can be ignored owing to the fact

that a figure nearer than 1 dyne/om is not required.

The /
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The Readings 4 may be converted into fractions

of a drop by the method shown,

The first table gives the surface tensions ob.-

|
|
gerved in the urine by the stalagmometer at 15°% |
converted into dynes /ecm, The§ are not the surface

tensions at the temperature at which the urine is l
| acting on the cells (i,e. the temperature of the i
;incubator) and for this purpose Table II is given !
;showing roadings et 42°C. and obtained by multiplyingj

|
| the first figures by

g8 o I
T?E 0. 95

|

68 = dynes/om, (distilled water at 42°C., known) '

TABLE Te

drops 920 = 75.8 dynes /cm,

2% = B0 0w =
29 = ag.7 "
23 = a7 ="

o4 = 83,0 -1
o5 = 80,4 "

e = 58.1 " *
o7 - 58.0:= "
28 = 54,0 — "
29 = B0 1

20 = 50.4 "

N L,



1T,

TABLE
drops 20 =
21 5=
22 =
PaL =
294 =
e e
286 =
27 =
28 =
2g =

30

i}

-

71.8 dynes/em,

88. 4
85,3
83.4
59.8
57.4
5B, 2
53.2
57.8
49.5

47,9

1

"

"

f

f

1t

g2
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- —— i ———— - ———

Method by which the surface tensions of the urines
were estimated,

. ——— " ————

Temperature
must be kept
constant,

Instrument
must be kept
abgolutely Graduated
vertiecal, Upper H
Tube., [ E
Bent lower
tube type of
instrument,

Bulb,

Graduated;;
Lower |

capillary tube.

P

Surface of finely
polished optical
glass.

A= Known level on uprer graduated tube.
- Mark on lower tube at which last drop

igs read.,
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It was considered necessary to estimate
the surface tensions of specimens of urine which
were to have their haemolytic power investigated
The surface tensions were taken with the Stalag-
mometer and the readings of both tabulated.

A summary has been omitted with this section
-the relationship between the surface activity of
the urines being sufficiently shown in the tables
with each of which a note is given,

The majority of these urines were collected
from pathological conditions but as has been
shown in the summary at the end of Secwion 1 ,
such urines are not more actively haemolytic than
normal urine, and although a note on the diag -
nosiscete. was taken , this has been omitted here.

some of the samples observed under this
section are taken from apparently healthy indiv-
iduals.

So far as conelusions are concerned, all
that requires to be said is, that a high degree
of correlation has been obtained between the
surface tension readings and the degree of haem-
olytic power of the urine when the latter was
observed for a period of about four hours, the
readings being taken at intervals as stated,

It is well known,of course that the bile saltsl
are surface active and posess haemolytic proper-
ties but so also do other haemolysins which might

be reagsonably expected to be found in urine,

This is fully discussed on page 140,




TABLE No., 1
85

Amount of urine in c.c. giving complete haemolysis.

Amount of blood suspension used = 1.0 c¢.c..

Case
No. |H

1 2 2 iz 4 A5 gtalagmoa
Hr, |Hrs. |Hrs. Hrs.Hrs.Hrs.Hrs. meter ,
Reading. |

o

(el e T naer (1.0 oolieas 0 e s

(29| (e el mntt ol gl ot ol e o 580 et

E}) 0 0 0 0 0 0 0 0 |25 4 19

(4) |0 0 0 0 0.0 [H0 )R8 B R

D o) 0 0 0 0| 0 1.0 0475 24 + 16

(6) |0 0 0 0,75 P.75 .5 [0.5]| 0.25 25 + 3 !

[ I BT (S S S o JEE LR G (o 8 o ) IS I 27 B <8 |

(8) |0 0 0,75 | 0.75 0.75[?.5 )

0.2%27 £

From the above table it will be observed that the

haemolytic activity runs absolutely parallel with
the surface tension readings; the most actively
haemolytic urines having the lowest surface tens-
ions, except in the case of (4) which contains
albumen and will not cause haemolysis, and (3)
regarding which a note is given in the discussion.
N.B. A drop of Serum was added at 3 hrs. to the
0,25 dilution of (1) & (6) This appeared,if any-
thing,to accelerate haemolysis already present,
but on incubating overnight the 0.1 dilution of

urine had haemolysed more completely than the 0.25

dilution 4n both cases. ; [
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Amount of urine in c.ec. giving complete haemolysis

at given times. 1.0 e.,c. Blood suspension used.

TABLE NO 2,

Case 1 2 3 4 5 Stalagmometer
No. Hr, | Hrs.| Hrs, |Hrs. [Hrs. Reading.

1) 0 0,5 | 045 [0.25(0.25| 27 + 9

e R el B RS R 1 T )

(3) 0 0 0 0,7510.75| 26 + 11

(4) 0 0 0 0 0 27 + 20

(5) 0 0 fied - 0529511055 25410

(6) 0 0 150 075 0575 26 + 1

(7) 0 0 0 0 0 24 ¢ 18

(8) 0 150150 1.0 11845 26 4 1.2

| Omit No.4 which contains albumen. No.1 is the most
active haemolytically,and has the lowest surface

| tension. No,7 has the highest surface tension and’
produces no haemolysis., It is difficult to say any-
thing definite regarding the others in the above
time,but readings had to be discontinued as they
cannot be taken in artificial light. No.5 appears to
be active and yet have a relatively high surface
tension. Similarly No.2, But these might not haemol-
yse further at lower dilutions than 0.5 c.c. even
after several hours of further incubation. Urines

gueh as this are shown in other tables.
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Amount of urine in c.c, giving complete haemolysis.

Amount of blood suspension used = 0,5 c.c.

TABLE WO 3

Case| % i 1% 2 2% 3% 4 Stalag-
No., |Hr, |Hr, |Hrs, | Hrs,|Hrs. |Hrs. | Hrs.mometer
! Reading.

CE) NS 0G5S BT 5=80e b 056 0.25 10,25 | 2943

(2) | o 0 0 0 0 0 0 23420

(3) 0 0 0.5 0,25 0,25 0.1 0.1 | 2646

(4) 0 0 0 1.0 O 75| 05| 0e5 [25+1]

@) 8 B 0 0 | 0.75| 0.75(22 +16

From this table again one notices the paralielism
between the surface tension readings and the act -
ivity of the urines ( No. 2contains albumen ) ex -
cept in the case of No, i, Now this urine contains
bile as shown by the Nitric acid Test and ﬁay's Test.
One would expect the bile acid content therefore to
be high.-From these facts then, one appreciates thei
very low surface tension reading, and if the bile
salts were the factor in determining the haemolyﬁic_
activity,this specimen should be by far the most
active urine, which is not the case, although haem-

olysis certainly commences first. !



Dilution of urine giving complete haemolysis.

| Amount of Blood Suspension used = 0.5 c.c..

i
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ABLE NO 4 I
- [

|

| Cased % 1% 2 2% 3 3% Stalagmometer

; No. |Hr. | Hrs. | Hrs.| Hrs. | Hrs.|Hrs. Reading.

; (1) |0 0.1 (st 105 0.1 [0.1 28 3 20

? (2l 055 0S5 055 | 05 [[05:25: (a2 b 6 .
(3) |0 0 0 0 5 ] 23 4+ 9 |

:.(4) 0 0 0 0 0 0 26 + 0

(0e) a2l 0: 75| 05 75["0s 75 [-0:75|.08:75 24 4+ 11

LC6) il 0l (4000 | 0,956:5 [ 0:5: [[0i25 25 4 10

| (7) |o 0 0 0 1.0 [0.75 24 4 16

r_(S) o l-py25 | 0.25-0.25 (1051 0.1 25 4 B

It will be seen from the above table that there
is an absolute relationship between the haemolytic

activity of the urines and their surface tensions,

- if No.4 be omitted - this specimen containing

Albumen., The order from most active to least act- |
ive is ;- No.1, No.8, No.6, No.2, No.5, No.7, No.3
and this is the exact order of surface tension ,

from lowest to highest.
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The following three tables show the results
obtained with urine taken from the same patients
for three consecutive days - these being incub -
ated with 1,0 cc., blood suspension for several
hours at 42C - readings being taken hourly. In
addition, the Specific Gravity of each specimen
was noted, while the amount of Bile Acids pres -
ent as shown by Oliver's Test is represented by
by figures obtained from the standard tubes as
in Section 1. The Stalagmometer Readings are
also given in order to ascertain if there is any
relatioﬁship between the surface tension of the
urines, the amount of Bile acids present and the
Sveceific Gravity(taken either singly or read in
econjunction with each other) on the one hand,and
the acti%ity of thé haemolytic substance on the
other. No. 1 contains albumen however and does
not nroduce any haemolysis and must therefore be

omitted when considering the readings. No. 6,

”cnﬁtains sugar on the first two days, and it has
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been observed that this would seem to retard

the haemolytic action of urine, from results

noted in the casge of other specimens., This will

also be taken into account when interpreting the

readings. TABLES 5, 6; & 7.
1l e2 % 4 5 B.A, | S.G. |Stalagmometer.

& M (Bl oS o SRR e TREREd o 3 1012 24 ¢ 15
(2910 B El 0505 E 4 1020 24 & 2

(3) 10 (o [0 o ‘b 2 1012 22 4 2

&7 (o s S TR g T g 3 1014 26 + 18
L(syfo [o [o [1.0p.5 2 1012 2% 4 5

(6)|0 |O 0 /R3a o [ee 4 2 1014 24 & 1

(% ¥ (o Ea o S o b ) 2 1010 2% 4 15

(28010 & .95 1+2540%1 3 1022 26 + 20

(3)]0 [0 1.0 |0.5 Po1 2 1020 26 # 16
(6)lo o [o [0.5 po1 | 2 [ 1010 24 % B

Gylo lo 1o L b | 3 [1018 | 25 11

L6 0ag = S0 0|10 e 3 1026 26 ¢ 20
()0 [o- |0 0 2 25 % T
(25) |07 |19, 5]) %25 057 3 1020 25 4+ 10

(3) |0 [.25].25] 0.1 3 25 4 12

(4) o [0.5].25] 0.1 > [1016 27 % 20 2

(5) [0 |.25 0.1 0.1 3 o
‘6)lo Jo o | 0.5 > [1012 23 4 20

- Amount of Bile Acids represented as described

previously.

- Specific Gravity of Urine.
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In these tables readings have been taken hourly.
From the first table one observes ,(when Nos.(i)
and (6) are omitted for reasons given) that the
specimens with the lowest surface tensions are

the most actively haemolytic, No(4) having the
lowest surface tension, Although this urine does
not commence to produce haemolysis just as quick-
ly as Nos.(2) and (5), complete haemolysis occurs
at a dilution of 0,5 e.c, in 5 hours,(i.e., just
as soon as the others which commenced to produce
haemolysis -at lower dilutions in a shorter time.)
Nos. (2) and.tB) are the urines with the next
lowest surface tensions and are the next most
active in producing complete haemolysis of the
blood suspension. No.(3) has the highest surface
tension and does not cause haemolysis to take
place at any dilution in 5 hours, although it con-

taing no abnormal constituents which retard or

vrevent the occurrence of haemolysis.

Again in Table (2) , Specimens (2) and (3) are
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most active,- indeed almost equally so - and one
finds that the stalagmometer readings indicating
their surface tensions, are practically the same.
No,(6) has as low a surface tension as these, and
is seen to be very active, although the commence-
ment of haemolysis would appear to be retarded,
This specimen contains sugar. Nos. (5) and(23) are
in order less active, and also in order corres -
pondingly higher in surface tension.

A gimilar definite relationship between surface
tension and haemolytic activity is noted in Table
(3).

With regard to the bile acids, one observes in
the first place that there is very little differ-
ence in the majority of cases between the amount
in these specimens, although their haemolytic
activity varies to a much greater extent., From
these figures one cannot state that there is any
agreement with the amount of bile acids present

and the haemolytic activity of the urine. More =~
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-over one cannot say tﬁat there is a relationship
between the bile acid readings and the surface
tension readings, which one would have expected
when it was found that the surface tension read-
ings corresponded with the haemolytic activity,
if one ascribed that activity to the presence of
bile salts in the urine,

With regard to specific gravities it is
suggcested from the tables that there is a tendency
for the most active urines to have rather lower
specific gravities, but results obtained in the

case of other specimens are noted in Section 1,




Amount of urine in e.c,,giving complete haemolysis.

Amount of blood suspension used = 0.5 C.C..

Case | + 1 14 2 0% 4 [Stalag-
No. |Hr. | Hr. | Hrs,| Hrs. |Hrs. | Hrs. |mometer
Reading

(1510 0 0.75 0.5 0.5 0.1 [26 + 15

2} e o o 0.25 |0,25 | 0,25 [25 + 20

(2) o 0.5 |0.25 | 0.1 0.1 0.1 |26 % 15

(4) |0 0o |0 0 g Ee 25 + 0

0 0 0 0 0 27 + 5

—

\n
S
()

(6) |0 0 10,75 |0:95 | 0.5 | 0.25]|25-4:20

No.(5) Contains Bile by Nitric Acid Test and has

a low surface tension, but it also contains blood,
the serum of which prevénts haemolysis taking place.
If this be omitted the urines with the lowest
surface tensions are the most active. Nos. (1) and
(3) have the same surface tension and are the most
active, while nos. (2} and (6) have also the same
surface tensions, although lower than (1) and (35,
and are it would seem almost equally huemolytically

active, and to a less extent than (i) and (3).
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Amount of urine in ec.c. giving complete haemolysis.

Amount of blood susvension used = Qb @,

Case No, % i = 2 3 35 Stalagmom-
Hye ) Hing Hrs. |Hrs.| Hrs. |Hrs. eter Reading.

L (1) 0 0 ol B e T TS, {5 32513

|

ELERE) 0 0 0 0 0 0 23 + 11

(3) 0 0 0 0 0 0 28 + 13

[ 0 0 0 0 0 0 22 + 20

| .'
| (5) 0 0 0 0 0 0 23 + 0 '
; (6) 0 0 0 0 0 0 D7 a1 :
| (1) 0 0 0 0 (0,75 |0.75| 25 ¢ 20 5

A sefies of specimens with comparatively high
surface tensions and correspondingly inasctive
in the production of haemolysis., No. 3 is a urine
from a case of obstructive jaundice and contains

bile. It has the lowest surface temsion by far,

but it does not produce any haemolysis. This agreesé

with the previous tables, and with the results ob-
tained in Seetion 1. No 7 is the urine of lowest

surface tension containing no abnormal substance

and produces haemolysis first. |



TABLE No. 10

Amount of urine in c.ec., giving complete haemolysis.

96

Amount of blood suspension used = 0,5 c;c.. 1

Case No. 1 2 5 4 Stalagmometer 1
| Hyes Hrs. |Hrs. [Hrs, Reading. !
: 1) [0 GRS 1854150 ¥0R5 29 + 2

(2 o 0 0 0, 75 op e |

(3) 0 0 0 0, 22 + T |
=a) 0 0,75 | 0s5 |0.25 | 26 + 19, |
!

This table is

entirely similar to the previous.

The readings agree except in the case

of (1) which

has bile present and naturally a very high surface

tension, and yet it is not the most active. One

would presume that No., (6) contains more of another

haemolysin which also affects the surface tension,

- the very low surface tension in No (1) being

accounted for by the bile present and perhaps to

Some extent in the haemolysis as it is present in

an amount which would conceivably produce haemolysis

with the above amount of blood suspension,
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of urine in c.c. giting complete haemolysis

*

Amount of blood suspension used = 0,5 C.C..
Case &+ 1 14 2 2% 3 - 3x A 4L Stalag-
No., Hr.Hr, Hrs, Hrs, Hrs,Hrs. Hrs,Hrs.Hrs. mometgr .
TABLE NO t1 Reading. |
IET) [0 |14 010225 195251051 0,1 150|000 (0505 2615 |
(2) {375].75 | 75 o5 [0.5 .5 0.5 (0.5 (0.5 | 26¢5 |
: : |
1(3) (0 |0 De 2P Bia 7P OREEN (s TN o 2440 '
|
| . :
i(4) Contained Albumen and was omitted.
i
(5) lo |o 0o b o0 b 1.0 M.0 P.T75| 2445
(6) [0 |0 0 h.o [0.750.75 .25 .25| .25| 25411
ET)-2llo o |o 0 0 O [0 0 |0 | 1.0} 2440 :
(8) [0 |o | o0.75 0.5 0.5| 0.25] 25| .25|s25| 26417 |
i

| As it was not found practicable to take readings

| for e.gz. ten hours owing to the difficulty of observ-

the degree of haemolysis by artificial 1light, the

above series was carried out with only half the

-~

| usual amount of blood susvension. The order from

| lowest surface temsion to highest is ;-

2 1

8,6 ,5, 3 ,and 7. - while the order

of most active urines to least active is ;-

1 258

] ? ]

6

5

7 and

3, or so it woula

first appear, but although haemolysis ocecurs to a

| very small dilution in (1) it will be noted that

haemolysis first oceurs at 9.75 in (2) within

This agrees with observations on Percentaze Haemol-

ysis,where some urines are found

only to haemolyse

% hour.
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to e.g. %0% or 40% after many hours, although
the haemolysis may commence in a short time.
The haemolytic substance therefore, presumably
is active but not present in sufficient amount
to cause compnlete haemolysis of the blood

suspension.
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PERCENTAGE HAEMOLYSIS, i

On account of the difficulties which present i
themselves in attempting to isolate a haemolytic |
substance or substances from urine, . & process which |
introduces other factors which may in themselves

produce hsemolysis, or at least influence the haemo-

lytic action, - other methods must be employed if any

' conclusion as to the nature of the haemolysin is to i

' be arrived at, \

It was deemed ﬁdvisable, in the first place,
since the presence of some haemolytic agent in urine
has been demonstreted, to ascertain if this haemo-
lysin possessed certain known characteristics
peculiar to other haemolytic substances.

For this reason the Percentasge Haemolysls curve
of Urine was determined in order to compare it with

the curves of other simple haemolysins and to find

in what manner the curve for urine compared with

these, and to note any differences in the curve.

The technique which was adopted is as follows:-
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PERCENTAGE  HAEMOLYSIS.

TECHNIQUE,

A certain definite quantity of urine was taken

(the amount in each case being given on the graph).

|
|
In this case, however, the urine was filtered until |
absolutely clear. A double strength suspension was |
|
|

made to allow of readings being read more accurately,

S For example let us say that 0,285 cc, of urine was

? taken, Then to twenty test-tubes were added 0,25 cc,
% filtered urine and 0,75 cc.- 0,85 galine and to

| pach of these 1 cc, blood suspension (double strengthi
j.8. 20 cec, to 50). |

The standards were made as follows for the above case
(i.e. 0.25 cc, urine),
0.25 cc. urine (filtered) was added to 10 test tubes, |

| To the first was added 1 cc. saline,

2nd, 0.9 cc. and 0.1 cc, Blood suspension.
0.8 cc. 0.2 cc.
0.7 co, 0.3 6O,
0.6 CC. 0.4 cc.
% 0.5 cc. 0.5 cc.
0.4 cc. 0.8 cc.
0.3 cC. 0.7 cc.
0.2 CC., 0.8 cc.
0.1 CC. 0.9 cc.

0.95 cc, urine was added to each tube,

| A minute amount of Saponin was added to each of tﬁesf;
ten tubes and haemolysis was effected in a very s ort

time,




i

| I 01
| It will thus be seen that thess 10 tubes represented |
| T

‘the degree of haemolysis of the blood suspension, - |

‘the first = no haemolysis and the tenth = 907 haemo.
ilysis and so on. These were placed in a rack,

i Tt was found that the colors could not be
‘accurately compared, the reason being that the standafﬂ
gtubes were not incubated as well . when this was dons
fthe readings were found to be facilitated,

i At definite times, e.g. 15 minutes, 30 minutes,
ete., a tube was taken from the incubator containing
0.25 cc. urine and 1 cc, of the suspension (i.e. cne

of the 20 tubes) . placed in cold water to stop or

roetard haemolysis, and then centrifuged for five

minutes, The amount of haemoglobin which had been

liberated was then compared with that of the standard

tubes, i

It may be said that this could have been effected

more saccurately with the colorimeter, This however

was tried on several occasions and although theoret.
ically it would seem an ideal method for comparison,
in the case of urines, it was not found practicable,

Tt necessitated a very large number of standard tubes

being prepared as each standard required to be in

the incubator the same length of time as the urine
tubes which were to be tested. Even on this method
being tried the colours were found not to match very

| well owing, presumably, to the formation of hasmatins

from the haemoglobin by the substances in the urine,

!This adds yellow to the red and the colorimeter

method / !
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method had to be abandoned. As stated, however, the
alternative method which was devised was found quite |
accurate, |

A few words of explanation are given with each |
| 5
| graph,

#£9 0 e P e e 0000000 s e e a0 |
|

By this method,then, the reaction is stopped i

after it has proceeded a certain length,the stopping

being obtained by cooling, which markedly reduces
the rapidity of haemolytic reactions; the intact |
cells are centrifuged oft and the amount of haemo-
globin in the supernatent xluid estimated by com-
parison against standard wvubes.

Cooling however,does not stop the reacyion - it |
only retards it. This would be a disadvantage where |

!
extremely active haemolysins are-used,or haemolytic

agents in high concentrations. aAlso the centrifuginﬁ
will cause those cells which have been weakened by |
i the haemolytic agent to haemolyse.
fWith a substance such as urine these are by

no means serious disadvantages although they must
be taken into account. The comparative inactivity
due no doubt to the low concentration in the amountvs
used in the experiments, makes this method more |

applicable than might be at first supposed.

- ———— - — - ——
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Brooks in his paper on the Theory of the mechanism
of Haemolysis and Similar Processes, has stated that |
| the apparent course of such processes as haemolysis i
is determined by the rate of change in the number of |
;living cells which have undergone some definite !
%alteration such as laking and loss of viability. :

His paper desls with the physico-chemical procéaq
or groups of processes leading to death, laking and i
' similar effects in determining progressive changes inl
.the number of individual cells succumbing in auccess-i
' ive units of time to the deleteriocus agent. He termsE
theé physico-chemical process in the protoplasm the ;
"fundamental process", and the time curve of any %
- process like haemolysis, the "course of the process”, |
He points out that if erythrocytes are suspended
| in an indifferent medium and are subjected to a briefé
'radiation from a mercury vapour arc in quartz, or 1f |
they are suspended in an appropriate dilution of eeruﬁ
acting in conjunction with a specific antibody, there
ensues a gradual liberation of haemoglobin,
In both cases the process begins at a rather
' slow rate which gradually increases, passes through
éa maximum and then gradually decreases until 1t |

becomes comparable with the rate of spontanecus 1aking.

This phenomenon will be shown to take place when urins

%is/



| inactivation of the lytic agent, or if the concent.-

red blood corpuscles visible in a given volume of

104

is taken as the substance in which the haemolytic
agent is contained, and to the action of which the

erythrocytes are subjected, suspended in 0.857 WaCl, .

| an indifferent medium, as shown by the controls,

Plotting as ordinates the percentage of haemo-
globin liberated and as abscissae the time at which

the readings were taken asymmetricel sigmoid curves i

were obtained, similar to those which Brooks describeé.
| |

He explains the gradual retardation and final

apparent equllibrium as either due to exhasustion or

ration of the lytic agent is increased above that

| which is essential for complete haemolysis in a few |

hours, the process ceases because of the exhaustion

of the supply of cells,

Brooks has shown that after enumeration of the

|
guspension at various stages of haemolysis, the amount

of haemoglobin which is liberated is almost propor-

tional to the number of cells which have lost their

| pilgment.

The technique adopted in endeavouring to obtain |

s percentage haemolysis curve for urine is based on

| the above observation, and on the fact, as Brooks

showed, that the course of haemolysis depends on the

| relative number of red blood corpuscles having in

different degrees the power to withstand the action

| of/



fragile cells are laked almost immediately, the

| haemolysis is not complete, This is due to &

| number of the more fragile cells accelerating the

i 05

i

|

e |
of the haemolysin - for since the amount of haemoglobin

liberated is proportional to the number of erythro- ]

cytes which have disappeared, the observed course of |

haemolysis must be regarded as the summation of the ]

laking of individual cells at varying times after they

are subjected to the condition leading to hasmolysis,

Again Brooks points out that a few relatively

resistant ones surviving for a very much longer
period - but most of the cells succumb during an

intermediate period when the observed rate of haemo-

lysis is at & maximum,
In the second group of curves obtained with

urine as the lytic agent, it will be noticed that

deficiency in the amount of haemolytic substance no

doubt, but these curves show that haemolysis in each

case has reached this maximum rate,

When haemoglobin begins to diffuse from a given
erythrocyte the process, according to Brooks, is
quickly completed, i,e. it may be ordinarily regarded |

as instantansous. - Any increase in the relative

|
reaction, any decrease giving a corresponding retard:
ation, ?

The method adopted in the case of urine in

. expressing graphically the progress of the haemolysis

 was/
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|

was by the time curve where the ordinates are pro- .
|

 portional to the total number of cells laked, and the |

rate of haemolysis is therefore represented by the i

gslope of the curve -~ the steeper the curve the more i

colls succumbing per unit of time to the haemolytic f

substance contained in the urine, The first two |
|

curves of complete haemolysis given are typical T
examples of the complete percenéage haemolysis curve

of urine, the partial haemolysis curves are typical {
exXamples obtained where the haemolytic agent was ;

: |
present in insufficient amount, It must be pointed ‘
|

out that curves were not found to differ in type ;
|

with the urine from several different pathological f

| conditionsg and these did not véry from the curve [

' urine required to effect the haemolysis are given witl

!
obtained when normal urine was used, The amounts of

(=3

the curves, similarly the amount and strength of the

gsuspension,

Examples of the complete curve are given where
the haemolysis did not take a longer time than a few i
hours, as after that time readings were more difficul%
to interpret in some cases; but apart from this it

| must be remembered that other factors may come into

play - indeed in the case of urines which only-
heemolysed the same amount of suspension after e.g.

20 hours. - it is by no means certain that the same

| haemolytic agent is responsible as in these urines |

which/ ;
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which cavge haemolysis in an hour or two, As the
Standard tubes had to be placed in the Incubator as
well,it will be readily understood that a long
incubation period diminishes greatly the differences

in colour between these, and introduces a source of

| erTor,

' in Section I - and confirmed by observations by McKes,|

'heemolysis to a slightly different degree in the two

 cases, although the amount of blood suspension in each

When working with a substance such as urine, it
is difficult to obtain a frequency curve as it has

been shown from results obtained under "Technique"

that the same amount of the same urine may in a given

time of incubation at the same temperature cause i

' case was equal in amount and of the same strength . ‘

i.e, that the same quantities of the same urine do i
not evidently necessarily contain exactly the same {
amount of the haemolytic substance, !

Although readings were taken for a frequency

| curve the method was open to too many fallacies and

thus freguency curves have been omitted,
On the other hand Brooks concluded that haemo-
lysis is largely dependent upon variations in resist.

ance among the different individuals, and it may be,

| therefore, that this difference is shown in two equal |

amounts of blood suspension which would also account
for the variations just described and also for

variations/
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variations in haemolytic activity in the same amounts|

of the same urine described in other Sections,
Ponder has described important and typical per-

centage haemolyses curves obtained with various
hasmolytic substances under various conditions,
He has shown in full the relation between percentage
haemolysis and time in the case of three haemolytic
subs tances

Sodium hydroxide

Saponin

and Sodium taurocholate.

The sodium hydroxide curve he obtained exhibits a

distinct latent period when no haémolysis occurs,
followed by the beginning of the reaction resulting

in haemolysis which is described by a sigmoid curve

| which is almost symmetricael - the deviation from

gymmetry being so small as to fall within the range

of experimental error, The median of the sodium

| hydrate curve nearly coincides with the ordinate

eroctad at & point half way between the commencement
of haemolysis and its complstion,

Now the curve obtained with urine is not a
symmetrical curve like the above, and Ponder has
pointed out that the main difficulty in attempting
to ascertain the nature of the haemolytic reaction

lies in the fact, that, in the case of hasmolytic

| agents usually employed for such experiments the

curve /
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curve relating to percentage haemolysis is asymmetrical,

| The percentage curve of urine then, possesses the

characteristics of the curves of most of the commoner
haemolytic substances, but even with thess asymmetricél
curves certain variations occur as Ponder has observed,
snd the difficulty in likening the asymmstrical per-
centage curve of one haemolytic substance to the
asymmetrical percentage haemolysis curve of another
cannot be underrated.,

It is therefors with caution that the curves
obtained from urine are interpreted as not bearing
the same characteristics of the sodium taurocholats
curve obtained by Ponder, although this is certainly
suggested.

In these asymmetrical curves the number of red :
cells destroyed in the first half of the reaction is |
greater than that in the second half, Pondser explains
this by stating that there 1s direct evidence to show
that the process of haemolysis results in the 1ibera_.
tion of substances from the cell which have a retard.
ing effect on the fundamental reaction, together with
the fact that as lysis proceeds the amount of free
lysin gets less and less,

He obtained with sodium taurocholate an asymmet.
rical curve where the latter part of the hasmolytic
getion would appear to besglower than in the case of
urine, although the first half of the two curves do

not disagree; and as Ponder has proved that the

action/
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action of serum proteins and also hasmoglobins retard
godium taurocholate haemolysis if added befors the
haemolytic substance is in contact with the cells,
although curious enough an acceleration is produced
of nearly all cages 1f the serum is added after
pertial haemolysis has been effected by the lytic
agent already in contact with the cells,'ﬁhe result
of addition of serum etec, to suspension partially
haemolysed by urine was found to be a definite retards
ation - this is what occurs with haemolytic agents
such as saponin, (Experiments, however, with urines:
containing blood (serum) and where therefore the
haemolytic agent was in contact with the cells as |
soon as the serum . the retardation was always a,ppa.r_i

!
ent. ). i

|

When serum was added to tubes containing blood |

gsuspension which had been partially haemolysed by the |
heemolytic substance of urine this retardation was

apparent - e,g., if the serum was added to a tubse con_é

taining 0.25 cc. of urine, it would be found that

- while in the 0O.l.cc, dilution,the suspension had

| undergone complete haemolysis, the 0,25 cc, dilution

| had evidently remsined partially haemolysed to the ;

game extent as before the serum was added,- The fact
to be determined was whether there was g retardation,
and not to what extent the retardstion occurred, 8o

that the amounts of liberated haemoglobin befors and :

| after/



after the addition of serum were not estimated,

It might be assumed, therefore, that as the !

[ lysis with urine was not accelerated by the addition
of serum, that the contained haemolytic substance withI
| other corroborating evidence is not the sodium tauro- |
cholate content, but a haemolytic substance allied to|
saponin, The same might also be assumed from the |
s different type of skewness in the curve obtained Eronl
the experiments with urine and those with sodium
taurocholate. In the latter case, however, great
care and experience are required in arriving at

i conclusions ﬁhich rest on so delicate a point, i

Cne definite fact is however clear - that the percent.

age haemolysis curve obtained from urine possesses i
|

the characteristics and peculiarities of some of the |

|
woll-known haemolytic substances, and it is suggested‘

that the percentage haemolysis curve differs from that

| obtained from sodium taurocholate, Another fact is ofé

R T T

| importance,that the eurve obtained with normal urine

i
| does not differ from that obtained with urine from

Zthe uhselected mofbid'svates which'ﬁas tested, .

==t - S e

s b ]
.
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CURVE of PERCENTAGE HAEMOLYSIS,
0.5 e.e., urine and 0,5 c¢,e, 0,85 % NaCl with the

addition of 2,0 e¢.,c. Human Blood Suspension,0.,5 %.
Controlg. No haemolysis took place in 35 hours at
42 C, with 1,0 e,c. 0,85 % NaCl., No haemolysis
occurred either with 0,5 e.ec, NaCl 0,85 % & O.5c.c.
water in the above time, Readings were taken at

15 minute intervals.

100 %

- 90 4 |
o G

= 70 %

L 60 % /

—— 50 %

40

30 %

___20-% U2y
-

10;@,f/’

e BRG]

0O 30 60 90 120 150 180 210.

Ordinate Percentage Haemolysis,

Abscissa = Time in Minutes,

Urine . Case No,

Reaction = Acid,
Speecifie Gravity = 1012,
No abnormal constituents.
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This urine, the percentage haemolysis curve of
which is given below, is extremely active -
complete haemolysis being effected at a dilution

of 0.25 e.c with 0,75 ec.,c 0,85 NaCl, in 2 hours.

100 % Haemolysis

— 90 %

80

70 ;
60

50 |

40
30

l

S
T IME IN HOUKS.

—
——

Controls - No haemolysis took place.



PERCENTAGE HAEMOLYSTS.

Quantity of urine taken in each tube = 0.5 c.c.

( Urine of Case No, Rheumatism , Acute,)

100 % Haemolysis.

90 %
80 %
70 %
60 %
— 50 %
40
G - T

5 i ks 2 2% 3 3% 4 4% 5 HOURS
Controls;- No Haemolysis took place.

From the above curve one observes that at the com-

mencement the_type of curve is similar to those ob-
tained where complete haemolysis was produced. Here,
however, haemolysis stops abruptly at 50 % and does
not proceed further even after several hours of fur-
ther incubation at 42°C., There is therefore presum-
ably only sufficient of the haemolysin contained in

0.5 c.c.urine to effect partial haemolysis.
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Urine from a healthy adult. Normal specimen
PERCENTAGE HAEMOLYSIS,

Quantity of urine taken in each tube = 1.0 c.c. !

i.e., undiluted with 0,85 % NaCl.

100 % |
90 % |
o
70 % .
60 % |
50 %
40 %

This urine did not)

30 % - produce more than |
30% hsemolysis ,

even after nine-

20 % teen hours incub-
ation at 42°C..

10

1 2 3 4 5 6 7 SO YRS,
In the above curve we notice the beginning as
before; also the abrupt rise, When haemolysis
reaches 25 % however, the process would appear
to have almost stopped and when 30 % is reached
no further action takes place,
Controls with this experiment were again negative.



PERCENTAGE HAEMOLYSIS, ii6

1001% ( 0.1 c.c, Urine in each test
tube. 0.9 c¢.e, 0.85 % NaCl.,)

90, %

80 %

05=%

60 %

50 %

40 % No

further

haemolysis.

i R 1 1 12 2 2% 3 3% 4 4% 5 Hours,
100 %
90 %
80
70 %
60 %
0 %
: No =
40 % urther |

haemolysis.

& 1=

2 2k 3 3 4 4% 5 Hours.|

Two graphs showing that only enough of the haem-
olytiec substance was contained in 0,1 c.e. toO

produce 40% haemolysis, j



RESISTANCE SERIES,
. _ERYTHROCYTES OF VARIOUS ANIMATS TESTED
AGATIVST

THE HARMOLYTIC AQTfOﬂ OF URINE,

RESULTS OBTAINED
WITH
SHORT DISCUSSION ON

THESE,
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| erythrocytes of the mammslia may be placed with

| pathological conditions) were suggestive of the

ERYTHROCYTES OF VARTOUS ANIMALS TESTED

AGATINST THE HAEMOLYTIC ACTION OF URINE,

Considering further the characteristice of the

better known haemolysins, it is found that the series

of Ryvosh is concerned with the order in which the

réspect to the very active haemolysin saponin, and
to hypotonic saline respectively.
It is interesting, therefore, and not irrslevant:

to £ind the order in which the red blood cells of

certain of the mammalia are placed when urine, (bofh
from morbid states and from healthy individuals) with/
its contained haemolytic substance is used in plsace
of saponin,

Especially is this the case when the percentage |

haemolysis curves of urine (normsl and urine from

percentage hasmolysis curves of saponin, and as this

N

observation is supported by the fact that serum added,

when the haemolytic substance is first allowed to be
in contact with the cells of the suspension, does not
produce an acceleration of the reaction as is found

with sodium teaurocholate in nearly all cases, but a

retardation which is found in the majority of cases

with/
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ey |
| with the saponin series, |

Looking at the series of Ryvosh from snothsr
point of view, it was thought advisable to carry out
a few experiments such as this in order to find if

the order of resistance of the erythrocytes was that

which Ryvosh obtained with hypotonic saline, as hypo-

tonicity is a factor which may theoretically be
guggested as a cause - or a factor which may greatly
inflvence - the haemolytic reaction obtained with

urine, A fuller note on tonicity, however, is given
|
|

elsewhers,

Using saponin as a haemolytic agent, Ryvosh ob-
tained the following order of resistance, from the
most resistant red cells to the least resistant:-
gheep, goat, ox, cat, mouse, pig, grey rat, dog, whité
rat, rabbit, gulnea pig. %

The order obtained for hypotonic saline weas the |
reverse, (i.e. guines pig, was the most resistant)
excoept in the case of the rabbit which was out of
place in the geries,

In the case of urine it was unnscessary to test
the erythrocytes of all these animals as much can be
learned by testing the resistance of a few, Morsover%
the difficulty of obtaining the blood of most of thess
animals on one day could not be overcome, as the same
specimen of urine had to be used with the different |
suspensions at the same time, i.e. other substances

may be kept for a period of hours and days for testing

but /
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but this cannot be done in working with a substance
1ike urine, and another specimen from the same individ.
:ual will not show the same hasmolytic activity as hasl
been shown, é

The strength and amount of suspension used in
each series was the same, é

Tables showing the results obtained are given ati
the end of this section,

It need not be emphasized that accurary was
egsential,

It was learned during these experiments with the
different blood suspensions, that the more dilute the;
blood suspensions the more accurate were the results
obtained. .

Ponder in modifying the method of Ryvosh pointed!
| out that Ryvosh added defibrinated blood to his
solutions of NaCl and of saponin, and the haemolytic !
gystems, therefore, contained serum which he (Ponder)l
has shown to inhibit sapénin haemolysis, |

The method of preparing the suspensions varies;
that used here was that of Ryvosh where 1 cc, contain§
cells from a constant volume of blood. The importan£
fact is, however, that the more dilute the suspension|
| the more accurate are. the readings obtained.

The order of resistance of the red cells obtaine@

with urine as the lytic agent was from most resistant

Lo/



| for the haemolytic action of urine, when haemolysis

i20
to least resistant:.
Sheep, Ox, Rabbit, and Man,
It is unnecessary for the present problem to go |
into the theories as to why this varistion in resist.-
ance occurs, but it may be said that Pondser has sug- ‘

gested that the resistance of cells to saponin is

| principally determined by the protein content of the !

cell, exclusive of haemoglobin, He confirms, on the |
whole, the results of Ryvosh,

What is seen from these experiments with urine
is that the results agree with results obtained from ;
the saponin series and not for those bbtained with
hypotonic saline,

As was suggested previously it is uncertain

whether the same haemolytic substance was responsiblei

was not effected for a 1ong period of incubation, é
8.g8. 20 hours, and when the haemolysis was much more
rapidly produceds; it may be stated that no differenceé
was found in the order of resistance with either of |
these types of urine. On the other hand more than

one haemolysin may produce the same order of resistanée,
Neither was a difference in the series obtained with
the urine from healthy individuals and that from cor-
tain morbid conditions,

Results obtained by Kofler and Lazar may be very

briefly referred to here, They claim to show that thg

resistance series of saponin is different to that of

digitoxin, /
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digitoxin, sapotoxin, senegin and other saponinsg, and
that these have different series one from the other,
If this were an established fact the order of
resistance for the lysin contained in urine might have
been fully worked out and by this meens it would
have been possible to eliminate certain members of
the saponin group as not being responsible,
There are certain fallacies, however, which make

this wvalueless, Kofler and Lazar used suspensions

which were unequal in strength, and are too concentra-

ted., Moreover they place the erythrocytes of one

2}

animal before that of another, if the resistance of
both is the same, for no other reason than that 1t
occurs first with the original substance tested
(i.e. saponin),

Apart from saying that this unknown haemolysin
contained in urine gives a resistance series corres-
ponding with that of saponin, it cannot be identified

by this method.
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The tables below show the greater resistance of the
erythrocytes of the Ox to the haemolytic action of
urine. The blood susvension used was prepared in a
similar manner to that of the human blood suspen -
sion hitherto use&, being 0,5 %. The two sets of
urines were incubated at 42 C for 4 hours together,

readings being taken at intervals as noted. 0,5c.c.

Ox blood suspension was added to one set of test

tubes containing the usual dilutions of urine;

| 0.5 c.c. human blood suspension to the other.

| Table No,1 = Human Blood Suspensiou.

i + 1 1% 2 2% 3 4 Hours.,
Ctyfoss | oran: [ 51.00 [0.75 | 0.5 [oig5 {o:d
1(2) fo 0 0 0 0 i 0.5
|f(3) 0 0,5 @,25 1 0,25 | 08,25 |05 0s1
(4)lo | 0.5 | 0.5 | 0.5 | 0.25 Jo.25 |o0.25
i Table No.2 = Ox Blood Suspension.

iy fo | o 0 e B B 0
(2) [0 0 0 0 0 0 0
1(3) o 0 1.0 0,95 | 0s5 0,25 - | 025
(&Y[o [ 0.75 | 0.75 0.75 | 0.75 [0.95 [0.5.
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Resistance of the erythrocytes of various animals |
to the haemolytic activity of normal urine. The
following is an example of a very inactive urine,
which points out the fallacy, however, of only ob-
serving such urines for short periods.
These readings were only obtained after 20 hours

0
incubation at 42 C. F

T " — T —— ————————— i ———— i ————————

Human Blood Suspension. Complete
Haemolysis, at 0,25 cc,

T — - ———————————————————————————————————————— - ———— -

- ———— i ——{—— —— {——

Sheep Blond Suspension. No haemolysis occurred. |

The Suspension in each case.was of 0.5 % strength,

and 0.5 c.c. was used for each dilution of urine,

It will be seen from the above experiments that the
sefies obtained is, in order of most resistant red
blood cells to least resistant ;-

Sheep,

Ox,

Man,
Rabbit,

- S e T M WD TR e g S
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| .Further examples of the difference in resistance
‘ of the red cells of various animals to this haem-
olytic power of urine, - in both these cases

nomal urine ( urine from healthy individuals ),

was used. 1.0 c.c, undiluted with 0,85 % NaCl.
with O,5c.c. of a 0,5 blood suspension in each

|
‘ case, Also diluted specimens as formerly. |

Human blood Complete |
suspension, Haemolysis at 1.0 ce,in 3 hrs, |

Ox blood

suspension. No Haemolysis in 3 hrs.

Rabbit blood Complete

suspension, Haemolysis at {0 ec.in 3 hrs,

sheep blood
suspension. o Haemolysis i A-hrd,

The human red cells and those of the rabbit are
equally resistant while those of the ox and sheep

are most resistant , not being laked in the 3 hours,

|
! ( 2nd Specimen, )
|

| Human. Complete haemolysis at 0.5 cc. in 3 hrs.
| Ox, ) i m a0l ees I Brhag
Rabbit, 3 2 " 0.5 ce, " 3 hrs, |
|

} Sheevp, Haemolysis just commenced at 1.,0" 3 hrs.
! The order of resistance here, commencing with the
. most resistant,is ;-

i Sheep,
i 0x;

Human and Rabbit,




Further Examples,

Normal Urine, Incubation of 4 hours at 42 ¢.

0,5 % Suspension in each ecase. 0.5 e,e, uged. |

Humen blood,

Horse blood. 43
Rabbit blood 1
Ox blood, 8
Sheep blood, 4

et e L ——

complete haemolysis

"

”

m

at

"

m

mn

i

2>

0

0,1 e.a,
035 e85

1 e e B

0, 75c.a%

0.250.4.

In this case the series obtained is, in order of

most resistant cells to least resistant

Ox,

Horse,

Sheep,

Rabbit & lMan,

* -

e e W T

The suspension in the case of the horse blood
above was too concentrated and has resulted in

this blood being out of place in the series,

e - —



VARIOUS  EXPERIMERLS,

HAEMOLYRTIC  ACTIVITY
of
URINE OBSERVED

Before and after exercise,

a0 eP e eRBREe

Before .and: after 'drinking Llarge
guantities of water.

Experimgnts wi%ﬁ.ééééﬁéééing urine,

Changes in cells whieh occur during
haemolysis.,

Experiments with urine of animals.
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Experiments with urine from normal individuals

before and after drinkines a large aquantity of water.
|
The following experiments show the difference
in the haemolytic power of urine before and after ;
drinking large quantities of water. They were car- i
ried out as follows;- !
I
Several persons whose urine contained no abnor- |
mal constituents, passed urine - a sample of which
s |
was taken. They then emptied the bladder completely. |
Having done this each person proceeded to drink
half a litre of tepid water. After half an hour a |
sample of the next urine passed was collected,
The two specimens in each case were tested in the i
usual way , being incubated for four hours, at the
usual temperature, 42 C.
The two sets of tubes were,of course, put up to-
gether at the same time in the incubator and were :
read at the same time.

The following results were obtained ;-



(1)

(3)
(4)

(5)

(8)
(9)
(10)
(11)
(12}

(13)

Specimen of
urine before
drinking the
water.

Complete Haem-
olysis oeccurred
at ;-

05T esies
Nd“haeﬁolysis.
NO haemolysis.
No haemolysis.
No haemolysis.

0:1 €.0,

DD BaCe

0,1 c.c;

1550 eve,
No haemolysis.

s eoca

No haemolysis.

0, TN e4a5s

i29

Speeimen of
urine after
half a litre
of water

Complete Haem=
olysis oeccurred
at ;-

0.1 ec.e.

No haemolysis.
(G185 B T T
Qilases el
030 ieses
Ds1 esCo
Ol eses
0.25 c.c,

0.05 e.c.
0.05 e.c,
No haemolysis,

No haemolysis.

b es

?




é results obtained when the urine from normal individual
wes exXamined before and after drinking half a 1itre

. of tepid water _- we see that haemolysis in almost

| of the fact that the person may not have emptied the

| ducted a routine examination of the urines of all

| in tonicity to the urine) varies in time in individusl

| cases, and in these experiments the second specimen

(28

From these resdings . which ars some of the

every case occurs much more readily; the explanation

being the difference in tonicity which after all is
what is to be expected. In the very few cases whers

the urine does not appear to be more actively haemo-

lytic after drinking the water, account must be taken|
|

bladder quite completely in the first instance; also

i
that the production of diuresis (giving the differenc?

was collected % hour after drinking the water,
Although McKee in his paper states that he never
observed any haemolytic action with the urine of ,

normal individuals, he goes on to say that he con-

new patients entering hospital and he regards these
with importance, his reason being that he found that

the urine obtained on the first day following the

patient's admission was often haemolytic, although

never again during a stay of days or weeks in hospital

Now it has been shown in these experiments with |

normal urine, before and after the patient has been

given/ :

L8
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| |
| glven half a litre of water to drink, that the urine |

is, in the majority of cases after drinking the water;

' much more actively haemolytic due more than probably |

to the difference in tonicity.

This is what might be expected from persons just

iadmitted to hospital - diuresis - whichin fact, very

ioften occurs and might be suggested as an explanationi
!

. of McKee's observations,

It will be asked, however, why McKee did not finé
ithis haemolytic action on the days following the i
patient's entry, and the answer to such a question
;would gseem to lie in the fact that the period of
fincubation adopted by McKee was 2% hours at 3700,

In the experiments given here it has been shown on

many occasions that while a urine may be easily

|

classed as non-haemolytic when only observed after |
_ |

2% hours, if that specimen be observed for a further |

period haemolysis may be easily found to occur. :

This 1s ons important difference in the technique
| adopted here, and that followed by McKee.

In some cases urines required to be observed for

20 hours befors their haemolytic power was apparent,
| although in the majority of cases a much shorter
iperiod was sufficient, e.g. 4 hours, Nevertheless |
a marked difference in results obtained is apparen? |

when urines are observed for 2% hours on the one hand|

| and 4 hours on the other. Again the necsssity of

' observing/



| has been emphasised when endeavouring to find some
ifaotor which may have a relationship with the haemo. |

| 1ytic activity. This is brought out in the surface

| were taken first thing in the morning, and taken at

that attentions to technique such as these would allow

| readings obtained to be more easily interpreted.

| which might be expected to alter the tonicity to any

i 50 i

observing the urines at intervals during this period

tension readings taken under another section,
Although it will be shown that tonlcity has no
bearing on the phenomenon ordinarily observed, it may

be mentioned that the samplss of urine obtained here

the same time each morning., Moreover any factor

extent was noted, E

Lastly, it may be stated that specimens of urine:
were not taken for examination until patients had i
been in hospital for a day or two.

As so many factors have to be considered when

dealing with a substance such as urine, it was thought

x

— T T -




CHANGES 1IN FORM OF OFLLS DURING HAEMOLYSIS.

Observations were carried out on the change of |
form which cells undergo during hasmolysis with a view
to finding how these changes correspond to those

changes already described by Ponder for saponin and
other haemolysins,

The cells were observed under the microscope in |

| the usual way, the observations being carried out in

' an incubation room at 37°C., the temperature necessary

in order that lysis may proceed,
~ The changes which occur take place in a definitef
order,
Cells in suspension in NaCl present typical

Goughian form, appearing as perfect spheres whose !

| volume is the same as that of cells in the morse

familiar discoid form, Close examination shows the

agurface of the cell to be covered with minute

| crenationg,

On addition of the lytic urine the form of the
cell changes quickly, the Goughian form being con-
verted into the discoid form usually with coarse
crenations, These may be due to the fact that the
tonicity of the system is not perfectly maintained

after the addition of urine, In this state the

| cells remain until the time of haemolysis approaches.

Just bsfore lysis the form of the cell alters

and/
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iand the spherical form is again assumed and the cells:
iappear as glistening spherical bodies on the surface
| of which no crenations are visible, thus distinguieh.I
ing them from the Goughian form,

The haemoglobin is then liberated; the cells
|become pale and ultimately invisible except for the
?ring which appears to correspond with the now empty
cell membrane, 1In time (hours) these "ghosts"
| disintegrate,
| These changes are identical with those observed
i by Ponder in the case of haemolysis by saponin and
| bile salts.

These observations, therefore, throw no light
on the nature of the haemolytic substance contained
in urine, for they occur with most of the simple

| haemolysins such as saponin; sodium taurocholate,

godium glycocholate and the soaps,

—— g S i - - o
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l Some Readings obtained from 72

Urines Examined Before and After Exercise

Before. After, |
| Complete Haemolysis Complete Haemolysi
! at;- at;- i
i ( After 4 hours incubation at 42 C, ) |

(i) 0,25 coc. D5blies oy |

(2) TNo Haemolysis o Haemolysis !
(3) 0,75 e.c. 1550 avos i

(4) 0.1 c.C 0.1 e.c. ;
| (5) 0.25 c.c. 0.25 e.c, !
} (6) 0.1 e.c, 0.1 ceC. |
i (7 oL l-ces, SR (T ey |
;(8) No Haemolysis No Haemolysis,
% (9) No Haemolysis No Haemolysis.

i Readings of (8) & (9) after 20 hours incubation =

|

; Q25 e.le, 025 0@

! 0,75 e.c. ' No Haemolysis

| (10) 0:5.0,0. 0.i c.cC. |
1 r
S 0.25 c.c. 0.2 e.cxs |
! (12) No Haemolysis No Haemolysis,

ATthough only the readings after 4 hours are given
here, ~readings at varying intervals were taken but
no purpose is served by tabulating these, As stated

. the above are some of the readings and show that in!
most cases the haemolytic activity is unaltered afte:
exercise, Some specimens examined however showed
first a slight incmease in sctivity after exercise
only to be later followed by & slight retardation.

Any increase or decrease observed was relatively
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small, the majority of urines huemolysing the
blood suspension to the same extent before and
after, |
It may be mentioned however that in those urines |
which showed any slight change in haemolytic act-f
ivity, the bile acid content taken as before by
Oliver's Test, was not found to be altered in the
two specimens,

Obviougly unless the difference in activity beforé
and after exercise were marked it could not be |
taken into account as such slight changes such as
have been described can be accounted for by the

fact that two separate samples were taken and it |

would be erroneous to presume that exactly the

same amount of the haemolytic substance would be

excreted in each specimen,

Moreovef it has been pointed out in Section |
that at times urines were encountered where the
same amountsoof the same urine inecubated for an

identieal period did not produce exactly the same

degree of haemolysis. lMcKee also drew gttention

to thig faet in his paper,

The Fform of exercis€ adopled was vunawng up and

dowv rwo Clghvs of srars - Short of falique. i
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OBSERVATIONS ON THE HAEMOLYTIC ACTIVITY OF

DECOMPOSING URINES,

This question of decomposing urine seems to arise
when the question of haemolytic activity is considered,
and curiously enough it plays little if any part in
influencing the phenomenon,

McKee states in his paper that the haemolytic
action does not depend upon the acidity or alkalinity

alone, although he concluded that the majority of the

most powerfully haemolytic urines are alkaline in

| reaction, This observation was not confirmed hers,

He also pointed out that acid urines tend to

| 1lose their haemolytic power on standing twenty-four

to forty-eight hours; in fact he notes the fact that |

urines sesm to be of two orders - one which is

' alkaline on passage or bscomes so in a short time -

another acid group which remains acid despite
bacterial contamination and fermentation,

The urines exasmined here were unselected as

' regards their reaction, but if found to be haemolytic,

' these were kept at room temperature for varying

| periods - 24, 48 or 72 hours, after which period their

% haemolytic action on the same amount of blood suspen-

| gsion was again tested. The readings need not be

given. All that reguires to be said ig that in some

the /
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| the reaction was slightly retarded, and in others a

slight acceleration was noted. This difference,
however, was slight and as we have seen such differ.
ences may occur from two specimens of the same sample

of urine incubated for an identical period, obviously

' no stress could be laid on an observation such as

this. The difference in haemolytic activity, had it

been marked, would have been worthy of note. It is
presumed, therefore, that decomposition-of urine has

no bearing on the problem as ordinarily observed,

e W e g

Urine from inimal

It may be mentioned here that this haemolytic
activity was also found in urine from the
Rabbit, Goat, Frog, Cat, The activity was appar-
ently much the same as was obtained with human
urine and for this reason this investigation

was not carried further,

- ————— ——— T ———



Some Common Substances influencing the
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SED)

(2)

(3)

137

_Heemolytic Reactio

Albumen,

A geries of twelve urines containing vary-
ing amounts of albumen, were tested for

their haemolytic power over & period of

several days, In only one was any haemol-
ytiec power apparent and in general it may
be said that urines containing as much ;
albumen as 1 Gramme per litre will be found
non-haemolytic, Lf these urines be boiled |
and the precipitate carefully filtered off
still no haemolysis of the blood suspension
occurs,the haemolytic substance evidently |

remaining in combingvion with the albumen,

Blood,

Specimens containing blood according %o
the Guiac Test will be found to be inact-

ive as regards haemolytic power or at

least of very low haemolytic power, This
observation merely confirms Ponder's ;
work on the investigations on the inhib~ |
itory effect of serum with various haem-

olytic substances,

Pus.

Urines containing pus have also been

found to be non-haemolytic or very inuctiv?
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(4) Sugar,
Urines containing sugar would in some
cases appear to be less actively huem-

olytie,

(5) Sodium Bicarbonate.

Ponder and McKee have already stated that
the addition of this substance exerts an
inhibitory influence on haemolysis pro-
duced by urine. McKee has noted that if
this substance be given by the mouth to
persons whose urine he found to be haem-

olytie, tvhe haemolytic power is lost,

It is found here that an inhibitory effecy

is suggested if sodium bicarbonate be

given by the mouxh.

TONICITY,

Although sfter drinking large quantities of waver
the haemélytic power of urine is increased owing
no doubt to a change in tonteity, this has no bear-
ing on the phenomenon as ordinarily observed. The
resistance geries is sufficient to exclude Tonicity
as a factor in this haemolytic reactvion, In addit-
ion theré are the surface tension readings out -
standing as indicative of a surface active substanc
being responsible entirely apart from any cﬁanges

in tonicity which occur,

=
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Ponder has also observed a fact confirmed here
that diluted specimens of urine when added to the
galine suspension of blood which would tend to make
it hypotonic,are, as a rule,non-haemolyiic,

He has also noted that the addition of 0,1 cec,
of distilled water to 1.0 ec, of the blood suspen-
sion will nét cause haemolysis,whereas the addition
of 0,1 cec, of a haemolytie urine more equal to that
of the blood in tonicity, is sufficient to cause

haemolysis,

The Reactign.of The Urine.

Ponder's results of observations regarding this
point in relation to the lytie effect of urine,
are summarised by stating that he round the haem-
olytic action in both alkaline and acid urines.
He found that the degree of acidity did not appear
to exercise any effeet, It has been shown by an-
other observer that solutions acid to PH 5.1 pro-
duce haemolysis, and as Ponder states this has no
bearing on the haemolysis of urine (PHB approx, )
when such a urine is diluted i 4in 10.

Here again it can be noted that the high degre
of correlation between surface tension of urine and
its haemolytic activity excludes sucg a faetor as

reaction when these specimens were unselected so

far as reaction is concerned.

—————— T ——— - —— -

L1t




D LS CUS 5T 0N

CONCTLUSTORNS,

LI I S N R RN R B

A G S WM S S S e A ———




(urine and in urine from pathological conditions has

I

| over a water-bath (a lengthy process during which it

lysin,

' the urine and the urine then tested for the hasemo-

i 40

DRI U U B SET 00N

The presence of a haemolytic substance in normal |

been fully shown, The periodicity of the occurrence
has been noted, The difficulties of isolating the
lytic agent have to some extent been mentioned,

As Ponder stated, urine, if evaporated to dryness

|
is uncertain exactly what changes may occur) and the |

residue treated with alcohol a haemolytic fluid is ‘

manner, It is not certain, however, if such a residu?

obtained.

A litre of urine was evaporated in the above

| is dissolved in slcohol how many substances are takeni

up, or what changeé have occurred which may influence

the reaction, and this method does not assist in

solving the problem as to the nature of the haemo-

|
Again if the bils salts could be extracted from |
|
lytic reaction, this would be of value in ascertaininé
to what extent, if any, the bile salt content is |
responsible for the haemolysis, |
For similar reasons the bile salts cannot be

romoved chemically without the substances used for

the extraction having an appreciable effect on the

haemolyais,/ |
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i
hasmolysis, if not in themselves producing haemolysis;
Filtering the urine is useless; bile salts 1ike other|
haemolytic substances remain to some extent on the
filter, but again to what extent is not certain,
(It may be noted here with regard to the unreliability

of Oliver's Test in low concentrations which is shown]

| later, that urines filtered give the same degres of

opacity in most cases before and after Eiltration,
if any opacity which is pregsent in the urine before
filtration is allowed for or more accurately observed
in vrine just passed which presents no degree of
opacity before filtration., 1Indeed Oliver's test
depends on filtering the urines till they are absol-
utely clear before the addition of the testing
solution, ).

If urine be shaken up with charcoal according to

two observers the haemolytic subgtance is removed.

This, however, is open to the same fallacies as
extracting with alcohol as it is not known what sub-
stances are taken up and the isolated substance or
substancss cannot readily be tested.

To overcome these end other difficulties, in
the first place, methods already shown were adopted _E
the attempt to obtain a percentage haemolysis curve
for urine to observe how it compared with the per-
contage haemolysis curve of other known haemolytic

substances - a resistance series for the same rsason -

and /
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| and also to find if the surface tension of urine f

| important observation, showing that the lower the

. surface tension of urine the greater its haemolytic
- activity. This observation proves beyond regsonable:
? doubt that the responsible substance is very surface

' active and it was then necessary to consider sub-

present in urine,

it was found that this curve was suggestive of the

measured by an accurste method bors a relationship to
the haemolytic activity - knowing that bile salts
were surface acting as also are several of the other [

woll known haemolysins which might conceivably be
With regard to the percentage haemolysis curve,

percentage curve of saponin rather than that of sodium

?
taurocholate. !
The resistance series gave no further indication

a8 to the nature of the substance save that the ssrieg

agreed with the series obtained with the saponin series

Similarly the changes in the cells during haemo-
lysis observed under the microscope at a temperature
of 37°C. only indicate that the changes observed
correspond to the changes produced when the common
haemolysins are acting on the cells,

The definite relationship between ths surface

tension of urine and its haemolytic activity is an

gstances which were hasemolytic and produced at the
game time marked alterations in the surface tensions -

and also substances which might be reasonably expected

to/
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to occur in urine, if not commonly known to do so.

|
L

Bile acids and their salts were naturally con-

sidered first, as they supply these essentials,

|
|
i Firstly then the normal bile acid content of

urine must be considered, The observer who Ffound thi

—5

i by evaporating an exceedingly large quantity of urine
! to dryness and then estimating the bile acid content
;was Dragendorff, and he found this to be not more than
; 1 in 100,000, |
What was then indicated, therefore, was to add |
godium taurocholate solution of various concentration?
. to urine and estimate both the surface tension and

the haemolytic activity before and after the additions.,

This is, however, unsatisfactory bscause the urine
Imay be in itself haemolytically active, or may, if
| non-haemolytic, contain substances which retard or
| accelerate the reaction, With a synthetic urine

the same difficulties ariss - it is not known to what

extent some of the less common constituents of a
urine prepared in such a way, - which is at the best

not a very reliable substance for comparison - may

. influence the reaction,

i For this reason, therefors, a solution was pre- |

bared with the sodium chloride and urea content of |
i normal urine which are after all the main constituents

and which are known in themselves not to cause haemo-

lysis or affect the haemolytic phenomenon - a fact

shown by the controls,

' The /
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The surface tension of this fluid was taken by
the stalagmometer and is given on the table below,

To this sodium taurocholate was added, made up

in concentrations of from 1 in 1,000 to 1 in 100,000, |

Tubes were then put up exactly similar to those
in which the ordinary urines were exemined, i.e. in
dilutions of-l.o cc, to 0,1 ce, of this solution
with 0.9 cc, saline (0.85%4) as described under
"Tochnigue" in Section I, in the case of all the
concentrations of sodium taurocholate, and 1 cec., of
human blood suspension 0,5% strength was added to
sach tube and all tubes incubated for several hours
at a tempersature of 4200, ‘as before,

Readings -were taken every fifteen minutes and

the following results were obtained:-
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surface Tension Readings of this

"gynthetic urine” by the Stalagmometer

before and after the addition of |
various dilutions of Sodium Taurocholate.

The "urine" - Stalagmometer Reading 2i <+ 10.

i in 1000 :

sod, taurochol. ean " 40 4 5

and "urine"”,. ;
i in 10,000, " " 27 410 |
i in 20,000, " i 25 + 0 'i
1 in 40,000, " " 24 +15 |
1 in 807000, " n 22 4 i2

i in 100,000, Wiasy i 22 4 20, 1

Haemolytie activity of this "urine"™ with the
various dilutions of sodium taurocholate solution,

No haemolysis was produced by the "urine" withoux‘
any addition of sodium taurocholate solution, |

| i 1 1 1
in in in in in
{000 103000 20,000 40,000 80,000, ,
Minutes. : .
5 0.5 0 0 0 0 ;
i0 0.5 0 0 0 0 |
15 0.25 0 0 0 0
30 0525 0 0 0 0
60 0.1 0 0 0 0
90 = 0. 75 0 0 0 |
105 = 0. 75 0 0 0
i20 e 0,75 0 0 0
Hours.
3 - 0. 75 0 0 0
4 o Oc 75 0 O 0
5 = Oa 75 0 0 0
6 = 0.5 0 0 0

—— T . —— - ————— i —— ] — ———



| what is expeofed from a surface active substance such

of sodium taurocholate and the 1 in 100,000 ~ just

146

It will be seen from the table just given, re-
garding the surface tension readings that thers is a

marked difference between the 1 in 71000 Ooncentration;

| ag thisg, |

 lytic reaction. This would mean that to obtain the

observed in the section on the surface tension of

' urines, the bile acid content of urine would vary

| of sodium taurocholate in concentrations of from

1 in 1000 to 1 in 100,000 be observed from the table, |

[ manifest,

| suspension comparatively (5 minutes) - six hours

iincubation at 429C, were required before the 0,5 coc. |

But if the bile acid content is normally near
to 1 in 100,000 as Dragendorff states, it will be
observed that this does not agree with the suggestion;

that the bile acids are responsible for the haemo-

common variations in surface tension which have been

between 1 in 10,000 and 1 in 100,000,
Before considering such a possibility, if the

haemolytic activity of this "urine" with additions

it is found that a very important difference is

The readings here are entirely in agreement withi
those which Ponder obtained, While the 1 in 1000

concentration produced very rapid haemolysis of the |

i
dilution/



' dilution of 1l in-10;000 concentration of sodium tauro-

| hasmolysis, In fact from 4 to 8 hours practically

| no further haémolysis takes place, After A hours

higher dilution than 0.5 cc. (e.g. 0.25 cc, and

' 0,1 cc¢) in a much shorter period than 8 hours, ‘

| surface tension is practically the same as with no
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cholate with 0.5 cc, 0,857 NaCl produced complete

the resdings were rather irregular and difficult to
read, but up to & hours there was absolutely no
difficulty whatsoever, and this is the importent time
for it has been shown that with many of the urines
previocusly tested in the other experiments, complete |

haemolysis of 1 cc. suspension was effected at a

This would indicate that at the 0.lcec. dilution

of ordinary urine which produced complete haemolysis,
i

that the bile acid content of that tube, according
to Dragendorff's calculation, would be somewhere about
1 in 100,000 X 9 = 1 in 900,000, which is certainly
very much against the suggestion that the bile acids

are the haemolytic agents themselves,

Indeed this dilution or even a considersbly
higher concentration would not indicate surface
activity as registered by the stalagmometer, for it

is noted that at a concentration of 1 in 100,000 the

| addition of sodium taurocholate whatsoever,

Summarising, it is obvious, therefore, 1if
Dragendorff's observation is correct, that the surface

acting substance responsible for the haemolytic power

of/



!bile galtg must occur in urine to a concentration of

| from 1 in 10,000 to 1 in 20,000, which is not near

[ and which are more surface active in the same con-

| bearing on the problem, for exemple sodium oleate,
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of urine is more surface active than the bile salts i

and more actively haemolytic, Alternatively the i

the figure which Dragendorff obtained, and it is
unlikely that such an error would occur with the large
quantity of urine taken for Dragendorff's experiments.

Considering the next substances which are as '

haemolytic or more haemolytic than the bile salts,

centrations, and which might conceivably be present

in urine, it was thought that the soaps might have a

and potagssium oleate, for the reason that these are
very surface active, though results of estimation of
gurface tension are exceedingly variable; that they |

are haemolytic, and they might reasonably be expected

to be present in minute guantities in urine because
soaps occur in the blood stream and are diffusible,

Matthews states that bile containg small amounts|

of sodium salts of various fatty acids (myristic, ;
palmitic, stearic) among which sodium oleate may be
gpecially mentioned. The presence of these soaps
affects the ease of precipitation of the bile salts
by neutral salts, the presence of sodium oleate

particularly interfering with salting out.

The problem which arises here is that it 1s not

known/
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known in what concentrations these might occur,

Potassium and sodium oleate being the most
actively haemolytic of the series, were accordingly
selected for the experiments,

The difficulﬁy in reading haemolysis in the case
of soaps is great., In fact at 42°Cc, which is the
 temperature at which all the other experiments were
carried out, readings were impossible after half an
hour, EWing to the opalescence %hich formed due to
the tempersture, although the purest specimens were
obtained.

The concentrations prepared were ths same as
thoge used with sodium taurocholate,

Sodium oleate was found to produce quite as
repid haemolysis of the suspension as sodium tauro-
cholate, but by the time the 1 in 1000 concentration
had caused complete haemolysis, the lower concentra.-
tions were impossible to read on account of opales-
cence,

Regarding next the surface tensions of these
soap solutions it was found in the case of potassium
oleate the surface tensionof the 1 in 1000 to 1 in
100,000 was even lower than the corresponding
concentrations of sodium taurocholate . therefore
even more surface active, but with sodium oleate
this was not found to be the case,

Ponder in a paper on the haemolytic action of

soaps/
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goapse has gtated that in estimations of surface tension
of sodium oleate in saline solutions concordant re-
sults are very difficult to obtain, and that there is
no definite value for Ho/Ae e

In suggesting that soaps may guite possibly be
present in urine then, and the cause either wholly or
in part for the haemolytic sctivity, that present
would rgquire to be a constant type or there would
require to be a tendency for other factors already
present in the urine to preserve this. 1In any case,
;it might be, with very low concentrations, which
could only be expected to be present in urine, that
the difficulties in reading due entirely to the
opalescence obtained on heating would not be so great
or if soaps were present in urine other factors might |
prevent to some extent such an occurrence,

For that matter the bile salts themselves show
to some extent this opalescence on heating, though
not to the same extent as soaps, but this degree of
opalescence is not seen in urines when heated to
bear a relationship to the haemolytic activity; but
on the other hand many other substances may cause
ovacity in urine which is heated which would mask
guch a parallelism even if present.

Ponder again emphagizes the necessity of obtain.
ing pure specimens because hg found that impure
samples gave rise to serious errors; such impurities

being/



i hi

being alkali or even saponin, He has also pointed
out that soaps are highly unsatisfactory substances
and when quantitative data as to their hasmolytic
activity are required; being semi.colloids they ex-
hibit phenomens characteristic of their class: their
physical properties show a great tendency to altera.
tion from time to time: the time factor having to be
taken into account in all determinations of their
gurface tension and sven their haemolytic activity,

The time factor in comparing the haemolytic
activity of soaps with that of urine was a drawback
and again the low temperatures which Ponder used for
his complete results were naturally unsuitable for
comparison with the hgemolytic activity of urine if
the comparison was to be accurate.

If one of the soaps were the raesponsible factor
in the haemolytic action of urine, it would, as stated,
require to be a very constant specimen and one which
produced a fairly constant alteration in surface
tension. It is conceivable that such could occur
although the surface tension readings of sodium oleate
in saline are not constant with the stalagmometer,

With regard fo the reading of the degree of
haemolysis in the tubes which was impossible on account
of the opalescence which invariably occurs on heating
the soaps, the intact cells could be centrifuged off
- and the colour of the supernatent fluid compared with

standard/
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standard tubes, but this technique would not be
accurate enough for such observations,

As previously stated with Oliver's testing solu-
tion added to the solution of sodium chloride and urea
used in place of urine, plus varying concentrations
of sédium taurocholate from 1 in 500 to 1 in 100,000,
it was found that no precipitation occurred at a
concentration of 1 in 1000 sodium taurocholate,

This is certainly most suggestive that this precipitate
obtained when Oliver's solution is added to urine,

' taking the bile acid content of urine to be near 1 in
100,000, is not due to bile acide and that Oliver's
test is unreliable in such low concentrations,
although certainly the precipitate obtained with the

1 in 500 concentration was very definite. -
Oliver's test depends upon the precipitation of
'peptone in acid solution and it is quite possible that
gsome other surface active substance may give this
precipitation.As shown from the graphs in Section I
Oliver's test readings do not run parallel to the
hasmolytic activity in either normal urines or those
from unselected pathologioal_conditions.

If the precipitate obtained by Oliver's test in
urine is not dus to bile acids of course bile acids
might still be the responsible agent in haemolysis
for that matter, had not other factors been shown to
be against this,

In supvort of this we have seen that in filtering

‘urines/
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urines the same degree of opacity is often obtained
by the addition of Oliver's testing solution before
and after filtration, despite the fact that we IYmow
bile salts 1like other haemolysins to remain to soms
extent on the filter,

It is agreed that in concentrations of sodium
taurocholate 1 in 500 the reaction is due to bile

acids, but this again would indicate that the bile
acid content of urine . taking the average degree of
opacity of precipitate from the urines tested and
comparing it with that obtained with the ovacity
given with 1 in 500 to 1 in 750 sodium taurocholate
that the bile acid content of normal urine was soms.
where aboult 1 in 750, which is almost certainly not
the case.

Whatever might be the constituent responsible for
the precipitation obtained with Oliver's test added
to filtered urine has no bearing on this problem since
the precipitate was not found to agree with the
haemolytic activity, and indeed ths soaps do not give
this opacity with Oliver's test in concentrations of
from 1 in 1000 to 1 in 100,000; and even if any of
the soaps were the cause of the haemolytic reaction
of urine this would be quite in agreement with the
findings as regerds Oliver's test obtained in Sedtion
I,

It must be remembered that the bile salts them-

gelves are closely associated with the soaps; there is

practically/
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practically no method of definitely distinguishing the
two in an investigation such as this,

Ponder found a relationship between Olivsr's test
readings and the hasmolytic activity of the urines,
but he incubated his tubes after the Oliver's testing
solution had been added, and this may account to some
extent for the difference obtained . for example with
the precipitate already present plus an opalescence
due it is suggested from a soap, may have agreed
with the haemolytic acitivity - similarly an opal-
escence occurs though to a less extent on heating the
bils salts,

Sugmarising, the suggestion which has been put
forwardiéé'bile acids and traces of their salts are
the lytic agents of urine. We have the graphs in
Section I, but those readings obtained with Oliver's
Tegt cannot be taken into account as the precipitate
obtained is possibly not due to Bile acids, and
althourh Ponder found a parallelism such is not
obtained here, but since we have shown that Oliver's
test is unreliable in low concentrations, such a
method of determining any relationship between the
haemolytic action of urine and the bile acid content
is suggested as being of no value,

In the urines of certain pathological conditions
containing bile either obviously by naked eye or
nitric acid test, the extra degree of lowered surface

tension/
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tension is apparent, but these urines are not neces-
sarily even as haemolytic as urines in which no bile
is present, i.e. urines with no abnormal constituents,
Examples of this type of urine are shown in the
Section on surface tension, 1In such urinss of course
the precipitate obtained in Oliver's test is marked,
and it is possible here that the oonoentration.may
easily be 1 in K00 or more.

In some of the notes with the graphs and else-
where that arguments are stated, such as that two
gpecimens of urine (the same or different urines) may
give the same degree of opacity with Oliver's test
and yet vary in haemolytic activity, and it will be
romembered that these notes were inserted before the
low concentrations of sodium taurocholate solution was
tested by Oliver's Test, the latter being taken as

reliable for such concentrations at this time,
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CeNOLUSTIONE,

We conclude, therefore, that urine contains a
haemolytic substance or substances and that all
urines exhibit this hasemolytic activity if
observed over several days, This haemolytic
power varies, however, to a marked extent and

indeed may be absent for several days,

From the examination of urines from unselected
pathological conditions we conclude that this
haemolysin is present in the urines of patho.
logical states to much the same extent as in
urine from healthy individuals. In no partic-
ular disease have we found any constant varia-
tion from the normal, Thers are certain
indications that the absence of this hasmolytic
power may be associated with some cases of
pernicious anaemia, but too few cases of this
diseass were available to allow any definite

statement to be made regarding this point,

In finding that this haemolytic activity is
present in normal urines we differ from the
observations by McKee; the reason for differing
lying in the fact of defects in technique by
this observer, We have considered at length

this/
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this matter of technique and have shown that it
is necessary fo incubate for longer periods _ |
than have been hitherto employed, if accurate |
results are to be obtained. .

Before a urine is pronounced non-hasmolytic
goveral examinations on different days are re-
quired and abnormal constituents such as albumen,

blood, and pus must be excluded.

We have been unable to observe that any drug
used in treatment has any bearing on the haemo- I
lytic activity: similarly age appears to bear

no relationship to the haemolytic power,

Following the suggestion of Ponder we have
attempted to obtain a parallelism between the
bile acid content of urine as estimated by
Oliver's Bile Acid Test and the haemolytic
activity, but we have not found that such a
parallelism exists, the test being positive at
certain times when the urine was non-haemolytic,
and negative when the urine was very actively
haemolytic, and in general not varying with the
haemolytic power,

We have shown, however, that Oliver's Bile
Acid test is evidently not reliable in dilutions

greater than 1 in 1000, and that it is therefore

not a suiteble test for bile acids to the

extent/
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extent to which they occur in normsl urine,

We have been unable to discover a substance
which will yield the precipitate which occurs
in normal urine when the above test is applied,
but on general principles we are inclined to
regard it as some surfaceaaotiﬁg gubstance
appearing in high dilution, Even if this be

ao we have not been able to obtain evidencs

that the presence of this hypothetical substance

confers a haemolytic property to the urine,

Specific Gravity and p H of urine appear to
have no bearing on the problem and tonicity
has no bearing on the reaction as ordinarily

obgerved,

In endeavouring to discover the nature of the

- haemolytic substance which is, according to

Ponder, heat-stable and extractible by alcohol,
we have attempted to relate it to other known
haemolysins by observing characteristics of
the hesemolytic reaction which depends upon its
presence,

The percentage haemolysis curve for the
lytic agent in urine is somewhat similar to
that of Saponin and cerfain of the Soaps and
although it is impossible to be dogmatic owing
to technical difficulties we are inclined to

think/
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think that it is dissimilar to the percentage
haemolysis curve of the bile salts, The curve
exhibits a skewness which is suggestive of the
saponin type rather than the bile salt type.,
but we cannot emphasize this point unduly,

We have obtained.one piece of evidence
that carries weight in the argument, that the
lysin is not of the bile salt type, that being
that the addition of serum to the haemolytic
system after haemolysis has partially occurred
does not result in acceleration of the reaction
as found with the bile salte as lysins, but an
inhibition as occurs in the case of saponin and

certain soaps.

Testing the red cells of different animals
against haemolytic urine we find that they may
be placed in the following order:-

Rebbit, man, ox, sheep, from least resist.-
ant to most resistant, and this resistance
series, known as Ryvosh's series,is common to
simple haemolysins of the saponin type.

The appearance of this order does not exclude
the possibility of the bile salts being the
haemolysin but excludes tonicity effects,
Observetions have shown us the necessity of
testing for this series with dilute suspensions
whose cell content is comparable, for if

concentrated/
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concentrated suspensions are employed apg
totally different series may be obtained owing

to fallacies in techniquse.

Following the suggestion that the haemolytic
substance is a surface active substance of
unknown nsture we have estimated by means of
the Stalagmometer a laerge number of urines and
have compared the results with the haemolytic
activity. By this means a high degrese of
correlation bstween surfaée tengions of urines
and their haemolytic actlivity has been obtained,
the most actively haemolytic urines possessing
the lowest surface tension and vice versas -
the excursion of variaticn in the surface ten-
gion of urines being from 75 to 50 dynes / cm,
In connection with this we have noted the
interesting fact that where bile is present as
a congstituent of urine to the extent it occurs
in disesse, o,g. catarrhal jaundice - the sur-
face tension is naturally low and the haemolytic
activity apparent, but it is not so great as
gome urines which have a comparatively low
gurface tension but do not contain bile, i.e.
the extrs degree of lowered surface tension
produced by the bile present does not produce a
corresponding added degree of hgemolytic power,

This /
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This is a further argument toc the hypothesis that
Bile Salts are not the substances which confer

this haemolytic property on urine,

(10) Investigating the subject from ancther point of
| view by estimating surface tensions of solutions
of bile salts in varying concentrations, we con.
clude that the order of dilution which gives a
gurface tension comparable to that observed in
haemolytic urines is from 1 in 10,000 to 1 in
100,000, but the order of dilution which gives
haemolysis compareble to that obtaired with
urines is 1 in 10,000 to 1 in 20,000.
Tha%discrepancy between the two orders is
S0 greaﬁ,it seems highly improbable that the
haemolytic power is due to the bile salts,
An objection to this may be that urine may
contain substances which accelerate the haemo-
lytic action of the bile salts, but this is not
the case ;for the effect of urine on bile salt
haemolysis after partial haemolysis has been
offected is an inhibitory one, as previously

stated, which makes the above argument stronger,

(11) Since some soapg are known to be actively haemo.
lytic, surface active,and appear in the blood
stream, and that they are diffusible we have
examined the possibility of the responsible

factor/
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factor being a soap. It could not be a
palmitate or a stearate for these, according to
Ponder, aré comparatively non-haemolytic,
Confining our attentions then to oleates we have
found that the surface tensions of these are
notoriously difficult to determine, This has
been shown by several observers to vary in an
inconstant manner with dilution,

With potassium oleate we found the surface
tension to be even lower than corresponding
concentrations of sodium taurocholate but not
g0 in the case of sodium oleate, The haemo-
lytic activity of varying concentrations of these
soaps, however, is exceedingly difficult to
determine as soap becomes opsglescent at the
tempersture which was required for comperison
here,

Judging from the figures by Ponder this
concentration is of the order which might be
expected to produce lysis and it is possible
if we take into consideration the point above
meﬁtioned that the haemolysis might be potassium
oleate,

It is difficult to see however why the
opalescence which occurs when this concentra-
tion, (1 - 100,000) is used, that the opales-
cence does not necessarily occur when haemolytic
urines are heated, and it is difficult to explain

the /
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the constancy of the surface tension readings
in view of the fact that the oleates give no
steady values for surface tension by the
Stalagmometer method, The form of the percent-
age hasmolysis curve, the failure of addition
of serum to accelerate the reaction when the
cells are partially haemolysed, the ofder of
resistance series, are all in keeping with the
gsuggestion that the lysin may be Qn oleate,
Conclusive evidence is not forthcoming owing to
the fact that whether we measure haemolytic
activity or surface tension of oleates the
results are very difficult to obtain and very

variabls,

Drinking large quantities of water produces an
increase in haemolytic activity, due probably to
the fact of a lowering of tonicity of the urine,
but this hes 1little if any bearing on the
phenomenon as ordinarily observed. Tonicity
effects have been excluded by the resistance
geries and more definitely by the relationship

between surface tensions and haemolytic activity.

In conclusion we believe thet there is
evidence that the haemolysin contained in
urine is not one of the bile salts but is a

very surface active substance of the saponin-

gsoap class; it is possible that i1t is an oleate,
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